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Co-ordination Chemistry of Sulphines. Part 5.1 a-S and +SCS Co- 
ordination of Sulphines to Rhodium(1). Fluxional Behaviour of [RhCI- 
(PR,)(XYCSO)] (R = alkyl; X, Y = aryl, S-aryl, S-alkyl, or CI) Complexes 
and Influence of Sulphine Geometry on the Formation of [RhCI(PR3)2- 
(XYCSO)] 
By Johan W. Gosselink, Anja M. F. Brouwers, Gerard van Koten,' and Kees Vrieze, Anorganisch Chemisch 

Laboratorium, J. H. van 't Hoff Instituut, University of Amsterdam, Nieuwe Achtergracht 166, 101 8 WV 
Amsterdam, The Netherlands 

Sulphines react with [{Rh1Cl(cyclo-C,H14),},] and PR, (R = C,H11 or Pr') to afford complexes of the type 
[Rh'CI(PR,),(sulphine)] (n = 1 or 2), in which the number of phosphines depends on the nature of the sulphine 
side bonds. If no reactive (C-S,C-Cl) side bonds are present, the sulphine co-ordinates via a-S to Rh' with two 
phosphines in trans positions. If one or two C-S side bonds are present the sulphine co-ordinates q3-SCS to a 
rhodium(1) centre, which is bonded to only one phosphine. None of these complexes undergoes a C-S oxidative- 
addition reaction. For the q3-SCS co-ordinated complexes [Rh1CI(PR,){(€)-(MeS)(p-MeC,H4)CSO}] and 
[RhlCI(PR,){(€)-(R'S),CSO}] (R = C,Hl1 or Pr', R' = C,H4Me-p or Ph) a fluxional process is found (slP and 
l H  n.m.r.), which can be described either as an (€)-(2) isomerization of the MeS, p-MeC,H,S, or PhS group of the 
co-ordinated side bonds or as an intramolecular PR,-CI interchange. For the corresponding (2) stereoisomers 
this process could not be detected. The complex [Rh'CI{P(C,Hll),){ (€)-(MeS)(p-MeC,H,)CSO}],(€)-(2b), 
and P(C6H11)3 form an equilibrium mixture with trans- [RhrCI(P(C,H,,),),{(€)-(MeS) (p-MeC,H,)CSO)],(E)- (4b), 
in which the sulphine is O-S co-ordinated. On the other hand, the corresponding (2) stereoisomer, (2)-(2b), is in 
eq ui Ii brium with P (C, H 11) , and cis- [ R hlCI{ P ( C6H 11) 3}2{ (2) - ( MeS) (p-  MeC, H4) CSO}], (2) - (6 b), a f ive-co- 
ordinate rhodium(1) complex with an q3-SCS co-ordinated sulphine. This difference between the (E) and (Z) 
stereoisomers can be understood in terms of the geometric arrangement of the pseudo-allylic co-ordination. 

SULPHINES, XYC=S=O (X, Y = aryl, S-aryl, S-alkyl, or 
Cl), co-ordinate in an q2-CS mode to PtO(PR3)2 with 
retention of configuration.1.2 The structure of one 
rep resent at  i ve, i. e. [P to (PP h3) ( C12H,CSO)]*+C6H6 ( C12- 
H,CSO = fluorene-9-ylidenesulphine) , has been estab- 
lished by an X-ray crystal-structure analysis3 In 
solution, such sulphine Complexes containing a C-S side 
bond undergo intramolecular C-S oxidative addition to 
Pto(PR3), if R = Ph but are stable if R = C6H,,.1*34 
These reactions are accompanied by (E)-(2) isomeriz- 
ation of the sulphine ~ k e l e t o n . l , ~ ~  The thermodynamic 
stability of the q2-CS co-ordination complexes with 
respect to their oxidative-addition products depends on 
the sulphine configuration. They are unstable when a 
C-S side bond is situated syn to the S=O bond, whereas 
in the anti configuration their thermodynamic stability 
is similar to that of the oxidative-addition  product^,^-^ 
for which the structure of one representative, i .e. cis- 
(E)-[PtlI(PhS) (PhSCSO) (PPh3),]*C6H6 has been estab- 
lished by an X-ray crystal-structure a n a l y ~ i s . ~ ~ ~  

On changing the co-ligands in the q2-CS co-ordination 
compounds from PPh, to the bulkier P(C6H1,),, the 
barrier to intramolecular C-S oxidative addition is 
increased to such an extent that this reaction ceases to 
occur and only intramolecular (E)-(2) isomerization of 
the sulphine skeleton is detected.l An overall mechan- 
ism has been proposed on the basis of which the intra- 
molecular C-S oxidative addition and reductive coupling, 
and the intramolecular (E)-(Z) isomerization of both 
the q2-CS co-ordination compounds and the Pt-sub- 
stituted sulphines, could be explained.] A key inter- 
mediate in these reactions is a bis(ph0sphine)platinum 
species with an q3-SCS co-ordinated sulphine molecule. 

In order to test the validity of this mechanism for other 
metals, we have studied the reactivity of sulphines 
towards RhI, IrI, and PdO. Rhodium(1) complexes 
undergo oxidative-addition reactions with a variety of 
bonds, such as N-H,' C-S,*B~ C-N,"9 C-Cl,Io and S-S.ll 
Furthermore, rhodium(1) centres have proved to be 
good sites for complexation of heterocumulenes, such 
as X=C=Y (X, Y = N-aryl, N-alkyl, S, or Cl) l2 and 
ary1-N=S=0.l3 It is shown that rhodium(1)-sulphine 
chemistry is surprisingly different from that found for 
platinum, as evidenced by the q3-SCS co-ordination of 
R'S-C(X)=S=O (X = R' or SR'; R' = p-MeC,H, or Ph) 
to RhICl(PR,) and the absence of oxidative-addition 
reactions. 

EXPERIMENTAL 

Apparatus.-Infrared spectra were recorded on a Perkin- 
Elmer 283 spectrophotometer, 'H n.m.r. spectra on Varian- 
T60A, -HAlOO, and Bruker-WM25O instruments, and 31P- 

{lH} n.m.r. spectra on Vanan-XL100 and Bruker-WM25O 
spectrometers. Elemental analyses were carried out by the 
Analytical Section of the Institute for Organic Chemistry 
TNO, Utrecht. Molecular weights were determined with a 
Hewlett-Packard (model 320B) vapour-pressure osmometer. 

