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Synthesis, Reactivity and Catalytic Activity of [ RuH- 
(q1-OCMe2)(CO),( PPr',),] BF," 
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The solvento complex [RuH(ql-OCMe,)(CO),( PPr',),]BF, 2, which is an active catalyst for the 
exclusive hydrogenation of phenylacetylene to styrene and the hydrosilylation of the same alkyne to  
cis-PhCH=CH(SiEt,), was prepared by  reaction of [Ru(H)CI(OC),(Pr',P),] 1 with AgBF, in acetone 
as solvent. The reactivity of 2 has been investigated. This compound reacts with Lewis bases (L) to  
give [RuH(CO),L(PPr',),]BF, [L = H,O 3, MeCN 4, CO 5 or pyrazole (Hpz) 61. Complex 5 can be 
deprotonated by  KOH t o  afford [Ru(OC),(Pr',P),] 7, while the reaction of 6 with [{Rh(p- 
OMe) (diolefin)},] [diolefin = tetrafluorobenzobarrelene (tf bb) or cycloocta-l,5-diene, (cod)] led to 
heterobinuclear compounds of formula [(OC),( Pr',P),Ru(p-H) (p-pz)Rh(diolefin)] BF, (diolefin = tf bb 
10 or cod 11). The molecular structure of 11 was determined by  an X-ray investigation. Compound 
11 crystallises in the orthorhombic space group Fdd2, with cell dimensions a = 28.290(2), b = 
22.572(1), c = 23.126(1) A and Z = 16. The structure was refined to  R and R' values of 0.0232 and 
0.0258 for 6297 observed reflections. The cation in 11 can be described as a ruthenium-rhodium 
heterobinuclear species where the metals are connected through a bidentate pyrazolate group and a 
bridging hydrido ligand. The metal-metal distance is 3.1323(3) A. Complex 2 reacts with HCI to  give 
[RuCI,(CO),(PPr',),] 12, which can be also prepared by reaction of [RuCI(q'-OCMe,) (CO),- 
(PPr',),]BF, 13 with NaCI. This compound in the presence of Lewis bases affords [RuCI(CO),L- 
(PPr',),]BF, ( L =  H,O 14, MeCN 15, CO 16 or Hpz 17). The reactions of 17 with [{Rh(p- 
OMe)(diolefin)},] lead to [(OC),(Pr',P),Ru(p-CI)(p-pz)Rh(diolefin)]BF, (diolefin = tf bb 18 or cod 
19). Carbon disulfide, SCNR (R = M e  or Ph) and HCrCC0,Me. undergo insertion reactions into 
the Ru-H bond of 2 to give the corresponding insertion products, [Ru(q2-S,CH) (CO),( PPr',),] BF, 
20, [Ru{q'-SN(R)CH}(CO),(PPr',),] BF, (R = M e  21 or Ph 22) and [Ru{C[C(O)OMe]=CH,)(cO>,- 
( P Pr',)J B F, 23. 

r 

Eight years ago, the synthesis of the five-co-ordinate 
ruthenium(r1) complex [Ru(H)Cl(CO)(PPr',),] was reported. ' 
At room temperature, it adds Lewis bases (L) that are not 
bulky [e.g. CO and P(OMe),] to form octahedral compounds 
of formula [Ru(H)C1(C0)L(PPri,),1. ' Upon reaction with 
NaBH,, Na(acac) (Hacac = acetylacetone) and Na(0,CMe) 
the six-co-ordinate complexes [RuH(q ,-H,BH,)(CO)- 
( PPr',),] , ' [RuH( q 2-acac)(CO)(PPr',)2] ' and [ RuH(q 2-02<:- 
Me)(CO)( PPri3)J are formed. Alkynes such as phenylacety- 
lene and acetylene undergo insertion into the Ru-H bond to 
afford [Ru(( E) -CHXHR )Cl(CO)(PPr',),]. 

In the presence of KOH or NaBH,, the complex 
[Ru(H)Cl(CO)(PPr',),] catalyses hydrogen-transfer reactions 
from propan-2-01 to cyclohexanone, a~etophenone,~ benzyl- 
ideneacetophenone and phenylacetylene.6 Whereas in the 
presence of Et,SiH, phenylacetylene is selectively transformed 
into cis-PhCH=CH(SiEt,).' 

We have now found that the cis-dicarbonyl compound 
[Ru( H)CI(CO),(PPr',),] reacts with AgBF, in acetone to give 
[RuH(q '-OCMe,)(CO),(PPr',),IBF,, which is a selective 
catalyst for the hydrogenation of phenylacetylene to styrene 
and for the hydrosilylation of phenylacetylene with 
triethylsilane. 

Transition-metal solvento complexes are of great interest 
because the facile dissociation of the labile solvent molecules 
can create the vacant co-ordination sites which are required for 
substrate binding, and its subsequent activation. 8-14 Although 

acetone complexes have been known for some time,'5-20 cis- 
hydrido acetone derivatives are rare,21 and as far as we know, 
ruthenium complexes of this type have not been previously 
reported. 

In this paper, we describe the synthesis, characterisation, 
reactivity and catalytic activity of the cis-hydrido(q '-acetone) 
complex, [RuH(q '-OCMe2)(C0),(PPr',),IBF,. In addition, 
the X-ray diffraction structure of the heterobimetallic 
derivative [( OC), (Pr', P),Ru( p-H)( p-pz)Rh(cod)] B F, ( pz = 
pyrazolate, cod = cycloocta- 1,5-diene) is reported. 

Results and Discussion 
Synthesis and Characterisation of [RuH(q '-OCMe,)- 

(C0)2(PPri,)2]BF,.-Acetone solutions of complex [Ru(H)Cl- 
(CO)2(PPri3)2] 1 react with AgBF, to give silver chloride and 
the solvento complex [RuH(q '-OCMe2)(CO)2(PPr',)2]BF, 2 
according to Scheme 1. 

P P ~ ,  

O C \ d U I H  + AgBF, + Me2C0 
OC' I 'CI 

PPi3  

1 2 

* Supplementary dutu trvuiluble: see Instructions for Authors, J. Chem. 
Soc., Dalton Trans., 1995, Issue 1, pp. xxv-xxx. Scheme 1 
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Complex 2 was isolated by addition of diethyl ether as a 
colourless microcrystalline solid in 82% yield, and was fully 
characterised by elemental analysis, IR and 'H, 31P-(1H) and 
'C-{ 'H) NMR spectroscopy. Consistently with the mutually 

cis disposition of the two carbonyl ligands, the IR spectrum of 2 
shows two v(C0) bands at 1978 and 1931 cm ' together with 
the v(Ru-H) absorption at 2031 cm-'. Furthermore, the 
spectrum contains the absorption due to BF,- with Td 
symmetry, and the band corresponding to the carbonyl group 
of the acetone ligand at 1667 cm-'. This value, which is 
typical for the q '-co-ordination mode of the acetone mol- 
ecule,,, agrees well with that observed in the IR spectrum of 
the complex [Ru{ C(=CHPh)OC(O)Me](q '-OCMe,)(CO)- 
(PPr',),]BF, (1680 cm-'), where a weak Ru-0 bond has been 
observed in the X-ray diffraction analysis [Ru-0 2.205(6) A].', 
In accordance with the existence of a feeble interaction, both 2 
and [ Ru{C(=CHPh)OC(O)Me] (q -OCMe,)(CO)(PPr' 3)2]BF4 
dissociate the acetone molecule in solution. The formation of 
the five-co-ordinate derivative [RuH(CO)~(PP~',),]BF, and 
acetone is supported by the TR spectrum in dichloromethane 
and the 13C-(1H} NMR spectrum in CDCI, of 2. The band of 
the carbonyl group in the IR spectrum appears at I7 I5 cm ' and 
the 13C-{ 'H} NMR spectrum shows the resonance correspond- 
ing to the carbon atom of the carbonyl group at 6 207.4. 

The most noticeable feature in the 'H NMR spectrum of 2 in 
CDCI,, in which the compound is stable, is the hydrido signal, 
which appears at 6 -3.86 as a triplet with a P-H coupling 
constant of 18.3 Hz. The 31P-('H) NMR spectrum shows a 
singlet at 6 64.5. 

