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Mechanistic Studies of Reactionsof Benzenethiol with Methyl Derivatives 
of Platinum(i1) and Gold-([) and -(in) 

By Antony Johnson and Richard J. Puddephatt," Donnan Laboratories, The University of Liverpool, Liverpool 
L69 3BX 

Benzenethiol reacts with the complexes [MeAuL], [Me,AuL], and cis- [PtMe,L,] (L = PMe,, PMe,Ph, PMePh,, 
or PPh,) to  give methane and [(PhS)AuL]. cis-[Me,Au(SPh)L], and trans-[PtMe(SPh)L,] or trans-[Pt(SPh),L,] 
respectively. The reactions with the gold ( I )  and platinum ( 1 1 )  complexes proceed by free-radical chain mechanisms, 
but the gold ( 1 1 1 )  complexes react by a non-radical mechanism. Competitive reactions with benzenethiol show 
the order of reactivity [MeAu(PMe,)] > [MeAu(PMePh,)] > [MeAu(PPh,)], cis-[PtMe,(PMe,Ph),] > trans- 
[ PtM e( S Ph) (PM e, P h) , ] > [ M e,Au ( PMe,) ], [ M e,Au ( PM eP h,)] > cis- [ MezAu ( S  Ph) (PM e,) ]. 

THERE has been considerable discussion recently about 
whether many reactions of transition-metal alkyls 
take place by free-radical, ionic, or concerted mechan- 
isms.l* Examples include the thermal decomposition 
of transition-metal alkyl~,3-~ and their reactions with 
alkenes and alkynes 5p6 and with alkyl In 
some of these reactions a vital step is the attack of a 
free radical at the transition-metal centre, for example, 
in oxidative addition of an alkyl halide RX to a transi- 
tion-metal complex M [equations (1) and (2)I.l How- 
ever, little is known about the factors which influence 

R + M _t RM' (1) 

(2) RM' + RX+ RMX + R' 

the reactivity of a transition-metal complex towards 
this type of reaction, though considerably more is known 
about similar reactions of main-group metal alkyls.7 
In  order to investigate this problem we have studied 
the reactions of benzenethiol with some methyl-gold(I), 
-gold(m), and -platinum(Ir) complexes. Benzenethiol 

J. A. Labinger, A. V. Kramer, and J. A. Osborn, J .  Amer.  
Chem. SOC., 1973, 95, 7908. 

M. F. Lappert and P. W. Lednor, J . C . S .  Chem. Comm., 1973, 
948. 

P. S. Braterman and R. J. Cross, J . C . S .  Dalton, 1972, 657. 
&I. C. Baird, J .  Organometallic Chem., 1974, 84, 289. 

has been shown to react by a free-radical chain mechan- 
ism with boron, antimony, and bismuth alkyls,' but we 
find that, although the gold(1) and platinum(I1) com- 
plexes react by this mechanism, the gold(m) com- 
plexes react by a non-radical process. A preliminary 
report of this work has been published.8 

RESULTS AND DISCUSSION 

The reaction of benzenethiol with cis-[PtMe,(PMe,- 
Ph),] took place in two stages. With 1 mol of thiol 
the reaction of equation (3) occurred and was complete 
in 30 min at  35 "C in dichloromethane solution. The 

cis-[Pthie,(PMe,Ph),] + PhSH + 

stereochemistry of the product was easily deduced 
from its n.m.r. spectrum (Table 1);  in particular the 
peak due to the methylphosphorus protons appeared 
as an apparent triplet due to coupling with phosphorus, 

trans-[PtMe(SPh) (PMe,Ph)J + CH, (3) 
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typical of complexes containing two mutually trans The reaction of benzenethiol with [Me,Au(PMePh,)] 
dimetliylphenylphosphine ligands. Methane was also was even slower (several weeks under similar con- 
identified by its n.m.r. spectrum (6 0.54 p.p.m.). It is ditions) and the product was a mixture of cis-[Me,Au- 
interesting that the reaction of cis-[Pt&le,(PhIe,Ph),] (SPh) (PMePh,)], identified by its n.m.r. spectrum 
with hydrogen chloride gives cis-[PtMeCl( PMe,Ph),] ; (Table l ) ,  and the thio-bridged complex [Me,Au- 
we could detect no cis-[PtMe(SPh) (PMe,Ph),] by (pSPh),AuMe,] lo and Ph,MePS [G(CH,P) 2.25 p.p.m., 

