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Co-ordination Chemistry of Sulphines. Part 5.' ¢-S and 7»3-SCS Co-
ordination of Sulphines to Rhodium(i). Fluxional Behaviour of [Rh'CI-
(PR3)(XYCSO)] (R = alkyl; X,Y = aryl, S-aryl, S-alkyl, or ClI) Complexes
and Influence of Sulphine Geometry on the Formation of [Rh!CI(PR3),-
(XYCSO0)]

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, 1018 WV
Amsterdam, The Netherlands

Sulphines react with [{RhICl(cyclo-CgHy,)s}s] and PRy (R = C4H,y, or Pr) to afford complexes of the type
[RhICI(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 ¢-S to Rh! with two
phosphines in trans positions. If one or two C—S side bonds are present the sulphine co-ordinates %3-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 73-SCS co-ordinated complexes [RhICI(PR;){(E)-(MeS)(p-MeC4H,)CSO}] and
[RRICI(PR;){(F)-(R’S),CSO}] (R = C¢Hy,; or Pr, R" = CgHMe-p or Ph) a fluxional process is found (3!P and
1H n.m.r.), which can be described either as an (E)—(Z) isomerization of the MeS, p-MeCgH,S, or PhS group of the
co-ordinated side bonds or as an intramolecular PR;—Cl interchange. For the corresponding (Z) stereoisomers
this process could not be detected. The complex [RhICKP(C4Hy;)3}{(E)-(MeS)(p-MeCgH,)CSO}1,(£)-(2b),
and P(CgH,;); form an equilibrium mixture with trans-[RhICI{P(CgH,;)3}2{(£)-(MeS) (p-MeC4H,) CSO}1,(£)-(4b),
in which the sulphine is 6-S co-ordinated. On the other hand, the corresponding (Z) stereoisomer, (Z)-(2b), is in
equilibrium with P(CgH,;); and cis-[RhICI{P(CgH;1);}.{(Z)-(MeS) (p-MeC¢H,)CSO}],(Z)-(6b), a five-co-
ordinate rhodium(1) complex with an »3-SCS co-ordinated sulphine. This difference between the (£) and (Z)

stereoisomers can be understood in terms of the geometric arrangement of the pseudo-allylic co-ordination.

SuLpBINES, XY(C=5=0 (X, Y = aryl, S-aryl, S-alkyl, or
Cl), co-ordinate in an 7>-CS mode to Pt*(PR;), with
retention of configuration.*? The structure of one
representative, i.e. [PtO(PPhy),(C;,H,CSO)]4CeH, (Cop-
H CSO =: fluorene-9-ylidenesulphine), has been estab-
lished by an X-ray crystal-structure analysis.® In
solution, such sulphine complexes containing a C-S side
bond undergo intramolecular C-S oxidative addition to
Pt%(PR,), if R = Ph but are stable if R = CjH,,.»:3%
These reactions are accompanied by (E)-(Z) isomeriz-
ation of the sulphine skeleton.1:38 The thermodynamic
stability of the %2-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 ant: configuration their thermodynamic stability
is similar to that of the oxidative-addition products,?*®
for which the structure of one representative, t.e. cis-
(E)-[PtH(PhS)(PhSCSO)(PPhy),]:C¢H, has been estab-
lished by an X-ray crystal-structure analysis.%?

On changing the co-ligands in the %2-CS co-ordination
compounds from PPh; to the bulkier P(CgH,,),, the
barrier to intramolecular C-S oxidative addition is
increased to such an extent that this reaction ceases to
occur and only intramolecular (E)-(Z) isomerization of
the sulphine skeleton is detected.! 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 %2-CS co-ordination compounds and the Pt-sub-
stituted sulphines, could be explained.! A key inter-
mediate in these reactions is a bis(phosphine)platinum
species with an %3-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, Irl, and Pd° Rhodium(i) complexes
undergo oxidative-addition reactions with a variety of
bonds, such as N-H,? C-S,89 C-N,%? C-Cl,10 and S-S.11
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)? and
aryl-N=5=0.13 ]t is shown that rhodium(1)-sulphine
chemistry is surprisingly different from that found for
platinum, as evidenced by the %3-SCS co-ordination of
R'S-C(X)=5=0 (X = R’ or SR’; R’ = p-MeCzH, or Ph)
to RhICI(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, -HA100, and Bruker-WM250 instruments, and 3'P-
{*H} n.m.r. spectra on Varian-XL100 and Bruker-WM250
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, C;,H,C=
S=0 (1a),* (E)- and (Z)-(MeS)(p-MeC,H,)C=S=0O (E)- and
(£)-(1b), (p-MeC4H,S),C=S=0 (Ic), and (PhS),C=S=0 (1c"),®
and the starting complex [{RhICI(CgH,,),};] (CsH,, = cyclo-
octene) 1% were prepared according to literature procedures.

The o-S complexes trans-[RhICI{PR,),(C,,H,CSO)], (4a)
and (5a), and the 7?-SCS complexes [RhICHPR,){(R’S)-
(X)CS0}], (E)- and (Z)-(2b), -(3b), -(2¢), -(2c’), and -(3¢c)
(R =CH,, or Pri; R’ = p-MeC¢H, or Ph; X =R’ or
R’S), were prepared according to the following general
procedure.


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

Published on 01 January 1982. Downloaded by University of Illinois at Chicago on 29/10/2014 20:16:22.

