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bonylation of (3) is by no means facile, since several 
hours refluxing in ethanol under carbon monoxide does 
not take the reaction to completion. This is probably 
due to simple steric reasons, since the co-ordination 
sphere of (3) is already extremely crowded (see Figure 2). 

n 

FIGURE 2 Molecular structure of 
[Ru(SOCPh),(PMe,Ph)(dppe)].MeOH (3b) 

However, this does not explain why both isomers of the 
starting material are still present, in almost equal 
amounts, after the carbonylation reaction. The pre- 
sence of only one isomer of the carbonylated product 
suggests either that the two isomers of (3) are in dynamic 
equilibrium in refluxing ethanol, possibly by a solvent- 
assisted mechanism, so that selective carbonylation of 
one isomer will always leave an isomeric mixture of un- 
reacted starting material, or that the product is formed 
by the carbonylation of both isomers, followed by re- 
arrangement to give but one isomer of the product. 
The spectroscopic evidence cannot distinguish between 
these two possibilities. 

Crystal Structure of [Ru(SOCPh),(PMe,Ph) (dppe)]. 
MeOH (3b).-Details of the solution of the structure are 
given in the Experimental section, selected bond 
distances and angles are in Table 3, and a view of the 
molecule in Figure 2. Despite the poor resolution of the 
structure, reflected in the large standard deviations in 
both distances and angles, the basic geometry of the 
complex is clear. The co-ordination about the ruth- 

enium is distorted octahedral, with the largest deviation 
from ideal geometry arising from the small bite of the 
chelated monothiobenzoate ligand [S( 1)-O( 1) 2.54 A, 
S(1)-Ru-O(1) 67.0'1. The unco-ordinated oxygen atom 
of the unidentate monothiobenzoate group is hydrogen- 
bonded to a molecule of methanol solvate (0-0 ca. 3.0 
A). This interaction would account for the low value 
of the v(C0) mode in the i.r. spectrum assigned to the 
unidentate acid ligand. The ligand is slightly twisted 

TABLE 3 

Interatomic distances and angles for compound (3b), 
with estimated standard deviations in parentheses 

(a) Distances (A) 
Ru-P(1) 2.27(2) Ru-O( 1) 2.10(4) 
Ru-P( 2) 2.40 (2) Ru-S(2) 2.35(2) 
Ru-P(3) 2.33(2) Ru-0(2) 3.50(4) 
Ru-S(l) 2.47(2) 

(b)  Angles (") 
P( l)-Ru-P( 2) 84.6 ( 6) P (  2)-Ru-S( 2) 88.7(7) 
P(l)-Ru-P(3) 98.9(7) P(3)-Ru-S(1) 91.2(7) 
P( 1)-Ru-S( 1) 161.3(8) P(3)-Ru-O( 1) 95.2( 11) 
P(l)-Ru-O(l) 96.3(12) P(3)-Ru-S( 2) 87.3( 7) 
P( l)-Ru-S (2) 89.0 (8) S(1)-Ru-O(l) 67.0(12) 
P(2)-Ru-P(3) 174.6(8) S(l)-Ru-S(Z) 107.2(7) 
P(2)-Ru-S(1) 86.6(7) O(l)-Ru-S(2) 173.7(10) 
P( 2)-Ru-O( 1) 88.4( 7) 

from its preferred conformation [ Ru-S (2) -C (42) -0 (2) 
8'1 which would also be explained by the hydrogen bond, 
and the general steric crowding in the co-ordination 
sphere. 

The proposed mechanism of formation of (3) is shown 
in the first part of the Scheme. The difference between 
the behaviour of dppm and dppe in this reaction, with 
dppm being displaced from the complex by free PMe,Ph 
while dppe forms a stable chelate, is probably due to the 
difference in the bite of the two ligands. Dppm forms a 
strained four-membered ring on chelation in an octa- 
hedral or square-planar complex, and is known to have a 
preference for bridging rather than chelating co-ordin- 
ation in square-planar platinum(I1) complexes, in cir- 
cumstances where dppe readily ~ h e l a t e s . ~  In the 
present case, where bridging behaviour may be ruled out 
by steric factors, the dppm is simply displaced. 

