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Summary

The reaction of TICl; with RLi leads to complexes of the general formula
TIR,Cl (R = CFs, p-C.F H, m-CF H, 246-C,F;H,, p-C,FH, or m-CF,C.H,).
Some of these undergo oxidative addition reactions with gold(I) complexes to
give polyfluorophenyl derivatives of the types AuR,CIL and Au(C.F;)R,(tht)
(tht = tetrahydrothiophen), and with SnCl, to give oily materials from which
stable solids of the general formula Q[SnR,Cl;] can be isolated by addition of
QCl1 (Q = Et,N or Ph;BzP).

Introduction

The use of TI(C¢F;),Br as a reagent which is capable of transferring its two
aryl groups to transition- or post-transition-metal complexes is well established
[1—6]. However, the preparation [7] of TI(C¢Fs),Br starting from TICl; and
CFMgBr leads to a dark product which must be repeatedly recrystallized and
gives therefore only moderate yields (~45%). The reaction of TI(C¢F5),Br with
AgCl can be used for the synthesis [ 7] of TI(C¢F5),Cl, whose arylating capacity
has hitherto not been studied. The preparation of TI(C,F,H),Br and
TI(C.F;H,),Br from the corresponding Grignard compounds has recently been
reported [ 8].

Herein we describe the preparation of complexes of the type TIR,Cl (R =
C.F; 2,3,5,6-C.F .H; 2,3,4,6-C,F.H; 2,4,6-C,F;H,; 4-C;,FH,; 3-CF;C.H,) ob-
tained by arylation of TICl; with the corresponding RLi. These reactions,
which take place smoothly, give higher yields than those with Grignard com-
pounds. Moreover, oxidative addition of some of these complexes to gold(I)
or tin(Il) compounds leads to novel gold(IlI) and tin(I1V) complexes.

Discussion and results

a) Preparation of TIR,C!
The reaction (1 : 2) of TICl; with RLi in ether solution leads, according to
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eq. 1, to biarylthallium chloride, which for R = 4-C,FH, is only slightly soluble

TICL, + 2 RLi — 2 LiCl + TIR,Cl (1)
(R = C4Fs, 2,3,5,6-CsF,H, 2,3,4,6-C,F, H, 2,3,6-C,F.H,, 4-C,FH,, 3-CF,CH.)

and is therefore precipitated with the formed LiCl, from which it can be sepa-
rated by extraction with warm acetone. In all the other cases the precipitated
LiCl is removed by filtration and the corresponding TIR,Cl can be crystallized
by evaporation of the solvent. The solubility of the triarylthallium compounds
in organic solvents decreases with the number of ring substituents. Their
acetone or nitromethane solutions are non-conducting and their molecular
weights in benzene (whenever the compound is soluble enough) correspond to
the dimeric complexes [TIR,Cl],, which are probably chloro-bridged, though
there could be greater association in the solid state [9].

b} Oxidative additions to gold(I) complexes
Oxidative addition of TIR,Cl to AuCIPPh; leads, as shown in to eq. 2, to the

benzene

TIR,Cl + AuClPPh; —— TICl + AuR,CiPPh, (2)
(R =C¢Fs, 2, 3, 5, 6-C,F H, 2, 4, 6-CsF3H,)

precipitation of TICl and the formation of the corresponding gold(11l) com-
plexes. However, when R = 4-C,FH, or 3-CF;C.,H, the unchanged starting com-
pounds are recovered even after 24 h refluxing in benzene or acetone.

Analogous reactions with AuCl(tht) (tht = tetrahydrothiophen) lead to
AuR,Cl(tht), and its neutral ligand can readily be replaced by L to give e.g. Au-
(C.F;H,),Cl(PPhL;). All the novel gold(IIl) complexes, which are air- and mois-
ture-stable crystals, are non-conducting in acetone.

