
Journal of Organometallic Chemistry, 460 (1993) 117-126 117 

JOM 23691 

Coordination chemistry of [C( PPh,)( P( S) Ph,) 2]-: 31P NMR of 
iridium and platinum complexes, and the crystal and molecular 
of [Rh( cod)( C( PPh,)( P( S)Ph,) ,-P,S)] l CH,Cl, 
and [RhI,( tBuNC) d C( PPh,)( P( S)Ph,) ,-P,S)] 

Jane Browning, Keith R. Dixon, Neil J. Meanwell and Fang Wang 
Department of Chembtry, University of Kctoria, P.0. Box 3055, Victoria, B.C. V8W 3P6 (Canada) 

(Received December 4, 1992) 

Abstract 

Complexes of the anionic ligand, [C(PPh,XPWPh,),l-, are readily prepared under mild conditions by reactions of 
CH(PPh,XP(S)Ph,),, in the presence of base (NHEt,), with chlorobridged complexes, [MzCl,(cod),], M = Rh or Ir, cod = 
cycloocta-l$diene, [Pt,CI,(PEt,),], and [Pt&,(MeOcod),], MeOcod = 8-methoxy-cyclooct-4-ene-l-yl. The products are 
[M(codXC(PPh,XP(S)Ph,),-PJ)], [PtCl(PEt,XC(PPh2XP(S)Ph,)2-P,S)], and [Pt(MeOcodXC(PPh,XPWPh,),-P,S)] respectively, 
and the platinum complexes are both mixtures of the two possible isomers. Subsequent reactions of [Rh(codXc(PPh,XPWPh,),- 
P,S)] with ‘BuNC followed by oxidative addition of I, or benzyl bromide give [Rh(‘BuNC),{C(PPh,XP(S)Ph,),-P,S)I, and isomeric 
mixtures of [Rhl,(‘BuNC),(C(PPh,XP(S)Ph,),-P,S}I and [RhBr(BzX’BuNC),(tiPPh,XP(S)Ph,),-P,S)]. 

rhodium, 
structures 

The complexes were characterized primarily by 31P nuclear magnetic resonance (NMR) studies and by two crystal structure 
determinations. Complex la, [RhkodXC(PPh,XpS)Ph,),-P,S)]. CH,Cl, crystallized in the P2,/c (No. 14) space group (2 = 4) 
with a = 12.294(3), 6 = 16.063(S), c = 21.384@ A, p = 91.60(3)“. Complex 4a(i), [RhI,(‘~uNC),{C(PPh,XP(S)Ph,),-P,S)I crystal- 
lizes in the Pa21/c (No. 114) space group (Z = 8) with a = b = 30.174(3), c = 11.317(2) A. Both complexes contain bidentate P, S 
bonded ligands with the second P=S group non-coordinated (“dangling”). In la, approximate square planar coordination about 
rhodium is completed by the two double bonds of a cod ligand, and in 4di), the P,S ligand and two ck iodides comprise the 
equatorial plane of an octahedron which is completed by two ‘BuNC ligands. 

1. Introduction 

Tripodal anions are a rather rare class of ligands. 
The best known examples are the tris(pyrazolyl)borates, 
originally established by the work of Trofimenko [1,2] 
but still an area of active research [3]. Recently, phos- 
phine chalcogenides such as [C(PWPh,),l- (and more 
generally [C(P(X)Ph,XP(Y)Ph,XP(Z)Ph,)l-, where the 
substituents, X, Y, and Z, can be simply electron pairs 
or the chalcogens, 0, S, or Se) have been shown to 
have similar potential [4-111. Several complexes exhibit 
tridentate (tripodal) S,S,S-cooidination, for example 
in [HgCl{C(P(S)Me,XP(S)Ph,),-S,S,S]I [61 and 
[Ag(PBu,){C(P(S)Ph,),-S,S,S}] [81, but a bidentate 
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S,S-coordination mode is also known in [PtCl(PEt,)- 
UPWPh,),-S,S]I [lo], [Rh(codXC(PWPh,),-S,S]I 
ill], and [Ir(CO),(C(P(S)Ph,),-S,S)l [ll]. In solution 
the bidentate complexes often show fluxional be- 
haviour in which the non-coordinated P=S group ex- 
changes rapidly with one or both of the coordinated 
P-s groups [lO,ll]. 

Additional recent impetus for this research area has 
been provided by the observation that these ligands 
may promote catalytic activity at some metal centres. 
Thus, [C(P(O)Ph,),]- complexes of iridium are active 
hydrosilylation catalysts [12,13], and the tris(pyrazolyl)- 
borate complex, [Rh(COXC,H,XHB(pz),)l, is known 
to activate C-H bonds in benzene [3]. The fluxional 
behaviour may be germane to this activity, since during 
this reaction the trispyrazolylborate ligand changes 
from an initial $ to q3 coordination in the product 
[Rh(CO)H(PhXHB(pz),)l. 

0 1993 - Elsevier Sequoia S.A. All rights reserved 
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In [Rh(codXC(P(S)Ph,),-S,S]], the fluxional ex- 
change process involves interchange of all three P=S 
groups [ill, whereas in [PtCl(PEt,){C(P(S)Ph,),-S,S}], 
only the P=S group coordinated tram to PEt 3 partici- 
pates in the fluxional exchange with the non-coordi- 
nated P=S group [lo]. Thus, in the latter case, the 
process is essentially controlled by the Pt-S bond tram 
to Cl acting as a pivot for the exchange. The related 
complex, [PtCl(PEt,XC(P(S)Ph,),-C,S]l is different in 
that the ligand is coordinated via carbon, but exhibits a 
similar dynamic process in which exchange of the P=S 
groups is controlled by a Pt-C pivot [14,15-J. In order to 
study the further possibility that a Pt-P bond might 
also serve as a pivot for related exchange processes, we 
have initiated a study of complexes of CH(PPh,)- 
(P(S)Ph,), and [C(PPh,XP(S)Ph,),]-. In the present 
paper we describe our preliminary studies of com- 
plexes of the anion, which are non-fluxional, and in a 
subsequent paper we will describe complexes of the 
neutral ligand, some of which exhibit the desired flux- 
ionality. 