Reaction. of [ R u ( S O C P ~ ) , ( P M ~ ~ P ~ ) ~ ]  (1) with PMe,Ph 
and of cis-[RuCl,(PMe,Ph),] with [NH,][SOCPh].-When 
compound (1) was treated in ethanol under reflux with 
an excess of dimethylphenylphosphine a yellow product 
was obtained which analysed well for [Ru(SOCPh),- 
(PMe,Ph),], and whose i.r. spectrum (Experimental 
section) indicated the presence of both bidentate and S- 
bonded unidentate monothiobenzoate groups. The 
reaction of cis-[RuCl,(PMe,Ph),] with [NH,] [SOCPh] in 
ethanol under reflux gave a product of identical formul- 
ation, and the IH and 31P-(1H) n.m.r. spectra of the two 
compounds confirmed that in each case a mixture of 
meridional isomers of [Ru(SOCPh),(PMe,Ph),] had been 
produced. 

The lH n.m.r. spectrum of the product in CDCl, (Table 
1) at  room temperature showed a 1 : 2 : 1 ' virtually 
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2512 J.C.S. Dalton 
coupled’ triplet * at 8 1.57 p.p.m. and on cooling to 
250 K an additional doublet appeared at  8 1.22 p.p.m. 
The patterns collapsed to singlets on irradiation at  fre- 
quencies equivalent to 31P chemical shifts of ca. 6 p.p.m. 
(triplet) and ca. 21 p.p.m. (doublet). At 220 K,  the 
31P-{1H) n.m.r. spectrum (which was poorly resolved at  
room temperature) (see Table 2) exhibited three AX, 
patterns with the A triplets occurring between 3 and 6 
p.p.m. in agreement with the decoupling frequencies 
found in the 1H-(31P) n.m.r. spectrum. Thus, the 
product consisted of a mixture of isomers, each contain- 
ing a meridional arrangement of phosphines, with the 
triplet in the l H  n.m.r. spectrum arising from the methyl 
groups of the trans phosphines. The relative intensities 
of the AX, patterns in the 31P-{lH) n.m.r. spectrum were 
approximately 1 : 3 : 4 in a freshly prepared solution (see 
Table 2). After storage for 3 d, the 31P-{1H) n.m.r. 
spectrum of the same solution exhibited only one AX, 
pattern, indicating slow isomerisation in solution to form 
the thermodynamically favoured isomer. A number of 
meridional isomers of [Ru(SOCPh),(PMe,Ph),] can be 
envisaged, and three (5a-c) are proposed to account for 

g\ I ,PR3 
PhC \s,i/*- 

O, /? 
PI?, CPh 

the observed spectra. An isomer such as (5c), with a 
unidentate monothiobenzoate group bonded through 
oxygen, is unlikely to occur in large amounts, and its 
characteristic v(C0) and v(CS) modesl-3 were not ob- 
served in the i.r. spectrum, but i t  may account for the 
weakest of the three AX, patterns. Isomers (5a) and 
(5b), both with a unidentate monothiobenzoate group 
bonded through sulphur, are proposed as the two major 
isomers, but there is no definite evidence as to which is 
the thermodynamically favoured form that predominates 
in aged solutions. However, comparison of the triplet 
chemical shifts in the 31P-(lH) n.m.r. spectrum (which 
arise from the unique phosphine trans to oxygen or 
sulphur) with the 31P chemical shift observed for the 

* A ‘ virtually coupled ’ 1 : 2 : 1 triplet arises in the spectra of 
complexes containing two equivalent methyl-bearing phosphines 
which are coupled such that IJ(PP’)I IJ(PH) + J(PH’)I. I t  
is usually characteristic of trans phosphines. 

