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Abstract 

The isoelectronic complexes [ ( r /6-C6H6)Ru(Ph2PPy)CI2]  (1) and [(r/5-CsMes)Rh(Ph2PPy)CI2] (3) in which 2-(diphenylphos- 
phino)pyridine (Ph2PPy) is P-monodentate, have been obtained by treating the complexes [{(r/6-C6H6)RuCI2}2], and  [{(.,/5_ 
C5M%)RhCI2}e], respectively, with Ph2PPy in the molar ratio 1 : 1. Coordination of the pyridine nitrogen atom to metal in 1 and 
3 has been achieved by removing one chloride with AgPF 6. By this route the cationic complexes [(r /6-C6H6)Ru(Ph2PPy)CI]PF6 
(2) and [(r/5-CsMe5)Rh(PhzPPy)CI]PF6 (4) in which the PhzPPy is chelating, have been obtained. The reaction of [(.q6_ 
C6H6)Ru(Ph2PPy)CI 2] (1) with cis-[Pt(DMSO)2C12] in CH2C12 gives the ionic binuclear complex [('q6-C6H6)Ru(PhzPPy)(/z- 
CI)Pt(DMSO)CI2]CI (5a) which was also obtained as the [PF6]- salt, 5b. IR, 1H and 31p{1H} NMR spectra support structures for 
5a and 5b with the PhaPPy chelated to ruthenium(II) and a chloride bridging to platinum(II). The DMSO is S-bonded and the 
geometry at platinum(II) is cis. Upon attempted reaction of 1 with cis-[pd(tBuNC):C12] in CHzC12 at room temperature, the 
reagents were recovered unchanged after 7 h. The reactions of [(@-CsMes)Rh(Ph2PPy)C12] (3) with c/s-[pd(tBuNC)2Cl2] and 
cis-[Pt(DMSO)2CI 2] afford the known c/s-[pd(tBuNC)(Ph2PPy)CI2] and cis-[Pt(DMSO)(Ph2PPy)CI2], together with [{(@- 
CsMes)RhClz}z]. The reaction of [{(CsHI2)RuCI2} n] with [(-qS-CsHs)Rh(COXPh2PPy)] in CH2C12 in the molar ratio 1 : 1, is 
very complex. We have separated [(CsH12)RuCl((/z-CI)(/z-Ph2PPy)Rh(r/5-CsHs)] (6) by chromatography column. The bridging 
Ph2PPy is P-bonded to the rhodium(I). On allowing CH2C12 solution of 6 to stand, crystals of the rhodium(III) complex 
[(@-CsHs)RhCI2(Ph2PPy)] (7) are formed. Probably a very slow intramolecular redox process involving the RuII-Rh I species 6 
is responsible of the formation of 7. In the complex, the 2-(diphenylphosphino)pyridine is monodentate, coordinating through 
phosphorus. 

Keywords: Ruthenium; Platinum; Rhodium; Binuclear complexes; X-ray structure; Bridging ligand 

I.  Introduct ion  

The chemistry of metal  complexes containing bridg- 
ing short bite ligands such as bis(diphenylphosphino) 
methane [1] (dppm) and 2-(diphenylphosphino)-pyri- 
dine [2] (Ph2PPy) has been widely developed in recent 
years. In particular, dppm and Ph2PPy A-frame com- 
plexes [3] with halides, hydride, CH2, CO, S, SO2, or a 
Group 11 metal  as bridging group have received con- 
siderable attention. 

* Corresponding author. 
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Recently we have been interested [4] in the synthe- 
sis, structural characterization, and reactivity of d 8 - d 8 
homo- and hetero-binuclear complexes in which the 
metals are held together by only one short-bite bridg- 
ing Ph2PPy. 

We have a t tempted  the preparat ion of these com- 
pounds using a bridge-assisted method in which the 
uncoordinated pyridine nitrogen atom of a mononu- 
clear complex, containing monodenta te  P-bonded 
PhePPy as ligand, displaces a labile ligand from an- 
other  metal  to give a binuclear species. 

However, this synthetic route was some times unsuc- 
cessful and only the transfer of the Ph2PPy from one 
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metal to another  was achieved. For example [5], treat- 
ment of [Pd{CH2C(CH3)CHz}(Ph2PPy)CI], in which 
the PhzPPy is monodentate  P-bonded with cis-[Pd- 
(tBuNC)2C12] in CH2C12 affords the mixed isocyanide- 
tertiary phosphine complex cis-[pd(tBuNC)(Ph2PPy)- 
C12] and [{Pd{CH2C(CH3)CH2}C1}2 ]. In this paper we 
report our attempts to synthesize unsymmetrical het- 
ero-binuclear complexes containing bridging PhePPy, 
starting from [(r/6-C6H6)Ru(Ph2PPy)C12] and [(@-C s- 
Mes)Rh(Ph2PPy) C12] isoelectronic complexes in which 
the Ph2PPy is monodentate  P-bonded. The reaction of 
[{(CsHlz)RuCI2} n] with [(r/S-CsHs)Rh(COXPh2PPy)] 
and the crystal and molecular structure of [(r/5-CsHs) - 
Rh(Ph2PPy)C12] are also discussed. 

