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Summary

When C¢ClsAuAsPh; reacts with halogens, oxidation of the gold(I) com-
plex and formation of X; Au(C¢Cls)AsPh; (X = Cl, Br, I) take place. However,
when C¢Fs;AuAsPh; reacts with halogens, oxidation is only observed in the
case of Cl,, whilst I, (totally) and Br, (partially) split the Au—C bond. This
behaviour is contrary to that observed with C,F;AuPPh, and halogens, where
the tendency to split the Au—C bond decreases in the sequence C1 > B> 1.

Introduction

The only dihaloperhaloaryl derivatives of gold(I1I) described hitherto
are Br, Au(C.F;)PPh, [1], and Cl.Au(C4¢Fs)PPh; [2], and further, the com-
plexes of general formula X,Au(Ar,)PPh; (Ar, = C¢Fs5, C¢Cls, and X = Cl, Br, 1)
prepared by us.

As far as we know, all such compounds prepared previously had tri-
phenylphosphine as a ligand. In this study we describe the oxidation of
Ar_AuAsPh; complexes with halogens or with thallium(111) chloride, resulting
in the isolation of the corresponding dihalides, X;Au(Ar )AsPh;.

Results and discussion

Oxidation reactions with halogens or with TICl;

The results of the oxidation reactions under various conditions are col-
lected in Table 1.

When Ar_ = C¢F's, and the oxidation is carried out with halogen, the
reaction may take three different courses:
25 XAuAsPh; + XAr,
CsFsAuAsPh; + X;—2—> X,Au(Ar, )AsPh,

{ © 5 X,AuAsPh, + XAr,
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TABLE 1
OXIDATION OF Ar, AuAsPh3 WITH HALOGENS OR TICl3

Ary AuAsPhj Oxidant Reaction Products

CsFsAuAsPh3 Cl3 (1.6/1) frans-ClaAu(CgF5)AsPh3
CoFs5AuAsPh3 Bra (1.5/1) Br3jAuAsPh3 + BraAu(CgFs5)AsPha
C6Fs5.AuAsPh3 12 (2/1) IzAuAsPh3 + LAuAsPhgy
CeFsAuAsPhi TICl3 (1/1) c13-Cl Au(CgF5)AsPh3 + TICI
CsCl5 AuAsPh3 Clz (1.75]/1) trans-Cla Au(CgCls)AsPhj @

CeCls AuAsPhj Bry (2.5/1) Bra Au(CgCls)AsPh;
CgClsAuAsPh; 12 (2/1) 12 Au(CgCls)AsPhj

CgCls AuAsPhj TICl3 (1/1) cis-Cla Au(CgCls)AsPhj + TICI

e Crystallizes with ca. 1 mole CCl;.

Process A takes place with increasing probability according to the se-
quence Cl < Br < I, which is the exact opposite of the tendency observed [3]
with PPh; as orposed to AsPhj as a ligand.

When Ar_ = C4Cl;s only the dihalides can be isolated, although the di-
bromo and diiodo derivatives are obtained in low yields. The sole products
which could be separated by column chromatography are listed in Table 1.
Attempts to crystallize characterizable products from other fractions proved
unsuccessful and ill-defined oils remained after the evaporation of the solvent.

Oxidation with TICI; leads to the respective dichlorides. The resulting
isomer is, as when PPh, acts as a ligand [3], different from the isomer ob-
tained by direct chlorination. It was not possible to assign structures to the
dibromides and diiodides, since in these cases the metal—halogen vibrations
are beyond the range of our spectrophotometer.

The trens-Cl; Au(CgsCls)AsPh; compound, obtained by direct chlorination,
crystallizes with approximately 1 mole of CCl;. When this material was re-
crystallized from diethy! ether—dichloromethane, CCL; was eliminated, result-
ing in the cis-isomer. This can clearly be seen from the IR spectra and the
melting points, which coincide with those of the product obtained by oxi-
dation with TICl;. Isomerization to the cis form does not, however, take place
after trans-Cl,Au(Cg3Fs5)AsPh; is refluxed in chloroform.