major isomer of [Ru(SOCPh),(PMe,Ph),] (1) (in which the 
phosphines are trans to oxygen) suggests that the triplet 
a t  8 28.6 p.p.m. [cf. 39.0 p.p.m. for ( l ) ]  is more likely to 
arise from a phosphine t r a m  to oxygen than are those at  
6 20.6 or 18.1 p.p.m. Thus, it is suggested that the 
spectrum o f  the aged solution, with its triplet a t  6 20.6 
p.p.m., arises from isomer (5b). 

When cis-[RuCl,( PMe,Ph),] was shaken in benzene or 
methanol with [NH,][SOCPh] at  room temperature for 
short periods a bright yellow product, again analysing 
for [ R u ( S O C P ~ ) , ( P M ~ , P ~ ) ~ ] ,  was obtained. The i.r. 
spectrum was very similar to that of the product ob- 
tained in refluxing ethanol, but its l H  and 31P-{1H) 
n.m.r. spectra were quite different. In particular, the 
31P-{1H) n.m.r. spectrum (at 240 K) consisted of an 
ABX pattern in which all the coupling constants were of 
a size (ca. 30 Hz) typical of couplings between cis phos- 
phines attached to ruthenium(rr) (Table 2). A facial 

qMeZPh 

(6) 
arrangement of phosphines is proposed for this product 
(6). Here, one phosphine is trans to oxygen and can 
confidently be assigned the 31P chemical shift of 28.2 
p.p.m., while the two phosphines trans to sulphur are 
assigned the remaining shifts, which differ by only ca. 
4 p.p.m. and could not be distinguished in the 1H-{31P} 
decoupling experiments. Furthermore, on refluxing in 
ethanol, the facial isomer (6) was converted into the 
meridional isomer (5b). Thus, i t  seems that the facial 
isomer was formed first in either polar or non-polar 
solvents, then rearranged at  refluxing temperatures to 
give the thermodynamically preferred meridional form. 

However, when ci~-[RuCl,(PMe,Ph)~] was shaken in 
methanol with [NH4][SOCPh] for a few hours a product 
was isolated on addition of Na[BPh,] which analysed for 
[Ru(SOCPh) (PMe,Ph),][BPh,], and which gave an i.r. 
spectrum indicating only bidentate co-ordination of the 
monothiobenzoate ligand. The same cation was also 
o b t ain ed by t r ea t in g fac- [ Ru (SO C P h) , ( P M  e,P h) 3] with 
an excess of PMe,Ph in methanol. In its l H  n.m.r. 
spectrum in CDCl, at 300 K (Table 1) a ‘ virtually 
coupled ’ 1 : 2 : 1 triplet was observed at  6 1.21 p.p.m. 
and two doublets a t  6 1.60 and 1.86 p.p.m.; these pat- 
terns decoupled at  frequencies equivalent to 31P chemical 
shifts of ca. 1, 19, and 9 p.p.m. respectively. In the 
31P-{1H} n.m.r. spectrum a second-order A,BC pattern 
was observed (Table 2) and structure (7) is proposed for 
the cation, with the trans phosphines giving rise to the A 
resonance in the 31P-{1H) n.m.r. spectrum, and to the 
associated 1 : 2 : 1 triplet in the l H  n.m.r. spectrum. 
The B and C resonances, with their associated 1H n.m.r. 
doublets, arise from the two cis phosphines and, on the 
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basis of the reasoning outlined earlier, the resonance at  
6 19.7 p.p.ni. can be assigned to the phosphine trans to 
oxygen and that at  6 8.3 p.p.m. to the one trans to sulphur. 

l‘hus, it appears that reaction of cis-[RuCl,(PMe,Ph),] 
with an excess of [NN,][SOCPh] under mild conditions 
leads to displacement of the chloride ions and one PMe,- 
Pli ligand to gi1-e fac-[Ru(SOCPh),(PMe,Ph),] (6). In 

r PMe2Ph 1 + 

L PMezPh 

( 7 )  

polar media at ambient temperature in the presence of 
an excess o f  I’hIe,I’h, this reacts to give the [Ru(SOCPh)- 
(PMe,Ph),! cation ( i ) ,  whereas refluxing (6) in ethanol 
leads to formation of the thermodynamically preferred 
meridional isomer (5b). 