398

A mixture of [{RhICI(CgH,,),}s] (0.5 mmol) and PR, (2.0
mmol; R = CH,, or Pri) was stirred in n-pentane (ca. 15
cm?®) under a nitrogen atmosphere for ca. 30 min. In the
case of R = C¢H,,, a lilac precipitate was formed, probably
[RhICHP(C¢Hy,);3).],2% 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 (Z)-(1b), (lc), or (1c¢’)
(1.0 mmol) in toluene (ca. 2 cm3) was then added to either
the suspension (R = C4H,,} or the clear dark red solution
(R = Pri) of the reaction mixture. The rhodium-sulphine
complexes slowly precipitated; they are either brown in the
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indicate that these atoms are in frams positions. The
1J(Rh~P) of trans-[RhICI(PR;),(R'NSO)] (R’ = aryl) have
similar values of ca. 109 Hz.1® The 'H n.m.r. spectra of
(5a) showed that the Me groups within each PPri; group
have differing chemical shifts [§(H) = 1.34 and 1.20 p.p.m.,
each with 3J(P-H) = 8J(P-H) = 3J(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 o-S co-ordinated (see Figure 1). Only for trans-
[RhICL(PPri;),(C,,HgCSO)] may the observation of one
v(CSO) absorption at 1 058 cm™ suggest that in the solid
state an isomer, containing an %2-CS sulphine, is present.

TABLE 1
Analytical data of [RhICI(PR,),(XYCSO)]

Compound
(4a) trans-[RhICI{P(C4H,;) 5}, (C1,HCSO)]
(5a) trans-[RhIC1(PPri,),(C,,HyCSO)]

(E)-(2b) [RhICHP(CaH,,;)H{ (E)-(MeS) (p-MeCgH,)CSO}]
(Z)-(2Db) [RhICI{P(C¢H,,)H{(Z)-(MeS) (p-MeCgH,)CSO}]
(E)-(3b) [RhICI(PPri ){(E)-(MeS) (p-MeCgH,)CSO}]
(2)-(3b) [RhICI{PPr! ){(Z)-(MeS)(p-MeCyH,)CSO}]

(2¢) [RRICHP(CoHyy)}{(p-MeCeH,S),CSO} ¢
(3c) [RhICI{PPr! ,){(p-MeCoH,S),CSO} ] ¢
(2¢%) [RRICI{P(CqH,,)3}{(PhS),CSO}1 ¢

Analysis %/9%,
C H P S C1 M-
63.9 8.40 6.00 3.40 4.10 823
(64.55) (8.20) (6.80) (3.50) (3.90) (912)
50.6 6.70 9.10 4.60 5.20 656
(65.55) (7.55) (9.25) (4.80) (5.15) (671)
53.0 7.40 5.10 8.30 5.20 653 8.¢
(52.65) (7.06) (5.05) (10.4) (5.60) (617)
53.2 7.40 4.80 8.40 5.10 653 8¢
(52.65) (7.05) (5.05) (10.4) (5.60) (617)
44.3 6.50 6.20 12.1 6.80 48] ¢
(43.6) (6.30) (6.25) (12.95) (6.95) (497)
43.6 6.50 6.10 11.8 6.90 48] b.c
(43.6) (6.30) (6.25) (12.95) (6.95) (497)
55.1 6.80 4.30 12.5 4.60 7123
(54.7) (6.55) (4.30) (13.3) (4.75) (725)
46.9 6.10 5.80 14.9 6.10 649°
(47.7) (5.85) (5.15) (15.9) (5.70) (605)
54.4 6.40 4.50 12.8 4.70 658 ¢
(53.45)  (6.25) (4.45) (13.8) (4.95) (697)

¢ Calculated values are given in parentheses. ? By osmometry in CHCl;. ¢ Measured for a mixture of (E) and (Z) stereoisomers.
4 Mixture of (E) and (Z) stereoisomers. ¢ By osmometry in C4Hj.

case of trams-[RhICI{PR;),(C,,HCSO)] or orange to red in
the case of [RhICI(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 o-S Co-ordinated Sulphine
Complexes trans-[RhICL(PR,),(C,,;H,CSO)].—The reaction of
[{RhICI(CgH,,),},] with PR, (R = CgH;; or Pri) and C,,-
H,C=S=O (la) in a 1:4:2 molar ratio yielded trans-
[RhICI(PR,),(C,,HsCSO)] (4a; R = CgHy,) and (5a; R =
Pri). The structure of these rhodium complexes has been
elucidated by ir. and n.m.r. spectroscopy (see Table 2).
The three v(CSO) absorptions in the i.r. spectrum of (4a),
which are very similar to those of the free sulphine (1a),2
indicate that in the solid the sulphine is not co-ordinated
via the w bonds of the C=5=0O moiety. The same absorp-
tions were found for (5a), but in that case a v(CSO) absorp-
tion was also present at 1 058 cm™. The *H n.m.r. spectra
showed both for (4a) and (5a) one ortho proton at ca. 10.3
p.p.m. and one at ca. 8.6 p.p.m. This indicates that the
sulphine ligand is ¢-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 zone.1”"?¢ The other or¢tko proton (8.6 p.p.m.) is
situated syn to the S=O bond. In the case of the free
ligand (1a) this proton is found at 8.55 p.p.m.2

The equivalence of the P atoms and the !J(Rh—P) value
of ca. 112 Hz found in the 3P n.m.r. spectra of (4a) and (5a)

For trans-[RhICIPR,),(R'NSO)], an equilibrium between
6-S and %2-NS co-ordination has been found in solution.1?
The absence of 72-CS isomers of (4a) and (5a) in CDCl, is
most probably due to the steric hindrance between the
neighbouring bulky PR, (R = C,H,, or Pri) ligands and the
C;;Hg group. In the case of ¢-S co-ordination, steric
interaction of this planar C;,Hg with the c¢is ligands is
minimal.