Preparation of the Compounds.-The sulphines, C1,H,C= 
S=O (la),14 (E)-  and (z)-(MeS)(p-MeC,H,)C=S=O (E)-  and 
(2)-( lb), (P-MeC,H,S),C=S=O (lc), and (PhS),C=S=O ( lc'),lG 
and the starting complex [{RhrC1(C,Hl,),},] (CEHl, = cyclo- 
octene) l6 were prepared according to literature procedures. 

The a-S complexes trarts-[RhlC1(PR,),(C,,H,CSO)], (4a) 
and (5a), and the -q3-SCS complexes [RhlC1(PR,){ (R'S)- 
(X)CSO}], (E)- and (2)-(2b), -(3b), -(2c), -(2c'), and -(3c) 
(K = C6H11 or Pri;  R' = p-MeC,H, or Ph; X = R' or 
R'S), were prepared according to the following general 
procedure. 

Pu
bl

is
he

d 
on

 0
1 

Ja
nu

ar
y 

19
82

. D
ow

nl
oa

de
d 

by
 U

ni
ve

rs
ity

 o
f 

Il
lin

oi
s 

at
 C

hi
ca

go
 o

n 
29

/1
0/

20
14

 2
0:

16
:2

2.
 

View Article Online / Journal Homepage / Table of Contents for this issue

http://dx.doi.org/10.1039/dt9820000397
http://pubs.rsc.org/en/journals/journal/DT
http://pubs.rsc.org/en/journals/journal/DT?issueid=DT1982_0_2


398 J.C.S. Dalton 
A mixture of [{Rh~C1(C8H14),},] (0.5 mmol) and PR, (2.0 

mmol; R = C6Hll or Pr') was stirred in n-pentane (ca. 15 
cm3) under a nitrogen atmosphere for ca. 30 min. In the 
case of R = C6H11, a lilac precipitate was formed, probably 
[Rh1C1{P(C6Hll),}2],12 while for R = Pri a solution was 
obtained containing very small amounts of solid, which were 
removed by filtration. An oxygen-free solution of either 
one of the sulphines (la), (E)- or (2)-(lb), (lc), or (lc') 
(1.0 mmol) in toluene (ca. 2 cm3) was then added to either 
the suspension (R = C6H11) or the clear dark red solution 
(R = Pri) of the reaction mixture. The rhodium-sulphine 
complexes slowly precipitated; they are either brown in the 

indicate that these atoms are in trans positions. The 
lJ(Rh-P) of trans-[RhTC1(PR,),(R'NSO)] (R' = aryl) have 
similar values of ca. 109 Hz.13 The lH n.m.r. spectra of 
(5a) showed that the Me groups within each PPr', group 
have differing chemical shifts [6(H) = 1.34 and 1.20 p.p.m., 
each with 3J(P-H) = GJ(P-H) = ,J(H-H) = 7.7 Hz] as a 
result of the dissymmetry at  the Rh centre. The combined 
spectroscopic data indicated that the sulphines in (4a) and 
(5a) are a-S co-ordinated (see Figure 1). Only for trans- 
[RhICl(PPri ,),(C12H8CS0)] may the observation of one 
v(CS0) absorption at  1058 cm-l suggest that in the solid 
state an isomer, containing an +CS sulphine, is present. 

TABLE 1 
Analytical data of [R.hICl(PR,),(XYCSO)] 

Analysis "1% 
Compound C H P S c 1  M' 

~ ~ u v z s - [ R ~ ' C ~ { P ( C ~ H ~ J  3)2(C1,H,CSO)] 63.9 8.40 6.00 3.40 4.10 823 b 
(64.55) (8.20) (6.80) (3.50) (3.90) 

trans-[RhlC1(PPri 3) ~ ( C ~ Z H ~ C S O ) ]  50.6 6.70 9.10 4.60 5.20 
(55.55) (7.55) (9.25) (4.80) (5.15) (671) 

(52.65) (7.05) (5.05) (10.4) (5.60) 
53.2 7.40 4.80 8.40 5.10 

(52.65) (7.05) (5.05) (10.4) (5.60) 
(E)  -(3b) [RhlCl(PPri ,){ (E)-(MeS) (p-MeC,H,) CSO}] 44.3 6.50 6.20 12.1 6.80 

(43.6) (6.30) (6.25) (12.95) (6.95) (497) 

(43.6) (6.30) (6.25) (12.95) (6.95) 
[Rh'C1{P(C6H11) 3){(ib-MeC6H,S) 2cs0)1 55.1 6.80 4.30 12.5 4.60 

(54.7) (6.55) (4.30) (13.3) (4.75) (?'';), 
[RhlC1( PPr' ,){ (p-MeC,H,S) ,CSO]] 46.9 6.10 5.80 14.9 6.10 

(47.7) (5.85) (5.15) (15.9) (5.70) 
[Rh'c1(p(c,H1,)3}{(phs) ZcS0)1 54.4 6.40 4.50 12.8 4.70 

(53.45) (6.25) (4.45) (13.8) (4.95) (697) 

(:::)b 

( 4 4  

( 5 4  

(E)-(2b) [Rh'C1{P(C6H11) 3){ (E)-(MeS) (p-MeC6H4)CS0)] 53.0 7.40 5.10 8.30 5.20 653 b*e  

( i i l ) b ,  c (Z)-(2b) [Rh'C1{P(C6H11) 3}{(2)-(MeS) (p-MeC6HdCS0)i 
(:;;)*$ 

(2) -( 3b) [RhICI (PPr' ,){ (2)-(MeS) ($-MeC6H,)CSO)] 43.6 6.50 6.10 11.8 6.90 481 b*c 

( : y i ) b  ( 2 4  

(34  

(2c') '66:;). 
a Calculated values are given in parentheses. b By osmonietry in CHC1,. C Measured for a mixture of ( E )  and (2) stereoisomers. 

Mixture of ( E )  and (2) stereoisomers. e B y  osmometry in C6H6. 

case of tralzs-[RhIC1(PR,),(C12H8CSO)] or orange to red in 
the case of [RhTC1(PR,){ (R'S) (X)CSO}]. For analytical 
data see Table 1. The solid complexes are stable in air and 
decompose only very slowly in solution, when exposed to air. 

