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Summary

Reaction of TIR.X, TiX; and [TIX;]” with RLi (R = C,F; or C,Cl;) leads to
derivatives containing anions of the types [TIR4]7, [TIR,R%]™ or [TIR,]? . Reac-
tions of TICl, with [TIR.]™ lead to [(u-Cl)(TIR,Cl),]1~ (R = C¢Fs) or [TIRCl;]”
(R = C,Cl;) while addition of X~ (X = Br~ or SCN7) to TI(C;Cl;), gives [Tl-
(C.C1:),X]1 . All the novel anions were isolated as salts of bulky cations (Me,N,
Bu;N, PPN or Ph;BzP).

Introduction

Organothallium complexes containing the C,F; group have received some
attention in recent years [1—5], but, in spite of their higher thermal stability
[6], only a few derivatives containing the C,Cl; group have been reported,
TI(C,Cl;); [7], TI(C.Cl;5);L (L = amine) [ 7] and Ti(C,Cl;).X (X = halogen) [6].
Few anionic derivatives of the general formulae [3,8,9] [TIRX,]", [TIRX,]*,
[TIR,.X] and only a single tetraalkylthalliate(IIT), Li[ TIMe,][10], have been
described. No organothalliate(II1) with a coordination number higher than 5
has previously been reported. We describe below the preparation of anionic
arylthallium derivatives, some of which, viz [TIR:]™, [TIR.R:]™ and [TIR.]37,
do not contain any ancillary ligand. Some of the results were the subject of a
preliminary communication [11].

Results and discussion

Tetraaryl derivatives -

Mixed or homoleptic tetraarylthalliate have been obtained by the following
processes (eqn. 1—4)
TI(C.F;5).Br + 2 LiC,F; = QITUCF;).] + LiBr + LiX 1)
X = (l, Br; Q = Et,N, Bu;N, Ph;BzP
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TI(CF5),Br + 2 LiR &5 Q[TI(C,F;),R.] + LiBr + LiX
R = CbHs, Cf,Cls; Q = BU4N, Ph3P=N=PPh3

TICl; + 4 LiC,F; X Q[TICeFs5)e] + 3 LiCl + LiX
X = (l, Br; Q = Bu;N, Ph,BzP

QITIX.,1+4 LiR > Q[TIR,] + 4 LiX

R =C,F;, C,Cl;; Q= Me;N, Et;N, Bu ;N
All the tetraarylthalliates (I—VII, see Table 1), isolated as salts of bulky

(2)

cations, are white air- and moisture-stable crystals. They are soluble (less so for
those containing C,Cl;) in polar solvents, such as acetone and nitromethane,

and the conductivities of the solutions are those expected for 1 : 1 electrolytes
(see Table 1).

TABLE 1

ANALYTICAL DATA FOR COMPLEXES I—XV

Complex Analysis found (calcd.) (%) Apm m.p.
‘o
(o} H N Tl
I EtgNITKCgF5)al 38.43 1.93 1.32 20.01 117¢ 132(d)
(38.32) (2.01) (1.40) (20.37)
11 Bu N[TI(C,F5);1] 43.57 3.20 1.35 18.30 99 8 127(d)
(43.08) (3.25) (1.26) (18.33)
i Ph3BzP[TI(CgF5)51 48.93 211 16.52 1004 128
(48.40) (1.81) (16.67)
v MeyNITI(CCls5),] 27.16 1.04 1.56 16.24 98¢ 205(d)
(26.36) (0.95) (1.10) (16.02)
Vv BugN[THCgCls)51 34.01 2.63 1.17 15.06 91 ¢ 196(d)
(33.27) (2.51) 0.97) (14.15)
VI Bu N{THCgF5)2(CeCls)o1 38.49 2.89 1.04 16.85 8s5¢ 142¢d)
(37.96) (2.87) (1.11) (16.14)
VII PPN[TI(CgF5)2(CsHs)z1 58.41 3.06 1.51 16.37 869 94
(58.53) (3.27) (1.14) (16.60)
Vil {BuyN13{TI(CsFs)el 51.44 5.46 2.54 11.29 288 b 63
(52.16) (5.63) (2.17) (10.57)
X Buy NITI(CgF5)3CH] 40.52 3.44 1.26 20.36 974 83
(41.52) (3.69) (1.42) (20.78)
x Bug N[ TI(C5Cls)3Brl 31.06 2.65 1.14 15.85 90 ¢ 145
(32.04) (2.85) .10 (16.03)
X1 Ph3B2P[TI(CgCl5)3NCS] 39.21 1.68 0.98 15.28 92¢ 182(d)
(38.75) (1.63) (1.03) (14.98)
XI11 Ph3BzP[TI(CgF5)Cl3] 45.25 2.64 24.62 127¢ 127
(44.79) {2.66) (24.59)
XIII BugN[TI(CgCl5)Cl3] 32.71 3.63 1.82 24.57 1202 121¢d)
(32.93) (3:77) (1.75) (25.47)
X1V Bu N[ (u-CD) {TI(CcF5),C1},1  33.16 2.51 1.07 28.97 11242 152
(33.70) (2.55) (0.98) (28.67)
xv Bug N[ (u-CD) {TCeFs)3 bl 37.20 2.34 0.73 24.29 83¢ 107
(36.98) (2.15) (0.83) (24.20)