Ligand-substitution Reactions of Complex 2.-The easy 
dissociation of the acetone molecule of 2 allows the synthesis of 

7Pf3 1 B F 4  
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(iii ) 
t 

ppi3 
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the cationic complexes 3-6 by reaction with water, acetonitrile, 
carbon monoxide and pyrazole (Scheme 2). 

These compounds were characterised by elemental analysis, 
IR, 'H and 31P-('H) NMR spectroscopy. In the IR spectrum 
of 3 in Nujol, the splitting of the asymmetric BF,- stretching 
band (1 100-1000 cm ') suggests that this anion is involved in a 
network of hydrogen bonds with the co-ordinated water 
molecule. A similar situation has been established in the 
complex [RuH(CO),(H,0)(PPh,)2]BF,, by X-ray diffrac- 
tion.,, The TR spectra of 4-6, in contrast to the IR spectrum 
of 3, show the absorption due to the BF,- anion in Td 
symmetry. Furthermore all of the spectra contain two bands in 
the terminal carbonyl region, in agreement with the mutually 
cis disposition of these ligands. For 5, the presence of three 
carbonyl ligands in a mev disposition was inferred from its 
13C-{1H) NMR spectrum, which shows two carbonyl signals 
at 6 200.9 and 198.2 in a 1 : 2 ratio. 

The most noticeable signals in the 'H NMR spectra of 3-5 
are the hydrido resonances which appear between 6 - 4.63 and 
- 7.80 as triplets with P-H coupling constants of about 18 Hz. 
The 31P-(1H} NMR spectra of these compounds show singlets 
between 6 59.8 and 61.4 indicating that the two phosphine 
ligands are equivalent and are mutually [vans disposed. 

The hydrido ligand of 5 has some protic character. Thus, it 
can be deprotonated by strong bases such as KOH, to give the 
tricarbonyl compound 7 which can be also prepared by reaction 
of [Ru(q2-C,Ph,)(CO)(PPri,),] with carbon monoxide.25 The 
protic character of this hydrido could be related to the presence 
of three x-acid ligands (CO) co-ordinated to the metallic centre 
of 5.  

The NMR spectra of 6 show that there must be two isomers, 
or two conformers of this compound in solution. In the hydrido 
region of the 'H NMR spectrum, both species are characterised 

1 BF4 

I .  
PPt3 

5 

6 

bpi3 

7 

diolef in 
10 tfbb 
11 cod 

Scheme 2 
OMe)(diolefin)),] (diolefin = tfbb 8 or cod 9), - MeOH 

(i) + H,O, - Me,CO; ( i i )  + MeCN. - Me,CO; (iii) +CO, - Me,CO; ( iu)  + Hpz, - Me,CO; ( u )  KOH, - H,O, - KBF,; (v i )  [{ R h ( p  
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by triplets at 6 -5.06 (major) and -5.31 (minor) with P-H 
coupling constants of 19.5 and 18.9 Hz respectively. 
Furthermore, the spectrum contains eight pyrazole signals at  
6 11.14 (NH), 8.05, 7.43 and 6.26 (major) and 6 11.90 (NH), 
7.97, 7.34 and 6.20 (minor). The 31P-{1H} NMR spectrum 
shows a singlet for each compound at 6 57.6 (major) and 57.0 
(minor), indicating that the phosphine ligands are equivalent. 

Two isomers are possible for a [RuH(CO),(Hpz)(PPr'J2] + 

formulation with equivalent phosphines cis disposed to the 
hydrido ligand: trans-carbonyl (a) and cis-carbonyl (b). For 
isomer b, furthermore, the existence of two conformers may be 
ascribed to hindered rotations around the Ru-N axis (Fig. 1). It 
is known from previous studies 21c,26 that chemical shifts of the 
hydrido ligands trans to pyrazole ligand appear at higher fields 
than those mentioned above. So, we assume that the signals 
observed in the NMR spectra correspond to both conformers of 
the isomer b. 

The pyrazole ligand in 6 contains an acidic NH group which 
is capable of reacting with the methoxy-bridged dimers [{Rh- 
(p-OMe)(diolefin)} 2] [diolefin = tetrafluorobenzobarrelene 
(tetrafluorobenzo[5,6]bicyclo[2.2.2]octa-2,5,7-triene) (tfbb) 8 
or cycloocta- 1,5-diene (cod) 91 to give the heterobinuclear 
complexes 10 and 11 (Scheme 2). The presence of a bridging 
hydride ligand in these compounds is substantiated by the 'H 
NMR spectra that show in the high-field region a doublet of 
triplets owing to Rh-H and P-H coupling. In agreement with 
the structure shown in Scheme 2, the 'H NMR spectrum of 10 
shows three resonances due to the tetrafluorobenzobarrelene 
diolefin; one aliphatic at  6 5.50 and two olefinic at 6 4.42 and 
3.94. Similarly, the 'H NMR spectrum of 11 contains five 
resonances due to the cycloocta-l,5-diene diolefin; two of them 
olefinic at 6 4.67 and 4.41 and three of them aliphatic at  6 2.30, 
2.00 and 1.90. 

As the rhodium centre in these heterobimetallic compounds 
is co-ordinatively unsaturated, a dative Ru-rRh bond could 
be proposed. Related osmium-rhodium l b  and iridium- 
rhodium2' complexes have been recently prepared in our 
laboratory. In order to ascertain the existence of this 
ruthenium-rhodium interaction, an X-ray diffraction experi- 
ment was carried out on a single crystal of 11. A view of the 
molecular geometry of this complex is shown in Fig. 2. Selected 
bond distances and angles are listed in Table 1. 

The molecule is binuclear and consists of a distorted square- 
planar co-ordination around rhodium and a distorted 
octahedron around ruthenium connected through a double 
bridge: a pyrazolate and a hydrido ligand [Rh-H-Ru 126(2)"]. 
The co-ordination sphere around the rhodium atom is defined 
by the hydride situated cis to a nitrogen atom of the pyrazolate 
group [N(2)-Rh-H 93(1)"], and the two olefinic bonds 
[C(6)-C(7) and C(l0)-C(l l)] of a cyclooctadiene molecule. An 
ideal plane of the octahedral co-ordination around the 
ruthenium atom is formed by the carbonylic carbons, C( 1) and 

a 

b 

Fig. 1 Possible isomers/conformers for compound 6 

C(2), mutually cis disposed [C( l)-Ru-C(2) 94.8(2)"], the 
hydrido ligand and the nitrogen atom of the pyrazolate ligand 
[N( 1 )-Ru-H 89( l)"]. The triisopropylphosphine ligands 
occupy opposite positions, P( 1 )-Ru-P(2) 179.20( 3)". 

The most remarkable features of the structure of 11 are, 
first, the ruthenium-rhodium separation and, secondly, the 
bond lengths in the Ru-H-Rh sequence. The intramolecular 
Ru-Rh distance, 3.1323(3) A, lies close on the upper end of the 
range of distances [2.879( 1)-3.0306(6) A] observed for the 
closely related ruthenium-rhodium heterobimetallic com- 
pounds, [(cod)Rh(p-H)(p-L)Ru(dppm),,L'{, -,,,I [n = 2, L = 

dppm = bis(diphenylphosphino)methane], where a hydrido- 
bridged metal-metal bond is proposed to exist.28 The Rh-H 
bond has a length, 1.68(4) A, in the range previously found 
for terminal Rh-H distances (ca. 1.62 A),29 and compares well 
with those values reported in the binuclear ruthenium-rhodium 
complexes referred to above C1.64-1.82(4) A].28 However the 

C1; n = 1, L = PR,, L' = Ph; n = 1, L = CH(PPh,),, L' = H; 

Table 1 
[(OC),(Pr',P),Ru(p-H)(p-pz)Rh(cod)lBF, 1 1 

Selected bond distances (A) and angles (") for the complex 

Ru-Rh 
Ru-P( 1 ) 
Ru-P(2) 
Ru-C( 1 ) 
Ru-C( 2) 
Ru-N( 1 ) 
Ru-H 
C( 1 kO( 1 ) 
C~2)-0(2) 

