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Reactions of NaMn( CO), with RuCl, (PMe,)4, RuCl, (dppm), and 
RuC12(PPhB)3 lead either to an ionic species [RuzC1,(PMe,)6]+ [Mn(C0)5]- 
or to metal-metal bonded Ru-Mn compounds such as 
RuMn(p-CO),(C0)3(p-dppm),Cl, and, quite unexpectedly, to the Cc-phos- 
phido complex RuMn(p-PPhz )( CO), (PPhJ )* via a hydride intermediate. 

The preparation and reactivity of heterobimetallic complexes are much 
studied because of the potential use of such compounds for bimetallic activa- 
tion and catalysis. In the activation of carbon monoxide, the association of 
two metals of different oxophilicity can result in CO coordination at two 
centres, a promising method of enhancing reactivity and promoting new types 
of reaction8 [ 11. 

We chose to prepare ruthenium-manganese complexes as the more oxophilic 
of the two metals (manganese) does not give too strong a metal oxygen bond, 
thus allowing the possibility of catalytic reactions. We describe here the reac- 
tions of NaMn( CO)5 with RuCl, (PPh, )3, RuCl, (PMe, )4 and RuClz (dppm), 
(dppm = PhzPCH2PPhz) and the products thus obtained. 

Metathetical reaction of NaMn(CO), * with RuCl,(PPh3)3 produces two 
compounds: one is easily identified by IR and 31P NMR spectral data as the 
known Ru(CO)~(PP~~), [ 21 the other, obtained as red crystals from toluene/ 
hexane in moderate yield (ca. 30%) analyses (C, H, P, Mn) for 
RuMn(~-PPh,)(CO)6(PPh,), (1). The presence of both Ru and Mn in a single 
crystal has been established by EDAX** 1 shows five v(C0) bands in its IR 

*All reactions were performed at room temperature in THF by addition of one equiwdent of ruthe- 
nium dichloride complex to a freshly prepared solution of NaMn(CO), . 

**EDAX = Energy dispersive analysis by X-rays. 
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spectrum at 2050(s), 1960(s), 1947(m), 192O(vs) and 1843(vs) cm-’ (Vaseline 
mulls) and an ABC pattern in its 31P {‘H) NMR spectrum at -8O”C, as can be 
seen in Fig. 1; at room temperature, there is a broadening of the peaks PM* 
and Pee due to the quadrupolar “Mn nucleus. This and the analogy of chemical 
shift and coupling constant with the PPh, on ruthenium in RuCo(p-PPh,)- 
(CO), (PPh3)2 [3] indicate that 1 has a phosphido group (P,) truns to two 
phosphorus one (pRU) on ruthenium and the other (hn) on manganese, in 
contrast with the cis-PPh, on Co for RuCo(p-PPh,)(C0)5(PPh3), . 

The chemical shift of the phosphido group is close to the values between 
PPhz groups bridging a metal-metal bond (6 50,300) and those not bridging 
(6 50, -2OO), [ 31 but still favours a metal-metal bond, which would be in 
agreement with the diamagnetism of the proposed formulation. 

Although several examples of phosphido-bridged heterobimetallic com- 
plexes have been recently reported [3,4], the formation of 1 was totally 
unexpected: starting from a dichloro compound, a chloride bridged man- 
ganese-ruthenium complex seemed more likely. Elimination of C6H6 from 
hydridotriphenylphosphine complexes are known to give phosphido groups 
[3,5] ; in our case C6H6 was detected by GLC in the filtrate, and the forma- 
tion of the PPhz group may be explained by the intermediate formation of a 

J31p -3’ P 
=I00 Hz 

t-b u 

25.5 

Fig. 1. =P {H} NM& spectrum of RuMn()l-PPh,)(CO),(PPh,), in toluened, solution at -8O’C (positive 

6 values to high frequency relative to external H3P0,) recorded at 101.270 MHz. 
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hydrido complex. In fact, the ‘H and 31P NMR spectra of the reaction mixture 
show the presence of RuHC~(CO),(PP~~)~, as revealed by comparison with 
reported data [ 31, together with two other unidentified hydride species in 
small amount (‘H NMR 6 -6.6 (triplet) and -13.4 (multiplet) ppm). 