The splitting of the bands characteristic of the aryl group (at 1110, 1010 and
840 cm™! for C¢F;H, and at 1100 and 850 cm™! for 2,3,5,6-C,F,H) indicates
that the complexes are the cis-isomers. This is in accord with observations made
for trifluorophenylgold(1I1) complexes [2c¢] and with the behaviour of cis-Au-
(Cel'5),CIPPh; [10]. The v(Au—Cl) vibration appear in every case as a single
band in the 330—320 cm ™! region.

The reaction represented by eq. 2 take place via a binuclear intermediate
compound [2a] in which Au and T1 are linked by halogen-bridges. This requires
that the gold starting complex contains a potentially bridging-ligand (e.g. a
halogen atom) or a neutral ligand which dissociates to leave a free coordination
site. AuClPPh; fulfills the first condition and therefore undergoes oxidative
additions, whilst Au(C.,F;)PPh;, which does not meet any of these conditions,
does not react. Thus, if benzene solutions of Au(C.F;)PPh; and TI(C,F;H,),Cl
are refluxed for eight hours no TICl is precipitated and unchanged starting
materials are recovered. Moreover, Au(C.F;)(tht), which contains the readily
displaceable tht ligand, dissociation of which will leave a free coordination site,
undergoes oxidative addition reaction according to eq. 3.

TIR,Cl + Au(CsFs)(tht) - TICl + Au(CeFs) R,(tht) (3)
(R =2, 3, 4, 6-CsF,H; 2, 4, 6-CsF5H,)
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The reaction leads to mixed triarylgold(Ill) derivatives of the general for-
mula AuRR,L; a type of complex of which there are very few examples in the
only hitherto deseribed triarylcomplexes being Au(CGF5)3Prh3 [11] and Au-
(C6F5)2(CeBrs)PPh; [12].

In the IR spectra of the novel triarylcomplexes Au(C Fs)R,(tht) some of the
vibrations due to R are split, and the R groups must therefore be mutually cis.
The complexes are air- and moisture-stable crystals, soluble in most organic sol-
vents but insoluble in n-hexane. Their acetone soiutions are non-conducting.

c) Oxidative addition to SnCl,
Refluxing of acetone solutions of SnCl, and TIR,Cl leads, according to eq. 4,

TIR,Cl + SnCl, ——% SnR,Cl, 25> Q[SnR,CL] (4)

(R = CGFS; 2, 3, 5, 6'CGF4H; 2, 4, 6‘06 3H2; Q = Ph3BZP; Et4N)

to neutral complexes SnR,Cl, which can be isolated as oils by evaporating the
solvent; the properties of the C,F; derivative are identical with those previously
reported [1]. Addition of QCIl to acetone solutions of SnR,Cl, leads to the for-
mation of Q[SnR,Cl;] (see eq. 4) which can be isolated by evaporation of the
solvent. The obtained white crystals are air- and moisture-stable and are soluble
in several organic solvents, slightly soluble in benzene, and insoluble in hexane.
The conductivities of their acetone and nitromethane solutions are those of

1 : 1 electrolytes.

Experimental

IR spectra were recorded (over the range 4000—200 em™!) on a Perkin-Elmer
597 spectrophotometer using Nujol mulls between polyethylene sheets. Conduc-
tivities were measaured in 5 X 10™* M acetone or nitromethane solutions with a
Philips PW 9501/01 conductimeter. Molecular weights were measured in ben-
zene solutions with a Hitachi Perkin Elmer, model 115, osmometer. C, H and N
analyses were carried out with a Perkin-Elmer 240 microanalyzer. Au was
determined by ashing the samples in a crucible together with an aqueous solu-
tion of hydrazine.

The yields, melting points, analytical results, conductivites and molecular
weights (in benzene) for the novel complexes are given in Table 1.

Ether solutions of RLi (R = p- and m-C.F H, 2,4,6-C,F,H,, p-C,FH, or
m-CF;CcH,) were prepared by treating the respective bromo-derivative with
n-butylithium at —78°C, as described for C,F_Li [13].