TARLE 1 
N.1n.r. spectra of the complexes in dichloromctliane solution 

Complex 
[Menu (PMe,)] 
[MeAu(PhZePh,)] 
[MeAu (PPh,) J 
[Au(SPh) (PMe,)] 
[Au(SPh) (PMePh,)j 
[Me,Au ( PMe3)] 

[i\le,Au (PMePh,)] 

cis- [Me, Au (S Ph) ( PhIe,)] 

cis-[Mc,Au(SPh) (PMePhJj 

cis-[hZe,l?t ( PMe,Ph) ,] 
trans-[MePt( SPh) (PMe,Ph),] 
tram-[Pt( SPh) ,( PBle,Ph),] 

S(R1eP) a 

p.p.m. 
1-75 (d) 
2.36 (d) 

1.90 (d) 
2.45 (d) 
1.90 (d) 

2-60 (d) 

1.75 ((1) 

2-65 (d) 

1.92 (cl) 
2.10 (t) 
2.10 (t) 

?J(PH) 
Hz 
9.0 
8.8 

10.1 
9.4 

10.2 

9.4 

11.0 

10.2 

7.5 d 

6.8 
7.0 

,J(PtH) G(;tleM) 
Hz p.p.m. 

0.90 (d) 

0.58 (d) 
0.76 (d) 

0.45 (d) I 
1-12 (d) 
0-42 (d) 
1.38 (d) 
1-06 (d) 
0.90 (d) 

1.27 (d) 

31.8 0.55 (t) 
28.5 

1-10 (cl) 

20.4 0.90 (c) 

J (PH) 
Hz 
8.0 
8.4 
8.6 

7.4 
9.6 
7.2 
9.2 
9.6 
9.8 
9.2 
9.6 

6.8 

From external SiMc,; d = doublet, t = triplet, c = complex inultiplet. trans to carbon. c trans to phosphorus. d ,J(PH) + 4J(P'H). 

n.m.r. spectroscopy at  any stage of the reaction with 
benzenethiol. The complex tram- [PtMe (SPli) (Phle,- 
Ph)J reacted with a further mol of benzenethiol accord- 
ing to equation (4). This reaction was complete in ca. 
1 h at 35 "C in dichloromethane. The same product 

tram-[Pti'vle(SPh) (PRIe,Ph),] + PhSH -+ 

was formed by direct reaction of cis-[PtMe,(PhZe,Ph),l 
with 2 mol of benzenethiol. Again the reaction took 
place in two clear stages with complete conversion to 
tram-[PtMe(SPh)(PMe,Ph),] before any detectable 
amount of trans-[Pt(SPh),(PMe,Ph),] was formed. 

The gold(1) complexes LhIeAuL] (L = PRle,, PRlePh,, 
or PPh,) reacted with benzenethiol according to equation 
(5) ,  the reactions being complete in 30-60 min at  
35 "C in dichloromethane solution. However, the 

[MeAuL] -k PhSH -w [(PhS)AuL] + CH, (5)  

gold(m) complexes [Me,AuL] (L = PRIe, or PRIePh,) 
reacted considerably more slowly with benzenethiol. 
The reaction with [Rfe,Au(PNe,)] took place cleanly 
according to equation (6), and was complete in 2 d 

[hle,Au(PMe,)] + PhSH ----t 

at 35 "C in dichloromethane. The stereocheinistry 
of the product follows from its n.m.r. spectrum (Table 1) 
which contained two peaks due to inethylgold protons 
each split into a doublet by coupling with phosphorus; 
the trans-isomer would contain only one such peak. 

