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The stibine-ether Me$b(o-C,H,OMeJ (L J forms 
cis-[PdLz Cl2 J, cis-[PtLz CIJ, fat-[Rh& Cl3 / and 

mer-[IrL3C13J which contain the &and bonded only 
through antimony, and (RhL2 Cl3 / which contains 
one monodentate (SbcoordJ and one chelating (Sb- 
0) ligand. The latter complex reacts with CO to give 
[RhL,(CO)C13J. The Ph+$b(o-C,H,OMe),, (n = 
1,2, 3) form only mer-[RhL3 Cl,] and mer-[IrL3C13 J. 
For Pd(II) and Pt(II) the [ML2 Clz / complexes are 
trans when L = Sb(o-C,H40Me)s, but cis with L = 
Ph,Sb( o-C, H4 OMe). The potentially tetraden tate 
MezSb(CH2)20(CH2 JzO(CH:!)$bMez IL’), behaves 
as a trans chelating bidentate in [PdL’Clz], and 
coordinates only via the antimony. The preparations 
of RhL’Clj, IrL’C13, RuL’Cls, RuL’(CO)CI, and 
(OsC14JzL’-Hz 0 are described. Infrared, electronic 
and ‘H NMR spektra are reported for all the com- 
plexes. 

Int reduction 

There has been considerable recent interest in the 
platinum metal complexes of ligands containing both 
hard (typically -NR2 or -OR) and soft (-PR2, AsR,) 
donor groups [l-9] . The hard donor often binds 
relatively weakly to these soft metal ions, and disso- 
ciates readily, or is easily displaced often reversibly 
by incoming soft substrates such as carbon monoxide. 
These reactions are clearly very relevant to homo- 
geneous catalytic systems. Phosphine-ether ligands 
bond only through the phosphorus to Pd(II), Pt(II), 
Rh(I) or Ir(I) [l, 2, 4-6, 93, but behave as P, 0 
donors to Ru(I1) [ 121. In the cases where the -OR 
group is not directly bound to the metal it can still 
exert a profound effect on the chemistry, e.g. trans- 
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[IrL (CO)Cl] (L = Me&o-C6H40Me)) undergoes 
much faster oxidative addition than the analogues 
with L = PMezPhor PMez(p-&H,OMe), due to direct 
0 + Ir interaction in the former case increasing the 
nucleophilicity [4] . Ligands containing bulky substi- 
tuents at phosphorus have also been shown to under- 
go 0 or C metallation at Pt(II), and with Rh and Ir 
can generate rare examples of the M(II) oxidation 
states [6, 91. The arsineether MelAs (o-C6H40Me) 
was investigated some years ago [lo, 111, but the 
only work on stibine-ether complexes is some prelimi- 
nary data on Me,Sb(o-C6H40Me) by Volponi et al. 
[12-141. Here we describe some systematic studies 
of platinum metal complexes of four o-methoxy- 
phenylstibines. A preliminary account of aspects 
of this work has been communicated [ 1 S] 

Experimental 

Physical measurements were made as described 
previously [16]. The syntheses of the o-methoxy- 
phenylstibines 1171 and MezSb(CH2)20(CHz)z0- 
(CH2)2SbMez [18] have been described elsewhere. 

The complexes were prepared by similar routes, 
representative examples of which are described. Com- 
plexes of Me* SbC6 H40Me and Me, Sb(CH2 )* - 
0(CH2)20(CH2)2SbMez were made under a dinitro- 
gen atmosphere. 

Dichlorodi(o-methoxyphenyldimethylstibine)palla- 
dium(IIJ 

A solution of sodium tetrachloropalladate(I1) 
(0.3 g 1 mmol) in ethanol (10 cm”) was treated with 
the ligand (0.51 g 2 mmol) in CHzClz (10 cm”) 
and the mixture warmed gently (<40 “C) for 2 hours. 
The yellow solution was filtered, and diethyl ether 
added slowly to the filtrate to precipitate the com- 
plex, which was filtered off and dried in vacua 
65%. 
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evaporated to CU. 10 cm3, and the solid precipi- 
tated by dropwise addition of diethyl ether (75%). 

The other Pd(I1) complexes were prepared simi- 
larly and recrystallised by extraction with warm CH*- 
Cls, and concentration of the extract under reduced 
pressure, followed by precipitation with diethyl 
ether. 50-60% yields. 