RESULTS 

Synthesis and Structure of a-S Co-ordinated Sulphine 
Complexes truns-[Rh1C1(PR,),(Cl,H8CSO)] .-The reaction of 
[(RhIC1(C8H14),},] with PR, (R = C,Hll or Pri) and C12- 
H8C=S=0 (la) in a 1 : 4 : 2 molar ratio yielded trans- 
[RhTCl(PR,),(C1,H8CSO)] (4a; R = C6H11) and (5a; R = 
Pr'). The structure of these rhodium complexes has been 
elucidated by i.r. and n.m.r. spectroscopy (see Table 2). 
The three v(CS0) absorptions in the i.r. spectrum of (4a), 
which are very similar to those of the free sulphine (la),z 
indicate that in the solid the sulphine is not co-ordinated 
via the x bonds of the C=S=O moiety. The same absorp- 
tions were found for (5a), but in that case a v(CS0) absorp- 
tion was also present a t  1 058 cm-l. The lH n.m.r. spectra 
showed both for (4a) and (5a) one ortho proton at  ca. 10.3 
p.p.m. and one a t  ca. 8.6 p.p.m. This indicates that the 
sulphine ligand is 0-S co-ordinated, because in this molec- 
ular configuration one ortho proton resides above the 
rhodium co-ordination plane and close to the metal in the 
deshielding 20ne.~~-~O The other ortho proton (8.6 p.p.m.) is 
situated syn to the S=O bond. In the case of the free 
ligand (la) this proton is found at  8.55 p.p.rn., 

The equivalence of the P atoms and the lJ(Rh-P) value 
of ca. 112 Hz found in the 31P n.m.r. spectra of (4a) and (5a) 

For trans-[RhTC1(PR,),(R'NSO)], an equilibrium between 
a-S and +NS co-ordination has been found in s01ution.l~ 
The absence of $-CS isomers of (4a) and (5a) in CDCl, is 
most probably due to the steric hindrance between the 
neighbouring bulky PR, (R = C6Hll or Pri) ligands and the 
Cl,H, group. In the case of a-S co-ordination, steric 
interaction of this planar C12H8 with the cis ligands is 
minimal. 

C l  

0 
FIGURE 1 Structure of trans-[Rh1C1(PR,),(C12H8CSO)] 

(R = C6Hll or Pri) (4a) and (5a) 

Synthesis and Structures of the r13-SCS Co-ordinated 
Sulphine Complexes [RhlCl( PR,){ (R'S) (X) CSO)] .-(a) Rho- 
dium(1) complexes of (E)-  and (2)-(MeS) (p-MeC,H,)C=S=O. 
The reactions of [{Rh1C1(C8Hl,),),] and PR, (R = C6Hl, or 
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Pri) with either pure (E)- or pure (z)-(MeS)(p-MeC,H,)C=S= 
0, (E)-  and (2)-(lb), are summarized in equations (1) and 
(2). Retention of the sulphine configuration ( E  or 2) was 

these complexes act as four-electron donors, i . e .  when the 
sulphine is bonded as a bidentate ligand. 

The lH n.m.r. spectra showed 3J(Rh-H) coupling of ca. 

(1) &[{ RhIC1(C8H1,),),] + PR, + (E)-(MeS)(p-MeC,H,)C=S=O wentane [RhICI(PR,){ (E)-(MeS) (p- 
(E)-(2b) or -(3b) (E)  - ( Ib) 

MeC6H4)CSo}l f 2C8H14 

Q[{ Rh1C1(C8Hlp)a}2] + PR, + (2)-(MeS) (p-MeC,H,)C=S=O -_ [RhICl(PR,){ (2)-(MeS) ( p -  

M~C,H,)CSO~I + 2C8H14 

(2) 
(Z)-(lb) (Z)-(2b) or -(3b) 

found in all products. Elemental analyses pointed to  the 
presence of one phosphine per rhodium atom, while mole- 
cular-weight determinations showed these complexes to be 
monomeric in CHC1, (see Experimental section). The 
structures of these complexes could be derived from ,1P, 
lH n.m.r., and i.r. data, elemental analyses, and molecular- 
weight determinations. 

The lH n.m.r. spectra of (Z)-(2b) and -(3b) in CDC1, 
showed no ortho-hydrogen atoms to low field of 8 p.p.m., 
indicating that isomers containing 0-S co-or dinated sul- 
phines are absent. Two further possibilities can then be 
envisaged for the structures of the rhodium complexes : 
(i) the intact sulphine is co-ordinated as such and ( i i )  C-S 
oxidative addition has occurred. The i.r. spectra (KBr 
mulls) of (Z)-(2b) and -(3b) showed one v(CS0) absorption 
at ca. 1040 cm-l, (E)-(2b) likewise one, and (E)-(3b) two 
v(CS0) absorptions a t  ca. 1 058 cm-l (see Table 2).* The 
absorptions of q2-CS and q2-NS co-ordinated cumulenes in 
the region 1 000-1 070 cm-l for [Pto(PPh,)2(XYCSO)],1-3 
[ Fe( CO),{ H,C( H)C(H) CSO}] , 21 [ Pto( PPh,)2( R‘NSO) J (R’ = 

aryl),13 and t~ans-[Rh~Cl(PR,),(R”S0)] (R = C,HIl or 
Pri)  l3 are assigned mainly to v(S0). The v(CS0) absorp- 
tions of the present rhodium-sulphine complexes can like- 
wise be assigned to v(S0). Because no other v(CS0) absorp- 
tions could be found, the C=S x bond of the cumulene 
fragment in each case must be involved in co-ordination to 
the Rh atom. For the complexes [PtO(PR,),(XYCSO)] 
(R = Ph or C,H,I) lv2 we also found no absorptions assign- 
able to v(C=S) of the co-ordinated C=S bond. The i.r. 
data, furthermore, indicate that the sulphine skeleton is 
retained upon attachment to the rhodium centre. The 
possibility that C-S oxidative addition had occurred could 
be ruled out on the basis of the ,1P n.m.r. data, recorded 
on CDCl, solutions of (E)-  and (Z)-(2b) and -(3b) at room 
temperature (see Table 2). The lJ(Rh-P) values of ca. 
180 Hz are too high for rhodium(m) complexes containing 
only one phosphine per r h o d i ~ r n , ~  and thus point to a 
rhodium(1) centre.’9 22 The monomeric molecular weights 
confirm that the C1 atom is co-ordinated to the RhI. In 
most of the i.r, spectra a v(Rh-Cl) could indeed be assigned. 
This would mean that, in the case of q2-CS co-ordination, 
analogous to that found for P t O ,  we would be dealing with 
three-co-ordinate RhI. Three-co-ordination a t  RhI has 
been found in the case of two co-ordinated bulky phos- 
phines.,, I n  these cases the fourth co-ordination position 
is effectively protected from further reaction. The present 
rhodium-sulphine complexes are stable in CHCl, a t  room 
temperature and stable towards oxidation by air in solution 
for a t  least 24 h. It therefore seems plausible to assume 
that the rhodium(1) centre is four- rather than three-co- 
ordinate. This situation is possible when the sulphines in 

The splitting of the v ( C S 0 )  absorption of (E)-(3b) and -(2c) 
could be caused by the existence, for each complex in the solid 
state, of two (E)  stereoisomers. See Figure 2. 