J. D. Ruddick and B. L. Shaw, J. Chein. SOC. ( A ) ,  1069,2801. 
lo H. Gilman and I,. &I. Woods. J. Amcv.  Chewt. Soc., 1948, 70, 

tram-[Pt(SPh),(PMe,Ph),] + CH, (4) 

cis-[hIe,Au(SPh) (PRIe,)] + CH, (6) 

580. 

doublet, ,J( PH) 13.5 Hz]. The niethyldiphenyl- 
phosphine sulphide may be formed after dissociation 
of the phosphine according to equation (7).11 Approxi- 
mately equal amounts of cis-[hfe,Au(SPh) (PMePh,)] 

P11,hleP + PhSH -+ Ph,MePS + C,H, 

and [Me,Au(p-SPh),Auhle,] were formed, and since 
some of the thiol was consumed in reaction with phos- 
phine some [hIe,Au( PMePh,)] remained also. An 
attempt to separate the products by chromatography 
led to complete elimination of the phosphine and only 
[M:,Au( p-SYh) ,AuMe,] could be isolated. The re- 
maining methylgold bonds in cis-[Me,Au(SPh) (PRle,)] 
and [Me,Au(p-SPh),AuMe,] were inert to reaction with 
benzenethiol. 

ilfechaizism of Reaction.-In preliminary studies of 
the reaction of [RIeAu(PMe,)] with benzenethiol, we 
observed long induction periods before reaction began 
in the solvents benzene or carbon disulphide. In di- 
dichloromethane or (D,C),CO there was often no induction 
period but sometimes short induction periods of ca. 10min 
were observed, and the rates of reaction were not repro- 
ducible. Reactions could often be started by vigorous 
shaking of the n.m.r. tube containing the reactants. 
Such behaviour is typical of free-radical chain re- 
actions, with the induction periods presumably being 
due to adventitious presence of free-radical scavengers 
and the initiation on shaking caused by reaction of the 
thiol with oxygen. 

In order to confirm this we studied the effect of adding 
the free-radical scavenger galvinoxyl or the initiator 

(7) 

l1 C. Walling, 0. H. Basedow, and E. S. Savas, J. Amer .  Chein. 
Soc., 1960, 82, 2181. 
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azobis(isobutyronitri1e) (aibn) to the reaction mixtures. 
A typical result is shown in Figure 1. Addition of 
1.0% galvinoxyl to the reaction mixture of [MeAu- 
(YMePh,) J and benzenethiol caused coniplete inhibition 
of the reaction until the colour of the galvinoxyl was 
discharged. Addition of aibn caused a rapid accelera- 
tion in the rate of reaction. These effects were also seen 
in reactions of cis-[PtMe,(Phle,Ph),] and of trans- 
[Pt Me (SPh) (PICIe,Ph),] with benzenethiol, showing that 
a free-radical chain mechanism is operative. How- 
ever, addition of 2.0% galvinoxyl or aibn (20%) to the 
reaction mixture of [Me,Au( PMe,)] and benzenethiol 
had no effect on the rate of reaction. It seems clear 
that this reaction does not take place b y  a free-radical 
chain mechanism. 

d 

0 10 20 TO -40 
t I min 

FIGURE 1 Effects of galvinoxyl and azobis(isobutyronitri1e) 
on the reaction of [MeAu(PMePh,) J with benzenethiol 

We have considered two mechanisms for the free- 
The first is shown in equations 

The mechanism, which 
radical chain reactions. 
(8) and (9) (M = AuI or PtII). 

P I S  + AleM + (MehSPh) + MSPh $. Me* (8) 
Me'+ PhSH + CH, + PhS' (9) 

we call ( z ) ,  is the same as that proposed for reaction of 
benzenethiol with main-group metal a lkyl~.~.* The 
vital step [equation (S)] involves attack of a thiyl radical 
a t  the metal centre with displacement of a methyl 
radical.12 The displacement may be concerted (SH2 
concerted mechanism ') or may involve formation of a 
gold@) or platinum(m) intermediate formed by addition 
of the thiyl radical (SH2 stepwise mechanism 7). 