2. Experimental section 

2.1. Synthesis and spectroscopic studies 
Data relating to the characterization of the com- 

plexes are given in the Tables, the Results section and 
in the preparative descriptions below. Microanalyses 
were performed by the Canadian Microanalytical Ser- 
vice, Vancouver, B.C., Canada. Infrared spectra were 
recorded in KBr disks from 4000 to 200 cm-’ with 
accuracy f 3 cm-’ on a Perkin-Elmer 1320 grating 
spectrophotometer calibrated against polystyrene film. 
31P and 19’Pt NMR spectra were recorded in 
dichloromethane solution at 101.3 and 53.5 MHz re- 
spectively, using a Bruker WM250 Fourier transform 
spectrometer. Protons were decoupled by broad band 
(“noise”) irradiation, and a lock signal was derived 
from the deuterium resonance of a capillary insert 
containing C,D,. 31P chemical shifts were measured 
relative to external P(OMe), and are reported in parts 
per million relative to 85% H,PO, using a conversion 
factor of + 141 ppm. 19’Pt chemical shifts are reported 
in ppm relative to E(‘95Pt) = 21.4 MHz. For both 
nuclei, positive chemical shifts are downfield of the 
reference. 

All operations were carried out at ambient tempera- 
ture (cu. 25°C) under an atmosphere of dry nitrogen 
using standard Schlenk tube techniques. Solvents were 
dried by reflux over appropriate reagents (calcium hy- 
dride for dichloromethane, and potassium/ benzo- 
phenone for diethyl ether, toluene, and hexane) and 
were distilled under nitrogen prior to use. Recrystal- 
lization from solvent pairs were performed by dissolu- 

tion of the complex in the first solvent (using about 
double the volume required for complete solution) 
followed by dropwise addition of sufficient second sol- 
vent to cause turbidity at ambient temperature. Crys- 
tallization was then completed either by continued very 
slow dropwise addition of the second solvent or by 
setting the mixture aside at a reduced temperature. 

The ligand CH(PPh,XP(S)Ph& [16], and the metal 
complexes, [M,Cl,(cod),], M = Rh or Ir [17,18], 
[Pt,Cl,(PEt,),] [191, and [Pt,Cl,tMeOcod),l [20] were 
prepared as previously described. 

2.1.1. [Ir(cod){C(PPh,)(P(S)Ph,),-P,S}] * CH,Cl, 
CH(PPh,XP(S)Ph,), (0.19 g, 0.30 mm00 was added 

to a stirred solution of [Ir,Cl,(cod),l (0.10 g, 0.15 
mm00 in dichloromethane (10 ml). Diethylamine (0.2 
ml) was added. After 10 min the solvent was removed 
in uucuo and the residue extracted with toluene (20 
ml>. Solvent was removed from the extract in uacuo 
and the resulting residue recrystallized from dichloro- 
methane/ hexanes to give [Ir(codXC(PPh,XP(S)Ph,),- 
P,S]] * CH,Cl, as orange crystals (0.18 g, 0.18 mmol). 
Anal. Calcd. for C,H,,C12P3S,Ir: C, 54.3; H, 4.36. 
Found: C, 54.1; H, 4.43%. 

2.1.2. [Rh(cod)IC(PPh,)(P(S)Ph,),-p,S}l * CH,Cl, 
This complex was prepared by a procedure similar 

to that used above for the iridium analogue. 
[Rh(cod){C(PPh,XP(S)Ph,),-P,S)] * CH,Cl, was ob- 
tained as yellow crystals in 80% yield. Anal. Calcd. for 
C,H,Cl,P,S,Rh: C, 59.6; H, 4.78. Found: C, 59.9; H, 
5.55%. 

2.1.3. [Rh(‘BuNC),{C(PPh,)(P(S)Ph,),-P,S)I - 
CH,Cl, 

A solution of tbutylisocyanide (0.2 g, 2.4 mmol) in 
dichloromethane (2 ml) was added dropwise to a stirred 
solution of [Rh(codKC(PPh,XP(S)Ph&l (1.00 g, 1.08 
mmol) in dichloromethane (50 ml). After 5 min the 
solvent was removed in mcuo and the residue crystal- 
lized by layering a dichloromethane solution with hex- 
anes to give [Rh(‘BuNC),{C(PPh,XPG)Ph,),-P,S]] * 
CH,Cl, as yellow crystals (0.76 g, 0.77 rnmol). Anal. 
Calcd. for C,H,,Cl,N,P,S,Rh: C, 58.5; H, 5.11. 
Found: C, 59.0; H, 5.18%. IR: v(CN) 214Os, 21OOs, 
2070sh cm-‘. 

2.1.4. [~I~(‘BuNC),{C(PPh,)(P(S)Ph,),-P,S}J 
A solution of diiodine (0.060 g, 0.24 mmol) in tolu- 

ene (5 ml> was added dropwise to a solution of 
[Rh(‘BuNC),(C(PPh,XP(S)Ph,),-P,S)] (0.212 g, 0.24 
mmol) in toluene (10 ml> and dichloromethane (5 ml) 
at -60°C. After 5 min the solution was warmed for a 
further 5 min to ambient temperature giving an initial 
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mixture which contained at least three isomers t31P 
NMR). After stirring for 4 h, a stable mixture of two 
isomers was obtained. Solvent was removed in uucuu, 
and the residue recrystallized from dichloromethane/ 
hexanes to give [RhI,(‘BuNC),{C(PPh,XP(S)Ph,),- 
P,S)] as red crystals (0.080 g, 0.069 mmol, isomer 
4b(i)). Anal. Calcd. for C,,H,,I,N,P,S,Rh: C, 48.9; 
H, 4.19. Found: C, 48.4; H, 4.17%. IR: v(CN) 2175s 
cm-‘. A second isomer, 4a(d, was present in the 
supernatant from the recrystallization. 