@In acetone. ? In nitromethane.
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Hexaary! derivative

If reaction 1 is carried out in 1 : 6 molar ratio and [Bu;N]X isaddedin1:3
molar ratio a precipitate is obtained which after recrystallization from dichloro-
methane-hexane is identified as (Bu;N);[ TI(CsF5)s] (VIII). It is less stable than
the tetraarylderivatives and decomposes when exposed to IR radiation. The pro-
posed formula is confirmed by elemental analysis (see Table 1) and by conduct-
ance studies; the plot of its equivalent conductance versus V¢ gives a straight
line with tangent 1134, indicating a 1 : 3 electrolyte.

It was not possitle to prepare pentacoordinated species by adjusting the LiR
and/or QX ratios, and the reaction in every case gave the hexaaryl derivative,
though in lower yields.

Other anionic aryl derivatives (IX—XV)

Ether solutions of thallium(III) chloride react with Q[TI(C,F;).] (see eqn.
(5)) with precipitation of Q[ { TI(C,F;),Cl}.Cl] (X1V), and the compound
QITI(C,F;);Cl] (IX) (Q = Bu;N) can be isolated from the solution.

OEt-> o~ P N
TICL; + Q[THCF;5).] — Q[ {TIH{C(F;).Cl}t,] + QITIC,F;):Clj (5)

A similar reaction of Q[ TI{(C,Cl;).] in dichloromethane proceeds according
to eqn. 6 to give a mixture of tris(pentachlorophenyl)thallium(I1l) and the
TICL, + QITI(CsCls)s]1 =23 TUC,Cl,); + QLTHC,Cl,)Cls) (6)
anionic complex (XIII).

A derivative of the general formula Q {TI(C,F;)Cl;] can be prepared by treat-
ing Q[ TICL,] with TI(C,F;).Cl in CH,Cl, solution.

Another example of the substitution of halogen atoms by aryl groups is that
shown in eqn. 7 (@ = Bu;N)

QITYC,F;);] + TC,F;).Cl - QL(C,F;);TI—CI—TI(C,F;);] (7)

This gives a binuclear single-bridged complex. With T1(C,F;).NCS this reaction
takes a similar course, giving an oil whose IR spectrum is that expected for
QI(CsF;5);TI-NCS—TI(C,F;),], though the complex could not be crystailized.

Finally, the addition of halide or pseudohalide to TI(C,Cl;), leads, to anionic
derivatives of the type Q[TI(C,Cl;);X]:

TI(C,Cl5)s + QX > Q[TIC,Cl;);X] (8)
X = Br, SCN; Q = Bu,N, Ph;BzP

IR spectra

All the pentafluorophenylthalliate(III) complexes show the vibrations
characteristic of the C,F; group. In compounds of the type C,F;X no band has
hitherto been assigned to the pure stretching C—X, though in the 800—750
cm™ ' region there is an X-sensitive absorption which is assignable [13—15] to a
mode involving predominantly C—X stretching and which can be related to the
symmetry of the compound, as has been reported for Tl {14], Pd and Pt [16,17]
complexes.