Dichlorodi(o-methoxyphenyldiphenylstibine)plati- 
num(II) 

Potassium tetrachloroplatinate(I1) (0.41 g 1 mmol) 
dissolved in a 1 :l mixture of water and ethanol (20 
cm3), was added to the ligand (0.77 g, 2 mmol) in 
dichloromethane (30 cm3), and the mixture refluxed 
for 2 hours. The yellow solution was concentrated 
to ca. 15 cm3 under reduced pressure, and diethyl 
ether added dropwise to precipitate the complex 
(78%). The product was recrystallised from CH, Cl, / 
Et,O. 

Trichlorotns(o-methoxyphenyldiphenylstibine)rho: 
dium(III) 

To a solution of the ligand (1.14 g 3 mmol) in 
CH,Cla (10 cm3) a warm ethanol (10 cm3) solution 
of RhC13*3Hz0 (0.26 g 1 mmol) was added, and the 
mixture refluxed gently for 2 hours, and cooled. 
Diethyl ether (10 cm3) was added slowly, and the 
red-brown solid which separated on standing filtered 
off, rinsed with diethyl ether and dried (48%). 

Trichlorotris(o-methoxyphenyldimethylstibine)rho- 
dium(III) 

A solution of rhodium(II1) chloride hydrate (0.26 
g 1 mmol) in ethanol (10 cm3) was treated with the 
ligand (0.9 g 3.5 mmol) in ethanol (10 cm3) and the 
mixture gently refluxed for 3 hours. The solution 
was filtered, cooled, and the yellow crystals which 
separated on standing filtered off and dried (ca. 
50%). 

T’richlorobis(o-methoxyphenyldimethylstibine)rho- 
dium(III) 

Was prepared in an essentially similar manner 
to the tris complex using a 1 :1.5 Rh:L ratio (70%). 

Trichlorobis(o-methoxyphenyldimethylstibine)car- 
bonylrhodium(III) 

A solution of [Rh(Me* SbC6 H40Me)a Cl31 (1 
mmol) in CH2C1,/CHC13 [l :l 20 cm31 was stirred 
under carbon monoxide for 24 hours, and then the 
solvent was removed in vacua. Yield quantitative. 

Trichlorotris(o-methoxyphenyldiphenylstibine)iri- 
dium(III) 

A hot solution of the ligand (1 .14 g 3 mmol) in 
n-butanol (25 cm”) was added to a solution of iri- 
dium trichloride hydrate (0.35 g 1 mmol) in a 1:l 
ethanol/H,0 mixture (30 cm3), and the solution 
refluxed for 4 hours. The solution was rotatory 

[Pd( dsde)C12 / 
A cold solution of NazPdC1,, (0.3 g 1 mmol) in 

ethanol 10 cm3, was stirred whilst the ligand (0.42 
g 1 mmol) in CH2Clz (10 cm3) was added. After 
1 hour, the solution was filtered from some black 
material, and the solvent removed in vamo. The 
oil produced was extracted with CHC13 (10 cm3) 
and the extract concentrated to ca. 2 cm’, when 
dry hexane (10 cm3) was added with vigorous stir- 
ring. The solid which separated was filtered off and 
dried (-50%). 

(Rh(dsde)C13j 
A solution of RhC13*3H20 (0.26 g 1 mmol) in 

ethanol (10 cm3) was refluxed with dsde (0.42 g 
1 mmol) for 1 hour, and the solution cooled. The 
red solid which separated was filtered off, rinsed with 
diethyl ether and dried in vacua (70%). 

Ir(dsde)Cls and Ru(dsde)C13 were prepared simi- 
larly from IrC13*3H20 and RuC13*3Hz0 respectively, 
and Ru(dsde)(CO)Clz and (OsC14)2dsde*Hz0 were 
prepared in 2ethoxyethanol. 