Thus, unexpectedly, the reaction products obtained by action of 
NaMn(CO), on RuCl,(PPh,)3 namely Ru(C0)2(PPh3)3, RuHC1(C0)2(PPh,)Z 
and the II-phosphido complex are quite similar to those obtained by Geoffroy 
from the reaction of NaCo(CO), with RuHC1(CO)(PPh3)3 [3]. Such com- 
plexes, containing a phosphido bridge together with a metal-metal bond, are 
particularly suitable for catalytic transformation since the bridging ligand is 
able to hold the metals together while the metal-metal bond can be cleaved 
and reformed by successive oxidative addition and eliminative reduction in the 
catalytic sequence. 

Me,P, C’ \ ,PMe, + 
Me,P- Rui Cl 

Me3P 
/ 1 

- RUT PMe, 

Cl’ 1 [MnKOl,J- 
PMe, 

(2) 

Upon performing the same reaction with RuC&(PM~~)~ we obtained as the 
major product yellow crystals of a very air sensitive compound analysing (C, 
H, P, Mn) for [Ru,Cl,(PMe,),] [Mn(CO),] (2). Conductivity measurements in 
acetone demonstrate that the complex is a l/l conductor; the 31P NMR spec- 
trum exhibits a singlet at 6 18.9 ppm and the IR spectrum shows two bands at 
189O(vs) and 185O(vs) cm-‘, close to those reported for Mn(CO)S -. Thus the 
product is not a bimetallic complex but an ionic species: after abstraction of 
one chlorine atom to give NaCl, the very stable triply chloro-bridged diru- 
thenium cation has been formed and Mn(C0)5 - left as counteranion. This 
type of dinuclear cation is very common in ruthenium chemistry, although 
as far as we know it has never been prepared before with PMe, ligands [6]. 

With the aim of preparing bimetallic complexes in which a diphosphine may 
act as a bridging ligand with the same catalytic potentiality as a phosphido 
bridge, we also treated cis-RuCl, (dppm), with NaMn(CO), . After two days, 
two products were isolated: a very air sensitive yellow product (3) and a 
moderately air sensitive red product (4). With increase in the reaction time (ca. 
10 days), 4 became the major product and was recrystallized from THF/ 
hexane. The yellow species 3 is probably again an ionic complex, and is ten- 
tatively formulated as [ RuCl(dppm)z (THF)] + [ Mn( CO), ] - from IR (two 
v(C0) bands at 1905(vs) and 1855(vs) cm’-’ ) and ‘lP NMR (single peak at 
S -14 ppm) spectroscopy. 
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The red product 4 analysing (C, H, P, Cl, Mn) for RuMn(p-C0)2(C0)3 - 
(p-dppm),Cl is more interesting. EDAX spectroscopy on a single crystal con- 
firms the presence of both Ru and Mn. The 31P NMR spectrum shows, as in 
related bimetallic complexes [ 71, an AA’MM’ pattern at 6 (P& 36.0 and 
6 (PM*) 57.9 ppm (broadening due to the quadrupolar “Mn nucleus is still 
observed). Its IR spectrum shows five v(C0) bands at 1940(s), 1895(vs), 
1870(s), 1720(m), 1710(m) cm-’ in Vaseline mull and at 1925(m), 1895(vs), 
1870(s), 1720(m,broad) in CH2Clz solution. We propose for this compound a 
structure involving two bridging dppm groups, two bridging CO groups, and a 
metal-metal bond. 

The low bridging CO stretching frequency is the same as that found recently 
in a dinuclear manganese compound [ 81. This type of structure (bimetallic 
complex bridged by two tram dppm groups) is now well known for the plati- 
num metal homonuclear complexes, and examples of similar heterobimetallic 
complexes have also been recently reported [ 7,9] . 

These preliminary results show that it is possible to prepare metal-metal 
bonded ruthenium-manganese complexes, but they need to be stabilized by 
bridges of the type PR2 or dppm. This stabilization will allow the study of the 
reactions of these new species in which the bimetallic frame is preserved. 
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