2.1.5. [RhBr(CH,Ph)(‘BuNC),~C(PPh,)(P(S)Ph,)r 
P,SIl 

A solution of benzyl bromide (0.012 ml, 0.10 mm00 
in dichloromethane (1 ml) was added dropwise to a 
solution of [Rh(‘BuNC),{C(PPh,XP(S)Ph,),-P,S)l 
(0.087 g, 0.10 mmol) in dichloromethane (10 ml). A 31P 
NMR spectrum recorded almost immediately showed 
the single isomer 4bhd (Table 1). After 10 min a 
second isomer, 4b(y), was found to be present. Re- 
moval of solvent in uacuo, followed by recrystallization 
of the residue from dichloromethane/ diethyl ether 
gave crystalline 4b(d, with 4b(y) in the supematant. 
Alternatively, addition of a few drops of methanol to 
the mixture gave complete conversion to 4b(y), but in 
neither case could crystals of sufficient quality for 
elemental analysis be isolated. 

2.1.6. [PtCi(PEt,){C(PPh,)(P(S)Ph,)rP,S)] 
CH(PPh,XP(S)Ph,), (0.27 g, 0.42 mm00 was added 

to a stirred solution of [Pt,Cl,(PEt,)J (0.16 g, 0.21 
mmol) in dichloromethane (5 ml). Diethylamine (0.2 

ml> was added. After 5 min the solvent was removed in 
uucuo and the residue extracted with benzene (10 ml). 
Solvent was removed from the extract in ~a~uo and the 
resulting residue recrystallized from dichloromethane/ 
diethyl ether to give [PtCl(PEt,>(C(PPh,XPWPh,),- 
P,S)] as yellow crystals (0.33 g, 0.34 mmol). Anal. Calcd 
for C,,H,,ClP,S,Pt: C, 52.7; H, 4.63. Found: C, 52.0; 
H, 4.48%. The product contained both isomers 26) 
and 2(ii) in about a 10 : 1 ratio. 

2.1.7. [Pt(A4eOcod){C(PPh,)(P(S)Ph2)2-~S}l 
CH(PPh,XP(S)Ph,), (0.17 g, 0.27 mmol) was added 

to a stirred solution of [Pt,Cl,(MeOcod),] (0.10 g, 0.14 
rnmol) in dichloromethane (5 ml). Diethylamine (0.2 
ml) was added. After 5 min the solvent was removed in 
uacuo and the residue extracted with toluene (5 ml). 
Solvent was removed from the extract in vacm and the 
resulting residue recrystallized from dichloromethane/ 
hexanes to give [Pt(MeOcodXC(PPh,XPWPh,),-P,S)l 
as colourless crystals (0.10 g, 0.10 mmol) characterized 
by 31P and ‘95Pt NMR spectroscopy. Isomers 36) and 
3W were present in about a 3: 2 ratio. Attempts at 
recrystallization resulted in progressive decomposition 
so that we were unable to obtain good analytical data. 

2.2. X-Ray data collection 
Compounds la, [Rh(codXC(PPh,XPWPh,),-P,S}] . 

CH,Cl, and 4a(i), [RhI,(‘BuNC),{C(PPh,XP(S)Ph,),- 
P,S)I, were prepared as described above and crystals 
suitable for study by X-ray diffraction were grown by 
vapour diffusion of hexanes into solutions of the com- 
plexes in dichloromethane. 

TABLE 1. 31P NMR parameters for complexes of L: [C(P,Ph,XPA,e(S)Ph,),]- 

Compound Isomer I(P*) 6(P,) 6(P,) J(P*-P,) J(P*-P,) J(P,-P,) J(M-PA) J(M-P,) AM-P,) 

Rh(cod)L la 56.0 42.3 39.5 46 115 20 nr 11 134 
Ir(cod)L lb 65.6 41.7 36.3 47 112 15 
Rh(‘BuNC),L lc 63.7 41.8 50.8 44 132 16 nr 10 115 
Rh12(‘BuNC)2L 4a(i) 67.1 39.6 52.2 33 87 11 nr 7 92 
Rh12(‘BuNC)2L 48(X) 65.3 37.1 51.0 27 87 nr nr nr 91 
RhBrBz(‘BuNQL 4b(x) 60.5 39.6 51.7 29 103 nr nr nr 93 
RhBrBz(‘BuNCjzL 4b(y) 65.1 41.0 52.3 32 92 nr nr 96 
PtCI(PEt,)L a 20) 53.2 40.3 24.5 26 76 nr 27 b ;; 3623 
PtCI(PEt 3)L ’ 2tii) 62.8 43.2 34.6 43 110 nr 18 197 2200 
Pt(MeOcod)L d 30) 58.1 42.5 29.6 38 88 8 57 245 3837 
Pt(MeOcod)L e 3(li) 67.2 45.0 35.7 51 143 20 109 116 1469 

Isomer structures and atom labels are shown in Scheme 1. Unknown isomers are designated x or y. Spectra were recorded in dichloromethane 
solution with an external C,D, lock. Chemical shifts (6) are quoted in parts per million relative to 85% HsPO,. Coupling constants (J) are in 
Hz. nr = not resolved. 
a G(P,Et,) 8.3 ppm, AP,-P,) 6, J(P,-P,) nr, .KP,-P,) 10, J(Pt-P,) 3218 Hz. “-?t spectrum: 6(Pt) -9.1 ppm, J(Pt-PA) 27, J(Pt-P,) 225, 
J(Pt-P,) 3623, J(Pt-P,) 3221 Hz. b Not resolved in 31P spectrum. Value obtained from ‘%Pt spectrum. ’ S(Pd,Et,) 15.3 ppm, J(P,-P,) 43, 
J(P,-P,) 12, J(P,-P,) 423, J(Pt-P,) 2396 Hz. ‘“Pt spectrum: g(Pt) 62.0 ppm, J(Pt-PA) 78, J(Pt-P,) 197, J(Pt-P,) 2200, J(Pt-P,) 2396 Hz. 
d195Pt spectrum: S(Pt) 208.6 ppm, J(Pt-P,.,) 56, J(Pt-P,) 245, J(Pt-P,) 3834 Hz. e ‘95Pt spectrum: S(Pt) 343.7 ppm, J(Pt-PA) ca. 112, I(Pt-P,) 
ca. 112, J(Pt-P,) 1468 Hz. 
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TABLE 2. Crystallographic data for la, [Rh(codXC(PPh,XP(S) 
Ph,),-P,SlI . CH,Cl,, and 4a(i), [RhI,(‘BuNC),(C(PPh,XP(S) 
Ph ,I,-P,SJI. 