2. Results and discussion 

2.1. Preparation o f  [(~lO-C6Ho)Ru(Ph2PPy)Cl2] (1) and 
[(~TS-CsMes)Rh(Ph2PPy)Cl2] (3) and of  the corre- 
sponding cationic complexes [(~76-C6Ho)Ru(Ph2PPy) - 
Cl]PF 6 (2) and [(@-CsMes)Rh(Ph2PPy)CI]PF 6 (4) 

Treatment  of  [{('r/6-C6H6)RuC12}2] with 2 equiva- 
lents of PhzPPy in benzene suspension led to [(~76- 
C6H6)Ru(PhzPPy)CI 2] (1) as a red brown solid, solu- 
ble in chlorinated solvents and moderately soluble in 
benzene. 

The compound was non-conducting in benzene, as 
expected for a structure in which the C6H 6 is "r/6-coor - 
dinated and the PhzPPy is P-monodentate.  In accord 
with this, the 1H NMR spectrum in CDC13 showed the 
resonance of C6H 6 as a doublet at 8 5.57 ppm (JPtt = 
0.648 Hz) and a distinct resonance at ~ 8.82 ppm for 
the 6-hydrogen of the pyridine ring, as usual when the 
PhzPPy acts as monodentate  P-bonded. This reso- 
nance is further shifted to higher frequency by the 
coordination of the pyridine nitrogen atom [4c]. The 
31p{~H} NMR spectrum in CDC13 solution showed a 
singlet at 6 25.87 ppm indicating P-coordination of 
PhzPPy. The  7/6-C6H6 chemical shift and JPtt com- 
pare  well with the values reported for r/6-C6H6-tertiary 
phosphine complexes of ruthenium(II) [6]. 

Coordination of the pyridine nitrogen atom to 
ruthenium(II) in 1 has been achieved by removing one 
chloride with silver ion. Treating 1 with AgPF 6 in the 
molar ratio 1:1 in CHzC12 solution resulted in the 
precipitation of AgC1 and formation of the cationic 
complex [(,q6-C6H6)Ru(PhzPPy)CI]PF 6 (2). 

The chelation was supported by analytical, conduc- 
tivity and spectroscopic 3~p{1H} NMR data. A signal at 

-18 .30  ppm supports the presence of chelating 
PhzPPy, consistent with the large shielding usually 
found for phosphorus atoms coordinated in a four- 
membered ring [7]. For example, a difference of about 
54 ppm was found in [Ru(Ph2PPY)3C1]C1 between 

chelated and rl~-P-coordinated Ph2PPy [4f]. In the 1H 
NMR spectrum in CDC13 solution, the C6H 6 reso- 
nance was shifted to ~ 5.84 ppm. 

By reaction of [(@-CsMes)RhC12] 2 with Ph2PPy 
(molar ratio 1 : 2) in dichloromethane at room tempera- 
ture [(@-CsMes)Rh(Ph2PPy)C12] (3) containing mon- 
odentate P-bonded Ph2PPy, was formed as a red solid. 
This was non-conducting in methanol solution, and 
soluble in chlorinated solvents and, to a minor extent, 
in benzene. The 1H and 31p{1H} NMR spectra support 
the structure proposed. The phosphorus resonance ap- 
peared as doublet at ~ 28.85 p p m  (JRhH = 143.6 Hz) 
and the l H NMR spectrum showed a methyl resonance 
at 6 1.41 ppm (JPH = 3.46 Hz) and the 6-hydrogen of 
the pyridine ring at 6 8.86 ppm, as expected for a 
structure with an uncoordinated pyridine nitrogen atom 
of Ph2PPy. The X-ray molecular and crystal structure 
of the compound [(@-CsHs)Rh(Ph 2 PPy)C12], identical 
to 3 and obtained in a slow rearrangement process of 
the compound [(CsH ~2)RuCl(/x-Cl)(/x-Ph2 PPy)Rh(r/5- 
CsHs)], 6, is below reported. 

The addition of AgPF 6 in the molar ratio 1:1 to a 
CH2C12 solution of 3 caused AgC1 to precipitate and 
to an orange solution, giving [(@-CeMes)Rh(Ph2PPy)- 
C1]PF 6 (4) as an orange solid. Conductivity measure- 
ments in methanol solution (5 x 10 4-10 -4  M) indi- 
cated that 4 is a 1 : 1 electrolyte. ~H and 3~p{1H} NMR 
spectra supported the formulation of 4 as a Ph2PPy 
chelating species; The phosphorus resonance at 
-12 .0  ppm (JRhP = 116.1 Hz) was shifted to higher 
field, with the large shielding usually found for phos- 
phorus atoms coordinated to a metal in a four-mem- 
bered ring [7] and the 6-hydrogen of the pyridine ring 
resonance is shifted to higher frequency compared to 3 
(8 8.86 ppm for 3 and /~ 9.0 ppm for 4). The resonance 
of the @-CsMe 5 methyl group appears as a doublet at 

1.63 ppm (Jm~ = 4.7 Hz). 