However both gold(1) and platinum(I1) can undergo 
oxidative-addition reactions to give gold(m) or plati- 
num@) complexes respectively, and this leads to an- 
other possible mechanism, (ii), shown in equations 
(10) and (11). The same gold(I1) or platinum(II1) 
intermediate is formed as in mechanism (i), but i t  re- 
acts with benzenethiol directly to give the hydrido- 
niethyl-gold(m) or -platinum(Iv) complex which 
undergoes intramolecular concerted reductive elimina- 

l2 13. J. Cardin, M. F. Lappert, and P. W. Lednor, J.C.S. Chem. 
C o t w ~ . ,  1973, 360. 

l3 IJ. BelIuco, M. Giustiniani, and 31. Graziani, J .  A a w .  Clieirz. 
SOC., 1967, 89, 6494. 

l4 J. I<. Gaylor and C. Ir. Scnoff, Cnnad. .I. Client., 1072, 50, 
1868. 

tion of methane. The first step [equation (lo)] may 
be compared with the free-radical mechanism of 

PhS' + NehI ---t (MelIISPh) + i\IeMSPh 

H 
PhSH I 

+ PhS' (10) 

(11) 

H 
I 

hleR.ISP11 ---t CH, + MSPh 

oxidative addition of alkyl halides to iridium(1) com- 
plexes,l and the second step [equation (ll)] has ample 
precedent in related systems.l3 It is surprising though 
that oxidative addition of benzenethiol to iridium(1) 
takes place by a concerted rather than a free-radical 
mechanism .14 

It should be possible to distinguish between these 
mechanisms since only (i) leads to formation of methyl 
radicals. The reactions of ~is-[PtMe,(Phle,Ph)~] and 
[hfeAu(Pbie,)] with benzenethiol were carried out in an 
e.s.r. tube in the presence of the radical trap ButNO. 
Within 30 min an e.s.r. spectrum of the radical BuWe- 
NO' was observed, showing that methyl radicals had 
been formed during the reaction. No such radicals 
were observed in the absence of benzenethiol. This 
shows that the reaction proceeds at  least in part by 
mechanism (i), but other evidence suggests that  (ii) 
is dominant. Thus ButNO, which is an efficient 
scavenger of methyl radicals but not of thiyl radicals,15 
had little effect on the overall rates of reaction. Also, 
we observed no CIDSP effects in the n.m.r. spectra of 
reacting mixtures, again more consistent with mechan- 
ism (ii) in which the final products are not formed 
directly from free radicals. Eaborn et al. have shown 
that cleavage of optically active silyl groups from the com- 
plexes cis-[PtH(*SiR,)(PPh,),] and trans-[PtCl( *SiR3)- 
(PMe,Ph),] [R,Si* = Me( 1-C,,H,)PhSi] with benzenethiol 
takes place with 92 and 7576 retention of configuration 
at  silicon respectively.16 The mechanism of these 
reactions is not known, but if they take place by a free- 
radical chain mechanism then a mechanism of type (iz) 
must predominate. If the two reaction paths are in 
competition the proportion of reaction taking place by 
mechanism (ii) should be proportional to the concentra- 
tion of benzenethiol; we plan to  investigate this possi- 
bility using chiral alkylplatinum(I1) complexes. 

The reaction of [hle,Au(PMe,)] with benzenethiol 
in the presence of ButNO gave no e.s.r. signal due to 
ButJleNO' radicals as expected for a non-radical reaction. 
The only signal observed was due to But,NO' which is 
formed by slow decomposition of the radical trap 
even in the absence of other reagents. I t  is interesting 
that trimethylgold formed by reaction of gold(II1) 
bromide with meth\-l-lithium in diethyl ether reacts 
rapidly at  -80 "C with benzenethiol to give [Me,- 
Au(fr-SPh),Aullle,j lo whereas, when stabilised by co- 
ordination of tertiary phosphine, the reactions proceed 

l6 S. Terabe, K. Kurunia, and R. lionaka, J.C.S. Perkin 11, 
1973, 1262. 