formula 

la 4aW 

C,H,CI,P,S,Rh C,H,,I,N,P,S,Rh 
fiv 
space group 
a, A 
b,A 

0 

c, A 
a, deg 
BP deg 
Y, deg 
v, 2 

diffractometer 
radiation (A, A) 
p, cm-’ 
transm factor range 
temperature, K 
no of obs reflcns 
(I > 3.0 w(Z)) 
parameters refined 
R 
RtV 

927.7 
P2, /c(No 14) 
12.294(3) 
16.063(5) 
21.384(5) 
90 
91.60(3) 
90 
4221 
4 
Picker 4-circle 
MO Ka (0.71069) 
6.89 
0.90-0.93 
295 

2915 1369 
307 167 
0.087 0.084 
0.094 0.095 

1154.7 
PJ22, /c(No 114) 
30.174(3) 
30.174(3) 
11.317(2) 
90 
90 
90 
10304 
8 
Enraf-Nonius CAD4 
Cu Km (1.542) 
17.38 

295 

w = l/(aZ(F)+0.001F2); A = llF,j - IF, 1). R =(~A/-LF,); R, = 
(CWA~/~WF,*)“~ 

Preliminary photographic work was carried out with 
Weissenberg and precession cameras using Cu Ka! 
radiation. After establishment of symmetry and ap- 
proximate unit cells the crystals were transferred to 
one of two diffractometers (Table 2) and the unit cells 
refined by least squares methods employing pairs of 
centering measurements. During the subsequent data 
collection there was no evidence of decomposition of 
any of the crystals. 

The Picker 4-circle instrument was automated with 
a PDPll/lO computer and used a d/219 step scan with 
160 steps of 0.01” in 28, counting for 0.25 s per step. 
Background measurements were for 20 s at each end of 
the scan. Each batch of 50 reflections was preceded by 
the measurement of three standard reflections, and, 
after application of Lorentz and polarization factors, 
each batch was scaled to maintain the sum of the 
standards constant. Absorption corrections were ap- 
plied by a numerical integration using a Gaussian grid 
and with the crystal shape defined by perpendicular 
distances to crystal faces from a central origin. 

Measurements on the CAD4 diffractometer used 
the NRCCAD modification of the Enraf-Nonius program 
[21], and the “Profile” w/20 scan developed by Grant 
and Gabe [22]. Three standard reflections were mea- 
sured every hour to check crystal stability and three 
others were measured every 400 reflections to check 

crystal orientation. Lorentz and polarization factors 
were applied and the data were corrected for absorp- 
tion using an empirical method based on the work of 
North el al. [23] as implemented in the CAD4 struc- 
ture determination package. 

2.3. Structure solution and refinement 
The structures were solved and refined using the 

SHELX-76 program package [24] and illustrations were 
drawn using ORTEP [25]. The atomic scattering factors 
used were for neutral atoms, with corrections for 
anomalous dispersion [26]. The structures were solved 
by direct methods, developed by standard Fourier syn- 
thesis procedures using difference maps, and refined 
by the method of least squares minimizing &A2 where 
A = II F, I - I F, I(. The weights were obtained from 
counting statistics using w = l/(a’(F) + 0.001F2). The 
metal atoms, and all phosphorus, sulphur, chlorine and 
iodine atoms were treated anisotropically, as was the 
central carbon, C(l), of the P,S ligand in la, and the 
carbons of the cod ligand, C(38-461, in la. All other 
atoms were treated isotropically. Hydrogen atoms were 
not located and are not included in the refinements. 
For 4a(i) the six phenyl groups were refined as rigid 
hexagons each with different group temperature fac- 
tors, which are included in the refinement. The final 
difference maps had minima/maxima of -0.65/0.75 
(la) and - 1.1/0.88 eAw3 (4a(i)), with no indication 
that any material had been overlooked. 

3. Results and discussion 

3.1. Synthesis 
In the presence of base (NHEt,), the ligand, 

CH(PPh,XP(S)Ph,),, reacts smoothly under mild con- 
ditions with the chlorobridged complexes, [M,Cl,- 
(cod),], M = Rh or Ir, cod = cycloocta-1,5-diene, 
[Pt ,Cl,(PEt s12], and [Pt ,Cl ,(MeOcod),], MeOcod = 8- 
methoxy-cyclooct-4-ene-1-yl. Hydrogen chloride is 
eliminated and the products are complexes of the 
anion, [C(PPh,XP(S)Ph,),]-. When no base is present, 
reactions often result in mixtures of complexes of the 
anion with complexes of the neutral ligand, CH(PPh,)- 
(P(S)Ph,),. In only a few cases can the complex of the 
neutral ligand be isolated suggesting that CH(PPh,)- 
(P(S)Ph,), may be intermediate in behaviour between 
CH,(PPh,XP(S)Ph,) and CH(P(S)-Ph,),. Complexes 
of the former are readily prepared and require strongly 
basic reagent such as sodium hydride for deprotona- 
tion [27,28], whereas the latter normally deprotonates 
during complex formation and relatively few complexes 
of the neutral ligand have been reported [II]. 

The structures revealed by NMR and X-ray study 
(below) show that all the complexes contain bidentate 
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la L, = (cod)Rh 

b 

s c 

(cod)Ir 

(‘BuNC)*Rh 

Cl, / 
,P: 

S,P* 

Et,PD P_E s 

Et,PD, / 

‘PB” 
CIAp: 

SAPA 

C 
p’Ic. s 

C ‘Pf 

2(i) 

S 

2(ii) 

S 

3(i) 3(ii) 

Bu 
N 

X....&S_4 BuNC.. xS 1:. ‘\p 

Y’ 1’ .k 
“Rh II* 

cpc p 
\ //S BuNC’ I\p ‘c, //S 

N B yc P B 

Bu 

4(i) 4(ii) 

a X=Y=I 
b X=Br,Y=benzyl 

Scheme 1. Structures and atom labelling schemes for compounds 
l-4. The hvo phenyl groups attached to each phosphorus have been 
omitted for clarity. 