H

§=103 ppm ¢
R3P /
\ H

Rh S 6=8'6 ppm

Y

FIGUure 1 Structure of trans-[RhICI{PR,),(C,,H,CSO)]
(R = C¢H,, or Pri) (4a) and (5a)

Cl

Synthesis and Structures of the 3-SCS Co-ordinated
Sulphine Complexes [RhICIPR){(R’S)(X)CSO}}.—(a) Rho-
dium(1) complexes of (E)- and (Z)-(MeS)(p-MeCgH,)C=S=0.
The reactions of [{RhICI(CsH,,),};] and PR, (R = C,H,, or


http://dx.doi.org/10.1039/dt9820000397

View Article Online
399

1982

*39[qNop WnIpoys Jo [eudts pRY-y3Iy Jo4 5 °39]QnOp WnIpoyl

JO Teusts pey-mo] 104 & *HPDOW-¢ = , M 0 Q=S 03 %4s u0joId oygs0 u ‘1YY 03 uds uojoad oyso w -paudisse aq jou pINOY 3 THDIW-¢ Jo dnoid oy jo suojoid = 'Y y °'SIW JO suojoid = *H ¢ ‘suojord vpw = Wy
-aatysod st pRyumMop *(%¢8) YOdH 03 2ANERY p “ZHIW 0¢¢ I8 PAINSEI o ZHW ¢'0F 18 PIINSLIW ¢ (MW IgY »

suojord oygéo = Oy y “TOWIS 03 dAljE[dY 5 -dInjeradwio) 20us0sd[e0) 4 ‘drnjerdduwial 3qord 2

‘1D*an L8 369 €81 (,28)-(2)
1D'ad sy [ 05~ £9¢ 11 ceo 1 (,98)-(°)
19°ad a1zf ) 08— [ PLI £0¢ == (,02)-('7) [{0s0*(Sud)}
10" a0 Le £¥8 LT (,22)-(a) - ("D} o1Y)
388
. 1 1 6% 169 681 (0g)-(2)
£ 0v% w »ez 95—  L'¥9 291 reo1d Pe-ta )
2oy 92—  ¢P9 gLT ¥62 - (0g)-("7) o [{0S2
1 1 6% 899 9L1 (08)-(7) S, ANH(ddNoruy]
38°3 “, (*rp*an) (g'cg) (9'vg)  (g81)
[ 0¥'3 1 'a [94 98¢ L8T [ 4 6°¢¢ €81 (92)-(2)
(*19*ao) (1—)  (8'¢9) (121)
qD o sletan) ¢L6—  0'6¢ SLL gee— 8 gL gcor) ©8-(3)
(*15*ad) 513 (z1—) (o¥e) (20 591 163 3101
qd  dleen) gL~  ¥'8¢ LLY aorfy 9Ct 6'eg oLt (22)-(*7)
(*10*a0) [£34 (g cg) (8°¢¢) FL1) 2 [{0S0%(s.¥)}
14 1 1 1 ! a 54 G'8¢ 9.1 1 4 Leg ¥LL (og)-(57) -{*(""H*O)d} 101N )
13 282 8¢ [ 4 LL ST'L 09°L 33 019 181 882 ‘108 9801 (ag)-(z)
03—  £8'% 1%4 e1'g gL SzL £8°L se cgg— 109 3Ll geo 1 J (A8)Ca)
03—  ¥E2 184 1£°3 9L 0z 19°L ag w gge—  L'89 8L1 1 Geo1 | @ekC@) o [{0s2(,9)
74 £8°g 6 85°% g8 ¥5'L 1L [44 309 6L1 (qg)~(7) m»s,:,_&&_uEE
83 08 g'e i 24 0'8 'L 19°2 8% 806 ¢8l 108 [S10 ¢ (ag)-(2)
Wan - g9y — 2'¥8 WL g 33— ¢6¥ L1 (ag)-(*q)
a4y w g9y — 6'¥%¢ 8L gy — 35— L'6¥ 8L1 1 9c0 1 § (qa)-('7) o [f0SD(,¥) (W)}
4 0¢'s oy 188 (5] 1%L 692 *a ¢'ge 6°p¢ 181 6% 66¥ 8.1 Qz)-(3) -5(""H*0)d horud)
G301
‘860 T
“8g'g ‘160 1 [(0S2°H%"0)
14 L L9°'L w6301 44 L 441 7 ‘BIT T (eg) ~*(*uad 41014y ]
810 T
% £9'8 ‘180 T {0S3'H™'D)
[ 2] 89°L w830l 44 682 384 1 611 L (ey) (TR D) Ho1uy ]
2 f 2
Do/2%9 ‘wrd-d ard-d wdd  wdd  jueaps ———— wrdd zH N wdd zH O (1D-u¥)e (0SD) 39wosy punoduio)
18 OH)¢ \:,m q4)fe/ss 1:: sy ?::.Es.:.. (*H)e hs(°HR D0/°0 [p(d)e [(a-wa)« 20178 [p{d)e Nad-wd)[ ——~——
v s\ ~ —  (-Wd/p paxerjuy
> 10D O TN Hy @ SYUIA[OS JOYIO UL I'UIN dys fDQ0 up TWN die
%
(O0SIAX)™ " d)101uY] 30 eyep ordoosopoadg
% "14V]

'22:9T:0¢ ¥102/0T/6¢ Uo 0fiealyD fesioul||| jo Aysieaiun Ag popeojumoq ‘ZgeT Aenuer TO U0 paus!iand


http://dx.doi.org/10.1039/dt9820000397

Published on 01 January 1982. Downloaded by University of Illinois at Chicago on 29/10/2014 20:16:22.

400

Pri) with either pure (E)- or pure (Z)-(MeS)(p-MeC,H,)C=S=
O, (E)- and (Z)-(1b), are summarized in equations (1) and
(2). Retention of the sulphine configuration (E or Z) was

H{RhICL(CgH,,),},] + PRy + (E)-(MeS)(p-MeCgH,)C=S=0 Pentane
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these complexes act as four-electron donors, i.e. when the
sulphine is bonded as a bidentate ligand.
The 'H n.m.r. spectra showed 3J(Rh—H) coupling of ca.