C. Eaborn, D. J .  Tunc, and D. R. 11. Walton, J.C.S. DaZton, 
1973, 2356. 
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only slowly at  room temperature. The former reaction 
is likely to take place by intramolecular elimination 
of methane from the complex [Me,Au(SHPh)] which 
is expected to be formed rapidly when the only com- 
peting ligand is diethyl ether, and the same mechanism 
could apply to the latter reactions in which displace- 
ment of a phosphine ligand by benzenethiol would 
be much slower. Alternatively, electrophilic cleavage 
without prior dissociation of a phosphine ligand is 
possible. Gregory and Ingold have shown that electro- 
philic cleavage of methyl groups from methyl-gold(1) 
and -gold(m) complexes by mercury(I1) chloride takes 
place at similar rates,17 so that, if the free-radical 
mechanism were not available, the methylgold(1) com- 
plexes would probably react with benzenethiol as slowly 
as do the trimethylgold(II1) complexes. 

The most likely explanation for the gold(II1) complexes 
reacting by a non-radical mechanism is related to the 
stability of the proposed intermediates. Addition of a 
thiyl radical to gold@) or platinum(I1) gives gold(I1) 
or platinum(II1) which have been identified as reaction 
intermediates in other ~ y s t e m s , ~ ~ ~ ~ ~  but gold(II1) would 

5k 

0 10 20 
i I min 

FIGURE 2 Competition of [MeAu(PMe,)] (a) and 
[MeAu(PMePh,)] (b) for benzenethiol 

give the unknown gold(1v) species. Thus the free- 
radical mechanism is expected to be unfavourable for 
gold(II1) complexes if the s ~ 2  stepwise mechanism or 
(ii) above operates, though there is no obvious reason 
why the SH2 concerted mechanism should be less favoured 
than with the gold(1) and platinum(I1) complexes 
(perhaps suggesting that this mechanism is not im- 
portant for these complexes). 

Relative-reactivity Studies.-The course of the above 
reactions was easily followed by n.m.r. spectroscopy, 
and we have used this technique to study the relative 
reactivity of the methyl transition-metal complexes 
towards benzenethiol by allowing two methyl transition- 
metal complexes to compete for a limited quantity of 
thiol. The relative amounts of reagents consumed 
and products formed were determined from the relevant 
peak heights in the n.m.r. spectra (Figure 2). The re- 
sults are summarised in Table 2, in which p is defined 
as log (a,/ut)log (b,/bt) where a, and at are the con- 
centrations of the reacting transition-metal alkyl (A) 

1' B. J. GregoryandC. K. Ingold, J .  Chem. Soc. (B) ,  1969, 276. 
l8 R. L. Rich and H. Taube, J .  Phys. Chem., 1954, 58, 6. 

R. C. Wright and G. S. Lawrence, J.C.S.  Cltem. Comnz., 1972, 
132. 

at  time zero and t ,  and b, and bt are the analogous 
concentrations of the competing metal alkyl (B). These 

values give the ratio of the rate constants for attack 
of phenylthiyl radicals on complexes (A) and (B) re- 
spectively if the following conditions are met: ,O, (1) 
attack of thiyl radicals on the complexes (A) and (B) 
is not reversible; and (2) exchange reactions do not take 
place after the initial cleavage reactions. In  fact two 
types of exchange can be shown to take place in these 
systems. For the gold(1) complexes reaction probably 
takes place by phosphine for phosphine exchange, 

TABLE 2 
Competition reactions with benzenethiol at 35 "C in 

dichloromethane solution 
Complex (A) Complex (B) [PhSH] Q P 

[MeAu(PMe,)] [MeAu(PMePh,)] 0.8 1.47 & 0.01 
[MeAu(PMe,)J czs- 0.8 2.83 f 0.11 

[PtMe,(PMe,Ph) 2] 
[iLZeAu(PMe,)] cis- 2-0 3.58 & 0.34 

[PtMe2( PMe,Ph),] 
cis-[PtMe2- [MeAu(PMePh,)] 0.8 1-36 f 0.20 

cis-[PtMe2- [MeAu(PMePh,)] 2.0 0.97 & 0.11 

cis-[PtMe2- [MeAu(PMePh,)] 3.0 0.79 & 0.05 

(PMe2Ph) 21 

(PMe2Ph) 21 

(PMe2Ph) 21 
[MeAu( PMePh,)] [MeAu( PPh,)] 0.8 1.12 f 0-24 
[Me Au (PMePh,)] [MeAu (PPh,)] 2.0 1.18 f 0.14 
[MeAu(PMePh,)] tvans-[PtMe(SPh)- 0.8 4-08 f 0-40 