Reactions with CH3I

(CsFs)AuAsPh; reacts with CH;l to give a mixture of products, which we
were unable to separate and identify.

The reaction of (C¢Cls)AuAsPh; with CH;l results in the formation of
IAu(C.Cl;5)(CH;)AsPh,. Two different species of crystals were isolated, one
yeillow (m.p. 168°) and the other orange-red (m.p. 146°), which coincided in
their analyses and IR spectra, and so are likely to be isomers. We have not SO
far tried to make any structural assignment.

Analytical results

As may be seen from the data in Table 2 all the complexes are non-con-
ducting in acetone solution, with the exception of I,Au(C¢Cls)AsPh; and
JAu(CeCl;s) (CH;)AsPh;, which show conductivities which, though perceptible,
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are lower than those expected for 1/1 electrclytes in acetone solution (=~ 140
ohm™' em?mol ' ). The diiodide is non-conducting in benzene solution, and its
molecular weight is in good agreement with the calculated value. The iodide is
scarcely soluble in benzene and therefore its molecular weight could not be
determined. All the complexes are monomeric in benzene.

IR spectra

The vibrations which could be assigned to the C,Cls group [3, 4] and
which are not masked by vibrations of the triphenylarsine group are collected
in Table 3.

The cis-dichloro derivatives Cl; Au(Ar )PPh; [3] show two absorption
bands at 312 m(br) and 295 m cm™’ (Ar_ = C¢Fs), and at 318 m and 294 m
cm™! (Ar_ = C¢Cls), whereas trans- Cl,Au(CeCls)PPh3 exhibits a single band at
365 m cm™' . In the triphenylarsine complexes it was not possible to identify
the bands characteristic of cis-isomers, since the absorptions of the triphenyl-
arsine group are around 300 cm™!. Nevertheless, the dichloro derivatives, ob-
tained by direct chlorination, show an absorption at 365 m cm™' [Cl,Au(C.Cls)-
AsPh;], or at 330 m cm™! [Cl, Au{C¢Fs)AsPh;] which is assignable to »(Au—Ci)
in the trans isomers, in agreement with the above-mentioned observations
[3].

TAu(CsCls) (CH3)AsPh; exhibits bands at 2900 w and 2980 w cm™'
characteristic of CHj;. In the region 1150-1200 cm™' where two baads due to
the bending modes of the CH; group are to be found [5] the presence of
bands due to the AsPh; prevents a definite assignment.

The spectrum of trans-Cl. Au(CsCls )AsPh;, prepared by direct chlorination
of C¢Cls AuAsPh; in CCl,, shows two bands at 760 m and 780 m cm™’, not ob-
served in any other complex. The position of these bands coincides with a very
strong and broad band between 750 and 770 cm™' which is observed in the
spectrum of carbon tetrachioride. On recrystallizing the compound from diethyt
ether—dichloromethane, the two bands, and also the band at 365 m cm™', dis-
appear, which indicates that not only CCL; has been removed, but that the
trans-isomer has also isomerised to cis-Cl; Au(CyCl; YAsPh;. This was also con-
firmed by the melting point determination (Table 2).

TABLE 3
VIBRATIONS DUE TO THE LIGAND CgCls

Complex Frequenctes (cm™1)

C6Cls AuAsPhy 1330s 1320 vs 1290s 1225 w 835m 660 m
trans.Cl Au(C5Cls)AsPhs  1330s 1290 m 1210 w 8.5 w 675m
cis-Clz Au(CeCls)AsPh3 1330s° 1290 m 1210 vw 835w b

Bry Au(CsCls)AsPhy 1330s° 1290 m 1210 w 840 w 875s

12 Au(CgCls)AsPhy 1325 5% 1290 m 1205 w 830w 670 m (sh)
LAu(CgCls)(CH3)AsPh3 1320vs?  1290s 1230 w 835m 670s

a Asymmetric band. b Probably masked by the AsPhL3 vibration at 685 t:m_l .
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Experimental

IR spectra were recorded on a Beckman IR 20A spectrophotometer (over
the range 4000-250 cm™' ) using Nujol mulls between polyethylene sheets.
Molecular weights were measured in benzene solution with a Hitachi—Perkin—
Elmer 115 osmometer, and the conductivities (= 5 X 10 M solutions) with a
Philips PW 9501/01 conductimeter. C, H and N analyses were carried out with
a Perkin—Elmer 240 microanalyzer.