[RhICHPR){(E)-(MeS)(p- (1)

(E)-(1b) (E)-(2b) or -(3b)
MeC4H,)CSO}] + 2C,H,,
3[{RBICICeH,y)s}a] + PRy + (Z)-(MeS)(p-MeCoH,)C=S=0 "P28¢ _ IRWhICI(PR,){(Z)-(MeS)(p- (2)
(2)-(1b) (2)-(2b) or -(3b)

MeC,H,)CSO}] + 2C,H,,

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 CHCl; (see Experimental section). The
structures of these complexes could be derived from 3P,
H n.m.r., and i.r. data, elemental analyses, and molecular-
weight determinations.

The 'H n.m.r. spectra of (Z)-(2b) and -(3b) in CDCl,
showed no ortho-hydrogen atoms to low field of 8 p.p.m,,
indicating that isomers containing o-S co-ordinated sul-
phines are absent. Two further possibilities can then be
envisaged for the structures of the rhodium complexes:
(#) the intact sulphine is co-ordinated as such and (i) C-S
oxidative addition has occurred. The i.r. spectra (KBr
mulls) of (Z)-(2b) and -(3b) showed one v(CSO) absorption
at ca. 1040 cm™, (E)-(2b) likewise one, and (E)-(3b) two
v(CSO) absorptions at ca. 1 058 cm™ (see Table 2).* The
absorptions of #%-CS and #2-NS co-ordinated cumulenes in
the region 1 000—1 070 cm™ for [Pt°(PPh,),(XYCSO)]} **
[Fe(CO)4{H,C(H)C(H)CSO}],2t [Pt°(PPh,),(R'NSO)} (R’ =
aryl),}* and trans-{RhICI(PR,),(R'NSO)] (R = CgH,, or
Pri) B are assigned mainly to v(SO). The v(CSO) absorp-
tions of the present rhodium-sulphine complexes can like-
wise be assigned to v(SO). Because no other v(CSO) absorp-
tions could be found, the C=S = bond of the cumulene
fragment in each case must be involved in co-ordination to
the Rh atom. For the complexes [Pt°(PR;),(XYCSO)]
(R = Ph or CgH,,) 2 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 3P n.m.r. data, recorded
on CDCl, solutions of (E)- and (Z)-(2b) and -(3b) at room
temperature (see Table 2). The 1J(Rh-P) values of ca.
180 Hz are too high for rhodium(111) complexes containing
only one phosphine per rhodium,® and thus point to a
rhodium(1) centre.”?? The monomeric molecular weights
confirm that the Cl atom is co-ordinated to the Rhl. In
most of the i.r. spectra a v(Rh—Cl) could indeed be assigned.
This would mean that, in the case of %%CS co-ordination,
analogous to that found for Pt° we would be dealing with
three-co-ordinate Rh!. Three-co-ordination at Rh! has
been found in the case of two co-ordinated bulky phos-
phines.?2  In these cases the fourth co-ordination position
is effectively protected from further reaction. The present
rhodium-sulphine complexes are stable in CHCl; at room
temperature and stable towards oxidation by air in solution
for at 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 »(CSO) 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 [Pt*(PR,;) { (E)-(MeS)(p-
MeC,H,)CSO}] and [Pt*(PR,),{(Z)-(MeS)(p-MeCH,)CSO}]
(R = PhorCgH,,), which did not show ¢J(Pt—H) on the MeS
protons 1"® in contrast to cis-(E)- and -(Z)-[PtII(MeS)(p-
MeC H,CSO)(PPh;),] which exhibited 2 J(Pt-H) = 52 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 n bond and one lone pair of the MeS group (m,6) or
in a pseudo-allylic fashion, which likewise involves partici-
pation of both the n-C=S and ¢-S electron density. In the
first case, the formal hybridization at the S atom of the C-S
side bond is sp® 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 [PAI'Cl{PPh,;){H,CC(H)CH,}].%3
However, the real rhodium(i)-sulphine interaction could
be a mixture of the (r,0) and pseudo-allylic interactions,
Taking into account the syrn—anti and syn, syn—anti, ant:
stereoisomerism observed for [PAUCH(PR,){H,CC(H)CH,}],2*
four structures for the (E} and (Z) sulphine complexes can
be anticipated (see Figure 2).

(b) Rhodium(1) complexes of (R’S),C=S=0 (R’ = p-MeC,-
H, or Ph). Starting from the sulphines (p-MeC,H,S),C=S=0
(1c) and (PhS), C=S=0 (1c¢’), the complexes [RhICI(PR,){(E)-
(R’S),CSO}] and [RhICI(PR;){(Z)-(R’S),CSO}] (E)- and (Z)-
(2¢; R = CgH,;,, R = p-MeC,H,), (E)- and (2)-(2c¢’;
R = C¢H,,, R’ = Ph), (E)- and (Z)-(3¢c; R=Prl, R" =
p-MeC,H,) could be synthesized. The reactions are sum-
marized in equation (3).

n-pentane

3[{RhICYCsH y)a}a] + 6PR; + 6(R’S),C=5=0
(1c), (1c)
2[Rh!CI{PR,){(E)-(R’S),CSO}] +
(E)-
4[RhICI(PR,){(Z)-(R'S),CSO}] + 12C{H,,  (3)
(Z)-(2c), -(3c), and -(2c’)

The 3'P n.m.r. spectra recorded on CDCI; solutions of the
reaction products at room temperature always showed one
doublet with 'J(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=5=O do not show (E)-
(Z) 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, ¢.e. the
existence of different P, Cl co-ordination isomers, seems
unlikely, because then it should be expected that (E)-
(MeS) (p-MeCgH,)C=S=0 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(r)


http://dx.doi.org/10.1039/dt9820000397

Published on 01 January 1982. Downloaded by University of Illinois at Chicago on 29/10/2014 20:16:22.