P( 1 )-R U-P( 2) 
P(I)-Ru-N(l) 
P( 1 )-Ru-C( 1 ) 
P( 1 )-Ru-C(2) 
P( 1 )-Ru-H 
P(2)-Ru-N( 1 )  
P(2)-Ru-C(1) 
P(2)-Ru-C(2) 
P( 2)-Ru-H 
N(1)-Ru-C(1) 
N( l)-Ru-C(2) 
N( 1 )-Ru-H 
C(2)-Ru-H 

3.1323(3) 
2.4666(9) 
2.4645(9) 
1.875(4) 
1.886(4) 
2.103(3) 
1.85(4) 

1.132(5) 

179.20(3) 
92.61(8) 
85.1( 1) 
91.6(1) 
91(1) 
87.41(8) 
94.1(1) 
88.5(1) 
90( 1 ) 
91.0(2) 
73. I (  1) 
89(1) 
85(1) 

1.147(5) 

Rh-C( 6) 
Rh-C( 7) 
Rh-C( 10) 
Rh-C( 11) 
R h-N( 2) 
Rh-H 
C(6FC(7) 
C(lOtC(11) 
N( 1 )-W) 

C( 1 jRu-C(2) 
C( 1 )-Ru-H 
G( 1)-Rh-G(2) * 
G( 1 )-Rh-N( 2) 
G( I)-Rh-H 
G(2)-Rh-N( 2) 
G( 2)-R h-H 
N(2)-Rh-H 
Ru-N( 1 )-N(2) 
Ru-C( 1 )-O( 1 ) 
Ru-C(2)-0( 2) 
Rh-N(2)-N( 1) 
Ru-H-Rh 

2.139(4) 
2.163(4) 
2.1 17(4) 
2.125(4) 
2.048( 3) 
1.68(4) 
1.380(6) 
1.386(6) 
1.356(4) 

94.8(2) 
176( 1) 
86.9(2) 

176.2( 1) 
88( 1) 
9 1.9(2) 

174(1) 
93( 1 ) 

115.1(2) 
175.4(4) 
177.4(4) 
1 15.4(2) 
126(2) 

* G(l) and G(2) represent 
C( 10)-C( 1 1) olefinic bonds. 

the midpoints of the C(6)-C(7) and 

CI131 
c13 

a h 2 8 1  

C1241 

C(251 
Fig. 2 ORTEP diagram of complex 11.  Thermal ellipsoids are shown 
at 50% 
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Ru-H separation is slightly longer, 1.85(4) A, well over the 
distances reported for terminal Ru-H bonds, 1.62 A,30 and 
shorter than the distances described in agostic M-(C-H), 
1.95(3)-2. 10(3)A.31 ThedifferenceinRh-Hand Ru-Hdistances 
(0. I7 A), reflects some kind of asymmetry in the hydride bridge, 
but should be discussed with great care as the real accuracy of 
the determination could be lower than the precision obtained. 

A similar situation to that found in 11, in terms of Ru-H 
[1.60(5t2.05(6) A] and Ru-Ru [3.105(5)-3.166(1) A] sep- 
arations, has been previously observed in the complexes 
[(cod)(Hpz)Ru(p-H)(~-pz)2Ru(cod)L]n+ (L = H or C1, n = 0; 
L = Hpz, n = I )  where, together with a semi-bridging hydrido 
ligand (when L = H),,,' a bond sequence M-H-M has been 
described as a three-centre two-electron bond with some metal- 
metal i n t e r a ~ t i o n . ~ ~  We believe that an analogous situation is 
present in our complex 11, in such a way that the proposed 
Ru-Rh interaction could be responsible for the lack of 
fluxionali ty observed. 

The metal-nitrogen bond distances involved in the 
pyrazolate bridge, Ru-N( 1) 2.103(3) and Rh-N(2) 2.048(3) A, 
compare well with the values previously found in other 
ruthenium-rhodium heterobinuclear complexes. 3 3  Both 
olefinic bond distances are essentially identical, 1.380(6) and 
1.386(6) A, and in agreement with the mean value observed in 
transition metal-olefin complexes [I  .38(5) A], and do not reflect 
the asymmetry of the rhodium co-ordination sphere. In that 
sense the Rh-C olefinic bond distances seem to be more 
sensitive to this fact showing shorter values for the carbon 
atoms trans to the hydride [mean 2.121(3) A], than for those 
opposite to the pyrazolate group [mean 2.151(3) A]. The Ru-P 
and the Ru-CO distances are also clearly in the range expected 
and require no further comment. 

Reaction of Complex 2 with HCI: Synthesis of Chloro- 
Soluento Complexes.-We have mentioned previously that, in 
solution, complex 2 dissociates the acetone molecule to give the 
five-co-ordinate derivative [RuH(CO),(PPr',),]BF,. Five-co- 
ordinate hydrido-osmium(r1) complexes containing two triiso- 
propylphosphine ligands react with HX molecules (X = halide) 
to give dihydrogen derivatives.,, The behaviour of the cation 
[RuH(CO),(PPr',),] + toward HCI is out of keeping with the 
trend shown by these osmium compounds. Thus, treatment of 
a dichloromethane solution of 2 with a propan-2-01 solution 
of HCI in 1 :  1 molar ratio leads to the dichloro complex 
[RuCI,(CO),(PPr',),] 12, which was isolated as a white solid in 
49% yield. When the reaction was carried out in a 1 :2  molar 
ratio, the same compound was obtained with 79% yield. In 
agreement with the structure shown in Scheme 3, the IR  
spectrum of 12 in Nujol shows two v(C0) bands in the terminal 
carbonyl region at 2015 and 1983 cm-', and the 31P-f'H) NMR 
spectrum shows a singlet at 6 38.5. 

The formation of 12 could involve the initial nucleophilic 
attack of a chloride anion to the metallic centre of 
[RuH(CO),(PPr',),]+ to give 1, which could undergo 
electrophilic attack of H + to afford an unstable dihydrogen 
derivative [RuCl(q2-H,)(CO),(PPri3),] +. Thus, the loss of the 
hydrogen molecule from the co-ordination sphere of this cation, 
and the subsequent co-ordination of a new chloride anion 
should give 12. In support of this proposal, we have found that 
complex 1 reacts with a stoichiometric amount of HBF,-OEt, 
in acetone to give molecular hydrogen and [RuCl(q'- 
OCMe,)(CO),(PPr',),]BF, 13, which by reaction with NaCl 
affords 12 (Scheme 3). 

Complex 13 was isolated as a white powder in 72% yield. 
Consistent with the mutually cis disposition of the two carbonyl 
ligands, the IR spectrum of this powder in Nujol shows two 
v(C0) bands at 2090 and 2022 cm-'. Furthermore, the spectrum 
contains the absorption due to the BF4- with Td symmetry, and 
the band corresponding to the carbonyl group of the acetone 
molecule at 1670 cm indicating that this ligand is co- 
ordinated in q '  fashion. Similarly to 2, complex 13 dissociates 

1 13 

diolef in 
18 tfbb 
19 cod 

14 H 2 0  
15 MeCN 
16 CO 
17 Hpz 

Scheme 3 (i) AgBF,-Me,CO, -AgCI; (ii) HCI, -H2; (iii) HBF,- 
Me,CO, -H2;  ( i v )  NaCI, -NaBF,; ( v )  +L,  -Me,CO; (ui) [{Rh(p- 
OMe)(diolefin)},] (diolefin = tfbb 8 or cod 9), -MeOH 

the acetone molecule in solution. The formation of 
[RuCI(CO),(PPr',),] + and acetone is supported by the IR 
spectrum in dichloromethane solution, and 13C-( 'H} NMR in 
CDCI, of 13. The IR spectrum shows the band of the cdrbonyl 
group of the acetone at 1715 cm-', whereas, in the '3C-(1H) 
NMR spectrum. the resonance of the carbonyl group appears at 
6 207.4. 

Six-co-ordination for ruthenium can be achieved by addition 
of water, acetonitrile, carbon monoxide or pyrazole to the metal 
centre of [RuCI(CO),(PPr',),] + . Thus, the reactions of 13 with 
these ligands lead to the six-co-ordinate cationic complexes 14- 
17 (Scheme 3), which were isolated as white solids in good yields 
(74-82%). 