2.2. Reactions in which 1 and 3 act as ligands 

In the complexes 1 and 3 the pyridine nitrogen atom 
of the Ph2PPy is uncoordinated and hence it should 
act as donor towards coordinatively unsaturated met- 
als. This bridge-assisted synthetic strategy is very well 
established [8] and was successfully used by us in the 
synthesis of binuclear complexes with Ph2PPy bridge 
[4]. The access to binuclear complexes by this synthetic 
strategy was sometimes frustrated because transfer of 
the coordinated PhzPPy from one metal to another 
occurs. This has been achieved in the reaction of 
[Pd{CH2C(CH3)CH2}(Ph2PPy)C1] with cis-[pd(tBu - 
NC)2C12] in which cis [pd(tBuNC)2(Ph2PPy)C1] and 
[{Pd{CH 2C(CH 3)CH 2}CI}2] are formed [5]. Besides the 
mononuclear complexes, [Pd{CH2C(CH3)CH2}(Ph 2- 
PPy)CI] and cis-[Pd(DMSO)(PhzPPy)C12] (DMSO = 
dimethytsulfoxide) together with [{Rh(COD)(/x-CI)} 2] 
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have been obtained from the reactions of [Rh(COD)- 
(PhzPPy)C1] with [Pd{CH2C(CH3)CH2}C12] or cis- 
[Pd(DMSO)2C12], respectively [4b]. In all the mononu- 
clear complexes reported here as reagents or products, 
the PhzPPy acts as monodentate  P-donor. 

The steric requirements of the Ph2PPy when it 
bridges have been considered responsible for the course 
of these reactions and they are extremely important 
when the metals are square planar. 

It is well known that, owing to its rigidity and small 
bite angle, the bridging coordination of the Ph2PPy to 
d 8 square planar metals requires small ligands such as 
CO, halides, and CNCH 3 c/s to the P atom [lb,9]. 

In this paper, the possibility of synthesizing unsym- 
metrical Ph2PPy-bridged heterobinuclear complexes 
starting from the pseudo-tetrahedral species [(T~6-C6 - 

H6)Ru(PhzPPy)C12] and [(~75-CsMes)Rh(PhzPPy)C12] 
with monodentate  P-donor Ph2PPy was considered. 
We tested the reactions of these species with the d s 
square-planar complexes having labile ligands, cis- 
[Pt(DMSO)2CI2] and cis-[pd(tBuNC)2C12] to compare 
analogous reactions. 

The reaction of [('q6-C6H6)Ru(Ph2PPy)CI 2] (1)with 
cis-[Pt(DMSO)2CI 2] in dichloromethane at room tem- 
perature afforded a green compound, conducting in 
acetone and methanol solution (10 -4 M) as a 1:1 
electrolyte. Analytical and spectroscopic data support 
its formulation as the ionic binuclear complex [(@- 
C6 H 6)Ru(Ph 2 PPy)(/x-C1)Pt(DMSO)C12 ]C1 (Sa). 

@ ...o,,,,p ~) CI,, ... / 1  

Treating 5a with AgPF 6 in the molar ratio 1 : 1 gave 
the corresponding [PF6]- salt, 5b. The 31p{lH} NMR 
spectrum of 5a in CDC13 solution, showed a singlet at 
6 -18 .03  ppm, indicating that Ph2PPy was chelated. 
The 31p chemical shift has a value very similar to that 
found for 2. The lack of plat inum-phosphorus cou- 
pling confirms that the R u - P  bond was retained. In 
the ~H NMR spectrum in CDCI 3 solution resonances 
at 6 6.04 and 3.42 ppm in the ratio 1:1 are observed 
for the .76-C6H6 and DMSO. The value of JPtH of the 
DMSO methyl groups was 18.60 Hz. The NMR spectra 
of 5b are very similar to those of 5a. The IR spectrum 
of 5a showed UPtCl at 341 and 308 cm- l ,  which sup- 
ports a cis geometry at platinum. The DMSO was 
S-bonded to platinum, as shown by Uso at 1129 cm - l .  
Probably the reaction proceeded via the ionic interme- 
diate [(~76-C6H6)Ru(PhzPPy)C1][Pt(DMSO)CI3]. The 
formation of [Pt(DMSO)C13]- from the reaction of 

cis-[Pt(DMSO)2CI 2] with KCI was previously described 
[10]. 

Upon attempted reaction of 1 with cis-[Pd(tBuNC)2 - 
C12] in dichloromethane solution at room temperature,  
the reagents were recovered unchanged after 7 h. 

The reactions of [(@-CsM%)Rh(Ph2PPy)CI 2] (3) 
with cis-[pd(tBuNC)2C12] and cis-[Pt(DMSO)2C12] af- 
forded the known cis-[pd(tBuNC)(Ph2PPy)Cl2] [5] and 
cis-[Pt(DMSO)(Ph2PPy)CI 2] together with [{(@-C 5- 
M%)RhCI2}2]. Probably the reactions proceeded by 
formation of binuclear intermediates containing bridg- 
ing Ph2PPy. The structures were then disrupted to give 
the mononuclear species isolated. 

Both cis-[pd(tBuNC)2C12] and cis-[Pt(DMSO)2C12] 
react with [(@-CsHs)Rh(Ph2PPy)(CO)] to give the 
binuclear complexes [(@-CsHs)(tBuNC)Rh(/x-Ph2 - 
PPy)Pd( t BuNC)C1] + and [( -q 5-C 5H 5 )RhCI(/~-Ph 2PPy) - 
Pt(CO)C1], respectively. The latter reaction product is 
a R h n - p t  I species and was formed in a process for- 
mally involving the oxidative addition of a d 8 platinum 
species to a rhodium(I) [4c]. 