Results and Discussion 

Palladium(H) and Platinum(II) 
The reaction of the four methoxyphenylstibine 

ligands (L) with NazPdC14 in a 2:l mol ratio in etha- 
nol/dichloromethane produced yellow [PdL2C12] 
complexes, and the [PtL,Cl,] analogues were obtain- 
ed similarly using K,PtC14 in HzO/EtOH/CH2Clz 
(1:2:1). The [M(Me$jb(o-CgHqOMe)),C1,] (M = Pd, 
Pt) have been reported previously [ 12, 131, and our 
results are in good agreement (Table I) and lead to 
the assignment of cis square planar geometry to 
both complexes. The six [ML2ClQ] [L = Ph3,Sb- 
(o-CgH40Me)n (n = 1, 2, 3)] have similar electronic 
spectra characteristic of planar complexes with Sb?- 
Clz donor sets [ 19, 201. The far IR spectra of stibine 
complexes generally contain strong ligand absorptions 
which may make assignments of structures based 
upon identification of the u(M-Cl) difficult. The 
Y(M-Cl) vibrations identified (Table I) are consistent 
with the assignment of cis planar [20] structures to 
[Pd(PhsSb(o-CgHqOMe)),C1,] and [Pt(L)2C1,] (L = 
Ph,Sb(o-CdHaOMe), PhSb(o-C6H40Me),) in the solid 
state. The [M(Sb(o-C6H40Me)3)2Cls] however 
contain only one moderately strong v(M-Cl) vibra- 
tion at 340 (Pt) and 350 (Pd) cm-’ consistent with a 
trans structure. The yellow [Pd(PhSb(o-C6H4- 
0Me)2)2C1a] is unusual in that three bands at 360, 
330, 300 cm-’ assignable as v(Pd-Cl) were observed, 
which are probably due to both cis and trans isomers 
present in the solid. Several samples of this material 



TABLE I. Methoxyphenylstibine Complexes. 

Complex C&U1 C% H% IR (cm-’ ) E rrmx x IO+ cm-’ (emo$ ‘H NMR (Qb 

v(Aryl-OMe) v(M-Cl) Me-Sb Me-0 

PdL2Cl2 

L = Me2SbC6HsOMe 

PhzSbC6H40Me 

PhSb(CsH40Me)? 

Sb(C6H40Me)3 

PtL*C12 

L = MezSbCsHg0M.z 

Ph2SbC6Hz,0Me 

PhSb(CsHaOMeh 

Sb(C6H40Me)3 

RhLaCl, 

L = MezSbC6Hc,OMe 

PhzSbCsH40Me 

PhSb(C6HaOMe)2 

Sb(CeHqOMe)s 

RhLzCl3 

L = Me2SbC6H40Me 

[Rh(MezSbC6HqOMe)z(CO)C13] 

IrL&l, 

L = Me2SbC6H40Me 

PhZSbCsH40Me 

PhSb(CsHs,OMe)z 

Sb(C6H40Me)a 

@lOW 31.1(31.0) 3.5C3.7) 1250 314,300 25.8(4960), 32.3sh(12500) 
yellow 47.9C48.3) 3.8C3.8) 1250 310sh 24.6sb(5300), 32.2(20000) 
yellow 48.2t47.8) 3.8(3.8) 1250 360,330, 300 24.8(6200), 30.5(16500) 
deep yellowgreen 47.2c47.5) 3.5C4.0) 1250 350 25.5(6020), 30.5(14000) 

pale yellow 28.0(27.8) 3.1(3.3) 1250 310,285 26.5sh(450), 32.0(2500) 

pale yellow 44.3c44.2) 3.4C3.3) 1248 320 24.6sh, 26.45(1650), 30.75(7570) 
pale yellow 43.9C44.0) 3.6c3.5) 1250 325,290 25.0(1900), 31.2(9030) 
pale green-yellow 43.Oc43.6) 3.4c3.6) 1250 340 31.4shC5400) 

YdlOW 

orange-red 

dull-x-age 

dull-orange 

1ed-brown 30.2(29.8) 3.4c3.6) 1250,1223 335,280 22.2(2315)sh, 30.1(11100), 37.9(31000) 1.3, 1.6 

pale brown 29.7c30.2) 3.3C3.4) 1255,125Osh 310,283 25.0(940)sh, 35.5(10760)sh 1.3 

)dlOW 

pale yellow 

yellow 

pale yellow 

33.3C32.9) 3.3C3.5) 1250 310 
SO.O(SO.6) 3.6c3.8) 1250 340 

49.7C49.7) 4.OC3.9) 1250 345, 305sh 
49.4t49.25) 4.1(4.1) 1250,124O 330,275sh 

25.5(446O)sh, 33.33(29800) 
21.8(1640)sh, 33.3(20350) 

20.6(1070)sh, 33.8(20600) 

20.9(1730)sh, 34.25(507OO)sh 

vC=Oo) = 2072 (CH~CIZ), 2065 (solid) 

30.3C30.3) 3.1C3.3) 1248 315,290sh 32.0(11500), 34.9(11700) 

45.8c45.5) 3.3(3.5) 1248 320 32.5(102OO)sh, 34.9(18700)sh 
46.2t46.8) 3.6c3.7) 1250 315sh 32.3(12200)sh, 36.2(213OO)sh 
46.4c46.5) 3.9C3.9) 1245 310,285 30.7(522O)sh, 34.5(58200jsh 