P,S coordinated ligands. There is no evidence for 
the C,S coordination mode found in [PtCKPEt J- 
{CH(PWPh,),-C,S}] [14,15], an observation which is 
consistent with its non-occurrence in complexes of 
[CH(PPh,XP(S)Ph,)]- [27,28]. Evidently, the presence 
of the strongly ligating PPh, group disfavours forma- 
tion of the C,S bonded mode; although, in the present 
complexes, one would also expect steric crowding to be 
an obstacle to attachment of a metal at the central 
carbon. Thus, the [M(codXC(PPh,XP(S)Ph,),-P,S]l, 
M = Rh or Ir, complexes have structure 1 (Scheme 1). 
For the platinum complexes, isomeric structures are 
possible for products derived from both [Pt,CI,(PEt,),] 
and [Pt,Cl,(MeOcod),]. In the former case 31P NMR 

showed that the initial product is ca. 90% isomer 26) 
with only about 10% 269, and this contamination is 
further reduced by recrystallization. In the latter case 
the product ratio is cu. 36) :3W = 3: 2, and separa- 
tion was prevented by decomposition during recrystal- 
lization. 

Oxidative addition reactions with this type of com- 
plex are of some interest because of the possibility of 
reactivity not only at the metal site but also at the 
methine carbon of the phosphine chalcogenide ligand 
[29]. Oxidative addition reactions to [Rh(cod)(C(PPh,)- 
(PWPh,),-P,S]] or its iridium analogue were inconclu- 
sive, resulting in partial reactions or complex isomer 
mixtures. More definitive results were achieved with 
[Rh(‘BuNC),(C(PPh,XP(S)Ph,),-P,S]], obtained by 
reaction of [Rh(codXC(PPh,XP(S)Ph,),-P,S]I with ex- 
cess ‘butylisocyanide. The reactions are complicated by 
the multiple isomeric possibilities but [Rh(‘BuNC),(C- 
(PPh,XP(S)Ph,),-P,S}] with iodine leads ultimately to 
a crystalline product, [RhI,(‘BuNC),{C(PPh,XP(S)- 
Ph,),-PJ)], isomer 4aW. Overall, the possible isomers 
include the two ci.s,trum isomers 4aCi) and 4a(ii), plus 
two enantiomeric pairs of ck,ci.r isomers; and 4aCi) is 
not expected as the initial product since oxidative 
addition reactions normally show truns addition. Our 
initial reaction mixtures showed at least three different 
isomers with a stable mixture of two isomers develop- 
ing over 4 h. Overlap of NMR lines prevented reliable 
assignments except for the latter two isomers. One of 
these is established as 4aM by crystal structure deter- 
mination. The other, labelled 4a(x) in Table 1, is 
almost certainly not 4bW because ‘J(Rh-PC) is very 
similar to the value in 4aW. This would not be ex- 

W ‘C30 

Fig. 1. ORTFZP plot for a single molecule of la, [Rh(cod)(C(PPh,)- 
(KS)Ph,),)l. 
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A CZU-PH 
ClWli F P2 s2 

c8-Ptl 

c112 

cs- GUI 

Fig. 2. ORTEP plot for a single molecule of 4a(i), [RhIa(‘BuNC),- 

UIXPPh,XP(S)Ph,),M. 

petted with a change in the truns ligand from iodine to 
‘BuNC and thus 4aW is probably one of the cis,cis 
isomers with iodine frans to Pc. 

Oxidative addition with an asymmetrical addend 
such as benzyl bromide is potentially even more com- 
plex, since, in addition to the four c&&zns isomers 
@b(i), 4b(i) with X and Y interchanged, and 4b(ii) 
plus its enantiomer), there are four enantiomeric pairs 
of ci.s,czLr isomers. Addition of benzyl bromide to 
[Rh(‘BuNC),{C(PPh,XP(S)Ph,),-P,S)] gave two iso- 
mers, 4b(x) and 4b(y) (see Experimental section). Both 
gave 31P NMR parameters (Table 1) which are similar 
to those of isomer 4aG) but it is not possible to make 
definitive structural assignments. 

3.2. Nuclear magnetic resonance spectra 
31P{1H) nuclear magnetic resonance parameters for 

the complexes are collected in Table 1 (with ‘95Pt{‘H} 
parameters in the Footnotes), and the atom labelling 
schemes are in Scheme 1. Basically the 31P spectra are 
all simple first order patterns with three resonances for 
the [C(PPh,XP(S)Ph,)J Iigand but the chemical shift 
assignments present problems. For example, the high- 
est field resonance of [Rh(codXC(PPh,XP(S)Ph,),- 
P,S}] is a doublet (134 Hz) of doublets (115 Hz) of 
doublets (20 Hz) at 39.5 ppm. This is easily assigned to 
PC, directly bonded to Rh, since the large 134 Hz 
coupling is not found elsewhere in the spectrum and is 
therefore due to ‘J(Rh-Pc). Assignment of the two 
remaining resonances, a doublet (115 Hz) of doublets 
(46 Hz) at 56.0 ppm and a doublet (46 Hz) of doublets 
(20 Hz) of doublets (11 Hz) at 42.3 ppm, presents an 
interesting dilemma. The most obvious assignment 

TABLE 3. Fractional atomic coordinates and temperature parame- 
ters for la, [Rh(codH~PPh,Xp(S)Ph~)~)].CH,CI, 