Similarly to the IR spectrum of 3, the IR spectrum of 14 in 
Nujol shows splitting of the asymmetric BF,- stretching band, 
suggesting that in this case the anion is also involved in a 
network of hydrogen bonds with the co-ordinated water 
molecule. The IR spectra of 15-17 show absorptions due to the 
BF,- anion in Td symmetry. Furthermore, the spectra of 14-17 
contain two bands in the terminal carbonyl region, in 
agreement with the structures shown in Scheme 3. For 16, the 
presence of three carbonyl ligands in a mer fashion is supported 
by the ',C-{ 'H) NMR spectrum, which contains two carbonyl 
resonances at 6 191.5 and 189.0. in a 2: 1 ratio. Both signals 
appear as triplets with P-C coupling constants of 10.7 and 8.3 
Hz respectively. 

The 'H NMR spectrum of 17 indicates that there are two 
conformers of this compound in solution. The major species is 
characterised by four resonances due to the pyrazole protons at 
6 12.38, 8.20, 7.61 and 6.69, whereas the resonances due to the 
minor species are observed at 6 12.23,8.43,8.16 and 6.43. In six- 
co-ordinate chloro-pyrazole compounds containing these two 
ligands mutually cis disposed, N-H - - CI interactions have 
been previously observed.35 Since in our case, this interaction 
can only take place in the conformer with structure a (Fig. 3), 
we assume that this conformer is the major species. In the 
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31P-{1H) NMR spectrum of 17, the conformer a is character- 
ised by a singlet at 6 37.4 and the conformer b by another 
singlet at 6 37.5. 

The 31P-( 'H) NMR spectra of 14-16 show singlets between 
6 41.5 and 47.6, in agreement with the mutually trans disposi- 
tion of the triisopropylphosphine ligands. 

The unusual range of ligands, soft (CO) and hard (H20), 
bound by the [RuH(CO),(PPr',),] + and [RuCI(CO)~- 
(PPr'3)2]+ fragments may be due to the combination of a 
positive charge and two carbonyl ligands that allows hard 
ligands to bind* and to the presence of two basic phosphine 
and a hydrido ligand which encourage soft ligand binding. 
In this way, the ruthenium site seems to be both o acid and 
n base in character. 

The acidic NH group of the pyrazole ligand of 13 can 
be easily deprotonated by dimers of the type [{Rh(p-0Me)- 
(diolefin)),]. The reactions of 13 with 8 and 9 lead to the 
heterobinuclear complexes 18 and 19 respectively. These 
compounds were isolated as yellow solids in 74% (18) and 83% 
(19) yield. Their IR and 31P-{1H} NMR spectra are in good 
agreement with the structure proposed in Scheme 3. The most 
noticeable bands in the IR spectra of both compounds are two 
u(C0) absorptions at about 2000 cm-l and a very strong 
absorption at about 1100 cm-', which is due to the BF,- 
anion in T, symmetry. The 31P-('H} NMR spectra for both 
compounds show singlets at 6 36.5. 

The co-ordination geometry around the rhodium atoms of 18 
and 19 is square planar. Two vinylic resonances due to the 
diolefin therefore are expected in the 'H NMR spectra of both 
compounds. However, the spectrum of 18, as well as the 'H 
NMR spectrum of 19, shows only a single vinylic resonance at 
room temperature and at - 60 OC. This suggests the existtmce 
of a rapid exchange process on the NMR time-scale, even at 
- 60 OC, between the pyrazole and the chloro ligands. A similar 
phenomenon has been previously observed for rhodium and 
iridium square-planar compounds of type [M(X)L (diolefin)], 
where L is a nitrogen-donor l i g a r ~ d . ~ ~  The key of this exchange 
process could be the dissociation of Rh(pz)(diolefin) fragments 
from the heterobinuclear unit. In this context should be 
mentioned that previous studies on chloro-pyrazolato 
heterobridged compounds have shown that the cleavage of the 
bridge can easily occur. 3 8  Interestingly, the heterobinuclear 
complexes 10 and 11 with a hydrido instead of a chloro ligancl in 
the bridge have a rigid structure in solution. This could bs a 
result of the metal-metal interaction in these hydrido-bridged 
compounds. The Ru-Rh interaction in 10 and 11 could prevent 
the dissociation of Rh(pz)(diolefin) fragments. 

Insertion Keuctions into the Ru-H Bond of Complex 2.- 
Carbon disulfide and heteroallenes (e.g. SCNR) behave as 
electrophiles. Their 6' charged central carbon atom can be 
attacked not only by conventional nucleophiles (e.g. OR-, 
SR-,NHR--,etc.) but also by metallic bases toformM(q2-CS,) 
and M(q2-Che,eroa,lene).39 The stability of these intermediates IS 

mainly determined by the energetics of subsequent reactions. 
For example, when the metal centre binds a hydrido ligand, 
the transfer of the hydrido ligand from the metal to the central 
carbon atom of the heteroallene is observed.,' In agreement 
with the n-base character of the fragment [RuH(CO),- 
(PPrt3),]+, complex 2 reacts with CS, and SCNR (R = Me or 
Ph) to give the compounds 20-22 (Scheme 4), resulting from the 
insertion of the unsaturated substrates into the Ru-H bond. 

Complex 20 was isolated as a yellow solid in 80% yield. The 
dithioformato ligand is formulated as bidentate on the basis of 
its IR spectrum in Nujol, which shows bands at 1225 [v(HCS)] 
and 935 cm ' [V(CS~)~~,,,,,], in accordance with those found for 

* It has been previously suggested that the positive charge of a complex 
makes the metal centre a good CT acid, encouraging the co-ordination of 
hard ligands.8g I n  a trans arrangement a more stable complex results 
when a ligand is soft and the other one is hard.j6 

a 

Fig. 3 Conformers of compound 17 

b 

related ruthenium  compound^.^^ In addition, the IR spectrum 
of 20 contains two v(C0) bands at 2040 and 1985 cm ' and a 
very strong absorption between 1 100 and 1000 cm ', due to the 
BF4- anion with Td symmetry. In the 'H NMR spectrum, the 
most noticeable signal is a singlet at 6 1 1.3 I ,  which was assigned 
to the dithioformato proton. The 31P-{1H} NMR shows a 
singlet at 6 48.0. 

Complexes 21 and 22 were isolated as white solids in 78 and 
81% yield, respectively. The IR spectra of these compounds in 
Nujol show, similarly to the IR spectrum of 20, two v(C0) 
bands in the terminal carbonyl region, and the characteristic 
absorption of the BF4- with Td symmetry. Furthermore, they 
contain bands assigned to the thioformamido ligands, co- 
ordinated in a q2 fashion,42 at ca. 1520, 1280 and 880 cm '. 
The thioformamido protons appear in the 'H NMR spectrum 
at 6 8.82 (21) and 9.50 (22) as singlets. The 31P-{'H) NMR 
spectra show singlets at 6 42.8 (21) and 6 40.7 (22). 

Methyl propiolate also undergoes reaction with the fragment 
[RuH(CO),(PPr',),]+. Thus, treatment of 2 with the alkyne in 
1,2-dichIoroethane affords the vinyl complex 23 which was 
isolated as a yellow solid in 72% yield. The proposal that 
the ester unit co-ordinates to the ruthenium atom via the 
C=O oxygen atom is strongly supported by the IR spectrum, 
which shows the v(C0) stretching frequency at 1560 cm-'. 
Characteristic signals of this complex in the 'H NMR spectrum 
are the vinyl protons, which appear at 6 7.19 and 6.33. The 
31P-(1H) NMR spectrum shows a singlet at 6 43.9. 

The reactions of terminal alkynes with transition-metal 
hydride complexes generally result in the formation of vinyl 
derivatives by an insertion reaction of the alkyne into the M-H 
bonds.,, However, when the metal centre is electron rich, 
H-C(sp) activation can take place.44 Thus, the reaction with 
terminal alkynes of the fragment [OsH,(CO)(PPr',),], which 
inserts CS2 to give [ O S H ( ~ ~ - S , C H ) ( C O ) ( P ~ ~ ' , ) , ~ , ~ ~  leads 
to the hydrido-alkynyl-dihydrogen complex [OsH(C,R)- 
(q2-H2)(CO)(PPri3),] (R = Ph or SiMe3).34h The fragment 
[RuH(CO),(PPr',),]+ seems to be both n base and c acid in 
character. Its base character could favour the insertions of CS, 
and SCNR, while its acid character could prevent the formal 
oxidative addition of the H-C(sp) bond of methyl propiolate 
encouraging its insertion. 