1.45 

1.5 

1.4 

1.4, 1.7 

_ 

_ 

3.7 

3.8, 3.4[3:1] 

3.8, 3.3[5:1] 

3.75 

3.75 

3.4 

3.4 

INSOL 

3.7 

3.7, 3.4[2:1] 

3.7-3.4Cbr) 
3.7-3.2(mult) 

3.2,3.8 [1.1,1.3.3.7,3.85c 

3.EC 

3.8, 3.6 

3.7, 3.5[2:1] 

3.8, 3.2(br) 

3.7Cbr) 

aCHzClz solution. bCDC1, shifts relative internal TMS (6 scale). ‘(CD&SO solution. 
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materials has been observed previously [23, 251, 
but appears to be much more marked with these 
(o-methoxyphenyl) stibines than with Ph$b or 
the (tolyl),Sb [26]. 

were prepared, and all had the same far .IR spec- 
trum. The presence of both cis and tram forms 
in the solid probably results from similar solubili- 
ties of the two isomers. All these complexes con- 
tain a medium intensity vibration at ca. 1250 
cm-’ also present in the free ligands attributable 
to an aryl-OMe stretch, which confirms the -0Me 
group is not coordinated to the metal [ 1,2]. 

In CDCls solution the ‘H NMR spectra (Table 
I) indicate that only one isomer of [Pd(Sb(o-&Ha- 
0Me)s)aClJ is present since only a single sharp 
-0Me resonance is seen at 3.75(6), but the [Pd- 
(PhSb(o-Ce H4 OMe),,)a Cls] and [Pd(PhzSb(o-CdHd- 
OMe)),Cl,] spectra show two OMe resonances ca. 
3.8, 3.4 (6) which are not affected by addition of 
free ligand suggesting that these are due to trarzs 
and cis isomers respectively, and that exchange 
with free ligand is slow on the NMR time scale. In 
more polar solvents, e.g. (CDs)2S0 the two -0Me 
resonances are still present but change in relative 
intensity in favour of the ca. 3.4 6 signal. The 
increased proportion of the polar cis isomer would 
be expected in a more polar solvent. The ‘H NMR 
spectra of the platinum complexes are straight- 
forward suggesting the presence of only cis isomers 
with L = PhsSb(o-CsH40Me) and PhSb(o-C6H4- 
OMeh, whilst [Pt(Sb(o-C6H40Me)s)2Clz] was insuf- 
ficiently soluble for the ‘H NMR spectrum to be 
obtained. The change from cis -+ trans structures 
for these [MLsCl,] complexes along the series L = 
Ph,Sb(o-C6H40Me), PhSb(o-CdHqOMe),!, Sb(o-C,- 
H40Me)s is most probably due to the increasing 
steric demands; stibine ligands without bulky substi- 
tuents generally seem to give cis isomers [20]. The 
greater tendency to form cis isomers Pt > Pd observ- 
ed is also a general trend with group VB donors [21] , 
although the occurrence of cis isomers for Pd(II) 
at least in solution is much more common than once 
thought 1221. 

The reaction of Na*PdC& with the stibines in a 
1 :I mol ratio was also studied. The low affinity of 
Pd(I1) for oxygen donors suggested that Sb, 0 chela- 
tion was unlikely, but the formation of halide bridged 
dimers Pds b Cl4 was expected. Dimers of this type 
are known with SbPr: [23], SbEt, 1241, Sb- 
(t-butyl)s [25], and most significantly with (o, m- 
and p-tolyl)sSb [26], and are described as dark-red 
solids, which decompose readily in the cases of the 
alkyl stibines. In the present case all attempts to 
react a 1 :I ratio of Pd(II) salt:methoxyphenylsti- 
bine, or react [PdLsCl,] with PdClg-, resulted in 
rapid darkening of the solution and precipitation of 
black solids, often accompanied by the formation 
of a metallic mirror. Similar decomposition occur- 
red with platinum(H), although the reaction is 
slower. In neither case were we able to obtain any 
evidence for the formation of M2 LzX4 complexes. 
Decomposition of stibine complexes to black 

Rhodium(M) 
Volponi et al. [ 141 reported a yellow-brown 

[Rh(Me*Sb(o-Ce,H40Me))2C1,1 complex formed 
from RhC1s*3Hz0 and the ligand in a 1:2 ratio. 
We find that RhC13*3Hz0 and Me,Sb(o-C6H,- 
OMe) in ethanol in a Rh:L ratio 1 :3.5 produces 
bright yellow [RhL,Cl,] , whilst a 1:2 or preferably 
I:15 ratio gives the red-brown [RhL:,C13]. These 
two complexes can be interconverted by boiling 

L 
RhLsCls I fiL3cJ3 

RhC13*3H20 

red-brown yellow 

the appropriate mixture in n-propanol. 
The other (o-methoxyphenyl) stibines gave red- 

orange [RhL,Cl,] (Table 1) when either a 1:2 or 
1:3 Rh:ligand ratio was used. 