4 Hz on the protons of the MeS group (see Table 2), indicat- 
ing that the S atom of the MeS group is co-ordinated to the 
rhodium(1) centre. This was inferred by comparison of 
these data with those obtained for [Pto(PR,),{ (E)-(MeS)(p- 
MeC,H,)CSO}] and [PtO(PR,),{ (2)- (MeS) (P-MeC,H,) CSO)] 
(R = Ph or C,Hll), which did not show ,J(Pt-H) on the MeS 
protons 1-3 in contrast to cis-(E)- and -(Z)-[PtII(MeS)(p- 
MeC,H,CSO) (PPh,),] which exhibited 3J(Pt-H) = 62 Hz 
and contained a direct Pt-SMe bond., The sulphines in the 
rhodium(1) complexes are then co-ordinated either via both 
the C=S x bond and one lone pair of the MeS group (x,a) or 
in a pseudo-allylic fashion, which likewise involves partici- 
pation of both the x-C=S and 0-S electron density. In the 
first case, the formal hybridization a t  the S atom of the C-S 
side bond is sp3 while in the second case it is sp2. The 
second co-ordination mode would imply that the present 
rhodium complexes are isostructural and isoelectronic 
with the allylic complexes [Pdr1C1(PPh3){ HaCC(H)CH,}] .23 
However, the real rhodium(1)-sulphine interaction could 
be a mixture of the ( T C , ~ )  and pseudo-allylic interactions. 
Taking into account the syn-anti and syn, syn-anti, anti 
stereoisomerism observed for [PdWl(PR,) { H,CC(H) CH,}] ,23 
four structures for the ( E )  and (2) sulphine complexes can 
be anticipated (see Figure 2) .  

(b)  Rhodium(~) complexes of (R’S),C=S=O (R’ = p-MeC,- 
H, or Ph). Starting from the sulphines (p-MeC,H,S),C=S=O 
(lc) and (PhS), C=S=O (lc’), the complexes [RhICl(PR,){ ( E ) -  
(R’S),CSO)] and [RhrC1(PR,){ (2)-(R’S),CSO}] (E) -  and (2)- 
(2c; R = C,Hll, R’ = p-MeC,H,), (E) -  and (2)-(2c’; 
R = C,Hll, R’ = Ph), ( E ) -  and (Z)-(3c; R = Pr i ,  R’ = 
p-MeC,H,) could be synthesized. The reactions are sum- 
marized in equation (3). 

n-pentane 
3[{Rh’Cl(C,H,,),},] + 6PR3 + G(R’S),C=S=O - 

(Ic), (W 
2[ Rh’Cl (PR,) { (E) -  (R’S),CSO }] + 

( E )  - 

4[Rh1Cl(PR3){ (Z)-(R‘S),CSO}] + 12CaH1, (3) 
(Z)-(Sc), -(3c), and -(2c’) 

‘The 311’ 1i.m.r. spectra recorded on CDCl, solutions of the 
reaction products a t  room temperature always showed one 
doublet with lJ(Rh-P) ca. 184 Hz and a low-intensity 
doublet with 1J(Rh-P) ca. 175 Hz. On the basis of these 
values, the species could not be oxidative-addition products. 
Because the free sulphines (R’S),C=S=O do not show (E)- 
(2) isomerization, the formation of two complexes from each 
sulphine implies the co-ordination of the S atom of one of 
the C-S side bonds to  RhI. The other possibility, 2.e. the 
existence of different P, C1 co-ordination isomers, seems 
unlikely, because then it should be expected that ( E ) -  
(MeS)(p-MeC,H,)C=S=O would also give rise to two com- 
plexes, which is not the case [see part (a)] .  Co-ordination of 
the C-S side bond syn to the S=O bond to the rhodium(1) 
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FIGURE 2 Four possible structures for [Rh'Cl(PR,)((E)-(MeS) (p-MeC,H,)CSO)] and [RhlC1(PR,){(Z)-(MeSI (p-MeC,H,)CSO}] (E)-  and 

(Z)-(2b; R = C&1,), -(3b; R = Pri) and [RhrCI(PR,)((E)-(RS),CSO)] and [RhlCI(PR,)((Z)-(R'S),CSO}] (E)-  and ( Z ) - ( 2 c ;  
R = C,Hll, R' = p-MeC,H,), -(2c'; R = C,H11, R = Ph), -(3c; R = Pri, R' = p-MeC,H,) 

atom gives [RhlC1(PR,){ (2)-(R'S),CSO}], while of the 
other C-S side bond yields [RhICl(PR,){ (E)-(R'S),CSO)]. 
The assignment of the higher lJ(Rh-P) to the (2) and the 
lower to the ( E )  stereoisomer could be derived from com- 
parison of these complexes with the ( E )  and (2) stereo- 
isomers of [RhICl(PR,){ (MeS) (p-MeC,H,)CSO}] (see Table 
2). The sulphines (R'S),C=S=O co-ordinate to RhI in the 
same way as ( E ) -  and (z)-(MeS)(p-MeC,H,)C=S=O, 2.6. 1,- 
SCS. For the complexes (E)-  and (2)-(2c) and -(3c) four 
structures are also possible (see Figure 2). 

Fluxional Bekaviour of [RhlC1(PR,){ (E)-(MeS) (@-MeC,- 
H,)CSO}] (R = C,H1,, or Pr') and [RhICl(PR,){ (E)-(R'S),C- 
SO}] (R = C,Hll or Pri,  R' = p-MeC,H, or Ph) in SoZwtion.- 
The 31P n.m.r. resonance patterns of [RhICl(PR,)( (E)-  
(MeS)(p-MeC,H,)CSO}] (E)-(2b; R = C,H11), and (E)-  
(3b; R = Pri), [RhICl(PR,){(E)-(R'S),CSO}] (E)-(2c; R = 
C,Hll, R' = p-MeC,H,), (E)-(2c'; R = C,H,l, R = Ph), 
and (E)-(3c; R = Pri, R' = p-MeC,H,) consist of two 
doublets with different values of lJ(Rh-P). In the case of 
(E)-(2b) and -(3b) the doublets have different intensities a t  
temperatures lower than - 15 "C, while at higher temperatures 
these two doublets coalesce into one doublet a t  GU. 40 "C. 
The 'J( Rh-P) values, chemical-shift positions, and coales- 
cence temperatures in several solvents are given in Table 2. 