1982

<
—_—

a v/
RyP A\ RyP \a
Ee Ez
X X
] |
0 N
R—s? \ s s¥ \s
Rh ] Lo Rnll
RaP/ A R3P/ \ct
Ze Zz

View Article Online

401

AN a \
cf PR, cf PRy
Eo’ Ep’
X X
| |
N o
=7\ Y
Rh I & Rh
Cl/ \PR3 Cl/ \PRs
Z,* 2z,

FiGURE 2 Four possible structures for [RhICI(PR,){(E)-(MeS)(p-MeC¢H,)CSO}] and [RhICH{PR,){(Z)-(MeS)(p-MeC,H,)CSO}] (E)- and
(Z)-(2b; R = CeH,y), -(3b; R = Pr') and (RhICI(PR,){(E)-(R'S) 2CSO}] and [RhICI(PR,){(Z)-(R’S),CSO}] (E)- and (Z)-(2c;

R = C,Hy,, R = p-MeCgHy), -(2¢’; R = C¢Hy,, R’ = Ph),

atom gives [RhICI{PR,){(Z)-(R’S),CSO}], while of the
other C-S side bond yields [RhICI(PR;){(E)-(R’S),CSO}].
The assignment of the higher ! J(Rh—P) to the (Z) and the
lower to the (E) stereoisomer could be derived from com-
parison of these complexes with the (E) and (Z) stereo-
isomers of [RhICI(PR;){(MeS)(p-MeCsH,)CSO}] (see Table
2). The sulphines (R’S),C=S=0 co-ordinate to Rhl in the
same way as (E)- and (Z)-(MeS)(p-MeCcH,)C=S=0, i.e. »*-
SCS. For the complexes (E)- and (Z)-(2c) and -(3c) four
structures are also possible (see Figure 2).

Fluxional Behaviowr of [RWICIPRy){(E)-(MeS)(p-MeCs-
H,)CSO}] (R = C4Hy,, or Prl) and [RhICH{PR,){(E)-(R’S),C-
SO}] (R = C¢H,, or Pri, R’ = p-MeC¢H, or Ph) in Solution.—
The 3P n.m.r. resonance patterns of [RhICI(PR,){(E)-
(MeS) (p-MeCgH,)CSO}] (E)-(2b; R = CgH,;), and (E)-
(3b; R = Pri), [RhICH{PR,){(E)-(R’S),CSO}] (E)-(2c; R =
Ce¢H,;, R’ = p-MeCiH,), (E)-(2¢’; R = CiH;;, R = Ph),
and (E)-(3c; R = Pri, R’ = p-MeC¢H,) consist of two
doublets with different values of 1J(Rh—P). In the case of
(E)-(2b) and -(3b) the doublets have different intensities at
temperatures lower than — 15 °C, whileat higher temperatures
these two doublets coalesce into one doublet at ca. 40 °C.
The 'J(Rh-P) values, chemical-shift positions, and coales-
cence temperatures in several solvents are given in Table 2.

The *H n.m.r. spectra recorded on CDCI, solutions of the
isopropyl complex (E)-(3b) at 60 and 250 MHz showed at
—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 [3J(Rh—H)] for the protons of
the MeS group. Furthermore, two sets of four lires 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 [®J(H-H) = 7.1,
3J(P-H) = 14.8 Hz]. At 60 MHz the two resonance
patterns at —20 °C coalesce on increasing the temper-
ature and finally at room temperature one resonance
pattern is found (see Table 2).

-(3¢c; R = Pr!, R = p-MeC¢H,)

The combined data indicate that the complexes (E)-
(2b), -(3b), -(2c), -(2c¢’), and -(3c) undergo a dynamic
process, which at temperatures below —20 °C is in the slow-
exchange and at room temperature in the fast-exchange
limit. Because !J(Rh—P) and 3jJ(Rh—H) remain present
at 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 behaviour of the complexes. First,
(E)—(Z) isomerization of the co-ordinated C-S side bond
(anti with respect to the S=O bond). The (E) and (Z)
configurations of the MeS,p-MeCH,S, and PhS groups are
indicated by subscripts ¢ and z respectively (see Figure 2).
Secondly, an interchange of PR, and Cl. If the PR,
group is co-ordinated #rans 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=0, (b)
PR; fixed frans to C-SR’, and (6) PR; and Cl are in fast
exchange over the whole temperature range. The first
mechanism is analogous to the syn—anti exchange found in
allyl-palladium chemistry.2? 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 (Z) configuration, and (¢) the R’S group is in
fast exchange between the (E) and (Z) configurations over
the whole temperature range. The second mechanism is
analogous to the synm, syw—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=0O 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 #rans to the PPh, group has
more double-bond character than the C « - + C bond trans to
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FIGURE 3 Phosphorus-31 n.m.r. spectra recorded on a CgD;CDj solution of [RhICHP(CsH,,) }{(E)-(MeS)(p-MeC,H,)CSO}] (E)-(2b) at
—46.5 (a), —6.5 (b), 3.5 {c), and 48.0 °C (d); e, and e, refer to (E)-(2b) in slow exchange, ¢ to (E)-(2b) in fast exchange, and oto

P(Ceyy)5O

the Cl 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 [RhICI(PR,){(Z)-(MeS)(p-MeCH,)CSO}] (2)-

{ia) (o) == (&)
(i) (Ee) === (&)

(iia) (E¢) == (E,)
Gib) (Ez) === (E;")

lic) (Es) (&) liic) (Ee) (Ee)
fast ﬂ‘ = "' fast fast ﬂ = ” fast
) ) E2) Ez)

ScHeME The possible fluxional processes

(2b; R = CH,;) and (Z)-(83b; R = Pri) do not show any
temperature dependence in the 3P and H 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
(Z) stereoisomers, this process either remains in the fast-
exchange limit or the (Z) stereoisomers are rigid. Within
this temperature range, the 3'P n.m.r. spectra of [RhI-
CYP(CH,) H(2)-(R'S),CSOY]  (2)-(2c; R’ = p-MeC,H,)
and (Z)-(2¢’; R’ = Ph) are temperature independent. On
further lowering the temperature the doublets for the (Z)
stereoisomers broaden and disappear. In CD,Cl, at
—120 °C a new broad resonance pattern for (Z)-(2c’) is
present, which, however, could not be interpreted.