This X-sensitive absorption appears as a single band (¢, or t,, respectively)
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TABLE 2
INFRARED SPECTRA

2(T1I—C) < (em™}) w(TI—C1) (em™ 1)
EtyN[TI(CgF35)41 762vs
BugN{TI(CsF5)s] 765s
Ph3BZP[Tl(CGF5)4] 765s
Buy N[TI(CsF5)2(CsCls)3] 760m, 754m
PPN[TI(CgF5)2(CeHs)o1 778m, 770m
[BugN13[TI(CgF5)g] 764m
BuyN[TI(CgzF35)3Cl1 790m. 770m 250m
Ph3BzP[TI(CF5)Cl3] b 295s, 280s
Bu; N[ (1-C1) {TI(C¢F5),Cl1}51 790s, 778m 255m, 201m
BuyN[(u-CI) {TI(C4F5);3 }21 775s, 768s (sh) 205m
NIe,,;N[Tl(CGCls)_;] 8285
Bu; N[TI(CgCls5)g] 829s
BugN[TI(CF5)2(CCls)z1 828s (br)
BuyN[TI(CgCls)3Br) 835m. 828m
Ph3BzP[T1(C,Cl5)3NCS] 938vs (br)
BugNITI(C¢Cl5)Cl3] 825m 298vs, 2855 (sh)

% See text. U Probably masked by absorptions due to the cation.

in complexes containing [TI(C,F;),]1°~ (O,) or [ TI(C,F;):]™ (Ty) and is split if
the symmetry is lowered so that two bands (a; and e) are observed for [TI-
(CF;5);Cl] ™ and [(p-CHY{TI(CsF5)5 1.1 (Csp), two (a, and b,) for [TI(C,F;)-R.]
(C2,) and two (a’ and ¢”) for [(u-C1) {T1(C.F5).Cl}.] (C;). The single band
expected for [ TI{C,F;)Cl;] is masked by the vibrations of the cation (Ph;BzP)
which fall in the same region.

The pentachlorophenyl derivatives show the expected vibrations [18] along
with one or two bands at about 830 cm™' which were previously observed for
Hg [19], Au [20] and T1 [7] derivatives and which must be analogous to the
absorptions of C,F ;X derivatives considered above. These absorptions are sensi-
tive (though less so than in the case of the C,F; complexes) to the change of the
central cation, the geometries and the nature of the various ligands present. The
absorptions expected for [TI(CGCIS):%BI]_ (C3U)7 [TI(COCIS):ANCS]— (C3u) and
[TI(C.F;)-(C.Cl;).1 (C»,) are only observed in the first case, whilst the other
two complexes exhibit a single assymetric band.

[TI(C.Cl;).]” and [TI(C,Cl;)Cl;]” show a single band, as expected. The vibra-
tions due to ¥(T1—Cl)iermina are observed at 300—250 cm™' (Table 1) whilst
those due to v(TI—Cl)yyigge are located at lower frequencies (205—201 cm™')
which is in good agreement with literature data {15,21].

The absorption assignable to v(CN) [22] is located at 2090 cm™" in [TI-
(C,Cl5);NCS] ™ and the standard ratio of 1.0 points to an N-bonded complex

form.
Experimental

IR spectra were recorded on a Perkin Elmer 599 spectrophotometer (over
the range 4000—200 cm™!) using Nujol mulls between polyethylene sheets.



269

Conductivities were measured in approx. 5 X 10™* M acetone or nitromethane
solutions with a Philips PW 9501/01 conductimeter. C, H and N analyses were
carried out with a Perkin Elmer 240 microanalyzer. Thallium was determined
according to ref. 24.

The analytical data, melting points and conductivities of the novel com-
plexes are listed in Table 1.