In order to form a binuclear R u - R h  complex, we 
have at tempted the reaction of [(@-CsHs)Rh(CO)- 
(Ph2PPy)] with [{(CsHiz)Ru-Cl2} n] in the molar ratio 
1 : 1 in dichloromethane. From monitoring the reaction 
by IR and 31 p{lH} NMR spectroscopy, it was clear that 
several steps occurred. Initially the reaction was very 
slow and the IR and 3~p{~H} NMR spectra remained 
unchanged for some hours. Subsequently, Uco at 1942 
cm -1 disappeared while the 31p{IH} NMR spectrum 
showed a new doublet at ¢3 47.80 ( J R h P  = 182.42 Hz). 
After a long time, new doublets are observed in the 
31 p{~ H} NMR spectra. The reaction was stopped when 
there remained only the species with the doublet at 6 
47.80 ppm in the 31p{1H}NM R spectrum together with 
small amounts of free Ph2P(O)Py. The reaction mix- 
ture was filtered and the green solution was trans- 
ferred to a chromatography column of aluminum oxide 
saturated with CH2CI 2. A green band, eluted with 
methanol, gave [(C8H 12)RuCl(/x-Ph 2PPy)(/x-C1)Rh(r/5- 
C5H5)] (6). 

This is a green solid, non-conducting in methanol, 
and soluble in chlorinated solvents and benzene. The 
structure proposed was supported by spectroscopic 
data. The doublet at 6 47.80 ppm (JRhP = 182.42 Hz) 
observed in the 31p{IH} NMR spectrum in CDCI 3 
solution is consistent with a R h - P  bond and bridging 
Ph2PPy. The lack of a carbonyl stretching frequency in 
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the IR spectrum indicates that CO was released and 
that one chloride is bridging. In the 1H NMR spectrum 
in CDC13 solution, the r/5-CsH5 resonance was ob- 
served at t5 5.74 ppm, but the CsHle resonance was 
broad. 

On standing for a long time, a dichloromethane 
solution of 6 surprisingly gave crystals of [(r/5-CsHs) - 
RhC12(PhzPPy)] (7). Thus a very slow intramolecular 
redox process in the species 6 occurred. This produced 
the rhodium (III) compound 7 and probably a ruthe- 
nium(0) species which was not isolated. Several in- 
tramolecular redox process promoted by bridging Ph e- 
PPy have been reported [4b,4g,11]. 

2.3. Crystal structure of  [(~7~-CsHs)RhClz(Ph 2 PPy)] (7) 

The asymmetric unit of the cell contains one dis- 
crete molecule of the complex (Fig. 1) which is consti- 
tuted of one Rh m atom coordinated to two chlorines, 
one 2-(diphenylphosphino)pyridine via the P atom and 
to one cyclopentadienyl ring by an r/S-interaction. Con- 
sidering CsHs-ring as a single coordination centre rep- 
resented by its centroid, the rhodium coordination 
might be described as very distorted tetrahedral (see 
Table 2). The deformation from the regular arrange- 
ment is mainly due to the significant bulk of the 
cyclopentadienyl moiety which forces the other three 
ligands on the same coordination side to close their 
interligand angles to ca. 90 ° while the corresponding 
angles with the Cp-centroid are enlarged more than 
120 ° . Similar geometry and values are observed for 

Table 1 
Fractional atomic coordinates (×  104) and equivalent isotropic dis- 
placement parameter (~2 × 103) for non-hydrogen atoms with e.s.d.s 
in parentheses; X represents the centroid of the cyclopentadienyl 
ring 

x y 2 Ue q a 

Rh 2548(1) 1686(1) -992(1) 26(1) 
CI(1) 4932(1) 1851(1) -2366(1) 38(1) 
C1(2) 2724(1) -432(1) - 1647(1) 40(1) 
C(1) 2500(4) 2958(3) 266(3) 46(1) 
C(2) 1012(4) 2906(3) 368(3) 44(1) 
C(3) 936(4) 1492(3) 766(3) 43(1) 
C(4) 2371(4) 686(3) 968(3) 45(1) 
C(5) 3334(4) 1573(4) 670(3) 46(1) 
P 1432(1) 3060(1) -2553(1) 26(1) 
C(l l )  -620(3) 3752(3) -2102(2) 28(1) 
C(12) - 1348(3) 5050(3) -2664(3) 35(1) 
C(13) -2917(4) 5487(3) -2379(3) 42(1) 
C(14) -3759(4) 4650(4) - 1547(3) 47(1) 
C(15) -3040(3) 3368(3) -958(3) 47(1) 
C(16) - 1482(3) 2928(3) - 1242(3) 39(1) 
C(21) 2125(3) 4641(3) -3156(3) 30(1) 
N(22) 2039(3) 5330(3) -2271(3) 45(1) 
C(23) 2538(4) 6501(3) -2635(4) 56(2) 
C(24) 3100(4) 7006(4) -3826(4) 61(2) 
C(25) 3182(4) 6295(4) -4729(4) 60(2) 
C(26) 2669(4) 5092(3) -4387(3) 43(1) 
C(31) 1692(3) 2256(3) -3885(2) 31(1) 
C(32) 470(4) 2139(3) -4220(3) 45(1) 
C(33) 703(5) 1487(4) -5215(3) 57(2) 
C(34) 2142(4) 942(3) -5859(3) 51(2) 
C(35) 3354(4) 1073(3) -5551(3) 47(1) 
C(36) 3149(4) 1711(3) -4555(3) 40(1) 
X 2031(4) 1923(3) 608(3) 

a Equivalent isotropic U defined as one-third of the trace of the 
orthogonalized U,V tensor. 