I. CsClsAuAsPh,

To a tetrahydrofuran solution of C,Ci;MgCl [6] (10 mmol), was added
20 ml of benzene and ClAuAsPh; (2.69 g, 5 mmol). The mixture was stirred
under a dry N. stream at room temperature for 1 h; water was added to
destroy the Grignard compound, and the organic layer was separated. The
solution was set aside for one night with activated charcoal and anhydrous
magnesium sulfate, then filtered and evaporated to dryness. After washing
the solid residue with 100 m] of ethanol, a yellowish-white solid remained,
which consisted mainly of complex I. It was washed twice with small por-
tions of dichloromethane, and finally 2.19 g of I remained undissolved. A
further 1.3 g were obtained upon adding ethanol to the CH,Cl, solution,
and washing with warm hexane. Complex I (total yield 46%) is obtained as
colourless crystals, soluble in dichloromethane, chloroform, carbon tetra-
chloride, benzene and acetone; less soluble in diethyl ether, and insoluble
in ethanol and hexane.

Il trans-Cl,Au(CsCls )JAsPh;

A solution of complex I (0.75 g, 1 mmol) in 25 ml CCl; was prepared
and cooled to 0°. Upon adding 10 ml of 0.35 N chlorine solution in CCl,,
LI precipitated almost immediately as a yellow solid. The mixture was set
aside for one hour, filtered, and the filtrate was twice washed with small
portions of ethyl ether (72% yield). Complex 1I is soluble in acetone, dichloro-
methane and chloroform, not very soluble in ethyl ether and benzene, and
insoluble in hexane. Its IR spectrum and analyses show that 1l contains ap-
proximately 1 mole of CCl;. A solution of I in diethyl ether—dichloromethane
becomes discoloured after a few minutes, and after evaporation of the solvent
at room temperature I1I is obtained (see below).

IIL. cis-Cl; Au(CeCl; )AsPh;

Complex I (0.75 g, 1 mmol) was added to a solutlon of TICl; (0.31 g,
1 mmol) in 25 ml of chloroform and the solution was refluxed for 20 min.
Precipitated TICI was filtered off and the solution evaporated to dryness.
The resulting yellow oil was dissolved in dichloromethane, ethanol added and
the solution partially evaporated yielding complex 11l (0.68 g; 83% yield)
as white crystals. It is soluble in dichloromethane, acetone and benzene, less
soluble in carbon tetrachloride, and insoluble in ethanol, ethyl ether, and
hexane.
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Iv. BT:AH(C6015)ASPh3

A 1 N bromine solution in dichloromethane (5 ml) was added to I (0.75 g,
1 mmol) in 20 ml of the same solvent and the mixture wzs stirred at room tem-
perature for 1 h. The resulting yeliow precipitate was filtered and washed with
n-hexane to give complex IV (0.33 g; 36% yield), soluble in dichloromethane,
acetone and benzene, and insoluble in alcohol and hexane.

V. IzAu(C5C15)As.Ph3

A solution of I (0.75 g, 1 mmol) and I, (0.5 g, 2 mmol) in 50 ml of di-
chloromethane was stirred at room temperature for 16 h. After adding alcohol
and partially evaporating in vacuo, V was obtained as red crystals which were
washed with alcohol and then with two small portions of ether (349 yield).
It is soluble in benzene, dichloromethane, toluene, tetrahydrofuran and ace-
tone, less soluble in diethyl ether, methano! and ethanol and :nsoluble in

hexane.