The lH n.m.r. spectra recorded on CDC1, solutions of the 
isopropyl complex (E)-(3b) a t  60 and 250 MHz showed a t  
-20 "C two resonance patterns each consisting of an AB 
pattern for the aryl protons, a singlet for the alkyl protons 
of p-MeC,H,, and a doublet [,J(Rh-H)] for the protons of 
the MeS group. Furthermore, two sets of four lkes of 
equal intensity for the Pri groups were observed. Within 
each Pri group the methyls are inequivalent due to dissym- 
metry at the rhodium centre and their protons couple with 
the CH proton and the phosphorus atom ["((H-H) = 7.1,  
"(P-H) = 14.8 Hz]. At 60 MHz the two resonance 
patterns at  -20 "C coalesce on increasing the temper- 
ature and finally a t  room temperature one resonance 
pattern is found (see Table 2). 

The combined data indicate that the complexes (E)-  
(2b), -(3b), -(2c), -(2c'), and -(3c) undergo a dynamic 
process, which a t  temperatures below -20 "C is in the slow- 
exchange and at room temperature in the fast-exchange 
limit. Because lJ(Rh-P) and ,J(Rh-H) remain present 
a t  room temperature the phosphine and the MeS group 
remain attached to the Rh atom in the fast-exchange 
limit. Two exchange processes can be considered to 
explain the fluxional behavjour of the complexes. First, 
(E)-(2) isomerization of the co-ordinated C-S side bond 
(anti with respect to the S=O bond). The ( E )  and (2) 
configurations of the MeS,p-MeC,H,S, and PhS groups are 
indicated by subscripts e and z respectively (see Figure 2). 
Secondly, an interchange of PR, and C1. If the PR, 
group is co-ordinated trans to the C-S side bond this is 
indicated by a prime (see Figure 2). The present data do 
not indicate which of the two mechanisms is actually 
operative. If the first mechanism occurs then three 
situations are possible: (a) PR, fixed trans to C=S=O, (b) 
PR, fixed trans to C-SR', and (G) PR, and C1 are in fast 
exchange over the whole temperature range. The first 
mechanism is analogous to the syn-anti exchange found in 
allyl-palladium chemistry. 23 If the second mechanism 
occurs, then again three situations are possible: (a) ,  the 
R'S group is fixed in the ( E )  configuration, (b)  the R'S group 
is fixed in the (2) configuration, and ( G )  the R'S group is in 
fast exchange between the ( E )  and (2) configurations over 
the whole temperature range. The second mechanism is 
analogous to the syn, syn-anti, anti exchange found in 
allyl-palladium chemistry. 23 The two possible mechanisms, 
each with its three variations, are summarized in the 
Scheme (see also Figure 3). 

The most likely co-ordination site for the PR, group is 
trans to the C=S=O frame because herein the C=S bond has 
more double-bond character than in the C-S side bond. 
It has already been found that in [PdIICl(PPh,){H,CC- 
(H)CH,}] the C C bond trans to the PPh, group has 
more double-bond character than the C C bond trans to 
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( b )  

i' 

I t I I I I I I 

58.0 52.0 58.0 52.0 58-0 52.0 58.0 52.0 
6 /p.p.m. 

Phosphorus-31 n.m.r. spectra recorded on a C,D,CD3 solution of [Rh1Cl{P(C,Hl1),}{(E)-(MeS) (p-MeC,H,)CSO}] (E)-(2b) at 
-46.5 (u), -6.5 (b) ,  3.5 (c), and 48.0 OC ( d ) ;  el and e2 refer to  (E)-(2b) in slow exchange, e to (E)-(2b) in fast exchange, and o to 

FIGURE 3 

P(C,H,l),O 

the C1 atom. This means that if the first mechanism is 
operative, process (ia) is most likely. 

Most remarkable is the observation that the (Z) stereo- 
isomers do not undergo this fluxional behaviour. The 
complexes [RhICl(PR,){(Z)-(MeS) (p-MeC,H,)CSO}] (2)- 

(m (€,I = (€,I 
( ib) =(EZl )  076) (€,I == &) 

;::t 7)]=I"'.st 
(iial (€,I = (€,'I 

(iic) (7 pp; )  

fast 11 = fast 
U,') Ed) (cz (Ez 1 

SCHEME The possible fluxional processes 

(2b; R = C,H1,) and (2)-(3b; R = Pr') do not show any 
temperature dependence in the 31P and lH n.m.r. spectra 
over the temperature range -50 to 40 "C. This means that 
if one of the possible exchange mechanisms (see the Scheme) 
deduced for the (E)  stereoisomers is also present for the 
(2) stereoisomers, this process either remains in the fast- 
exchange limit or the (2) stereoisomers are rigid. Within 
this temperature range, the 31P n.m.r. spectra of [RhI- 
Cl{P(C6Hll)3}{ (Z)-(R'S),CSO}] (Z)-(2c; R' = p-MeC,H,) 
and (2)-(2c'; R' = Ph) are temperature independent. On 
further lowering the temperature the doublets for the (2) 
stereoisomers broaden and disappear. In CD2C1, a t  
-120 "C a new broad resonance pattern for (Z)-(Zc') is 
present, which, however, could not be interpreted. 

The Reaction of [RhrCL{ P(c6Hll)s}{ (E)-(MeS) ($j-MeC,H,)- 
CSO}] and [RhlCl(P(C,H,,) ,}{ (2)-(MeS) (p-MeC,H,) CSO}] 
with P(C,H1,), in  CDC13.-In order to investigate the 
possible influence of free P(C,H,,), on the fluxional pro- 
cesses, S I P  n.m.r. spectra were recorded a t  various temper- 
atures on mixtures of P(C,H,,), with both [RhICl(P(C,- 
H&}{ (2)-(MeS)(p-MeC,H,)CSO}] (2)-(2b) and [RhICl- 

{ P( C6H11)3}{ (E)-  (MeS) (p-MeC,H,) CSO)] (E) - (  2b) in CDC1, 
under an N, atmosphere. 

A t  room temper- 
ature the 31P n.m.r. spectrum of (Z)-(2b) and P(C,H,,), 
(ca. 1 : 1 molar ratio) in CDC1, showed the corresponding 
doublet and singlet signals as well as a low-intensity doublet 
for (E)-(2b) and a singlet for P(C6H1,)@. A t  -38 "C the 
signals for (Z)-(2b) and P(C,H,,), were considerably 
broadened although the other signals were sharp again. 
A t  this latter temperature a new doublet is found. A t  
-72 "C an eight-line pattern was detected, and the signals 
for (Z)-(2b) and P(C,H,,), are sharp again. On raising 
the temperature the eight-line pattern and the signals of 
(Z)-(2b) and P(C,H,,), broaden and to our knowledge the 
processes being observed were fully reversible (see Figure 4). 