~ 4~ 

C12~ 51 

Fig. 1. Perspective view of the molecular unit showing the numbering 
scheme. Thermal ellipsoids are shown at 50% of probability while 
hydrogen size is arbitrary. The r/5-interaction of the Rh atom with 
the cyclopentadienyl is represented by one dashed bond with the ring 
centroid for clarity. 

analogous complexes of the RuCI(r/S-CsHs) moiety 
with triphenylphosphine derivatives [12-14]. 

The two Rh-CI  bonds are not significantly different 
and the average length, 2.391(1)A, is consistent with 
the value reported for the tetrahedral complexes of 
rhodium. The distances between the rhodium and the 
cyclopentadienyl carbon atoms range from 2.141 to 
2.223 ,~ with a mean value of 2.178(4) ,~ and a Rh- 
centroid separation of 1.815(3) A. These distances of 
the CsHs-ring from the tetrahedral Rh atom are 
shorter than the corresponding values observed in 
complexes of the RuCI(r/5-CsHs) and Rh(r/S-CsHs) 
moieties linked to triphenylphosphine derivatives. The 
shortening might depend on the presence of two coor- 
dinated chlorine atoms in the coordination shell. They 
are small and could be pack better  on one side of the 
metal. This is further supported by the R h - P  bond 
length of 2.308(2) .~, significantl~¢ longer than the cor- 
responding mean value 2.26(3) A usually observed for 
complexes of triphenylphosphine derivatives P-linked 
to cyclopentadienyl rhodium and ruthenium moieties. 

The Ph2PPy is P-monodentate.  We have already 
reported examples of this same ligand di-coordinated 
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Table 2 
Selected bond lengths (A) and angles (°) with e.s.d.s in parentheses; 
X represents the centroid of the cyclopentadienyl ring 

Rh-CI(I) 2.3888(8) Rh-CI(2) 2.3930(9) 
Rh-C(1) 2.146(4) Rh-C(2) 2.141(3) 
Rh-C(3) 2.160(3) Rh-C(4) 2.223(3) 
Rh-C(5) 2.222(4) Rh-X 1.815(3) 
Rh-P 2.3089(8) C(1)-C(2) 1.410(6) 
C(1)-C(5) 1.431(4) C(2)-C(3) 1.420(5) 
C(3)-C(4) 1.416(5) C(4)-C(5) 1.402(6) 
P-C(ll) 1.824(3) P-C(21) 1.835(3) 
P-C(31) 1.826(3) C(I 1)-C(12) 1.391(3) 

P-Rh-X 127.44(3) CI(2)-Rh-X 124.19(3) 
CI(1)-Rh-X 123.58(4) CI(1)-Rh-CI(2) 91.07(3) 
CI(1)-Rh-P 87.20(3) CI(2)-Rh-P 92.37(3) 
C(5)-Rh-P 148.1(1) C(4)-Rh-P 150.5(1) 
C(3)-Rh-P 112.8(1) C(2)-Rh-P 93.32(9) 
C(1)-Rh-P 110.07(9) CI(2)-Rh-C(5) 119.52(9) 
CI(2)-Rh-C(4) 93.28(9) CI(2)-Rh-C(3) 100.06(9) 
CI(2)-Rh-C(2) 136.0(1) CI(2)-Rh-C(1) 156.15(9) 
CI(1)-Rh-C(5) 93 .4(1)  CI(1)-Rh-C(4) 121.6(1) 
CI(1)-Rh-C(3) 156.37(9) CI(1)-Rh-C(2) 132.8(1) 
CI(1)-Rh-C(1) 97 .8(1)  C(2)-C(1)-C(5) 107.5(3) 
C(1)-C(2)-C(3) 108.3(3) C(2)-C(3)-C(4) 107.5(3) 
C(3)-C(4)-C(5) 108.6(3) C(l)-C(5)-C(4) 107.9(3) 
Rh-P-C(ll) 115.40(9) Rh-P-C(31) 117.1(1) 
Rh-P-C(21) 110.6(1)  C(21)-P-C(31) 106.3(1) 

via the P- and N-atoms, chelating the same metal [4f], 
or bridging two metal atoms [4b]. In these three coordi- 
nation types, no significant differences have been ob- 
served in the ligand bite, due to the rigid P - C - N  
system, while the changes in the bonds to the metal  are 
very sensitive to the coordination geometry and to the 
other ligands. 

Elemental  analyses were performed by Redox s.n.c., 
Cologno Monzese, Milano. 