Catalytic Activity of 2.-I ,2-Dichloroethane solutions of 2 
efficiently catalyse the hydrogenation of phenylacetylene to 
styrene. At 30 "C and atmospheric pressure of hydrogen, the 
selectivity of the reaction towards the olefin is 100% (Fig. 4). 
Subsequent reduction of styrene to ethylbenzene is not 
observed. 

In 1,2-dichIoroethane at 60 "C, and under an atmospheric 
pressure (ca. los Pa) of argon, complex 2 also catalyses the 
addition of triethylsilane to phenylacetylene, to give cis- 
PhCH=CH(SiEt,) with a selectivity of 100%. Thus, the 
formation of 0.16 mol dm-, cis-PhCH=CH(SiEt,) is observed 
after 1 h 40 min, by treatment of phenylacetylene (0.24 mol 
drn-,) with triethylsilane (0.24 mol drn-,) in the presence of 2 
(2.4 x mol drn-,) [equation (l)]. 

H 
(1) 

2 
PhCfCH + HSiEt, - H\ - ' 

Ph/c-c'Si Et, 
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Fig. 4 Hydrogenation of phenylacetylene catalysed by [Ru(q '- 
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Scheme 4 

The hydrosilylation of terminal alkynes catalysed by 
transition-metal complexes can give rise to four products,46 cis- 
R 'CH=CH( SiR2 ,), trans-R ' CH=CH( SiR2 ,), R '( SiR2 ,)C=CH2 
and R'CzCSiR23, and much effort has been expended in 
developing highly selective catalysts.47 The formation of the 
thermodynamically less stable isomers, cis-RCH=CH(SiR',), is 
interesting because these compounds are a result of the trans 
addition of the silane to the alkyne. Highly selective catalytic 
formation of anti-addition products has been reported in a few 
cases, where the reactions were carried out in the presence of 
an excess of alkyne or silane.46b.47h*S*i However, as far as we 

know, selectivities of 100% have been previously obtained only 
in the presence of the complex [Ru(H)C~(CO)(PP~',)~]. 

Conclusion 
The chemical properties of the species [RuH(CO),(PPr',),] 
seem to be a result of the combination around the metal centre 
of (i) a positive charge and two carbonyl ligands which would 
allow it to act as a 0 acid, and (ii) one hydrido and two 
phosphine ligands, which would account for its n-base 
character. 

Experimental 
General Considerutions.-All reactions were carried out with 

rigorous exclusion of air by using Schlenk-tube techniques. 
Solvents were dried by known procedures and distilled under 
argon prior to use. The starting materials [Ru(H)CI(CO),- 
(PPr',),] ' and [{Rh(p-OMe)(diolefin)},] (diolefin = tfbb or 
cod) 48 were prepared by published methods. 

Physical Meusurements.-NMR spectra were recorded on 
Varian 200 XL and UNITY 300 spectrophotometers. Chemical 
shifts are expressed in ppm upfield from (SiMe,(13C-(1H), 'H) 
and 85% H3PO4 (31P-(1H)). Coupling constants J and N are 
given in Hz. Infrared spectra were run on a Perkin-Elmer 783 
spectrophotometer as either solids (Nujol mulls on polyethylene 
sheets) or solutions (NaCl cell windows). Carbon, H and 
N analyses were carried out with a Perkin-Elmer 240C micro- 
analyser. The hydrogenation was followed, at constant pressure 
of hydrogen, by measuring the hydrogen consumption as a 
function of time in a gas burette (Afora 5 16256). Analysis of the 
products of the catalytic reaction was carried out on a Perkin- 
Elmer 8500 gas chromatograph with an FFAP (free fatty acid 
phase) on Chromosorb GHP SO/lOO mesh (9.14 x 0.3175 cm) 
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column at 150 "C. The hydrosilylation reaction was carried out 
in a two-necked flask fitted with a condenser and containing a 
magnetic stirring bar. The second neck was closed by a silicone 
septum to allow samples to be removed by syringe without 
opening the system. The reaction was followed by measuring 
the silane consumption as a function of time using C,H,, as 
internal standard with a 15% P,P'-oxydipropionitrile on a 
Chromosorb W HP 80/100-mesh column at 40 "C on a Perkin- 
Elmer 8500 gas chromatograph with a flame ionisation 
detector. The analysis of the reaction product was carried out by 
using a FFAP on Chromosorb GHP 80/100-mesh column at 
175 "C. 

Preparu tion.,. -[ RuH( q ' -OCMe,)(CO) 2(PPr'3) ,] BF, 2. A 
solution of 1 (149 mg, 0.29 mmol) in acetone (15 cm3) was 
treated with AgBF, (59.28 mg, 0.30 mmol). After stirring for 30 
min in the dark, at room temperature, the suspension was 
filtered and concentrated to ca. 1 cm3. A white product was 
precipitated by addition of diethyl ether. The solid was 
repeatedly washed with diethyl ether and dried in uucuo. 
Yield 148 mg (82%) (Found: C, 44.50; H, 8.30. Calc. for 
C23H,,BF,0,P,Ru: C, 44.30; H, 7.90%). IR (Nujol, cm '): 

1000. IR (CH,CI,, cm '): v(CO), 2045, 1975; v(C=O), 1715. 
NMR (CDCI,): 'H (200 MHz), 6 2.40 (m, 6 H, PCHCH,), 2.14 
[s, 6 H, (CH,),CO], 1.30 [dvt, 36 H, N = 14.3 Hz, J(HH) = 
7.2, PCHCH,] and -3.86 [t, I H, J(PH) = 18.3 Hz, R u w ;  
31P-(1HI( (80.9 MHz), 6 64.5 (s); 13C-(1H} (75.33 MHz), 6 207.4 
[br, (CH,),CO], 199.7 [t, J(PC) = 6.0, CO], 198.3 [t, J(PC) = 
6.9. CO], 30.9 (s, Me,CO), 24.4 (vt, N = 11.5 Hz, PCHCH,), 
19.2 and 18.9 (both s, PCHCH,). 

[RuH(H20)(CO),(PPr',),IBF, 3. A solution of 1 (106.4 mg, 
0.21 mmol) in acetone (15 cm3) was first treated with cu 10 
drops of water and then a stoichiometric amount of AgBF, 
(47.3 mg, 0.24 mmol) was added. After stirring for 30 rnin in the 
dark, at room temperature, the suspension was filtered and 
concentrated to ca. I cm3. A white product was precipitated by 
addition of diethyl ether. The solid was repeatedly washed with 
diethyl ether and dried in uucuu. Yield 98 mg (80%) (Found: C, 
41.65; H, 8.20. Calc. for C,,H,,BF,O,P,Ru: C, 41.20; H, 
7.75%). IR (Nujol, cm I): v(OH), 3395 (br); v(RuH). 2049; 
v(CO), 1970,1931; v(BF,), 1100-1000. NMR (CDCI,): 'H (200 
MHz), 6 3.40 (s, 2 H, H,O), 2.40 (m, 6 H, PCHCH,), 1.35 [tlvt, 
36 H, N = 14.3, J(HH) = 7.2, PCHCH,] and -4.63 [t, 1 H, 
j (PH)  = 18.7 Hz, RuHJ; 31P-(1H} (80.9 MHz), 6 61.4 (s). 