These results may be explained in the following way. 
The eight-line resonance pattern is assigned to ~ i s - ( Z ) -  

being a five-co-ordinate rhodium(1) complex with an ?,-SCS 
co-ordinated sulphine, in which one phosphine is co- 
ordinated trans to the sulphine molecule [lJ(Rh-P) = 153 
Hz, 8(P) = 47.9 p.p.m. 2J(P-P) = 20 Hz] and the other 
phosphine is co-ordinated to the unique fifth co-ordination 
site [lJ(Rh-P) = 123 Hz, 8(P) = 16.4p.p.m., 2J(P-P) = 20 
Hz] . Intermolecular exchange between this five-co-ordi- 
nate species, the original four-co-ordinate (2)-(2b), and free 
P(C,Hl1), (see Figure 5 )  is slow at  temperatures below ca. 
-40 "C but fast a t  room temperature. Because in four-co- 
ordinate (2)-(2b) lJ(Rh-P) is detected in the slow- and the 
fast-exchange limits, the incoming P(C6H,,) group must be 
the same as the outgoing P(C,H,,), ligand. Thus, the 
P(C,H,,), ligand initially present in the complex remains 
bonded to the rhodium centre. Accordingly, intramolecular 
exchange of the P(C,H,,), groups in five-co-ordinate (2)- 
(6b) must remain slow over the whole temperature range. 

The 31P n.m.r. 

Experiments with the (2) steveoisomevs. 

[Rh1C1{P(C6H11)3}2{ (z)-(MeS)(p-MeC6H,)CS0)i (Z)-(6b)J 

Experiments with the (E) stereoisomers. 
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spectra recorded on the CDC1, solution of a mixture of 
(E)-(2b) and P(C,H,,), (ca. 1 : 1 molar ratio) a t  room temper- 
ature showed a doublet for (E)-(2b), singlets for P(C,H,I), 
and P(C,H,,),O, and a minor doublet for (Z)-(2b). The 
resonance patterns of (Z)-(2b) and P(C,H,,), showed the 

z * 
I 

P 

I e l  I 

0 

1 - 1  T P 

T 

52.0 8/p. p.m. 11 .o 
FIGURE 4 Phosphorus-31 n.m.r. spectra recorded on a CDCl, 

solution of a mixture of (E) -  and (Z)-(2b) and P(C,H,,), at 
21.5 (a), -39.0 ( b ) ,  and -72.0 "C (c ) ;  z refers to (2)-(2b), 
e to (E)-(2b) in fast exchange, e ,  and e ,  to (E)-(2b) in slow 
exchange, p to P(C,H,,),, o to P(C,H,,),O, z5 to (Z)-(6b), and 
e, to (E)-(4b) 

same temperature behaviour as found above. The con- 
centration of (Z)-(2b) was too low to detect the eight-line 
pattern below -38 "C of the five-co-ordinate (2)-(6b). On 
lowering the temperature from 30 to -40 "C a new doub- 
let arises and steadily increases in intensity without 
changing its linewidth. The 31P n.m.r. data of this 
unknown complex [lJ(Rh-P) = 113 Hz, 6(P) = 28.1 
p.p.m.1 are very similar to those of the o-S co-ordinated 
rhodium-sulphine complex trans- [RhlC1{ P( C6H11)3}2 ( C,,H,- 
CSO)] (4a) and therefore it seems plausible to assign this 
new doublet to trans-[RhlC1{P(C,H,,),},{ (E)-(MeS) ( p -  

MeC,H4)CSO}] (E)-(4b), in which the sulphine is a-S co- 
ordinated. The constant linewidth of (E)-(4b) from -40 
to 30 "C indicates that the formation of (E)-(4b) and re- 
formation of (E)-(2b) proceeds slowly on the n.m.r. time 
scale. An intermediate in this process could be cis- 

with a structure similar to (Z)-(6b) (see Discussion section 
and Figure 6).  The extra minor doublet found in the 
mixture of (Z)-(2b) and P(C,H,,), must be logically assigned 
to (E)-(4b), since (E)-(2b) is also present. 

[RhlC1{ P(C6H11) 3 ) Z {  (E)-(MeS) (p-MeC6H4) csO>l > 

R' 
I 

R' 
I 

fout- co -ord ination 
7)3 - scs 

f ive-co-ordinat ion 
3 3 -  scs 

FIGURE 5 The equilibrium between (Z)-(2b) and (Z)-(6b) 

The coalescence temperatures of both (E)-(2b)  stereo- 
isomers in the presence of free P(C,H,,), are cu. -4 and 
-20 "C (low- and high-field signals respectively). This 
implies a very slight increase of the exchange rate by the 
presence of free P(C,H,,), as compared with the coalescence 
temperatures in the absence of free P(C,H,,), which are 
- 4 and - 12 "C respectively. 

A detailed report concerning the reaction of [RhICl- 
(PPri ,){ (MeS) (p-MeC,H,)cSO}] and [RhlC1{P(C,H,,),)- 
{ (MeS) (p-MeC,H,)CSO}] with P(C,H,,), and PPh,, which 
lead to intramolecular scrambling, is deposited as Supple- 
mentary Publication No. SUP 23168 (7 pp.).* 

Substitzction of XYCSO i n  [RhICl(PR,),(XYCSO)] by 
C0.-The a-S co-ordination of the sulphine in truns-[RhICl- 
{ P(C,H,,),},(C,,H,CSO)] (4a) was ascribed to steric hind- 
rance, between the phosphines and the C12H8 group, which 
prevents -q2-CS co-ordination (see first part of Results 
section). In order to study whether q2-CS co-ordination of 
C,,H,C=S=O could be stabilized by substitution of one 
phosphine by the smaller CO, the reaction between (4a) and 
CO was investigated by and lH n.m.r. spectroscopy. 
The ,lP n.m.r. spectra recorded directly after bubbling CO 
through a CDC1, solution of (4a), as well as through the 
reaction mixture of [{ RhrC1(C8Hl4),},] and P(C,H,,), (in a 
1 : 4 molar ratio) in CDCl,, showed one doublet with lJ(Rh- 
P) = 118 Hz and 6(P) = 37.1 p.p.m., assigned to truns- 
[RhICl(CO){ P(C,H,,),}2],24-26 indicating that CO substitutes 
the sulphine instead of one of the phosphines. 