Atom x Y z V ca 
Rh(l) 
S(l) 
5(2) 
P(l) 
P(2) 
P(3) 
C(1) 
c(2) 
C(3) 
C(4) 
C(5) 
c(6) 
C(7) 
C(8) 
C(9) 
c(10) 
Ctll) 
C(12) 
C(13) 
c(14) 
Ct15) 
C(16) 
C(17) 
c(18) 
Ci19) 
C(20) 
C(21) 
C(22) 
c(23) 
C(24) 
C(25) 
c(26) 
c(27) 
C(28) 
C(29) 
C(30) 
C(31) 
C(32) 
cc331 
C(34) 
c(35) 
C(36) 
C(37) 
C(38) 
C(39) 
C(40) 
c(41) 
C(42) 
Ct43) 
C(44) 
cc451 
C(46) 
Cl(l) 
Cl(Z) 

4708100) 
397x31 

22Of4) 
2743(3) 

625(3) 
2938(3) 
2035(11) 
3369f13) 
4102(17) 
4632(18) 
4428(18) 
3690(18) 
315005) 
1948(13) 
1583(13) 
979(17) 
79006) 

1120(15) 
1698(14) 
-49(12) 
341(13) 

-218(14) 
- llOo(15) 
- 1471(14) 

- 93603) 
1402) 

- 32403) 
- 841(14) 
- 99706) 
- 654(15) 
- 12104) 
2568(12) 
2759(15) 
2457(17) 
201707) 
1871(17) 
210305) 
272702) 
319403) 
310605) 
254205) 
208605) 
2192(13) 
6212(13) 
633804) 
7010(16) 
6539(22) 
548806) 
5412(20) 
637426) 
669809) 
5329(25) 
5960(8) 
405ti9) 

30511(9) 
3204(3) 
48343) 
3942(3) 
3647(3) 
2869(3) 
3457(9) 
4919(10) 
5319(14) 
605505) 
640105) 
6074(14) 
5286(12) 
4176(11) 
4975(10) 
511803) 
4476(13) 
3662(12) 
351301) 
3084(10) 
2295(10) 
l&X27(12) 
2179(12) 
2957(12) 
344500) 
312500) 
363000) 
326702) 
240403) 
1905(12) 
2277(11) 
1758(9) 
139302) 
54904) 

9903) 
43504) 

129902) 
315OflO) 
263001) 
2876(12) 
361302) 
408702) 
3869(10) 
366602) 
283303) 
2222033 
2028(23) 
2510(22) 
332ti20) 
3942(26) 
4168(14) 
4458(27) 
3533(6) 
45OOt7) 

14635(6) 
2465(2) 
145Of2) 
2134(2) 
1455(2) 
1062(2) 
1520(7) 
1941(8) 
236900) 
2199(11) 
1646(11) 
1203(11) 
135X9) 
2811(8) 
2934(7) 
3499flO) 
3873(9) 
3774(9) 
3212(8) 
2091(7) 
226ti8) 
271 l(8) 
2992(9) 
284x8) 
2378(8) 

759(7) 
255(8) 

- 2748) 
- 298(9) 

210(9) 
752(8) 

1095(7) 
168Of9) 
178tXlO) 
1283(10) 
705(10) 
602(9) 
23ti7) 

- 22ti8) 
- 863(9) 
- 1012(9) 
- 576(9) 

748) 
1812(9) 
1917(9) 
150600) 
91904) 
672(11) 
57002) 
66801) 

1287(8) 
3989(19) 
4185(5) 
4244(5) 

369(5) 
42(2) 
47(2) 
34(2) 
300) 
32(l) 
26(5) 
40(4)’ 
72(6)’ 
82(7)’ 
85(7)’ 
84(7)’ 
60(5)’ 
45(5)’ 
40X4)’ 
71(6)’ 
67(6) 
5ti5)’ 
45(5)’ 
39(4)’ 
41(4)’ 
55(5)’ 
6Of5)’ 
54(5)’ 
43(5)’ 
37(4)’ 
42(4)’ 
56(5)’ 
646) 
60(5)’ 
48(5)’ 
33(4)’ 
58(5)’ 
77(6)’ 
73(6)’ 
75(6)’ 
58(5)’ 
33(4)’ 
45(5)’ 
58(5)’ 
5X5)’ 
58(5)’ 
42(4)’ 
54(8) 
57(8) 
75(9) 

16408) 
9502) 
9001) 

178(20) 
83(9) 

187(22) 
163(5) 
180(6) 

Estimated standard deviations are given in parentheses. Coordinates 
x 10” where n = 5 for Rh and 4 otherwise. Temperature parameters 
x 10” where n = 4 for Rh and 3 otherwise. Veq = the equivalent 
isotropic temperature parameter = l/3 &CjVijai*aj’(ai-ai). Primed 
values indicate that V, is given, where T = exp-(8rr2Vi, sin%/A*). 
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TABLE 4. Fractional atomic coordinates and temperature parame- 
ters for 4&l, [RhI,(‘BuNC),(C(PPh,XP(S)Ph,)*}l 

Atom X Y z u W 

Rhfl) 29440) 
I(11 
I(2) 
S(1) 
S(2) 
P(l) 
P(2) 
P(3) 
N(1) 
N(2) 
C(1) 
C(2) 
C(3) 
c(4) 
c(5) 
C(6) 
C(7) 
C(8) 
c(9) 
c(10) 
C(11) 
C(121 
Cfl3) 
Ct14) 
C(15) 
c(16) 
C(17) 
C(18) 
C(191 
c(20) 
cX21) 
C(22) 
Cc231 
Cc241 
C(25) 
c(26) 
Cc271 
CC281 
C(29) 
C(301 
CX31) 
Cc321 
cc331 
Cf341 
Cf351 
Cf36) 
C(37) 
C(381 
c(391 
C(40) 
c(41) 
Cc421 
Cf43) 
C&0 
c(45) 
C(46) 
cc471 

3768(l) 
3154(l) 
2228f4) 
1415W 
1906f4) 
2023(51 
2718(5) 

258(2) 
330(l) 
224(2) 
1400) 
14301 
10501 
640) 
6101 
990) 

1730) 
1950) 
18301 
1490) 
127(l) 
13901 
237(l) 
228(l) 
2520) 
28601 
2960) 
271(l) 
2040) 
234(l) 
2350) 
2060) 
17601 
1750) 
258(2) 
290(2) 
283(2) 
244(2) 
21 l(2) 
219(21 
31601 
3300) 
366(l) 
389(l) 
3750) 
33901 
273(21 
23Of2) 
262(3) 
243(4) 
189(4) 
316(2) 
354(2) 
393(31 
332(4) 
374f4) 