The yellow [Rh(MezSb(o-C6H40Me))3C13] con- 
tains single sharp Sb-Me (6 = 1.4) and O-Me (6 = 
3.7) resonances indicating only one antimony 
environment and hence the fat isomer. The yellow 
colour is also consistent with this isomer (cJ 
yellow fat-[RhL3C13] with L = PR3, AsRs [27]). 
Only one u(Rh-Cl) vibration could be clearly 
identified to high frequency of the stibine ligand 
absorption, at 310 cm-‘, which is also in the range 
expected [28] for fat-[RhL3C13], and the second 
band expected is probably hidden by the ligand 
absorption. (Theory fat isomer = Ai + E). The 
orange [RhL3C13] L = Ph3,Sb(o-C6H40Me), (n = 
1, 2, 3) have similar far IR spectra consisting of 
one strong @h-Cl) band at ca. 330-345 cm-’ and in 
some cases a second band is discernable as a shoulder 
on the ligand absorption at lower frequency. The 
presence of a band at ca. 330 cm-’ assigned as Bi 
@l-Cl) is consistent with a mer structure [28], 
and two Ai(Rh-Cl) vibrations are expected to lower 
frequency but are obscured by ligand absorption. 
The IR band at ca. 1250 cm-’ characteristic of the 
aryl-OMe group vibration is unshifted in all these 
complexes showing the methoxy-group is uncoordi- 
nated. The ‘H NMR spectra are less useful in assign- 
ment of structures to these [RhL3C13] complexes. 
In mer-[Rh(Ph2Sb(o-C6H40Me))3C13] there is a 
sharp signal at 3.7 6 and a broad one at 3.4 (2:l rela- 
tive intensity) consistent with the structure proposed, 
but for the complexes of PhSb(o-&&OMe), and 
Sb(o-C6H40Me)3 the ‘H NMR spectra in the 
3-4 6 region contain broad signals in which several 
lines can be partially distinguished. These com- 
plexes are very crowded, and models suggest consider- 
able interaction between the -0Me groups and neigh- 
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bouring ligands, and this would produce slightly dif- 
ferent electronic environments for the methyl groups. 

The only 1:2 complex prepared [Rh(Me,Sb(o- 
C6H40Me))2C13] has two v(Rl-Cl) vibrations in the 
far IR spectrum at 335, 280 cm-’ which are 
frequencies characteristic of a mer arrangement of the 
chlorines. The ‘aryl-OMe’ frequency in the free ligand 
12.50 cm-’ corresponds to one band at 1250 cm-’ 
in the complex but there is a new absorption at 1223 
cm-‘. The latter is absent in the free ligand and in 
mer-[RhLaCl,] , and can be assigned to a coordinated 
methoxy group [l , 21. Hence the IR data suggests 
an Sb20C13 donor set. In CDCla solution the ‘H 
NMR spectrum consists of broad absorptions at 1.3, 
1.6 6 (Sb-Me) and 3.2, 3.8 6 (OMe). The spectrum 
in (CDs)2S0 contains sharp signals at 1.1, 1.3 and 
3.7, 3.85 6 which suggests that the DMSO has dis- 
placed the coordinated methoxy group, and 
that structure A should be assigned to this complex. 
On the basis of the IR data on the solid and the ‘H 
NMR spectrum in CDCla, the structure of [RhL2- 
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Cl’ ‘DMSO 
Cl Cl 

(A) (B) 

Cls ] is proposed to be [B] , which is analogous to 
that established for the o-methoxyphenyldimethyl- 
arsine analogue, [Rh(Me,As(o-C6HqOMe)),Cls] by 
an X-ray study [ 111. The rather broad NMR spec- 
trum of complex [B] in CDCla, compared with the 
sharp absorptions of complex [A] and of the [RhL,- 
Cl,] analogue, suggest that exchange between the 
coordinated and uncoordinated -0Me groups may 
be occurring. A rather similar exchange process 
has been proposed for [Ru(Ph2P(o-C6H40Me)),- 
(CO)Cl,] [2] . Variable temperature ‘H NMR spectra 
of complex [B] in CDCla were recorded over the 
range +40 to -40 “C, but little change was observed. 
Attempts to reach lower temperatures were frustrated 
by poor solubility of the complex, which crystal- 
lised out as the temperature was lowered. The reac- 
tion of this complex with CO is discussed below. 