The reaction of [RhlC1{ P(C,H,,),}{ (E)-(MeS) (p-MeC,H,)- 

(E)-  and (Z)-(2b), and mixtures of [RhlC1{ P(C6Hl1),}- 
{ (E)-(  p-MeC,H,S) 2CSO}] and [RhICl{ P(C,H,,) ,}{ (2)-( $-Me- 
C,H,S),CSO}] (E)-  and (2)-(2c), each containing an -qs-SCS 
co-ordinated sulphine, with CO in CDC1, gave, as well 
as trans-[RhlC1(CO){P(C,H,,),),l, two other CO complexes, 
which were identified with the help of 31P n.m.r. as cis- 

39.1 p.p.m.1 and c~s-[(R~~C~(CO)(P(C,H,,),))~] [lJ(Rh- 

* For details see Notices to Authors No. 7, J .  Chem. Soc., 
Dalton Trans., 1981, Index issue. 

CSO}] and [Rh1Cl{P(C6H,l)3~(Z)-(MeS)(p-MeC6H4)C~)] 

[RhIC1(CO)2{P(C,Hll)3}] 24-26 [lJ(Rh-P) = 120 Hz, 6(P) = 
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R’ R’  + 
MeS 

\ 
/ / /  

in CDC13 4 \\ 

I I j 
P(C&1)3 c - R’ 

‘S=O - 
7 Cl-Rh-S Rh +*W&h a in CDCI, (HllC6)?\ 

0 P(c6Hld3 
(HllC6),P ’a 

( H &3p 4 .c I 

four - co -ord inat ion five-co-ordinat ion four - co -ord inat ion 
q 3 -  scs 9 3 -  scs 6- s 

FIGURE 6 The equilibrium between (E)-(2b) and (E)-(4b) with (E)-(6b) as intermediate 

P) = 171 Hz, 6(P) = 62.4 p.p.m.1. Moreover, the presence 
of the corresponding free sulphines was established by lH 
n.m.r. These rhodium-carbonyl complexes were also 
formed after bubbling CO through a CDCl, solution of 
[{RhlC1(C,H,,),),] and P(C,H,,), (in a 1 : 2 molar ratio). 
We conclude that the q3-SCS co-ordinated sulphines were 
displaced by CO instead of changing the co-ordination mode 
t o  q2-CS or a-S. 

DISCUSSION 

Stable q3-SCS Co-ordinated Su1phines.-For [Pto- 
(PR,),{(R’S)XCSO}] (R = C6H11 or Ph;  q2-CS co- 
ordination) the PtO(PR,), group can glide to the C-S 
side bond and give C-S oxidative addition in the case of 
R = Ph. When R = C6H11 only backgliding is 
observed. In the intermediate q3-SCS co-ordinated 
complex, (22)-(2) isomerization takes 

The reaction of [(Rh1C1(C,Hl,),},] with a C-S side bond 
containing sulphines (R’S) XC=S=O in the presence of 
PR, (R = C6H11 or Pri)  gave complexes of the type 
[RhICl(PR,){ (R’S) (X)CSO}]. An intermediate in this 
reaction could be [RhICl(PR,)L{ (R’S)(X)CSO}] (L = 
PR, or CsH14), in which the sulphine is q2-CS or o-S 
co-ordinated. During the gliding movement of the 
RhICl(PR,)L unit along the S-C=S frame, L dissociates 
and the stable q3-SCS co-ordinated complex [RhICl- 
(PR,)((R’S)(X)CSO}] is formed. The fact that this 
complex does not undergo C-S oxidative addition 
forming [RhIIICl(R’S) (XCSO) (PR,)] is probably caused 
by the much greater thermodynamic stability of the 
q3-SCS complex with respect to the q2-CS and a-S 
complexes, and in contrast to the instability of the q3- 
SCS platinum(o) complex, [PtO( PR3),( (R’S) (X)CSO}], 
with respect to the q2-CS platinum(0) complex. The 
q3-SCS platinum(o) complex either undergoes C-S 
oxidative addition forming [PtII( R’S) (XCSO) (PR,),] or 
backgliding, forming the q2-CS complex [PtO(PR,)2- 

Even addition of PR”, to [RhICl(PR,)( (R’S) (X)- 
CSO}] (R, R” = C6H11 or Pri) does not give rise to C-S 
oxidative addition. Instead an equilibrium mixture is 
formed consisting of the q3-SCS complexes [RhICl- 
(PR,){ (R’S)(X)CSO)], [RhICl(PR”,){ (R’S) (X)CSO}], cis- 

(X)CSO}] , and cis-[RhICl( PR,) (PR”,) { (R’S) (X) CSO}] , the 

(R’S) (X)CSO>l. 

[RhICl( PR3)2{ (R’S) (X)CSO)], cis-[Rh1C1( PR”3),{ (R‘S)- 

o-S complexes trans-[RhICl(PR,),((R’S) (X)CSO}], trans- 
RhICl(PR”,),( (R’S) (X)CSO}], and trans-[RhICl(PR,)- 
(PR”,) { (R’S) (X) CSO}] , and the free phosphines PR, and 
PR”,. Even in the case of sulphines containing the 
more reactive C-C1 side bond the reaction with [{RhICl- 
(C,H&},] and PR, (R = C6H11, Pri ,  or Ph) gave no 
identifiable oxidative-addition products. 

The present complexes [RhlC1(PR,){ (R’S) (X)CSO}] 
undergo (E)-(2)  isomerization, as was expected, because 
the q3-SCS complexes [Pto(PR,),{ (R’S)(X)CSO}] (R = 
C6H11 or Ph) were postulated to be intermediates in the 
corresponding isomerization of the r2-CS complexes 
[Pt0(PR3),{ (R’S) (X)CSO}] and the metallosulphines 
[PtII( R’S) (XCSO) (PR,),] .l The considerably lower iso- 
merization rate for the rhodium(1) complexes (several 
days for completion if no excess of PR, is present) as 
compared with the platinum(o) complexes (within a 
few minutes to 24 h) can be ascribed to the greater 
thermodynamic stability of the rhodium(1) complexes. 