[RuH(MeCN)(CO),(PPr',),]BF, 4. A solution of 1 (99.5 
mg, 0.19 mmol) in acetone (15 cm3) was first treated with 
MeCN (21 pl, 0.4 mmol) and then with AgBF, (40 mg, 0.20 
mmol). After stirring for 30 min in the dark, at room 
temperature, the suspension was filtered and concentrated to 
ca. 1 cm'. A white product was precipitated by addition of 
diethyl ether. The solid was repeatedly washed with diethyl 
ether and dried in uacuo. Yield 86.4 mg (75%) (Found: C, 43.75; 
H, 8.45; N, 2.30. Calc. for C,2H,,BF,N0,P,Ru: C, 43.55; H, 
7.65; N, 2.30'x). 1R (Nujol, cm '): v(C-N), 2325; v(RuH), 2040; 
v(CO), 1985,1928; v(BF,), 1 150-1050. NMR (CDCI,): 'H (200 
MHz), 6 2.43 (s, 3 H, CH,CN), 2.35 (m, 6 H, PCHCH,), 1.25 
[dvt, 36 H, N = 14.4, J(HH) = 7.2, PCHCH,] and -6.00 [t, 
1 H, J(PH) = 18.0 Hz, R u w ;  31P-{1H} (80.9 MHz), 6 59.8 (s). 

[RuH(CO),(PPr',),]BF, 5 .  A stream of CO was bubbled 
through a solution of 2 ( I  35 mg, 0.22 mmol) in CH,CI, (15 
cm3). After 30 min the solution was concentrated to ca. 1 cm3. A 
white product was precipitated by addition of diethyl ether. The 
solid was repeatedly washed with diethyl ether and dried in 
uucuo. Yield 108 mg (83%) (Found: C, 42.65; H, 8.05. Calc. for 
C21H43BF403P2R~:  C, 42.50; H. 7.30%). IR (Nujol, cm '): 

IR (CH,CI,, cm '): v(RuH), 2095; v(CO), 2045, 2025. NMR 
(CDCI,): 'H  (200 MHz), 6 2.40 (m, 6 H, PCHCH,), 1.40 [dvt, 
36 H, N = 15.8, J(HH) = 8.4, PCHCH,] and -7.80 [t, 1 H, 

~ ( R u H ) ,  2031; v(CO), 1978, 1931; v(C=O), 1667; v(BF,), 1120- 

v(RuH), 2100; v(CO), 2040, 2020; v(BF,), 1100--1000. 

J(PH) = 15.6 Hz. R U M ;  31P-(1H} (80.9 MHz), 6 60.5 (s); 13C- 

('H} (75.33 MHz), 6 200.9 [t, J(PC) = 12.6, CO], 198.2 [t, 
J(PC) = 5.8, CO], 24.3 [vt, N = 11.3 Hz, PCHCH,), 19.1 and 
18.9 (both s, PCHCH,). 
[RuH(CO),(Hpz)(PPr',),]BF, 6. This compound was 

prepared analogously as described for 4, starting from 1 (124 
mg, 0.24 mmol), AgBF, (50 mg, 0.25 mmol) and pyrazole (17 
mg, 0.25 mmol). A white solid was obtained. Yield 152 mg 
(78%) (Found: C, 43.15; H, 8.05; N, 4.45. Calc. for 
C,,H,,BF,N,O,P,Ru: C, 43.60; H, 7.50; N, 4.40%). IR 
(Nujol, cm-I): v(NH), 3265; v(RuH), 2045; v(CO), 1983, 1935; 
v(BF,), 1100-1000. NMR (CDCI,): (major isomer); 'H (200 
MHz), 6 11.14 (br, 1 H, NH), 8.05, 7.43, 6.26 (all br, 1 H each, 
C,H,N,), 1.8 (m, 6 H, PCHCH,), 1.25 [dvt, 36 H. N = 14.0 
Hz, J(HH) = 6.8 Hz, PCHCH,] and -5.06 [t, 1 H, J(PH) = 
19.5 Hz, R u a ;  31P-{1H} (80.9 MHz), 6 57.6 (s); (minor 
isomer); 'H, 6 11.90 (br, 1 H, NH), 7.97, 7.34, 6.20 (all br, 1 H 
each, C,H,N,), 1.6 (m, 6 H, PCHCH,), 1.25 [dvt, 36 H, N = 
14.0 Hz, J(HH) = 6.8, PCHCH,] and -5.31 [t, 1 H, J(PH) = 

[Ru(CO),(PPr',),] 7. A solution of 5 (75.2 mg, 0.15 mmol) 
in MeOH (6 cm3) was treated with a stoichiometric amount of 
KOH in MeOH (0.75 cm3, 0.15 mmol). After stirring for 15 rnin 
and cooling to -80 "C a white precipitate was formed. This 
solid was repeatedly washed with MeOH and dried in uacuo. 
Yield 57 mg (75%) (Found: C, 50.05; H, 9.35. Calc. for 
C,,H,,O,P,Ru: C, 49.90; H, 8.35%). IR (Nujol, cm-'): v(CO), 
1925. NMR (C,D,): 'H (300 MHz), 6 2.20 (m, 6 H, PCHCH,), 
1.30 [dvt, 36 H, N = 14.1, J(HH) = 7.1 Hz, PCHCH,]; ,'P- 
('HI (80.9 MHz), 6 72.8 (s), see ref. 25. 
[(OC),(Pr',P),Ru(p-H)(p-pz)Rh(tfbb)]BF, 10. A solution 

of 6 (95 mg, 0.1 5 mmol) in acetone (10 cm3) was treated with 8 
(40 mg, 0.07 mmol) and stirred under reflux for 24 h. The yellow 
solution was then filtered off and concentrated to ca. 0.5 cm'. 
After addition of diethyl ether, a yellow solid was obtained. 
This solid was repeatedly washed with diethyl ether and dried 
in uacuo. Yield 127 mg (88%) (Found: C, 43.65; H, 6.25; N, 
2.70. Calc. for C,,H,,BF,N,O,P,RhRu: C, 43.70; H, 5.45; 
N, 2.90%). IR (Nujol, cm-'): v(CO), 2030, 1980; v(BF,), 
1100-1000. NMR (CDCI,): 'H (200 MHz), 6 7.20, 6.76 and 
6.21 (all br, each 1 H, C3H3N2), 5.50 (br, 2 H, -CH of tfbb), 
4.42 and 3.94 (both br, each 2 H, =CH- of tfbb), 2.57 (m, 

18.9 Hz, R u m ;  ,lP-{ 'H} (80.9 MHz), 6 57.0 (s). 

6 H, PCHCH,), 1.40 [dvt, 18 H, N = 14.7, J(HH) = 7.3, 
PCHCH,], 1.20 [dvt, 18 H, N = 13.1, J(HH) = 6.2, 
PCHCH,] and - 13.70 [dt, J(PH) = 12.1, J(RhH) = 19.8 Hz, 
RhHRu]; ,'P-{ 'H) (80.9 MHz), 6 51.7 (s). 
[(OC),(Pr',P),Ru(p-H)(p-pz)Rh(cod)]BF, 11. This com- 

pound was prepared analogously as described for 10. starting 
from 6 (67.5 mg, 0.11 mmol) and 9 (31 mg, 0.05 mmol). A 
yellow solid was obtained. Yield 83.5 mg (90%) (Found: C, 
44.45; H, 7.30; N, 3.65. Calc. for C,,H,,BF,N,O,P,RhRu: C, 
44.15; H, 6.95; N, 3.30%). IR (Nujol, cm-'): v(C0). 2050, 1990; 
v(BF,), 1100-1000. NMR (CDCI,): 'H (200 MHz), 6 7.15 and 
6.9 [both d, each 1 H, J(HH) = 1.8, H, and Hc of pz], 6.18 [t, 
J(HH) = 1.8, 1 H, HA of pz], 4.67 and 4.41 (both br, each 2 H, 
=CH- of cod), 2.6 (m, 6 H, PCHCH,), 2.30, 2.00 and 1.90 (all 
br,8H,-CH2-ofcod),1.4[dvt,18H,N = 14.7,J(HH) = 7.2, 

and -13.3 [dt, J(PH) = 12.3, J(RhH) = 16.5 H7, RhHRu]; 

[RuCI,(CO),(PPr',),] 12. A solution of 2 (78.2 mg, 0.12 
mmol) in CH,C12 was treated with a solution of HCI in Pr'OH 
(60 pl, 0.13 mmol). After stirring for 30 rnin the solvent was 
removed and diethyl ether (2 cm3) was added. The solution was 
cooled to -25 "C and then colourless crystals formed. Yield 36 
mg (49%). The same reaction was also carried out using an 
excess of HCI: 2 ( 1  00 mg, 0.15 mmol) and HCI-Pr'OH (200 pl, 
0.4 mmol HCI). Yield 62 mg (72%) (Found: C, 44.05; H, 8.85. 
Cak. for C,,H4,CI2O,P,Ru: C, 43.80; H, 7.70%). TR (Nujol, 
cm-'): v(CO), 2015, 1983. NMR (C,D,): 'H (300 MHz), 6 2.78 
(m, 6 H, PCHCH,) and 1.26 [dvt, 36 H, N = 13.8, J(HH) = 

PCHCHJ, 1.1 [dvt, 18 H, N = 13.8, J(HH) = 6.9, PCHCH,] 

31P-\(1H) (80.9 MHz), 6 49.1 (s). 