The [Rh(Sb(o-C6H40Me)s)sCls] complex was 
heated with RhCls*3Hz0 in ethanol in an attempt 
to produce a [RhLZC13] complex. Several attempts 
at this preparation gave products of somewhat 
variable composition intermediate between RhLs- 
Cl3 and ‘Rh~Cls’, but none of the materials showed 
any evidence for the presence of coordinated 
methoxy-groups in their IR spectra.The failure to 

produce Rh-OMe coordination with the Phs,- 
Sb(o-C&OMe), ligands is surprising in view of the 
behaviour of MezSb(o-C6H40Me), and is particularly 
so when the large size of the ligands is considered. 
Coordination of one -0Me group in place of the third 
stibine would be expected to reduce the crowding 
about the metal (models and the complex NMR 
spectra seem to indicate considerable crowding in 
[RhLsCls] for PhSb(o-CbH40Me), and Sb(o-CbHG- 
0Me)s). Since this Rb-OMe coordination does not 
take place, it is presumably electronically unfavour- 
able. It is notable that the X-ray studies of [Rh(Mez- 
As@-C6HqOMe)),C1s] [ll] and [Ru(PhzP(o-C6H4- 
OMe)),Cl,] [2] show that the M-OMe bonds are 
very long (2.24 A in the Rh, and 2.299(3) and 
2.257(3) A in the Ru) compared to the sum of the 
covalent radii [29] cu. 2.0 A. It is possible that with 
the weaker donor aryl stibines, the Rh(II1) prefers 
to bind an extra stibine donor rather than interact 
weakly with an -0Me group. 

Iridium(III) 
The only complexes isolated of iridium(II1) with 

the o-methoxyphenylstibines were the yellow ]IrL3- 
Cl,]. Even with MezSb(o-C6H40Me) attempts to 
produce an [IrLaCl,] complex failed, consistent with 
a lower affinity of Ir(II1) than Rh(II1) for O-donor 
ligands. The far IR spectra of the [IrLsCl,] (Table I) 
contain one strong v(Ir-Cl) vibration in the region 
310-320 cm-‘, and sometimes a weaker band at 
cu. 290 cm-’ is just discernable on the stibine absorp- 
tions. These vibration frequencies are consistent with 
a meridional arrangement of the chloride ligands 
[30], rather than a facial one when v(Ir-Cl) occur 
at lower frequencies [3 l] _ More prolonged heating 
of the reaction mixture used to obtain these 
materials, gave products contaminated with small 
amounts of other complexes which had weak IR 
bands at 2000-2100 cm-‘, probably [Ir(CO)L,Cls] 
complexes. Once produced these constitute a persis- 
tent impurity in the [IrLsCla] and are very difficult 
to remove by recrystallisation. 

Other Metals 
None of the stibine ligands reacted with nickel(I1) 

or cobalt(I1) salts. The reaction of excess stibine with 
copper(I1) chloride in ethanol, gave cream CuLCl 
complexes, whilst reaction with AgI dissolved in an 
aqueous solution of KI gave cream AgLI.The IR 
(4000-200 cm-‘) and NMR spectra of the Cu(I) 
and Ag(I) complexes were almost identical with 
those of the free ligands, as expected with d” ions. 
These complexes are probably tetramers [21], but 
this cannot be established without an X-ray study. 
The complex behaviour towards Ru(II), Ru(II1) and 
OS(W) is currently under examination. 
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TABLE II. Complexes of MeaSb(CH2)aO(CH2)20,(CH2)sSbMea (dsde). 

Complex Colour c%a H% IR 
v(M-Cl) cm-t 

[Pd(dsde)Cla] yellow-green 

Rh(dsde)Cls red 

Ir(dsde)Cls yellow-green 

Ru(dsde)C1se black 

Ru(dsde)(CO)Clzf fawn-yellow 

0s2(dsde)Cls*H20g green 

20.8(20.1) 

19.0(19.1) 

16.2(16.7) 

19.8(19.2) 

21.5(21.3) 

10.8(10.8) 

4.3(4.0) 

3.7(3.8) 

3.5(3.3) 

3.6(3.8) 

3.5(3.9) 

2.6(2.4) 

345(s) 

340(s), 280(m) 

315(s), 290sh 

320(sh), 280(s) 
_ 

320(sh), 302,294(sh) 