Preparation of TIR.Cl

To a solution of 12 mmol of RLi in ether (~50 ml) at —78°C under nitrogen
were added 6 mmol of anhydrous TICl;. After 30 min stirring the solution was
slowly brought to room temperature and filtered, and the filtrate was hydro-
lyzed with ~10 ml of acidified water (two drops of conc. HCI being added). Af-
ter removal of the organic layer the solution was dried with anhydrous MgSO,,
and evaporated to dryness. The resulting residue was recrystallized from hot
benzene (complex I) or dichloromethane-hexane (complexes II—IV).



‘yiinoua ajqn{os 10N ,, ‘AUBLIIWONU U] q U0l Ul

- p Ll
- n 68
— D m
_— D e
e~ o *\
— UQ
— o O
2 q0
2 2
(z0®)
8201 p¢
(8£9)
(4311 ol
(8¢9)
0601 ob
(‘pPo1ud)
punog AT_oE W9 (_uyo)
‘M O Wy

(L8'L2)
£1'82
(92'92)
gv'ae
(og'ee)
LL'YVE
(98'%2)
06'€2
(£0'9%)
10'92

ny

(or'e) (08'29)

- £6'2 A A 6E1 09 [E10%(CHE 490-9' v'2)us] [dzgEud) AIX
(8T'2) (ov'e) (9L'98)

L8 8L'E £2°LE 00g 09 (E10%(nv a?o-dyug] (NV1a1] 1nx
(a¥'a) (L9°8%)

- ve'e vesy 011 09 [E10%(Sa%0)us) [ azatyq) X
(69'T) (66°9¢)

- g8'l 07°9¢ (Mgo1 09 Ut a90-9'v'e)iS a0y X
(re'n) (z2°98)

- 6e'1 vove (Moz1 09 GUNHY 390-w)(SJ9D)ny X
(8e'1) (0z'ce)

- 941 ¥0°ge 68 gy UNIDL(CHEL90-0' v )Y X1
(€9'2) (09°LY)

- 8€'2 aL'Ly (P)gge 0y Eqadio? (P HE A%0-0*v' ey A
(90°2) rrar

-~ 96'1 96'vp (P)oge 09 Eyddiot(nrado-amy HA
(09'T) (3L°'18)

- £9'1 29'18 867 a8 108908 A0~ L IA
Le'n (za'ee)

- £9'1 yTve 00e< oL 10U HA%0-ONL A
(08°0) (1L'82)

- 88°0 12'6% 991 qL 10%(CHEN?0-9'P' 2L Al
(8¢°0) (86'92)

- $E°0 L9'LT 081 qL 10U 90wy, i
(8¢'0) (86'02)

- ¥e£°0 LE'LT e LY 10120 L 1
(11'92)

- - 28'qg 114 £8 10%Sa90N1L 1
N H o)

(%) ('powd) punoy iy (D) *d'IW %) PIaLA *31dwoy

274

AIX—1 SAXHATdNCGD Y04 VIVA TVOILATYNY
13718vL



275

For complex VI (R = m-CF;C,H,) the synthesis was carried out as similarly
but in 120 ml of ether.

Complex V (R = p-C,FH,)), being even less soluble in ether, precipitated out
together with LiCl. It was separated by treatment with acetone at 60°C and
warm-filtration. The filtrate was hydrolyzed with a few drops of acidified water
(HCl), and gave crystals of V upon evaporation.

Reactions of TIR,CI

a) With AuCIPPh,. A solution of 0.24 g (0.5 mmol) of AuCIPPh, {14] in 50
ml of benzene and 0.5 mmol of TIR,Cl (R = p-C,F,H or 2,4,6-C,F.H,) was
refluxed for 2 h. After removal of the precipitated TICl the solution was evapo-
rated to dryness and the resulting complex (VII or VIII) was recrystallized
from dichloromethane-hexane.