6.8 Hz, PCHCHJ; 31P-(1H} (80.9 MHz), 6 38.5 (s). 
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[RuCl(q '-OCMe2)(CO),(PPri,)2]BF, 13. A solution of 1 
(263.8 mg, 0.51 mmol) in diethyl ether (12 cm3) was treated with 
acetone (ca. 2 cm3), and then with an ether solution of HBF, (70 
pl, 0.5 mmol). After the mixture was stirred for 5 min a white 
solid precipitated. This solid was repeatedly washed with diethyl 
ether and dried in uacuo. Yield 366 mg (72%) (Found: C, 41.45; 
H, 7.75. Calc. for C2,H,,BCIF,03P,Ru: C, 42.00; H, 7.35%). 
IR (Nujol, cm-'): v(CO), 2090, 2022; v(Cd)), 1670; v(BF,), 
1100-1000. IR (CH,CI,, cm-'): v(CO), 2025, 1995; v(C=O), 
1715. NMR (CDCl,): 'H (300 MHz), 6 2.8 (m, 6 H, PCHCH,), 
2.15 [ s ,  6 H, (CH,),CO], 1.41 [dvt, 36 H, N = 14.1, J(HH) = 
7.4 Hz, PCHCHJ; ,'P-{ 'H) (80.9 MHz), 6 47.6 (s); l3C-{lH) 
(75.33 MHz), 6 207.4 [br, (CH,),CO], 199.7 [t, J(PC) = 6.0, 
CO], 198.3 [t, J(PC) = 6.9, CO], 32.0 [s, (CM,),CO], 23.6 (vt, 
N = 10.5 Hz, PCHCH,), 19.9 and 19.2 (both s, PCHCH,). 
[RuC1(H20)(C0),(PPr',),]BF, 14. This compound was pre- 

pared analogously as 13 starting from 2 (132 mg, 0.26 mmol), 
HBF,-OEt, (70 p1, 0.52 mmol) and ca. 20 drops of water. A 
white powder was obtained. Yield 119 mg (74%) (Found: C, 
39.50; H, 7.85. Calc. for C2,H,,BClF,0,P,Ru: C, 38.90; H, 
7.10%). IR (Nujol, cm-'): v(0-H), 3450-3300; v(CO), 2050, 

(300 MHz), 6 4.05 (s, 2 H, H,O), 2.8 (m, 6 H, PCHCH,) and 

{ 'H} (80.9 MHz), 6 42.3 (s). 
[RuC~(M~CN)(CO),(PP~~,)~]BF, 15. A solution of 13 ( 1  00 

mg, 0.15 mmol) in CH,Cl, (10 cm3) was treated with MeCN (32 
pl, 0.6 mmol). The solvent was removed and diethyl ether ( 5  
cm3) was added. The resulting white solid was washed with 
diethyl ether and dried in uacuo. Yield 76 mg (79%) (Found: C, 
40.90; H, 7.4; N, 2.10. Calc. for C2,,H,,BC1F,N0,P,Ru: C, 
41.25; H, 7.10; N, 2.20%). IR (Nujol, cm-I): v(C=N), 2310; 
v(CO), 2055,1990; v(BF,), 115&1000. NMR (CDCI,): 'H (300 
MHz), 6 2.80 (m, 6 H, PCHCH,), 2.61 (s, 3 H, CH,CN), 1.40 

(80.9 MHz), 6 41.5 (s). 
[RuC1(CO),(PPr',),]BF4 16. This compound was prepared 

analogously as described for 5 starting from 13 (1 02 mg, 0.15 
mmol). A white solid was obtained. Yield 77.2 mg (82%) 
(Found: C, 40.20; H, 7.15. Calc. for C,lH,2BClF,0,P2Ru: C, 
40.15; H, 6.75%). IR (Nujol, cm-'): v(CO), 2060, 2025. IR 
(CH,CI,, cm '): v(CO), 2065,2030; v(BF,), 1100-1000. NMR 
(CDCl,): 'H (200 MHz), 6 2.80 (m, 6 H, PCHCH,) and 1.40 

1985; 6(0-H), 1620; v(BF,), 1150-950. NMR (CDCI,): 'H 

1.4 [dvt, 36 H, N = 14.2, J(HH) = 7.1 Hz, PCHCH,]; ,'P- 

[dvt, 36 H, N = 13.5, J(HH) = 6.6 Hz, PCHCH,]; 31P-('H 1 

[dvt, 36 H, N = 15.1, J(HH) = 7.8 Hz, PCHCH,]; 31P-{1H} 

J(PC) = 10.7, CO], 189.0 [t, J(PC) = 8.3, CO], 26.4 (vt, N = 
(80.9 MHz), 6 47.6 (s); 13C-{lH} (75.33 MHz), 6 191.5 [t, 

11.2 Hz,PCHCH,)and 19.6(s,PCHCH3). 
[RuC~(CO),(H~Z)(PP~',)~]BF, 17. This compound was 

prepared analogously as described for 6 starting from 13 (148 
mg, 0.22 mmol) and pyrazole (13.5 mg, 0.22 mmol). A white 
solid was obtained. Yield 120.2 mg (80%) (Found: C, 41.60; H, 
7.30; N, 4.15. Calc. for C2,H,,BClF4N20,P,Ru: C, 41.35; H, 
6.95; N, 4.20%). IR (Nujol, cm-'): v(N-H), 3310, 3150; v(CO), 
2040,1990; v(BF,), 1100-1000. NMR (CDCI,): (major isomer); 
'H, 6 12.38 (br, NH), 8.20, 7.61, 6.69, (all br, 1 H each, 
C,H,N,), 2.40 (m, PCHCH,), 1.20 [dvt, N = 14.1, J(HH) = 
7.1 Hz, PCHCH,]; 31P-{1H} (80.9 MHz), 6 37.4 (s); (minor 
isomer); 'H, 6 12.23 (br, NH), 8.43, 8.1 6, 6.43 (all br, 1 H each, 
C,H,N,), 2.40 (m, PCHCH,) and 1.20 [dvt, N = 14.1, 

[(OC),(Pr',P),Ru(p-Cl)(p-pz)Rh(tfbb)]BF, 18. This com- 
pound was prepared analogously as described for 10, starting 
from 17 (100 mg, 0.15 mmol) and 8 (54 mg, 0.07 mmol) Yield 
110.5 mg (74%) (Found: C, 42.60; H, 5.70; N, 2.80. Calc. for 
C,,H51BCIF,N20,P2RhRu: C, 42.20; H, 5.15; N, 2.80%). IR 
(Nujol, cm-'): v(CO), 2025, 1994; v(BF,), 1100-1000. NMR 
(CDCl,): 'H (300 MHz), 6 7.74, 6.71, 6.33 (all br, each 1 H, 
C,H,N,), 5.50 (br, 2 H, -CH of tfbb), 3.85 (br, 4 H, =CH of 
tfbb), 2.6 (m, 6 H, PCHCH,), 1.40 [dvt, 18 H, N = 14.4, 
J(HH) = 7.3, PCHCH,] and 1.20 [dvt, 18 H, N = 13.7, 
J(HH) = 6.9 Hz, PCHCH,]; 31P-(1H} (80.9 MHz), 6 36.5 (s). 

J(HH) = 7.1 Hz, PCHCH,]; ,lP-{ 'H} (80.9 MHz), 6 37.5 (s). 