Complex E mm x 1o-3 cm-’ b ‘H NMR (s)d 

[ Pd(dsde)Clz ] 
Rh(dsde)Cls 

Ir(dsde)Cls 

Ru(dsde)C13e 
Ru(dsde)(CO)Clzf 
Os2(dsde)Cla .HzO’ 

34.5(12800), 26.8(3560) 

33.3(22400), 24.1(1230)shC 

34.0(9400), 26.2sh(1040)C 

30.1(4100), 18.75(1240)’ 
30.7sh(750) 25 .6(sh)(400)c 
29.4(9520), 27.0(7360) 
24.5(sh)(2350), 16.4(sh)(515)’ 

1.35(s)Sb-Me, 2.3(t) Sb-CHz, 3.7(m)OCHa, (CD&) 

1.4(s)Sb-Me, 2.3(m)SbCHz, 3.6(m)OCHz, (d6-dmso) 

1.3-1.4Sb-Me, 2.3(m)SbCHa, 3.4-3.6(m)OCHz, (d6-dmso) 
_ 

1.2-1.3SbMe, 2.4(m)SbCHz, 3.4-3.6(m)OCHz, (d6dmso) 
_ 
_ 

aFd (talc). 
e 

bSolution spectrum in CII~Cls. 
peff = 2.25 BM, AM = 10 ohms-’ cm2 M 

‘In dfmso. 
(DMSO). 

dFree ligand 3.5(m) OCH2, 1.75(t) CHzSb, 0.7(s) %-Me (6). 
peff = 0 BM. peff = 1.3 BM/Os atom. 

Reactions with Carbon Monoxide 
Dichloromethane solutions of the [PdL,Cl,] , 

[PtL,CI,] (excepting L = Sb(o-CeI&OMe), which 
was very slightly soluble), [RhL3C13] and [IrL3C13] 
were saturated with CO at room temperature, and the 
IR spectra of these solutions recorded immediately. 
Free CO in CH2C12 absorbs at 2135 cm-‘, and with 
one exception (below) this was the only new band 
observed in any of the spectra. The exception was 
[Pd(Sb(o-C6H40Me)3)2C12] where the yellow solu- 
tion turned greenish yellow, and a new IR band 
appeared at 2080 cm-’ attributable to coordinated 
CO. On warming the solution and purging with 
nitrogen the intensity of this band decreased but 
a metallic mirror was also produced. Decomposi- 
tion also occurred on evaporation, and the car- 
bony1 species has not been isolated. 

The red-brown [Rh(Me2Sb(o-C6H40Me))2C13] in 
CH2C12 rapidly took up CO, and on evaporation a 
brown solid [RhL(CO)C13] with v(C0) = 2065 
cm-’ was obtained. The CO could be completely 
removed by warming the CH2C12 solution and sweep- 
ing it with N2, and the uptake and removal of CO 
could be cycled several times without any decomposi- 
tion being apparent. The v(C0) value is similar to 
those reported for other [Rh(PR3)2(CO)C13] and 
[Rh(~R3)2(CO)C13] [32] which have rWZs group 
VB ligands, mer chlorines (and hence CO tram Cl). 

The far IR spectrum of the stibine complex however 
has v(Rh-Cl) at 310, 283 cm-’ more consistent 
with a fat arrangement of chlorines (cf: Rh(Me2- 
Sb(o-C6H40Me))3C13) and clearly lacks the band at 
ca. 340 cm-’ expected for a tram Cl-R&Cl unit. 
The ‘H NMR spectra in CDC13 or (CD3)2SO are 
similar and contain single Me-Sb and Me-O reso- 
nances, which indicates structure [C] . 

(C) 

Me2Sb(CH2),0(CH,)20(CH,)2SbMe2 Complexes 
The reaction of this l&and (dsde) with Na2PdC14 

or [Pd(MeCN)2C12] in EtOH/CH,Cl, produced a 
greenish-yellow solution, from which precipitation 
with hexane gave [Pd(dsde)Clz]. The complex is 
extremely soluble in organic solvents, and the solu- 
tions decompose with deposition of black solids, 
slowly in the cold, rapidly on heating. In CDC13 
the ‘H NMR spectrum is consistent with coordina- 
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tion only via the antimony, (Table II) and in Cab- 
C!lz the complex is monomeric (mwt found 540, 
talc 597). The far IR spectrum contains a single 
medium intensity band at 345 cm-’ assignable as 
the BaU(Pd-Cl) vibration of a trans planar Pd(I1) 
complex. The only structure consistent with this 
data is [D] containing dsde binding as a trans 
chelating bidentate.The complex thus resembles 
[Pd(L-L)Cl,] L-L = MezAs(CHz)rzAsMez [33], 
PhS(CH&SPh [34], and the solution structure 
of ]Pd(Me&(CHz)sS(CHz kS(CHa)sAsMe&% 1 
[35]. The reaction of dsde with [Pt(MeCN)aCl,] 
in CHCls gave a yellow oil with an essentially similar 
‘H NMR spectrum to the Pd(I1) complex, but all 
attempts to isolate the solid Pt(I1) complex failed. 