VI IAu(CeCl;)(CH;)AsPhs

Complex I (0.6 g) was dissolved in 20 ml of freshly distilled CH;I and
the solution was stirred under nitrogen at room temperature for 24 h, care-
fully protected against light and atmospheric moisture. A small quantity of
metallic gold formed during the reaction was filtered off. The solution was
evaporated to dryness and the residue dissolved in dichloromethane—ethanol.
The resulting solution was partially evaporated in vacuo to give complex VI
in the form of a yellow solid, which was washed with ethanol and hexane
(60% yield). Under the microscope two different species of crystals of VI could
be distinguished, the yellow crystals of m.p. 168° and orange-red crystals of m.p.
146°. Both exhibit identical IR spectra (4000-250 cm™), and are thought to be

isomers.

VII. CocFsAuAsPh,

ClAuAsPh; (8.08 g, 15 mmol) was added to 60 ml of an ether solution
of CsF;MgBr [7] (22.5 mmol). After 30 min refluxing in a dry N, stream
the mixture was hydrolysed and the organic layer separated. It was left
standing overnight with activated charcoal and anhydrous magnesium sulfate,
fittered and ccncentrated to ~ 20 ml. VII separated as colourless crystals,
which were washed several times with small portions of ethyl ether. Further
crops of crystals were obtained from the solution upon adding ethanol and
subsequent evaporation (80% yield). It is soluble in acetone, benzene, ethy!
ether, dichloromethane, chloroform and carbon tetrachloride, and insoluble
in ethanol and hexane.

VIII. trans-Cl, Au(CeFs)AsPh,

A 0.32 N chlorine solution in carbon tetrachloride (10 ml) was added
to a solution of VII (0.67 g, 1 mmol) in 10 ml of the same solvent cooled
to 0°. After 5 min stirring a turbidity could be observed, which as soon as
the stirring was interrupted became a yellow oil. The solution was evaporated
to dryness and the resulting oil was dissolved in ethyl ether. Complex VIII
precipitated spontaneously in the form of a white solid which was filterecd
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and washed with a small portion of ether. An additional crop of crystals was
obtained by further concentrating and cooling (61% vield). VIII is soluble
in dichloromethane, chloroform, acetone and benzene, not very soluble in
ethyl ether, and insoluble in ethanol and hexane.

IX. BroAu(CeFs)AsPh;

A 1 N bromine solution in dichloromethane (3 ml) was added to a
solution of VIII (0.67 g, 1 mmmol) in 3 ml of the same solvent. After 1 h
stirring, ethyl ether-was added drop by drop until a red crystalline product
(0.16 g, 23% yield) separated. Its m.p. (102°) and IR spectrum coincide
with those of BryAuAsPh; [8]. The red crystals were filtered off and the
resulting solution was concentrated until the yellow crystals of IX separated
(42% yield). 1t is soluble in dichloromethane, acetone, benzene, ethano!l and
ethyl ether, and insoluble in hexane.

Reaction of C¢F'sAuAsPh; with I,

“T'o a solution of complex VII (0.67 g, 1 mmol) in 5 ml of CH,Cl; was
added I, (9.50 g, 2 mmol). After 4 h stirring at room temperature a small
quantity of a drab-coloured product was filtered off, and ethanol was added
to the solution. Upon solvent evaporation a brown heterogeneous product
(a) crystallized, which was filtered and was washed several times with hexane.
The solution was concentrated and upon adding ethyl ether product (b)
separated in the form of red crystals.

Compound (a), once washed with large portions of ethanol was obtained
in the form of a yellowish-white powder, which does not contain C¢F;s and
whose melting point (200°) coincides with that of IAuAsPhs. The red com-
pound (b) does not contain C,F; either, and its C and H analyses show that it
mainly consists of I3AuAsPh;. Found C, 26.20; H, 1.56. Calcd.: C, 24.46;

H. 1.71%. Not even by using stoichiometric amounts was it possible to isolate
products other than these mentioned above.
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