[MeAu(PMePh,)] [Me,Au(PMePh,)] 1.0 5.87 & 0.27 b 
(PMe2Ph) 21 

a mol per mol (A) = mol per mol (B). 1 The complex 
[Me,Au (PMePh,)] reacts by a different mechanism. 

which is known to be rapid.21 Thus reaction of [Au- 
(SPh) (PMe,)] and [MeAu(PMePh,)] gave a random 
mixture of the products shown in equation (12) within 
10 min at  35 "C. 
[Au(SPh)(PMe,)] + [MeAu(PMePh,)] + 

[MeAu(PMe,)] + [Au(SPh)(PMePh,)] (12) 

However, the reaction was suppressed in the presence 
of benzenethiol, perhaps by reaction of the traces of 
free phosphine which catalyse such reactions 21 with 
the thiol. Phosphine exchange did not take place in 
the other systems studied, but methyl groups could 
exchange with thiyl groups. Thus cis-[PtMe,(PMe,Ph),] 
with [ (PhS),4u( PMePh,)] gave trans- [PtMe (SPh) (PMe,- 
Ph),] and [MeAu(PMePh,)], the reaction being 20% 
complete in 40 min and 25% complete in 90 min at  
35 "C. Since the competition reaction of cis-[PtMe,- 
(PMe,Ph)d and [MeAu(PMePh,)] with benzenethiol 
was complete in 30 min, this exchange reaction could 
have a moderate influence on the f' values obtained. 
The values of -f) obtained at high thiol concentration 
should be most reliable since the cleavage rate was 
increased under these conditions, whilst the rate of the 
subsequent exchange reaction was not. High thiol 
concentrations should also minimise the reversibility 
of the reaction in which thiyl radical adds to the initial 

2o R. M. Kcllogg, in ' Methods in Free-radical Chemistry,' ed. 
E. S. Huyser, Marcel Dekker, New York, 1969, vol. 2, ch. 1. 

21 ,4. Shiotani, H.-F. Klein, and H. Schmidbauer, J .  Amer.  
Chem. Soc., 1971, 93, 1555. 
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transition-metal alkyl,20 so that the reactivity [MeAu- 
(PMePh,)] > cis-[PtMe,(PMe,Ph),] obtained at  high 
thiol concentration is considered more reliable than the 
reverse cis-[PtMe,(PMe,Ph),] > [MeAu( PMePh,)] ob- 
tained at low thiol concentration. 

It appears that these competition experiments cannot 
give a quantitative comparison of the relative reactivities 
of transition-metal alkyls towards thiyl radicals, but a 
reliable qualitative reactivity series can be deduced to 
be [MeAu(PMe,)] > [MeAu(PMePh,)] > [MeAu(PPh,)], 
cis-[PtMe,( PMe,Ph),] > trans- [ PtMe (SPh) (PMe,Ph) ,] > 
[Me,Au(PMe,)], (Me,Au( PMePh,)]. The following trends 
can be observed. 

(1) For the gold(1) complexes, substitution of phenyl 
for the methyl groups in the phosphine ligand causes a 
decrease in reactivity. This could be either due to a 
steric effect of the bulkier phenyl groups or an electronic 
effect due to the greater electronegativity of the phenyl 
group decreasing electron density a t  gold and so reducing 
the reactivity towards the electrophilic thiyl radical.20 

(2) For a given ligand L the reactivity series is 
[MeAuL] > cis-[PtMe,L,] > trans-[PtMe(SPh)L,] > 
[Me,AuL]. Increasing the oxidation state of the metal 
reduces the reactivity, and substitution of a phenyl- 
thiyl for a methyl group decreases the reactivity. 
Again it seems that a high electron density on the 
metal centre (and hence an easily oxidised metal com- 
plex) leads to high reactivity. I t  is perhaps not sur- 
prising therefore that the reactivity series resembles 
similar series obtained for oxidative-addition reactions 
and for reactions with alkenes and alkynes (in which 
the reactive intermediates may be formed by oxidative 
addition) .22-25 The only exception appears to be 
in the competition reaction of benzenethiol with trans- 
[Pt Me (Cl) (PMe,Ph),] and trans- [PdCl( Me) (PMe,Ph),] in 
which the palladium complex reacted more quickly; 
however the mechanism of reaction with the palladium 
complex has not been established. 