The Reaction of [RhICK{P(CgH,;)sH{ (E)-(MeS)(p-MeCgH,)-
CSO}] and [RhICHP(C¢H,,) X (Z)-(MeS)(p-MeCsH,)CSO}]
with P(C¢H,,); in CDCl;.—In order to investigate the
possible influence of free P(C¢gH,,);s on the fluxional pro-
cesses, 3P n.m.r. spectra were recorded at various temper-
atures on mixtures of P(C¢H,,); with both [RhICKP(C,-
Hyy)s}{(2)-(MeS) (p-MeC4H,)CSO}]  (2)-(2b) and [RhIC-

{P(CeH,y)s}{ (E)-(MeS)(p-MeCeH,)CSO}] (E)-(2b) in CDCl,
under an N, atmosphere.

Experiments with the (Z) steveoisomers. At room temper-
ature the 3'P n.m.r. spectrum of (Z)-(2b) and P(C¢H,,);s
(ca. 1:1 molar ratio) in CDCl; showed the corresponding
doublet and singlet signals as well as a low-intensity doublet
for (E)-(2b) and a singlet for P(C¢H;,);0. At —38 °C the
signals for (Z)-(2b) and P(CsH,); were considerably
broadened although the other signals were sharp again.
At this latter temperature a new doublet is found. At
—172 °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(C4H,,); 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 ¢is-(Z)-
[RhICI{P(CeHyy)s}4{ (Z)-(MeS) (p-MeC,H,)CSO}]  (2)-(6b),
being a five-co-ordinate rhodium(1) complex with an #*-SCS
co-ordinated sulphine, in which one phosphine is co-
ordinated #rans to the sulphine molecule [*J(Rh~P) = 153
Hz, 3(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 [!J(Rh~P) = 123 Hz, 3(P) = 16.4 p.p.m., 2J(P-P) = 20
Hz]. Intermolecular exchange between this five-co-ordi-
nate species, the original four-co-ordinate (£)-(2b), and free
P(C¢H,,); (see Figure 5) is slow at temperatures below ca.
—40 °C but fast at room temperature. Because in four-co-
ordinate (Z)-(2b) *J(Rh~P) is detected in the slow- and the
fast-exchange limits, the incoming P(C;H,,),; group must be
the same as the outgoing P(C4H,,); 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 (Z)-
(6b) must remain slow over the whole temperature range.

Experiments with the (E) steveoisomers. The 3P n.m.r,
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spectra recorded on the CDCl; solution of a mixture of
(E)-(2b) and P(C¢H,,)4 (ca. 1 : 1 molar ratio) at room temper-
ature showed a doublet for (E)-(2b), singlets for P(C¢H,,),
and P(C¢H,;);0, and a minor doublet for (Z)-(2b). The
resonance patterns of (Z)-(2b) and P(C4H,;); showed the

z
—— P
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(b)

o
(c) 'pf
%
€
2
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Zs Zg
ik e =
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52:0 8/p.p.m. 1-0

FIGURE 4 Phosphorus-31 n.m.r. spectra recorded on a CDCl,
solution of a mixture of (E)- and {Z)-(2b) and P(CsH,,); at
21.5 (a), —39.0 (b), and —72.0 °C (c); z refers to (Z)-(2b),
e to (E)-(2b) in fast exchange, ¢, and e, to (E}-(2b) in slow
exchange, p to P(C4H,,)s, 0 to P(C4H,,);0, 75 to (£)-(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 (Z)-(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 3P n.m.r. data of this
unknown complex [!J(Rh-P) = 113 Hz, 3§P) = 28.1
p.p.m.] are very similar to those of the ¢-S co-ordinated
rhodium-sulphine complex #rans-[RhICK{P(CgH,,)3}5(CiaHg-
CSO)] (4a) and therefore it seems plausible to assign this
new doublet to trans-[RhICH{P(C¢H,,)s}{(E)-(MeS)(p-
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MeC,H,)CSO}] (E)-(4b), in which the sulphine is ¢-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-
[RRICKP(CoHyy)slof (E)-(MeS) (p-MeCgH,)CSOY]  (E)-(6b),
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(C4H,,); must be logically assigned
to (E)-(4b), since (E)-(2b) is also present.

R’ R
¢
,"-\\ % in CDCl3 /’\\
Mes'// ‘ﬁT Pllefils ——— MeS’/ ﬁ
Rh, (HyCoP e
CRENIg S ARy ©
7 v
(HnCelsP

four~co-ordination five-co-ordination
n®-scs m3-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(CgH,,); are ca. —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(CgH,,); as compared with the coalescence
temperatures in the absence of free P(CgH,,); which are
—4 and —12 °C respectively.