Preparation of the complexes Q[TIR4] (R = CsFs, CsCls) and Q[TI(CeFs).R,]
(R=CsHs, Cscls)

These were synthesized by three different methods A). To 50 ml of an
ether or toluene solution of 6 mmol of LiR at —78°C (R = C.F; [25]), at
—10°C (R = C,Cl; [26]) or room temperature (R = C,;H; [27]) was added TI-
(C,F;),Br [1] (0.93 g, 1.5 mmol). After a few minutes, QX (1.5 mmol) was
added. The mixture was allowed to warm to room temperature and stirred for
4 h under nitrogen. After 10 minutes exposure to air to hydrolyze the excess
of the lithium derivative, the solution was filtered and the filtrate evaporated
to dryness. The white residue was recrystallized from dichloromethane-hexane.
The initially formed oils gave crystals after vigorous stirring. Yields: Complex I
(97%), 11 (5%%), V1 (71%) and VII (41%)
(B) TICl; (2.17 g, 7 mmol) was added to a solution of 42 mmol of LiC.F; in
80 ml of ether at —78°C and stirred for 15 min. Addition of Bu,NBr (2.24 g,
7 mmol) and work up as before led to complex II (89% yield). For complex III:
after 3 h stirring at room temperature and removal of the excess of the lithium
derivative with a few drops of water (to avoid its reaction with the phosphonium
chloride) [Ph;BzP]Cl (7 mmol) was added. Yield 96%.
(C) 2 mmol of Q[TICl;Br] (obtained by reacting equimolecular amounts of TICl,
with QBr) were added to an ether solution of RLi. Work-up as in method A
gave the complexes I (Yield 30%). II (60%), IV (50%) and V (78%).

Preparat[on of [BU4N]3 [T[(CGFS)GJ

To an ether solution of C,F;Li (6 mmol) at —78°C were added TI(C,F;).Br
(0.62 g, 1 mmol) and Bu,;NBr (0.96 g, 3 mmol). The mixture was stirred for 1 h,
and slowly allowed to warm to 0°C (2 h). The white precipitate was filtered off
and recrystallized from dichloromethane-hexane to give complex VIII (44%
yield).

Reaction of Bu,N[TI(CsFs).] and TICI;

A mixture of Bu,N[TI(C,F;).] (2.24 g, 2 mmol) and TICl; (0.62 g, 2 mmol)
was dissolved in ether (60 ml) and stirred for 48 h at room temperature. The
slowly formed white precipitate was recrystallized from ethanol and identified
as X1V (16% yield). The ether filtrate was evaporated to dryness to give an oil
which crystallized upon stirring with dibutyl ether. The white solid was recryst-
allized from dichloromethane-hexane and identified as IX (88% yield).

Reaction of BusN[TlC¢Cls);] and TICl;

Reaction of a mixture of Bu,N{TI(C,Cl;).] (0.90 g, 0.62 mmol) and TICl,
(0.19 g, 0.62 mmol) in 40 ml of CH,C!. immediately gave a white solid. Further
amounts of this solid were obtained by concentrating the solution to ca. 20 mi.
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The solid was filtered off and identified as TI(C,Cl;); (46.5% yield referred to
total T1). The filtrate was evaporated to ca. 5 ml, and XIII crystallized out upon
addition of hexane (XIII, 37% yield}.

PhBzP[TI(C.F;)Cls]

To a sclution of Ph,BzP[TICl;] (0.70 g, 1 mmol) in dichloromethane (30 ml)
was added TI(C,¥;).Cl (0.57 g, 1 mmol). After 2 h stirring at room temperature
the solution was evaporated to dryness and the residue was treated with ether.
The insoluble white solid was recrystallized from dichloromethane-hexane and
identified as XII (567% yield), ca. 50% of the used T1(C,F;).Cl can be recovered
from the ether solution.

Bu N[(u-C){TIUCFs)s}-]

An ether solution (50 ml) of Bu ,N[TL(C,F;):] (0.56 g, 0.5 mmol) and
TI(C.F5)-Cl (0.29 g, 0.5 mmol) was stirred for 6 h at room temperature. Eva-
poration to ca. 10 ml and addition of hexane gave a white solid, which was
recrystallized from dichloromethane-hexane. (Complex XV, 73% yield).

QITUC:Cls):X] (X = BrorSCN)

To a suspension of T1(C,Cl;); (0.48 g, 0.5 mmol) in 30 ml of dichlorometh-
ane was added an equimolecular amount of Bu.NBr or Ph;BzP(SCN). The solu-
tion immediately became colourless. It was stirred for 1 h at room temperature
then evaporated, and the residue was recrystallized from dichloromethane-
hexane to give complex X (83%) or X1 (77%) as white crystals.
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