3.1. Preparation of [(~76-C6H6)Ru(PhePPy)Cle] (1) 

To a suspension of [{(r/6-C6H6)RuCI2}2] (0.536 g, 
1.07 mmol) in benzene (20 cm 3) Ph2PPy was added 
(0.564 g, 2.14 mmol)  and the mixture was heated under  
reflux for 4 h. Then the solvent was removed under 
reduced pressure and the product was extracted with 
chloroform (3 × 10 cm3). The volume of the solution 
was reduced to ca. 10 cm 3 and petroleum ether was 
added to give a red brown solid. This was washed with 
diethyl ether (30 cm 3) and dried in vacuo. Yield 82% 
(0.900 g, 1.75 mmol). Anal. Calcd. for C23H20CI2NPRu: 
C, 53.81; H, 3.93; N, 2.73; C1, 13.81. Found: C, 53.85; 
H, 3.94; N, 2.75; CI, 13.82%. IR(Nujol): uRu a 294 and 
278 cm - I  NMR: 31p{IH} (CDC13) 6 25.87 ppm; IH 
(CDC13) 6 5.57 ppm (d, C6H6, JPH = 0.648 Hz). 

3.2. Preparation of [676-C6Ho)Ru(Ph2PPy)Cl]PF6 (2) 

AgPF 6 (0.246 g, 0.97 mmol) was added to a stirred 
dichloromethane solution (20 cm 3) of [('r/6-C6H6)Ru - 
(Ph2PPy)C12] (0.500 g, 0.97 mmol). After an 0.5 h the 
precipitated AgC1 was separated by filtration and the 
solution was reduced in volume to ca. 10 cm3; 
petroleum ether was added to give a pale green solid. 
This was washed with diethyl ether (30 cm 3) and dried 
in vacuo. Yield 92% (0.556 g, 0.89 mmol). Anal. Calcd. 
for C23H20C1F6NP2Ru: C, 44.35; H, 3.24; N, 2.25; C1, 
5.69. Found: C, 44.39; H, 3.27; N, 2.29; C1, 5.74%. 
I R ( N u j o l ) :  UpF 6 842 cm -1, uR~Cl 290 cm - j .  NMR: 
3~p{1H} (CDC13) ~ -18 .30  ppm; 1H (CDC13) ~ 5.84 
ppm (s, C6H6). 

3. Experimental details 

Established methods were used to prepare  the com- 
pounds cis-[{(~76-C6H6)RuC12}2] [6] cis-[{(C8Hlz)Ru- 
C12} n] [15], cis-[{(~75CsMes)RhC12}2] [16], cis-[pd(tBu - 
NC)2-C12] [17], cis-[Pt(DMSO)2CI 2] [18], [(r/5-CsHs) - 
Rh(CO)(Ph2PPy)] [4c], and Ph2PPy [2]. All other 
reagents were purchased and used as supplied. 

Solvents were dried by standard procedures.  All 
experiments were performed under  purified dinitro- 
gen. IR  spectra were obtained as Nujol mulls on KBr 
or CsI plates using a Perkin-Elmer F T I R  1720 spec- 
t rophotometer .  1H and 31p{1H} N M R  spectra were 
recorded on a Bruker A M X  R300. 

1H N M R  spectra were referenced to internal te- 
tramethylsilane and 31p{1H} spectra to external 85% 
H3PO4; positive chemical shifts for all nuclei are to 
higher frequency. Conductivity measurements  were 
made with a Radiometer  CDM 3 conductivity meter.  

3.3. Preparation of [(~T&CsMes)Rh(PhePPy)Cle] (3) 

To a suspension of [{(r/QC5M%)RhCIe} 2] (0.300 g, 
0.48 mmol) in dichioromethane (30 cm 3) PhePPy was 
added (0.252 g, 0.96 mmol) and the mixture was stirred 
overnight to give an orange solution. This was concen- 
trated (10 cm 3) and petroleum ether was added to give 
a red solid. This was washed with hexane (10 cm 3) and 
dried in vacuo. Yield 92% (0.505 g, 0.88 mmol). Anal. 
Calcd. for C27Hz9CleNPRh: C, 56.66; H, 5.11; N, 2.45; 
C1, 12.39. Found: C, 56.82; H, 5.15; N, 2.48; C1, 12.51%. 
IR(Nujoi): Ugucl 280 and 246 cm - l .  NMR: 31p{LH} 
(CDCI 3) 8 28,85 ppm (d, JRhP = 143.6 Hz); IH (CDC13) 
{5 1.41 ppm (d, CH3, JPH = 3.46 Hz). 

3.4. Preparation of [(~T&CsMes)Rh(PhePPy)CI]PF6 (4) 

To a dichloromethane solution (20 cm 3) of [(r/5-C5 - 
Mes)Rh(Ph2PPy)CI 2] (0.500 g, 0.87 mmol), AgPF 6 
(0.221 g, 0.87 mmol) was added. After  0.5 h the precip- 
itated AgC1 was separated by filtration and the solu- 
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tion was reduced to ca. 10 cm3; petroleum ether was 
added to give a orange solid. This was washed with 
hexane (20 cm 3) and dried in vacuo. Yield 92% (0.546 
g, 0.80 mmol). Anal. Calcd. for C27H29CIF6NP2Rh: C, 
47.56; H, 4.29; N, 2.05; CI, 5.20. Found: C, 47.61; H, 
4.33; N, 2.08; CI, 5.29%. IR(Nujol): Vpv ~ 842 cm 1 
VRuCl 279 cm 1. NMR: 31P{1H} (CDC13) ~ -12 .0  ppm 
(d, JahP = 116.1 HZ); LH (CDC13) 6 1.63 ppm (d, CH 3, 
Jen = 4.7 Hz). 