4148(l) 
4134(l) 
3503(l) 
4147(S) 
5422(5) 
4672(5) 
5493(51 
4702(4) 

332(2) 
4800) 
499f2) 
4410) 
416(l) 
3970) 
402(l) 
4270) 
44701 
5030) 
498(l) 
52401 
5550) 
560(l) 
53401 
5760) 
5680) 
589(l) 
618(l) 
626(l) 
605(l) 
59101 
5880) 
621(l) 
657(l) 
659(l) 
627(l) 
447(l) 
4200) 
402(l) 
4100) 
437(l) 
456(l) 
5100) 
53601 
5640) 
566(l) 
5400) 
5120) 
363(21 
3OOf2) 
280(3) 
257(4) 
315(4) 
457(2) 
503(2) 
522(3) 
541(4) 
48Ot4) 

2015(41 
2868f4) 

393f4) 
1183(16) 
394607) 
1828(15) 
333606) 
333603) 

351t51 
12f4) 

2745) 
243f4) 
347(41 
394(41 
339f4) 
236(4) 
188f4) 

56(3) 
- 52(3) 

- 149f3) 
- 138(31 

- 30(3) 
67(3) 

456(3) 
574(3) 
662f3) 
632(31 
513(3) 
425(31 
217(3) 
124(3) 

38(3) 
44(3) 

137(31 
223(3) 
485(3) 
536(31 
648(31 
708(3) 
657(3) 
546(3) 
36431 
268(3) 
280(3) 
387f3) 
483(3) 
471(3) 
306(6) 
408(4) 
498(8) 
329flOl 
432flO) 

92(6) 
- 77(5) 
- 42(9) 
- 9600) 

- 176(12) 

33f2) 
57(21 
58(2) 
48(6) 
7Ot8) 
41(6) 
48(7) 
28(6) 

8(21’ 
3(l)’ 
5(21’ 
70) 
70) 
7(l)’ 
7(l)’ 
701 
701 
50) 
50) 
5(l)’ 
50) 
50) 
5(l)’ 
60) 
till’ 
60) 
60) 
60)’ 
601 
7(l)’ 
7(l)’ 
701’ 
7(l)’ 
7(l)’ 
7(l)’ 
8(l)’ 
801’ 
8(l)’ 
80) 
80) 
80)’ 
301 
3(l)’ 
30)’ 
3(l)’ 
301 
301 
6(2)’ 
30)’ 

1 l(3)’ 
20(5)’ 
19f41’ 
7(2)’ 
5(2) 

15(4)’ 
19(5)’ 
21W’ 

would assume 2J(Rh-PA) > 3J(Rh-P,) and place PA at 
42.3 and Pa at 56.0 ppm. However, this assumption 
leads to a number of inconsistencies in other assign- 
ments and with literature comparisons. For example, 
all the complexes in Table 1 contain a non-coordinated 
P=S group which should be relatively little affected by 
changes in the metal and associated ligands. The Table 
shows that it is the resonances cu. 40 ppm which 
remain relatively constant whereas the low field reso- 
nances vary widely (56-67 ppm). We thus prefer to 
assign the cu. 40 ppm resonances to Pa and the lower 
field resonances to P& This makes 2J(Rh-PA) < 
3J(Rh-P,) but such coupling patterns are not uncom- 
mon in heteronuclear situations. Although some ambi- 
guity must remain, a number of other comparisons 
support our assignment: 

1. The NP,) values are similar to those for the P-S 
groups of CH,(PPh,XP(S)Ph,) (40.4 ppm) [271, 
CH(PPh,XP(S)Ph,), (43.5 ppm) 171, CH(P(S)Ph,), 
(41.9 ppm) [7], and the non-coordinated P=S groups of 
[PtCl(PEt,XC(P(S)Ph,),-S,S}l (42.3 ppm) [lo], and 
[Rh(codXC(P(S)Ph,),-P,S)] (42.3 ppm) DO], but 
markedly different from the shift of coordinated P=S in 
[Rh(codXCH(PPh,XP(S)Ph,)-P,S]] (54.2 ppm> 1281. 

2. S, and 2J(PA-Pc> for [Rh(codXC(PPh,XP(S)- 
Ph,),-P,S}I (56.0 ppm, 115 Hz) are comparable to the 
values in [Rh(codXCH(PPh,XP(S)PPh,)-P,S)I (54.2 
ppm, 121 Hz) [28]. Similarly, [PtCl(PEt,){C(PPh,)- 
(P(S)Ph,),-P,S}I (isomer 2(i): 53.2 ppm, 76 Hz; isomer 
2W 62.8 ppm, 110 Hz) may be compared with corre- 
sponding isomers of [PtCl(PEt3XCH(PPh2XP(s)Ph,)- 
P,S}] (cis isomer: 45.5 ppm, 81 Hz; truns isomer: 58.7 
ppm, 117 Hz) 1271. 

3. With reference to the relative magnitudes of 
‘J(M-P) and 3J(M-P), we note that ‘J(Rh-P) was too 
small to resolve in [Rh(codXC(PPh,XP(S)Ph,)-P,S}] 
and related complexes [28]. Moreover, the known 
‘J(Pt-PI values in the isomers of [PtCl(PEt,XCH- 
(PPh,XP(S)Ph,)-P,S)l (42 and 50 Hz) [27] are compa- 
rable to the J(Pt-PA) values for [PtCl(PEt,)- 
{C(PPh,XP(S)Ph,),-P,S)l (27 and 78 Hz) and much 
smaller than the J(Pt-Pa) values (225 and 197 Hz). 