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

Substitution of XYCSO in [RhICHPR,),(XYCSO)] by
CO.—The 6-S co-ordination of the sulphine in #rans-{RhICl-
{P(CgH1)3},(C;:HgCSO)] (4a) was ascribed to steric hind-
rance, between the phosphines and the C;,H4 group, which
prevents m%-CS co-ordination (see first part of Results
section). In order to study whether %2-CS co-ordination of
C,;HsC=S=O could be stabilized by substitution of one
phosphine by the smaller CO, the reaction between (4a) and
CO was investigated by 3P and 'H n.m.r. spectroscopy.
The 31P n.m.r. spectra recorded directly after bubbling CO
through a CDCl, solution of (4a), as well as through the
reaction mixture of [{RhICI(CgH,,),},] and P(CH,,)s (in a
1 : 4 molar ratio) in CDCl,, showed one doublet with ! J(Rh-
P) = 118 Hz and 3(P) = 37.1 p.p.m., assigned to frans-
[RhICHCO){P(CsH,,)3}s),24 % indicating that CO substitutes
the sulphine instead of one of the phosphines.

The reaction of [RhICI{P(CH,,);H{(E)-(MeS)(p-MeCgH,)-
CSO}] and [RhICHP(C4H,,) X (2)-(MeS)(p-MeCoH,)CSO}]
(E)- and (Z)-(2b), and mixtures of [RhICH{P(C.H,,),}-
{(E)-(p-MeC4H,S),CSO0}] and [RhICKP(CeH,y)s}{(Z)-(p-Me-
C,H,S),CSO}] (E)- and (Z)-(2¢c), each containing an %3-SCS
co-ordinated sulphine, with CO in CDCl; gave, as well
as trans-[RhICI{CO){P(C,H,,)s},], two other CO complexes,
which were identified with the help of *'P n.m.r. as cis-
[RRICI(CO)4{P(C¢H,,y)5}] 272 [1J(Rh—P) = 120 Hz, §(P) =
39.1 p.p.m.] and ¢is-[(RhICI{CO){P(C¢H,)3}),] 24728 (1] (Rh—

* For details see Notices to Authors No. 7, J. Chem. Soc.,
Dalton Trans., 1981, Index issue.
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FIGURE 6 The equilibrium between (E)-(2b) and (E)-(4b) with (E)-(6b) as intermediate

P) = 171 Hz, 8(P) = 62.4 p.p.m.]. Moreover, the presence
of the corresponding free sulphines was established by 'H
n.m.r. These rhodium-carbonyl complexes were also
formed after bubbling CO through a CDCl; solution of
[{RhICI(CgH,).}s] and P(CgH,y); (in a 1:2 molar ratio).
We conclude that the %3-SCS co-ordinated sulphines were
displaced by CO instead of changing the co-ordination mode
to 7n2-CS or ¢-S.

DISCUSSION

Stable +3-SCS Co-ordinated Sulphines.—For [PtO-
(PRy)o{(R'S)XCSO}] (R = CgH;; or Ph; 72-CS co-
ordination) the Pt%(PR;), group can glide to the C-S
side bond and give C-S oxidative addition in the case of
R =Ph. When R =CgH,; only backgliding is
observed. In the intermediate +3-SCS co-ordinated
complex, (E)-(Z) isomerization takes place.’™$

The reaction of [{RhIC1(CgH,,),}s] with a C-S side bond
containing sulphines (R’S)XC=S=0 in the presence of
PR, (R = CgH,;; or Pr') gave complexes of the type
[RBICHPRM(R'S)(X)CSO}]. An intermediate in this
reaction could be [RhICI(PR,)L{(R'S)}(X)CSO}] (L =
PRy or CgHy,), in which the sulphine is #2-CS or o-S
co-ordinated. During the gliding movement of the
ROICI(PR,)L unit along the S—C=S frame, L dissociates
and the stable %3-SCS co-ordinated complex [RhICI-
(PR,{(R'S)(X)CSO}] is formed. The fact that this
complex does not undergo C-S oxidative addition
forming [RhIMICH{R'S)(XCSO)(PR,)] is probably caused
by the much greater thermodynamic stability of the
73-SCS complex with respect to the %2-CS and ¢-S
complexes, and in contrast to the instability of the #3-
SCS platinum(o) complex, [Pto(PR,),{(R’S)(X)CSO}],
with respect to the %2-CS platinum(o) complex. The
73-SCS platinum(0) complex either undergoes C-S
oxidative addition forming [PtH(R’S)(XCSO)(PR,),] or
backgliding, forming the #%CS complex [Pto(PR,),
{(R'S)(X)CSO}].

Even addition of PR"”; to [RhICI(PR,){(R'S)(X)-
CSO}] (R, R” = CgH,; or Pri) does not give rise to C-S
oxidative addition. Instead an equilibrium mixture is
formed consisting of the %3-SCS complexes [RhICl-
(PRR){(R’'S)(X)CSO}], [RhICI(PR";){(R'S)(X)CSO}], cis-
[RhICI{PR,){(R'S)(X)CSO}], cis-[RhICI(PR",),{(R'S)-
(X)CSO0}], and cis-[RhICIHPR,) (PR ){(R'S)(X)CSO}], the

6-S complexes trans-[ RhICI(PR,),{(R'S)(X)CSO}], trans-
RhICI{PR"),{(R'S)(X)CSO}], and trans-[RhICI(PR,)-
(PR"3){(R'S)(X)CS0}], and the free phosphines PR, and
PR”;. Even in the case of sulphines containing the
more reactive C~Cl side bond the reaction with [{RhICl-
(CgHig)o}el and PRy (R = CgHy,, Pri, or Ph) gave no
identifiable oxidative-addition products.