3.5. Preparation of  [('06-CoH6)Ru(Ph2PPy)(tx-Cl)Pt- 
(DMSO)CI 2 ]Cl (Sa) 

A dichloromethane solution (10 cm 3) of [('0% 
C6H~)Ru(Ph2PPy)CI z] (0.610 g, 1.19 mmol)was added 
dropwise to a solution of cis-[Pt(DMSO)2CI 2] (0.408 g, 
1.19 mmol) in the same solvent (10 cm 3) and the 
mixture was stirred for 4 h. The resulting green solu- 
tion was concentrated (10 cm 3) and petroleum ether 
was added to give a green solid. This was separated by 
filtration, washed with diethyl ether and dried in vacuo. 
Yield 83% (0.857 g, 0.99 mmol). Anal. Calcd. for 
C25H26C14NOPPtS: C, 35.02; H, 3.06; N, 1.63; CI, 
16.54. Found: C, 35.08; H, 3.12; N, 1.68; CI, 16.56%. 
IR(Nujol): Vso 1129 cm -1, Vpt a 341 and 308 cm - l ,  
vR~Cl 277 c m - k  NMR: 31p{1H} (CDC13) 6 -18 .03  
ppm; IH (CDC13) 6 6.04 ppm (C6H6), ~ 3.42 ppm 
(DMSO, Jpttt = 18.60 Hz). 

3.6. Preparation of  [('06-CoHo)Ru(Ph2PP),)(I.t-CI)Pt- 
(DMSO)CI2]PF o (Sb) 

AgPF 6 (0.259 g, 1.02 mmol) was added to a stirred 
dichloromethane solution (20 cm 3) of [(r/6-C6H6)Ru - 
(Ph2PPy)(/x-C1)Pt(DMSO)CI2]C1 (0.883 g, 1.02 mmol). 
After 0.5 h the precipitated AgCI was separated by 
filtration and the solution was reduced in volume to ca. 
10 cm3; petroleum ether was added to give a green 
solid. This was filtered, washed with diethyl ether and 
dried in vacuo. Yield 93% (0.917 g, 0.95 mmol). Anal. 
Calcd. for C25H26NC13F6OP2PtS C, 31.05; H, 2.71; N, 
1.45; C1, 11.00. Found: C, 31.09; H, 2.77; N, 1.48; CI, 

11.05%. and303c~3 l'm~UqI275CDcI'NMR:;~4P{~Hm} 
IR(Nujol): Vso 1155 cm 1, /}pF ° 838 c m  -1 ,  

Vpt a 340 
(CDC13) 6 - 8.0 pp ; ( 3 ) 6 6. pp 
(C6H6), 6 3.42 ppm (DMSO, Jpt ,  = 18.60 Hz). 

3. 7. Reaction of  [('05-C5Me 5) Rh(PhePPy)CI 2] (3) with 
cis-[Pd ( t BuN C ) 2 Cl 2 ] 

A dichloromethane solution (10 cm 3) of [(@-Cs- 
Mes)Rh(Ph2PPy)CIz] (0.500 g, 0.87 mmol) was added 
to a solution of cis-[pd(tBuNC)2Cl2] (0.292 g, 0.87 
mmol) in the same solvent (10 cm 3) and the mixture 
was stirred for 4 h. The volume of solution was re- 
duced to a ca. 10 cm 3 and, by addition of petroleum 

ether (20 cm3), an orange precipitate was formed. This 
was filtered, washed with diethyl ether and dried in 
vacuum. 31p{1H} and ~H NMR spectroscopy showed 
that the precipitate was a mixture of cis-[pd(tBuNC) o 
(Ph2PPy)Cl 2] [5] and [{(-05-CsMes)RhC12}2]. 

3.8. Reaction of  [(-05-CsMes)Rh(Ph2PPy)Cl 2] (3) with 
cis-[ Pt(DMSO )2Cl e] 

A dichloromethane solution (10 cm 3) of [(-05- 
CsMes)Rh(Ph2PPy)C12] (0.500 g, 0.87 mmol) was 
added to a solution of cis-[Pt(DMSO)2C12] (0.367 g, 
0.87 mmol) in the same solvent (10 cm3). After 3 h the 
colour turned from red to orange and the solution was 
reduced to a ca. 10 cm 3. By addition of petroleum 
ether (20 cm 3) an orange precipitate was formed. This 
was filtered, washed with diethyl ether and dried in 
vacuum. 3~p{1H} and ~H NMR showed that the precip- 
itate was a mixture of cis-[Pt(DMSO)(PhzPPy)CI 2] [4g] 
and [{(-05-CsMes)RhC12}2]. 