In addition to the canonical structures, -S-k=S=O and 
-S-& +-O-, usually applied for free sulphines, +SCS 
co-ordination also stabilizes the other canonical struc- 
tures, -!&c-S=O and -kb-S-O-. This will diminish 
the C=S double-bond character in the C=S=O moiety 
relative to the free sulphines and sulphines which are 
a-S co-ordinated, and accordingly will lower the barrier 
to the (E)-(2)  isomerization in the -q3-SCS complexes 
[RhICl(PR,){(R’S)(X)CSO)] (R = C,Hll or Pr‘) and 
[PtO(PR,),((R’S)(X)CSO)]$ (R = C6H1, or Ph). A pos- 
sible pathway for this process could be a Q--x mechanism 
which was previously found for [PdIIC1(H2CC( H)CH2}- 
(PPh,)].23 

Injuence of the Sulphine Geometry on the Course of the 
Addition of Phosphine to [RhICl(PR,){ (MeS) ($-MeC6H4)- 
CSO)] .-The complexes [RhlC1{ P(c6Hll),}{ (E)-(MeS) (p- 
MeC6H4) CSO}] and [ RhlC1( P(C6Hll),}{ (2)-( MeS) ($-Me&- 
H4)CSO}], (E)-  and (Z)-(2b), form equilibrium mixtures 
with P(C6H11), and the five-co-ordinate complexes 
cis-[ RhlC1{ P(C6Hll),}2{ (E)-(MeS) (~-MeC6H4)CSO)] and 
cis- [ RhlC1{ P(C6Hll)3}2{ (2)- (MeS) (p-MeC,H,) cso}] (E)  - 
and (2)-(6b). The (E)  stereoisomer of this five-co- 
ordinate complex could not be detected because it 
reacts further to give the a-S, four-co-ordinate trans- 

Although no X-ray crystal-structure data of q3-SCS 
LRhrC1( P(C6H11)3>2{ (E)-(MeS) (p-MeC6H4) csO>l (E)-(4b) * 
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rhodium complexes are available a t  present , the dihedral 
angle between the -S-C=S=O and P-Rh-C1 planes is 
assumed to be comparable to that between the ally1 
and PdC1, plane in [(PdI~(allyl)C1},].23 This brings the 
lone pair of the S atom of the C=S=O moiety closer to the 
Rh atom in the ( E )  than in the (2) stereoisomers. 
Consequently, a change of co-ordination mode from q3- 
SCS to o-S proceeds more easily in the case of the ( E )  
than in that of the (2) stereoisomers. 

The net result of the reaction between [RhIC1(PPri3)- 
{ (E)-(MeS) (p-MeC,H,)CSO}] and [RhIC1(PPri3){ (2)-(Me- 
S)@-MeC,H,)CSO)], (E)-  and (2)-(3b) , with P(C6H11)3 is 
a scrambling of the phosphines. When the complexes 
(2)-(2b) and -(3b) are in fast exchange with P(C6Hll), 
and PPri3 their lJ(Rh-P) could still be observed. This 
implies that the scrambling of the phosphines must 
proceed via a mechanism which is slow on the n.m.r. 
time scale over the whole investigated temperature range. 
Thus even when the addition and dissociation of the 
second phosphine are fast on the n.m.r. time scale, the 
interchange of the two phosphines on the metal remains 
slow. Unfortunately, the precise scrambling mechan- 
ism could not be elucidated from the present 31P n.m.r. 
measurements, but for the ( E )  stereoisomers the mixed 
O-s complex tran~-[Rh~C1(P(C,H,,)~)( PPri 3){ (E)-(  MeS)- 
($-MeC,H,)CSO}] (E)-(8b) possibly is the origin of the 
phosphine scrambling. 

ConcZztszons.-In rhodium-sulphine chemistry, two 
novel co-ordination modes of sulphines have been found, 
i.e. o-S and y3-SCS. Particularly, the q3-SCS co- 
ordination of the sulphines (E)-  and (2)-(MeS)(p- 
MeC,H,)C=S=O ( E ) -  and (2)-(lb) and (R’S),C=S=O ( lc ;  
R’ = p-MeC,H,) and (lc’; R’ = Ph), all containing one 
or two C-S side bonds, to RhI is very important. This 
type of co-ordination had already been postulated in the 
rearrangements of sulphines in the co-ordination sphere 
of Pt,  but has now been established as a stable co- 
ordination mode in rhodium chemistry. The reason 
why C1,H,C=S=O (la) co-ordinates in a o-S mode to 
RhICl(PR,), (R = C6Hll or Pr i )  is obvious since y2-CS 
co-ordination would give rise to steric hindrance between 
the C1,H, group and the trans positioned phosphines. 
However, it has not been possible to explain why the 
thermodynamic stability of q3-SCS co-ordination to RhI 
is such that C-S oxidative addition and q2-CS co-ordin- 
ation were not found. 

The geometry of the sulphine skeleton determines the 
course of addition of phosphines to [RhICl( PR3)- 
{(MeS)(p-MeC,H,)CSO}] (R = C6H11 or Pri)  (E)-  and 
(Z)-(2b) and -(3b). Furthermore, a fluxional behaviour 
was found for the ( E )  complexes [RhICl(PR,)((E)- 
(MeS)(p-MeC,H,)CSO)] (2b; R = C6H11) and (3b; 
R = Pri)  , [RhIC1(PR3){ (E)-(R’S),CSO}] (2c;  R = C6H11, 
R’ = p-MeC6H4) (2c’; R = C6H11, R’ = Ph), and (3c; 
R = Pri ,  R’ = $-MeC,H,) , but not for the corresponding 
(2) complexes. This illustrates the difference in 
chemical behaviour of sulphine complexes caused by the 
geometry of the sulphine skeleton (C-S side bond anti 
or syn to the S=O bond). Although (E)-  and (2)- 

(MeS) (9-MeC,H,)C=S=O are stereoisomers they act as 
completely different ligands. 

The process which is responsible for the dynamic 
behaviour found for (E)-(2b), -(3b), -(2c) , -(3c), and 
-(2c’) could not be deduced, despite an extensive n.m.r. 
investigation. Therefore, a detailed mechanistic des- 
cription of the two remaining possibilities, i.e. (E)-(2) 
isomerization of the C-S side bond and PR,-Cl inter- 
change, is not as yet possible. 

The sulphines are ligands with a very subtle and 
fascinating co-ordination behaviour. Important factors 
are the presence of C-S and C-C1 side bonds, the nature 
of the metal atom, the bulkiness of the phosphine co- 
ligands, and the geometry of the sulphine skeleton. The 
developments in the understanding of these factors has 
already led to a successful new synthesis of the already 
known and stable sulphines (R’S)(RS)C=S=O (R,R’ = 
$-MeC,H4 or $-MeOC6H4) ,27 using platinum complexes. 
With these synthetic routes we are currently involved ir, 
the preparation of new and possibly unstable sulphines 
in the co-ordination sphere of Pt. 

We thank Mr. J. M. Ernsting for recording the 250-MI-5 
lH n.m.r. and 101.25-MHz 31P n.m.r. spectra, the N.X.R. 
Section of the Organic Department of the University of 
Amsterdam for recording the 100-MHz lH n.rn.r. spectra, 
and Dr. D. M. Grove for critical reading of the manuscript. 
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