This reaction sequence is similar to that proposed 
earlier for the reactions of [RuCl,(PR,),] (n = 3 or 4) 
with various dithioacid ligands except that, in this 
instance, there is no evidence for the further rearrange- 
men t of [Ru( SOCPh) ,( PMe,Ph),] to [Ru( SOCPh) ,- 
(PMe,Ph),]. This is of course consistent with the 
reduced co-ordinating power towards RuII of oxygen 
compared to sulphur, coupled with the well known high 
affinity of PMe,Ph for RuI[.* In support of the latter 
statement, reaction of trans-[RuCl,(PMePh,),] with an 
excess of [NH,J[SOCYh] in ethanol under reflux gives an 
isomeric mixture of mer-[Ru(SOCPh),(PMePh,),] com- 
plexes together with a small amount of cis-[Ru(SOCPh),- 
(PMePh,),] (Tables 1 and 2). 

Finally, the inability to form [Ru(SOCPh),(PMe,Ph),] 
with two S-bonded -SOCPh groups {cf. [Ru(SOCPh),- 
(PMe,Ph),L,] (1, = CO, NH,, or NH,Et; L, = 2,2’- 
bipyritlyl or 1 ,  10-phenanthroline),1~2 either by reaction 
of cis-[ KuCl,( PMe,Ph),] with -SOCPh or of [Ru(SOCPh),- 
(PMe21’h),] with PMe,Ph, must be mainly attributable 
to adverse steric constraints. 

E X  PE R I M  E S T A 1- 

Microanalyses were by the University of Edinburgh 
Chemistry 1 kpartment. Molecular weights were deter- 
mined on a Mechrolab vapour-pressure osmometer (model 
301A) calibrated with benzil. Infrared spectra were 
recorded in the range 250-4 000 cm-l on a Perkin-Elmer 
557 grating spectrometer using Nujol and hexachlorobut- 
adiene niulls on caesium iodide plates. Hydrogen-1 n.m.r. 
spectra werc obtained on a Varian Associates HA100 
spectrometer equipped with a variable-temperature probe, 
and heteronnclear decoupling experiments were carried out 
using a second radiofrequency field provided by the 
Schlumbergcr €5 .30  frequency synthesiser. Proton noise- 
clecoupled 3*1 ’  11 n1.r. spectra were recorded on a Varian XI,- 
100 spectroinc>ter operating in the pulse and Fourier- 
transform niotles a t  40.5 MHz (31P chemicals shifts quoted 
to high frequency of 85% H,PO,). Melting points were 

deterniined with a Kofler hot-stage microscope and are un- 
corrected. 