3.9. Preparation of  [ (CsH12)RuCl(Ix-Ph 2PPY)(I.t-Cl)Rh- 
('0S-CsHs)] (6) 

A suspension of [{(CsHI2)RuCI2},,] (0.610 g, 2.17 
mmol) in dichloromethane solution (10 cm 3) was added 
dropwise to a solution of [(@-CsHs)Rh(CO)(Ph2PPy)] 
(1.00 g, 2.17 mmol) in the same solvent (10 cm3). The 
reaction was monitored by IR and 31p{~H} NMR spec- 
tra. The IR and 31P{1H} NMR spectra remaining un- 
changed for several hours. After this Vco (1942 cm -1) 
slowly disappeared while the 31p{1H} NMR spectrum 
showed a new doublet centred at 6 47.80 (JRhP = 182.42 
Hz). The reaction was stopped when the starting mate- 
rial (doublet ~ 53.80 ppm, JRhP = 199.8 Hz) had disap- 
peared. The resulting green solution was filtered and 
concentrated (10 cm3). It was then transferred to a 
chromatography column of aluminium oxide saturated 
with CH 2C12. By eluting with d ich loromethane/meth-  
anol (100: 1) a small concentrate of an orange fraction 
(uncharacterized) was obtained. Using methanol a 
green fraction containing [(CsH 12)RuCl(/x-Ph2PPy)(/x- 
CI)Rh(r/S-CsHs)] was then separated. The solution was 
reduced to ca. 10 cm 3 and petroleum ether was added 
to give the product as a green solid. Yield 54% (0.609 
g, 0.85 mmol). Anal. Calcd. for C30H31CI2NPRhRu: C, 
50.65; H, 4.39; N, 1.97; C1, 9.97. Found: C, 50.71; H, 
4.41; N, 1.98; C1, 9.98% NMR: 31p{1H} (CDC13) 
47.80 ppm (JRhP = 182.42 HZ); tH (CDC13) 6 5.74 ppm 
(C5H5). 

3.10. X-ray structure analysis and structure refinement 
[RhCl2(r I 5-C 5 H 5) (eh 2 PPY)] 

The compound crystals were grow by freezing a 
CH 2Cl2/diethyl ether solution. 
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Crystal  data: C22 H~gCI2NPRh, M = 502.2, triclinic, 
space group P 1, (No. 2), a = 9.561(2), b = 10.184(2), 
c = 11.518(2) A, a = 76.14(2), /3 = 72.78(2), 3' = 
71.87(2) ° , U = 1004.7(3) ~3, Z = 2, D c = 1.66 g cm 3, 
F(000) = 504, tz(Mo K a ) =  1.20 cm -1, A(Mo K ~ ) =  
0.71073 ,~. 

A suitable 0.20 × 0.25 × 0.30 mm crystal was 
mounted on a Siemens R 3 m / v  automatic four-circle 
diffractometer. Diffraction data were collected at room 
temperature using graphite-monochromatised Mo K a  
radiation. Cell parameters were obtained from least- 
squares of the setting angles of 35 accurately centered 
reflections up to 20 angle of 33 ° . A total of 6222 
intensities were collected by the variable-speed w - 2 0  
scan method within to 20 range 3.5-55 ° (index ranges 
- 3 < h < 1 2 ,  - 1 3 < k < 1 3 ,  - 1 4 < l _ < 1 4 )  obta in inga  
data set of 4653 unique reflections (Ri, t = 0.7%). No 
crystal decay was observed during the data collection 
by monitoring of three standard reflections after every 
97 measurements. Diffraction intensities were evalu- 
ated by the learnt-profile procedure [19] and then 
corrected for Lorentz polarization effects. Absorption 
correction was taken into account by fitting a pseudo- 
ellipsoid [20] to the azimutal scan data of 25 suitable 
reflections with IX I > 65 ° (transmission range = 0.63- 
0.88). 

The rhodium atom was located on a super-shar- 
pened Patterson map and then the structure was com- 
pleted by a combination of least squares technique and 
Fourier syntheses. Hydrogen atoms, placed in calcu- 
lated positions by stereochemistry considerations ( C - H  
= 0.93 .A) and riding on their respective parent car- 
bons, were included into the model refinement with an 
unique fixed isotropic thermal parameter (U~ o = 0.060 
.~2). The structure model, with all non-hydrogen atoms 
anisotropic, was refined by full-matrix least squares 
technique by minimizing the function ~ w ( F  o -F ,~)  2, up 
to convergence using 3650 observed reflections (F  > 
6Y~(F)). Final R = El Fo - F,. l/Y~Fo = 0.026 and w R  = 
E w  I Fo - F,. l~  EwFo = 0.026 with the final weighting 
scheme w -~ = o - 2 ( F o ) +  10 - 4  F o and an observations 
to parameter ratio of 15 : 1. On the last difference map 
the highest electron density residuals (less than half 
electron ,~ 3) are at about 0.5 A, from the chlorine 
atoms. Neutral atom scattering factors and anomalous 
dispersion corrections were taken from ref. [21]. 

Data reduction, structure solutions and refinement 
and drawings were performed with the SnELXTL-PLUS 
package [22], while final geometrical calculations were 
carried out with PARST program [23] on a DEC Micro 
Vax/3400 computer. Additional material available 
from the Cambridge Crystallographic Data Centre 
comprises H-atom coordinates, anisotropic tempera- 
ture factors and remaining bonds and angles. 
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