No reaction took place when R was p-C,FH, or m-CF;C H,, even after
refluxing equimolecular amounts of the reagents in benzene or acetone solu-
tions for 24 h.

b) With AuCl(tht). A solution of AuCl(tht) [15] (0.32 g, 1 mmol) and
T1(2,4,6-C,F3H,),Cl (0.50 g, 1 mmol) in 50 ml of dichloromethane was stirred
for 3 h at room femperature then filtered, and the filtrate was evaporated to
dryness to give a colourless oil. Thus was crystallized by vigorous stirring with
hexane. Complex IX was recrystallized from ether-hexane.

c) With Au(CF)(tht). 0.22 g (0.5 mmol) of Au(CF;)(tht) [15] were added
to a solution of 0.5 mmol of TIR,Cl (R = m-CsFH or 2,4,6-C¢F;H,) in 50 ml
of benzene. Affer 3 h stirring at room temperature and 2 h refluxing the solu-
tion was filtered and evaporated to dryness to give a white solid. This was
recrystallized from ether-hexane (Complexes X and XI).

d) With SnCl,. 1 mmol of TIR.Cl (R = C.F;, p-C.F,H or 2,4,6-CF;H,) was
added to an acetone solution (30 ml) of SnCl, (0.19 g, 1 mmol) and the mix-
ture was refluxed for 3 h then filtered and evaporated to dryness. The resulting
oil (identified for R = C,F; as Sn(C.F;),Cl, [1]) was dissolved in 20 m! of
acetone. After addition of 1 mmol of QCl (Q = Et,N, Ph;BzP) and 1 h stirring
at room temperature the solutions were again evaporated to dryness to give
white solids which were recrystallized from dichloromethane-hexane. (Com-
plexes XII—X1V).

References

1 R.S. Nvholm and P. Royo, Chem. Commun., (1969) 421; P. Rovo, Rev. Acad. Cienc., Zaragoza, 27
(1972) 235.

2 a) R. Usén, P. Royo and A. Laguna, J. Organometal. Chem., 69 (1974) 361:b) R. Usén, A. Laguna,

J. Vicente and J. Garcia, J. Organometal. Chem., 104 {1976) 401:¢) R. Uson, A. Laguna, J. Garcia

and M. Laguna, Inorg. Chim. Acta, 37 (1979) 201.

R. Uson, P. Royo, J. Fomiés and F, Martinez, J. Organometal. Chem., 90 (1975) 367.

M.F. Gorrigan and G.B. Deacon, J. Organometal. Chem., 105 (1976) 119.

F. Caballero and P. Reyo, Syn. React. Inorg. Metal-Org. Chem., 7 (1976) 531; P. Royo and J. Sancho,

Trans. Metal. Chem., 1 (1976) 212,

G.B. Deacon and J.C. Parrot, J. Organometal. Chem., 17 (1969) P17.

G.B. Deacon, J.H.S. Green and R.S. Nyholm, J. Chem. Soc., (1965) 3411.

G.B. Deacon and D.G. Vince, Aust. J. Chem., 28 (1975) 1931.

G.B. Deacon, R.J. Phillips, K. Henrick and M. McPartlin, Inorg. Chim. Acta, 35 (1979) L335.

10 R.W. Baker and P. Pauling, Chem. Commun., (1969) 745.

11 L.G. Vaughan and W.A. Sheppard, J. Organometal. Chem., 22 (1970) 739.

12 R. Uson and A. Laguna, Syn. React. Inorg. Metal-Org. Chem., 5 (1975) 17.

13 P.L. Coe and R. Stephens, J. Chem. Soc. (A). (1962) 3227.

14 L. Malvano, Atti. Acad. Naz. Lincei, 17 (1908) 857.

15 R. Usén, A. Laguna and J. Vicente, J. Organometal, Chem., 131 (1977) 471,

O W

oM