EXPERIMENTAL 

The complexescis-[PtMe,(PMe,Ph),] and [MeAu(PMe,) J 26 

were prepared by literature methods. 
Bromo(methyldipl~eny1phosphine)gold (I) .-This complex 

was prepared by reaction of AuBr, in ethanol with PMePh, 
(2 mol) and was recrystallised from warm ethanol, m.p. 
117-119 "C (lit.,' 118-119 "C). N.m.r. spectrum in 
CH2C1,: G(CH3P) 2.60 p.p.m., doublet, "(PH) 10.7 Hz 
(Found: C, 33.0; H, 2-75. Calc. for C,,H,,AuBrP: C, 

~ethyl(nzethy1dipl~enyZphosphine)gold ( I )  .-This was pre- 
pared by treating [AuBr(PMe,Ph)] with methyl-lithium 
in diethyl ether a t  -78 "C under nitrogen. After hydro- 
lysis the product was obtained from the dried organic layer 
as colourless crystals, m.p. 69-70 "C (Found: C, 41-05; 
H, 4-20. 

22 A. Johnson and R. J .  Puddephatt, Inorg. Nuclear Chem. 
Letters, 1973, 9, 1175. 

23 A.  Tamaki and J. I<. Kochi, J .  Organometallic Chent., 1974, 
64, 411. 

32.8; H, 2.75%). 

Cak. for C,,H,,AuP: C, 40.75; H, 3.90%). 

~. 

24 A. Johnson, R. J.  Puddephatt, and J. L. Quirk, J.C.S.  Chel-n. 
Comm., 1972, 938; J.  A. J .  Jarvis, A. Johnson, and R. J. Pudde- 
phatt, ibid., 1973, 373. 

TrimetlzyZ(?nethyldiPIienylphosphine)goZd (111) .-This com- 
plex was prepared by treating [AuBr(PMePh,)] with methyl- 
lithium (2 mol) in diethyl ether in the presence of excess of 
methyl iodide.,* Isolation as above gave colourless 
crystals, m.p. 63-65 "C (Found: C, 43.65; H, 5.20. Calc. 
for C,,H,,AuP: C, 43.5; H, 5.00%). 

P h e n y  Ztlzio (trimethy1phosphine)goZd ( I) .-This was obtained 
by treating [MeAu(PMe,)] (0.035 g, 0.122 mniol) in di- 
chloromethane (0.4 cm3) with benzenethiol (0.009 an3, 
0-122 mmol). After 15 min the solvent was removed in 
vacuo and the firoduct was washed thoroughly with iso- 
pentane and dried in IIUCUO,  yield 96%, m.p. 92-94 "C 
(Found: C, 27.6; H, 3.9. Calc. for C,H,,AuPS: C, 28.3; 
H , 3 - 7 ?(, ) . (Me thy  ld ip henylplz osp h i n e ) p h  eny  lth iogold (I) was 
prepared similarly, yield 95%, m.p. 89-91 "C (Found: 
C, 45.1; H, 3-6. Calc. for C,,H,,AuPS: C, 45.0; H ,  
3.6%).  Phenylthio(triphenylphosphine)gold(I) was prepared 
similarly, yield 93%, m.p.154-156 "C (Found: C, 50-8; 
H, 3.5. Calc. for C,,H,,AuPS: C, 50-7; H, 3.5%). 

cis-Dimet~zyl(phenylthio) (trimet~yZ~hosphine)goZd (111)  .- 
This complex was prepared by reaction of [Me,Au(PMe,)] 
with PhSH ( 1  mol) in dichloroinethane for 45 h, and iso- 
lated as above, yield 88%, m.p. 71-73 "C (Found: C, 
32.3; H, 5.2. Calc. for C,,H,,AuPS: C, 32.1; H, 4.9%). 