(D) 

The reaction of dsde with RhCls*3Hz0 or IrCls* 
3Hz0 in ethanol gave materials of composition 
M(dsde)Cla (Table II). The IR spectra of these 
complexes (4000-400 cm-i) were very similar to 
those of Pd(dsde)Cl, and MezSb(Brz)(CHz)aO- 
(CH2)20(CH2)2Sb(Brz)Mez [18], and in partic- 
ular contain broad absorption at ca. 1100 cm-’ 
due to the -CH20CH2- units, which we interpret 
tentatively as indicating uncoordinated ether groups 
in the solid Rh and Ir complexes. The complexes 
were insufficiently, soluble in chlorinated solvents 
for mwt or ‘H NMR studies, and although the ‘H 
NMR in d,-DMSO show no evidence for ether 
coordination, this is an unreliable guide to the solid 
structure, since the DMSO may well displace any 
coordinated ether groups. The structures of these 
complexes are unclear, but halide-bridged dimers 
with antimony-coordinated dsde seems likely. 

The product of heating dsde with sodium hexa- 
chloroosmate(IV) in 2-ethoxyethanol was a deep 
green solid whose analysis indicated an approximate 
‘OszCls(dsde)’ composition. The IR spectrum show- 
ed strong bands at -3500, 1630 cm-’ which were 
attributed to water, strong partially resolved bands 
at 320-280 cm-’ assigned as ~OS-Cl) and most 
informative the region 1200-1000 cm-’ contains 
two sharp bands at 1123 and 1050 cm-’ indicating 
coordination of the ether function. The electronic 
spectrum (Table II) and the magnetic moment 
kf - 1.3 BM/Os atom confirm the oxidation state 
of the metal as Os(IV) [ 161. Again poor solubility 
precluded mwt measurements, but on the basis of 
the data structure E is proposed for OszCls(dsde)* 
HzO. 

E) 

The reactions of dsde with RuC1s+3Hz0 are more 
complex. In refluxing ethanol the product is the 
black, paramagnetic (pert = 2.25 BM) Ru(dsde)Cls 
which is a non-electrolyte in solution and whose 
IR spectrum contain a sharp band at 1030 cm-’ 
and a broad absorption at ca. 1100 cm-‘, consistent 
with ether-oxygen coordination, and an Sb2Cls0 
donor set is tentatively proposed. Molecular models 
suggest that dsde could bind as an SbzO donor tri- 
dentate without severe distortion, and a similar con- 
clusion was reached by other workers for related 
phosphine-ether ligands [36]. On boiling a mix- 
ture of RuCls*3Hz0 and dsde in 2-EtOC,H,OH a 
yellow-fawn material is produced, which is dia- 
magnetic indicating Ru(I1) (&). However, the IR 
spectrum showed only the broad bands at ca. 
1100 cm-’ indicating the oxygen donors are not 
coordinated, ruling out the Ru(dsde)Cl* with a tetra- 
dentate (Sb,Q) coordination of the ligand, which 
was expected by analogy with phosphine-ethers 
[ 1, 21. Moreover the IR spectrum contains a mode- 
rately strong band at 1928 cm-‘, due to a carbonyl 
group and hence carbonyl abstraction from the 
solvent has occurred. Analytically this material 
corresponds to Ru(dsde)(CO)Clz, and the low value 
of the single v(C0) vibration is not consistent with 
a trans dicarbonyl, but not unreasonable for CO 
trans Cl [37]. The electronic spectrum suggests 
octahedral Ru(I1) rather than five-coordination, and 
this coupled with the IR and ‘H NMR data (Table II) 
showing the ether groups are uncoordinated, leads 
to the postulate of a halide-bridged dimer perhaps 
similar to [ Ru(PR~)~(CO)C~~]~ [37]. 

In conclusion it seems likely that the Rh(III), 
Ir(II1) and Ru(I1) complexes are dimeric, possibly 
with bridging dsde, although the poor solubility 
has so far frustrated attempts to obtain single crys- 
tals for an X-ray study. 
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