Notes to Table 4: 
Estimated standard deviations are given in parentheses. Coordinates 
x 10” where n = 4 for Rh, I, S, P and 3 otherwise. Temperature 
parameters x 10” where n = 3 for Rh, I, S, P and 2 otherwise. 
C& = the equivalent isotropic temperature parameter = l/3 
~iCj~~jai’aj”(ai.aj). Primed values indicate that Ui, ,is given, where 
T = exp -(8n=‘Ui, sit&/AZ). 
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TABLE 5. Selected interatomic distances (A) 

la, [Rh(codXC(PPh,XP(S)Ph,),)1. CH,Cl, 4di), [RhI,(‘BuNC),(~PPh,W~S)Ph3] 

Rh(l)-C(x) 2.05 Rh(l)-I(1) 2.668(5) 
Rh(l)-C(y) 2.11 Rh(I)-I(2) 2.749(6) 
Rh(l)-S(1) 2.361(4) Rh(l)-S(1) 2.354(14) 
Rh(l)-P(3) 2.336(4) Rh(l)-P(3) 2.345(15) 
Rh(l)-C(38) 2.21(2) Rh(l)-C(38) 2.06(7) 
Rh(l)-C(39) 2.23(2) Rh(l)-C(43) 1 #x7) 
Rh(l)-C(42) 2.15(2) 
Rh(l)-C(43) 2.16(2) 
S(l)-P(1) 2.032(6) S(l)-P(1) 2.00(2) 
S(2)-P(2) 1.971(6) S(2)-P(2) 1.97(2) 
P(l)-c(1) 1.74(2) P(l)-C(1) 1.73(6) 
P(l)-C(2) 1.80(2) P(l)-c(2) 1.85(3) 
P(l)-C(8) 1.81(2) P(l)-C(8) 1.87(3) 
P(2)-c(1) 1.760) P(2)-C(1) 1.79(6) 
P(2)-c(14) 1.85(2) P(2)-C(14) 1.91(3) 
P(2)-C(20) 1.85(2) P(2)-C(20) 1.82(3) 
P(3)-C(1) 1.77(l) P(3)-(x) 1.82(6) 
P(3)-c(26) 1.84(2) P(3)-CX26) 1.90(4) 
P(3)-c(32) 1.83(2) P(3)-C(32) 1.83(3) 

N(l)-C(38) 1.16(7) 
N(l)-C(39) 1.44(7) 
N(2)-C(43) 1.23(7) 
N(2)-C(44) 1.42(6) 

C(x) and C(y) are the respective midpoints of the C(42)-C(43) and C(38)-c(39) double bonds. Estimated standard deviations are given in 
parentheses. 

For the platinum complexes in Table 1, the 31P 
spectra are somewhat complicated by the presence of 
‘95Pt sidebands (33.8% abundance). However, the sim- 
ple first order 195Pt spectra (doublet of doublets of 

doublets of doublets, 16 lines, for 2 and 8 line patterns 
for 3) provide important confirmation of the assign- 
ments. For both 2 and 3 the isomers are assigned on 
the basis of tram-influence, assuming that the smaller 

TABLE 6. Selected bond angles (“) 

la, [Rh(codK(PPh,XP(S)Ph&}l * CH&I, 4a(i), [RhI,(‘BuNC)&(PPhzXP(S)Ph&)l 

C(x)-Rh(l)-C(y) 
C(x)-Rh(l)-P(3) 

C(y)-Rh(l)-S(1) 

S(l)-Rh(l)-P(3) 

Ph(l)-S(l)-P(1) 
S(l)-P(l)-c(1) 
Rh(l)-P(3)-C(1) 

P(l)-(x)-P(2) 
P(l)-c(l)-P(3) 
P(2)-C(l)-P(3) 

87.1 
95.4 

89.1 

88.3(l) 

92.6(2) 
110.7(5) 
108.7(5) 

116.9(8) 
110.4(8) 
132.7(9) 

I(l)-Rh(l)-I(2) 
I(l)-Rh(l)-P(3) 
I(l)-Rh(l)-C(38) 
I(l)-Rh(l)-C(43) 
I(Z)-Rh(l)-S(1) 
I(2)-Rh(l)-C(38) 
I(2)-Rh(l)-C(43) 
S(l)-Rh(l)-P(3) 
S(l)-Rh(l)-Ct38) 
S(l)-Rh(l)-Ct43) 
P(3)-Rh(l)-C(38) 
P(3)-Rh(l)-CX43) 
Rh(l)-S(l)-P(1) 
S(l)-P(l)-c(1) 
Rh(l)-P(3)-C(1) 
C(38)-I-C(39) 
(X43)-N(2)-C(44) 
P(l)-C(l)-P(2) 
P(l)-C(l)-P(3) 
P(2)-c(l)-P(3) 

90.9(2) 
92.9(4) 
95(2) 
86(2) 
86.8(4) 
86(2) 
88(2) 
89.4(5) 
86(2) 
93(2) 
95(2) 
92(2) 

107.5(8) 
112(2) 
llo(2) 
165(6) 
168(5) 
119(3) 
115(3) 
124(3) 

C(x) and C(y) are the respective midpoints of the C(42)-C(43) and c(38)-C(39) double bonds. Estimated standard deviations are given in 
parentheses. 
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‘J(Pt-P) couplings are truns to Pt-P and Pt-C, bonds cyanide ligands in axial positions. The interbond angles 
respectively. within the octahedron all lie in the range 86-95”. 

3.3. X-Ray crystal structures Acknowledgments 
The atom labelling schemes and structures of single 

molecules of compounds la, [Rh(codXC(PPh,XP(S)- 
Ph,I,-P,S]I * CH,Cl,, and 4a(i), [RhI,(‘BuNCXC- 
(PPh,XP(S)Ph,),-P,S]]CIO, * CH,Cl, are shown as 
ORTJZP diagrams in Figs. 1 and 2 respectively. Unit cell 
and other parameters related to the crystal structure 
determinations are in Table 2. Fractional atomic coor- 
dinates and isotropic temperature parameters are given 
in Tables 3 and 4, and the most significant bond 
lengths and angles are collected in Tables 5 and 6. 
[30*]. 

We thank the Natural Sciences and Engineering 
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technical assistance in the crystal structure determina- 
tions, and Mrs C. Greenwood for recording NMR 
spectra. 
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