Di-tr-phenyZthio-bis[dimethylgoZd( I I I ) ]  .-The complex 
[Me,Au(PMePh,)] was treated with PhSH ( 1  mol) in di- 
chloromethane solution. After 1 month, the solution was 
chromatographed through silica gel, eluting with dichloro- 
methane and then methanol. The methanol eluted first 
methyldiphenylphosphine sulphide, identified by com- 
parison with an authentic specimen prepared by reaction 
(7) .ll Then [ M ~ , A U ( ~ - S P ~ ) ~ A U M ~ , ]  was eluted, m.p. 129- 
131 "C (lit.lo 132-133 "C). N.m.r. spectrum in CH,Cl,: 
G(CH,Au) 1.30 p.p.m., singlet. The product was identical 
with an authentic specimen prepared by the method of 
Gilman and Woods.10 

platinurn(I1) .-This complex was prepared by reaction of 
cis-[PtMe,(PMe,Ph) ,] in dichloromethane with benzene- 
thiol (1 mol). After 45 min, the solvent was evaporated 
to give the pale yellow product,  yield 9574, m.p. 113- 
115 "C (Found: C, 46.7; H, 5.3. Calc. for C,,H,,PPtS: 
C, 46.4; H, 5*08y0). 

t inum(I1)  .-This was prepared by treating cis-[PtMe,- 
(PMe,Ph),] with benzenethiol (2 mol) as above. After 
80 min the solvent was removed to give the product a s  
pale yellow crystals, yield goyo, m.p. 170-177 'C (lit.29 
181-182 "C) (Found: C, 48.4; H, 4.9. Calc. for C,,H,,- 
PPtS: C, 48-7; H, 4.6%). 

Effect of GaZvinoxyl and aibn.-To a solution of [MeAu- 
(PMePh,)] (0.099 mmol) in dichloromethane (0.4 cm3) 
in an n.m.r. tube was added PhSH (0.099 mmol). The 
course of the reaction was followed by monitoring the 
n.m.r. spectrum for 10 min, then galvinoxyl (2 x 10-4 
mmol) in dichloromethane (0-02 cm3) was added and further 
n.m.r. spectra were obtained until the reaction was com- 
plete. The concentration of [MeAu(PMePh,)] was meas- 
ured a t  each point from the height of the methylgold peak 

25 H. C. Clark and R. J. Puddephatt, Ifiorg. Chem., 1971,10,  18. 
26 G. E. Coates and C. Parkin, J .  Chem. SOL, 1963, 421. 
37 D. R. Williamson and M. C. Baird, J .  Inorg. Nuclear Chem., 

28 A. Tamaki and J. K. Kochi, J.C.S.  Dalton, 1973, 2620. 
29 J .  Chatt, C. Eaborn, S. D. Ibekwe, and P. N. Kapoor, J .  

trans-Bis (dimethylphenylphosplzine) inethyl (ph  enylthio) - 

trans-Bis (diPnet~zylPhe.1zylphosphine) bis(phenyZthio)pZa- 

1972, 34, 3393. 
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using the high-field 13C satellite of dichloromethane as 
internal standard. Other experiments with additives 
were carried out in a similar way. 

Cornpetidion Exfleriments.-To a mixture of [MeAu- 
(PMe,)] (0.160 mmol) and [MeAu(PhlePh,)] (0.160 mmol) 
in dichloromethane (0.4 cm3) in an n.m.r. tube was added 
PhSH (0.128 mmol). The course of the reaction was 
followed by monitoring the n.m.r. spectrum as described 
above. 

E.S.R. Experiments.-A mixture of cis-[PtMe,(PMe,- 
Ph),] (0-058 mmol) and ButNO (cn. 0.005 g) in dichloro- 
methane (0.4 cm3) was added to PhSH (0.058 mmol) in 
dichloromethane (0-4 cm3) in an e.s.r. tube. The tube 

Other experiments are summarised in Table 2. 

was degassed by several freeze-pump-thaw cycles. After 
0-5 h the e.s.r. spectrum of But(Me)NO' was obtained 30 

as a 1 : 1 : 1 triplet of 1 : 3 : 3 : 1 quartets with CZN 15.0 
and a H  11.6 G. No intensification of the signal was ob- 
served after 3 h. Other experiments were carried out 
similarly. 
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