The present complexes [RhICI(PRy){(R’'S){X)CSO}]
undergo (E)-(Z) isomerization, as was expected, because
the 73-SCS complexes [PtO(PR,),{(R'S){X)CS0}} (R =
CgHy, or Ph) were postulated to be intermediates in the
corresponding isomerization of the %2-CS complexes
[Pt9(PRy),{(R'S)(X)CSO}} and the metallosulphines
[PHYR'S)(XCSO)(PR,),]).1  The considerably lower iso-
merization rate for the rhodium(i) 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, _5_(';:5:0 and

~S—(L,:S+—O‘, usually applied for free sulphines, »3-SCS
co-ordination also stabilizes the other canonical struc-
tures, ~$=¢-5=0 and ~$=C-S-0~. This will diminish
the C=S double-bond character in the C=S=O moiety
relative to the free sulphines and sulphines which are
6-S co-ordinated, and accordingly will lower the barrier
to the (E)~(Z) isomerization in the %3-SCS complexes
[RhICI(PR,){(R'S)(X)CSO}] (R = CgH;; or Pr!) and
[PtO(PR,),{(R'S)(X)CSO}1 (R = CgH,; or Ph). A pos-
sible pathway for this process could be a s—r mechanism
which was previously found for [Pd!Cl{H,CC(H)CH,}-
(PPhy)]

Influence of the Sulphine Geometry on the Course of the
Addition of Phosphine to [RhICI(PR,){(MeS)(p-MeC¢H,)-
CSO}].—The complexes [RhICI{P(CeH,,)sH (E)-(MeS)(p-
MeCgH,)CSO}] and [RhICKP(CgH,,)5}{(Z)-(MeS) (p-MeCe-
H,)CSO}], (E)- and (£)-(2b), form equilibrium mixtures
with P(C¢H,;); and the five-co-ordinate complexes
cis-[RhICI{ P(CeHyy)a}o{ (E)-(MeS) (p-MeCH,)CSO}]  and
cis-[RhIC{P(CeHyy)s}5{ (Z)-(MeS) (p-MeCgH,)CSOY] - (E)-
and (Z)-(6b). The (E) stereoisomer of this five-co-
ordinate complex could not be detected because it
reacts further to give the o-S, four-co-ordinate frans-
[RRICK{P(CeHy, )y o (E)-(MeS) (p-MeCgH,)CSO}) (E)-(4b).

Although no X-ray crystal-structure data of »3-SCS
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rhodium complexes are available at present, the dihedral
angle between the —S—C=5=0 and P-Rh-Cl planes is
assumed to be comparable to that between the allyl
and PdCl, plane in [{Pd™(allyl)Cl1},].2 This brings the
lone pair of the S atom of the C=S=0 moiety closer to the
Rh atom in the (E) than in the (Z) stereoisomers.
Consequently, a change of co-ordination mode from #23-
SCS to o-S proceeds more easily in the case of the (E)
than in that of the (Z) stereoisomers.

The net result of the reaction between [Rh!Cl(PPri,)-
{(E)-(MeS)(p-MeCH,)CSO}] and [RhICI(PPri ){(Z)-(Me-
S)(p-MeCgH,)CSO}], (E)- and (Z)-(3b), with P(CgH,y), is
a scrambling of the phosphines. When the complexes
(£)-(2b) and -(3b) are in fast exchange with P(C¢H,,),
and PPri, their 1J(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 ¥1P n.m.r.
measurements, but for the (E) stereoisomers the mixed
o-S complex trans-[RhICY{P(C.H,,) s} (PPri){(E)-(MeS)-
(p-MeC4H,)CSO}] (E)-(8b) possibly is the origin of the
phosphine scrambling.

Conclusions.—In rhodium-sulphine chemistry, two
novel co-ordination modes of sulphines have been found,
i.e. o-S and 3-SCS. Particularly, the %3-SCS co-
ordination of the sulphines (E)- and (Z)-(MeS)(p-
MeCH,)C=S=0 (E)- and (Z)-(1b) and (R’S),C=5=0 (lc;
R’ = p-MeCH,) and (1¢’; R’ = Ph), all containing one
or two C-S side bonds, to Rh! 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 C,,HyC=S=0 (la) co-ordinates in a ¢-S mode to
RhICI(PR,), (R = CH,; or Pri) is obvious since #*-CS
co-ordination would give rise to steric hindrance between
the C;,Hg group and the #rans positioned phosphines.
However, it has not been possible to explain why the
thermodynamic stability of #3-SCS co-ordination to Rh!
is such that C-S oxidative addition and %?-CS co-ordin-
ation were not found.

The geometry of the sulphine skeleton determines the
course of addition of phosphines to [RhICI(PR;)-
{(MeS)(p-MeCgH,)CSO}] (R = CgH,; or Pri) (E)- and
(Z£)-(2b) and -(3b). Furthermore, a fluxional behaviour
was found for the (E) complexes [RhICI(PRy){(E)-
(MeS)(p-MeCH,)CSO}] (2b; R = CgH,;;) and (3b;
R = Pri), [RhICI(PR,){(E)-(R'S),CSO}] (2¢; R = CgHy,,
R = p-MeCH,) (2¢’; R = CgH,;, R’ = Ph), and (3c;
R = Pri, R’ = p-MeCgH,), but not for the corresponding
(Z) complexes. This illustrates the difference in
chemical behaviour of sulphine complexes caused by the
geometry of the sulphine skeleton (C-S side bond ant:
or syn to the S=O bond). Although (E)- and (2)-
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(MeS)(p-MeCgH,)C=S=0 are stereoisomers they act as
completely different ligands.

The process which is responsible for the dynamic
behaviour found for (E)-(2b), -(3b), -{2c), -(3¢), and
-(2¢’) 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)-(Z)
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—Cl 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=5=0 (R,R’' =
p-MeCgH, or p-MeOCgH,),¥ using platinum complexes.
With these synthetic routes we are currently involved i
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-MF <«
H n.m.r. and 101.25-MHz 3P n.m.r. spectra, the N.M.R.
Section of the Organic Department of the University of
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and Dr. D. M. Grove for critical reading of the manuscript.
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