Crystal-structure Determination of (3b) .--Crystal data. 
C4,H4,03P3KuS,, M = 944.0, lriclinic, a = 10.01(1), 
b = 14.70(1), c = 18.52(1) A, a = 75.2(3), p = 83.6(3), 
y = 73.5(3)”, U = 2 524 Hi3, D, = 1.27, 2 = 2, D, = 1.24g 
cm3,  Cu-K, radiation, h = 1.541 8 A, ~(CU-K, )  = 45.2 
cm-1, space group Pi. Only small, poorly diffracting 
crystals were obtained. Cell dimensions were estimated 
from ll’eissenberg and precession photographs, and a 
crystal was mounted about the c axis for data collection 
on a Stadi-2 two-circle diffractometer. One unique set 
of data was collected to a resolution of 1.2 A ;  1 274 
of the 1 640 measured data had I > 3 4 4 ,  and the 
solution and refinement of the structure were based on 
these. S o  measurable intensities were obtained a t  high 
resolution. No absorption corrections were made. The 
solution was obtained by the heavy-atom method, the 
position of the ruthenium atom having been determined 
from a I’atterson synthesis. The other atoms were found 
in successive electron-density syntheses. The low resolu- 
tion made i t  inipossible to  define single atoms of the phenyl 
rings, so these were refined as rigid groups with C-C 1.40 A. 
Hydrogen atoms were not included in the refinement. 
Individual isotropic thermal parameters were included for 
all C and 0 atoms, and anisotropic parameters for 1x11, S, 
and P. At convergence (unit weights), R = 0.15. Posi- 
tional and thermal parameters and observed and calculated 
structure factors are deposited as Supplementary Publication 
No. S U P  23137 (1 1 pp.) ,* Crystallographic calculations 
made use of the ‘ X-Ray ’ system of p ~ o g r a m s . ~  

Ruthenium(II1) trichloride trihydrate (Johnson Matthey 
Ltd.), carbon monoxide (Air Products), dimethylphenyl- 
phosphine and methyldiphenylphosphine (Maybridge 
Chemical Company), and sodium tetraphenylbora te 
(B.D.H.) were obtained as indicated. The compounds 
[ R U ( S O C P ~ ) , ( P M ~ , P ~ ) , ] , ~  cis-[RuC1,(PMe,Ph)4],10 and 
trans-[R~iCI,(PMePh,)~] l1 were prepared as described 
earlier. Bis(dipheny1phosphino)methane was obtained by 
the method of Issleib and Miiller l2 and l,Z-bis(diphenyl- 
phosphino)ethane by the method of Chatt and Hart.13 

All the solutions were degassed before use and reactions 
were carried out under a nitrogen atmosphere. Hydrogen-1 
n.m.r. data are given in Table 1 and 31P-{1H} n.m r.  data in 
Table 2. 

rutheniu~n(~r)-Bis(diphen~l~lzos~J~ino)methane.--l’ l ie com- 
pounds [Ru(SOCPh),(PMe,Ph),] (0.10 g) and Ph,PCH,PPh2 
(0.06 g) were refluxed in ethanol (50 cm3) for 2 h. The 
volume of the solution was reduced and on cooling the 
yellow product was filtered off and recrystallised from 
ethanol (0.06 g, 38yo), 1n.p. 119-122 “C (Found: C, 65.6; 
H,  5.2. Calc. for C63H6,0,P,RuS,: C, 64.4; H ,  5.5’3;). 
&lull i.r. spectrum: v(C0) a t  1 530-1 560, v(CS) a t  930 and 
960 cn- l .  

[ 1,2 - Bis (dip h eny lph osp h ino) ethane] (dinae t hy lplz enjllp 11 os - 
Chine) bis(monot1iiobenzoato) ruthenium( II)-MethanoZ (1  / 1) ,-- 
The compounds [Ru(SOCPh),(PMe,Ph),] (0.10 g) and Ph,- 
PC,H4PPh, (0.60 g) were refluxed in ethanol (50 cm3) for 
2 11. The volume of the solution was reduced and on cooling 
the yellow-brown product was filtered off and recrystallised 
from methanol (0.10 g, 73O/,), n1.p. 107-109 “C (decomp.) 
[Found: C, 63.9; H, 5.1:$; M(acetone) 896. Calc. for 

* For details see Notices to Authors No. 7, J .  Chem. SOC., 
Dalton Trans., 1980, Index issue. 

Tris (dimetl~ylphenylphosfiJLine) bis (monothiobenzonto) - 
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2514 J.C.S. Dalton 
C4,H,,03P3RuS,: C, 62.3; H, 5.2%; M 9431. Mull i.r. 
spectrum: v(C0) at 1545 and 1460 cm-l; v(CS) obscured 
by dppe ligand vibrations. 

ruthenium(I1) .-Meridional isomers. The compound cis- 
[RuCl,(PMe,Ph),] (0.10 g) was refluxed in ethanol (50 om3) 
with [NH,][SOCPh] (0.10 g) for 2 h. The solution was 
filtered hot t o  remove [NH,]Cl, then the volume was 
reduced, and on cooling the orange product was filtered off 
(0.08 g, 76y0), m.p. 176-179 "C (Found: C, 58.0; H,  5.6. 
Calc. for C38H430,P3RuS,: C, 57.8; H I  5 . 5 % ) .  Mull i.r. 
spectrum: v(C0) at 1 575 and 1 540, v(CS) at 960 and 930 
cm-l. 

The same complex was also prepared by reffuxing [Ru- 
(SOCPh),(PMe,Ph),] (0.10 g) in ethanol with PMe,Ph 
(0.10 g) for 2 h, filtering, reducing the volume, and cooling. 

Facial isomer. The compound cis-[RuCl,(PMe,Ph),] 
(0.10 g) was shaken in benzene (20 cm3) with [NH,][SOCPh] 
(0.10 g) a t  room temperature for 30 min. The solution was 
filtered and the volume reduced, then after standing for 3 h 
the yellow product was filtered off (0.07 g ,  68y0), m.p. 156- 
159 "C (Found: C, 57.1; H, 5.8. Calc. for C38H,30,P3Ru- 
S,: C, 57.8; H, 5 . 5 % ) .  Mull i.r. spectrum: v(C0) at 
1 585 and 1 550, v(CS) a t  965 and 932 cm-l. The complex 
was converted into the meridional isomer (5b) on refluxing 
in ethanol for 1 11. 

ruthenium(I1) Tetrapheny1borate.-The compound cis-[Ru- 
Cl,(PMe,Ph),] (0.10 g) was shaken in methanol (20 cm3) 
with [NH,][SCOPh] (0.10 g)  for 30 min a t  room temper- 
ature, then Na[BPh,] (0.05 g)  was added and the solution 
allowed to  stand for 4 h, when the pale yellow product was 
filtered off (0.08 g, 57%), m.p. 160-163 "C (Found: C, 
68.1; H,  6.2. Calc. for C,,H,,BOP,RuS: C, 68.2; H, 
6.2%). Mull i.r. spectrum: v(C0) at 1490, v(CS) at 956 
cm-l. 

ruthenium( 11) (Meridional Isomers) .-The compound trans- 

Tris(dimethylpheny1phosphine) bis(monothiobenzoato) - 

Tetrakis (dimethyl~henyl~laosphine) (monothiobenzoato) - 

Tris( methyldiphenylphosphine) bis(monothiobenzoato) - 

[RuCl,(PMePh,),] (0.10 g) was refluxed in ethanol (50 cm3) 
with [NH,][SCOPh] (0.10 g) for 2 h. The solution was 
filtered hot and the volume was reduced. On cooling, the 
orange product was filtered off (0.08 g, 81y0), m.p. 98-100 
"C (Found: C, 65.2; H, 5.1. Calc. for C,,H,,O,P,RuS,: 
C, 65.2; H, 5 .0%) .  Mull i.r. spectrum: v(C0) a t  1 550 and 
1 480, v(CS) a t  960 and 925 cm-l. N.m.r. studies (Tables 1 
and 2) show that a small amount of cis-[Ru(SOCPh),- 
(PMePh,) ,] is also present. 

We thank Johnson Matthey Ltd. for loans of ruthenium 
trichloride, the S.R.C. for support (to M. A. T.), Dr.,A. S. F. 
Boyd for obtaining the 31P n.m.r. spectra, and' Dr. P. 
Murray-Rust of Stirling University for the use of his 
diffractometer . 

[ 11844 Received, 27th May,  19811 
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