[(OC), (Pr ',P) , Ru( p-Cl)(p-pz)R h(cod)] BF, 19. This com- 
pound was prepared analogously as described for 10, starting 
from 17 (1 12 mg, 0.17 mmol) and 9 (41 mg, 0.08 mmol). Yield 
124 mg (83%) (Found: C, 43.25; H, 6.80; N, 3.05. Calc. for 

N, 3.05%). IR (Nujol, cm-'): v(CO), 2050, 1995; v(BF,), 1100- 
1000. NMR (CDCl,): 'H (300 MHz), 6 7.70 and 6.94 [both d, 
each 1 H, J(HH) = 2 Hz, H, and H, of pz], 6.33 [t, J(HH) = 2 
Hz, 1 H, HA of pz], 4.25 (m, 4H, -HC==CH- of cod), 2.60 (m, 
6 H, PCHCH,), 2.38, 1.90 (both br, 4 H each -CH,- of cod), 
1.40 [dvt, 18 H, N = 14.6, J(HH) = 7.5, PCHCH,] and 1.20 
[dvt, 18 H, N = 13.8, J(HH) = 6.8 Hz, PCHCH,]; 31P-{'H) 
(80.9 MHz), 6 36.5 (s). 

[Ru(q2-S,CH)(CO),(PPr',),lBF, 20. A solution of 2 (1 12 
mg, 0.17 mmol) in CH,Cl, (10 cm3) was treated with an excess 
of CS, (16.2 pl, 0.25 mmol) and stirred for 15 min at room 
temperature. The solution was concentrated to ca. 0.5 cm3 and 
a yellow solid was precipitated by addition of diethyl ether. The 
solid was repeatedly washed with diethyl ether and dried in 
uacuo. Yield 87.2 mg (80%) (Found: C, 39.70; H, 6.90. Calc. for 
C21H,,BF402P2RuS2: C, 39.30; H, 6.75%). IR (Nujol, cm-'): 
v(CO), 2040, 1985; v(HCS), 1225; v(BF,), 1100-1000; 
V(CS,)~~~,,,, 935. NMR (CDCI,): 'H (300 MHz), 6 11.31 (s, 1 H, 
CH), 2.72 (m, 6 H, PCHCH,) and 1.40 [dvt, 36 H, N = 12.6, 

[Ru { q -SN( Me)CH ) (CO) ,( PPr ,) ,] BF, 21. This compound 
was prepared analogously as described for 20, starting from 2 
(105 mg, 0.16 mmol) and MeNCS (18.5 mg, 0.24 mmol). A 
white solid was precipitated. Yield 79.7 mg (78%) (Found: C, 
41.50; H, 8.10; N, 2.30. Calc. for C,,H,,BF,NO,P,RuS: C, 
41.40; H, 7.25; N, 2.20%). IR (Nujol, cm '): v(CO), 2040, 1980; 
v(SCN), 1520, 1260, 880; v(BF,), 1100-1000. NMR (CDCI,): 
'H (300 MHz), 6 8.82 (s, 1 H, CH), 3.4 (s, 3 H, CH,), 2.60 (m, 
6H,PCHCH3)andl.42[dvt,36H,N = 13.5,J(HH) = 6.5Hz, 

[Ru{ q 2-SN(Ph)CH}(CO),(PPr' ,),I BF, 22. This compound 
was prepared analogously as described for 20, starting from 2 
(106 mg, 0.16 mmol) and PhNCS (41 pl, 0.32 mmol). A white 
solid was precipitated. Yield 91 mg (81%) (Found: C, 45.85; H, 
7.25; N, 1.85. Calc. for C,,H,,BF,NO,P,RuS: C, 46.30; H, 
6.90; N, 2.00%). IR (Nujol, cm-'): v(CO), 2040, 1975; v(SCN), 
1580, 1280, 885; v(BF,), 1100-1000. NMR (CDCI,): 'H (300 
MHz), 6 9.50 (s, 1 H, CH), 7.2-7.4 (5 H, C,H,), 2.61 (m, 6 H, 
PCHCH,) and 1.35 [dvt, 36 H, N = 15.2 Hz, J(HH) = 8.0 Hz, 
PCHCH,]; 31P-{1H) (80.9 MHz), 6 40.7 (s). 
[Ru(C[C(O)OM~]=CH,)(CO)~(PP~',)~]BF~ 23. A solution 

of 2 (100 mg, 0.16 mmol) in CH,CI, (1 5 cm3) was treated with 
3 equivalents of methyl propiolate (42.9 p1, 0.48 mmol) 
and stirred for 12 h at room temperature. The solution 
was concentrated to ca. 0.5 cm3 and a yellowish solid 
was precipitated by addition of diethyl ether. The solid was 
repeatedly washed with diethyl ether and dried in uacuo. 
Yield 74.8 mg (72%) (Found: C, 44.75; H, 7.45. Calc. for 
C,4H4,BF,0,P,Ru: C ,  44.40; H, 7.30%). IR (Nujol, cm '): 

IR (CH,CI,, cm-'): v(CO), 2049, 1984. NMR (CDCI,): 'H (300 
MHz), 6 7.19, 6.33 (both br, 1 H each, H2C=), 4.02 (s, 3 H, 
OCH,), 2.52 (m, 6 H, PCHCH,) and 1.30 [dvt, 36 H, N = 14.5, 

C ~ ~ H ~ ~ ~ B C I F ~ N ~ O ~ P ~ R ~ R U ~ O . ~ C ~ H ~ ~ O :  C, 43.30; H, 6.85; 

J(HH) = 6.3 Hz, PCHCH,]; ,'P-{ 'H} (80.9 MHz), 6 48.0 (s). 

PCHCH,]; 31P-{1H) (80.9 MHz, CDCI,), 6 42.8 (s). 

I 

v(CO), 2060, 1985; v(C=O), 1560; v(BF,), 1100-1000. 

J(HH) = 7.1 Hz, PCHCHJ; 31P-(1H} (80.9 MHz), 6 43.9 (s). 

Hydrogenation of Phenylacety1ene.-The catalyst, 2 (5.2 mg, 
8.3 x mmol), was carried with a solution of PhCzCH 
(81.74 mg, 0.80 mmol) in 1,2-dichloroethane (8 cm3) into a 
Schlenk manifold. The flask was closed by a silicone septum. 
The system was evacuated and refilled with hydrogen five times, 
and the flask was then immersed in a constant-temperature bath 
at 30 "C. The mixture was vigorously shaken during the run. 

Hydrosilylation of Pheny1acetylene.-A solution of 2 
(4.8 x 10 mol dm ,) in 1,2-dichloroethane (4 cm3) was added 
to a 1,2-dichloroethane solution (4 cm3) containing 0.48 mol 
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dm-3 HSiEt,, 0.48 mol dm-, PhC,H and C,H,,. The flask was 
then immersed in a bath at 60 OC, and the reaction mixture was 
magnetically stirred. The product cis-PhCH=CH(SiEt,) was 
isolated by column chromatography (Al,O, : hexane) and was 
characterised by 'H NMR spectroscopy in CDCl,: 6 7.45 [d, 
PhCH=, J(HH) = 15.11, 7.36-6.94 (Ph), 5.57 [d, =CH(SiEt,), 
J(HH) = 15.11, 0.86 [t, SiCH,CH,, J(HH) = 7.61, 0.58 [q, 
SiCH,CH,, J(HH) = 7.6 Hz]. 

X-  Ray DzffLac t ion Study of[ (OC) (Pr' , P), R u( p-H)( p-pz)R h- 
(cod)]BF4 11.-Suitable crystals were obtained by slow 
diffusion of diethyl ether into a CH,Cl, solution of 11 at room 
temperature. The selected crystal was an orange block of 
approximate dimensions 0.390 x 0.477 x 0.561 mm. Intensity 
data were recorded (3 6 26 < 50°) on a Siemens-Stoe AED-2 
diffractometer equipped with a highly oriented graphite-crystal 
monochromator. Cell parameters were determined from 56 

Table 2 
(Pr',P),Ru(p-H)(p-pz)Rh(cod)]BF4 I 1  

Details of the X-ray crystal structure analysis of [(OC),- 

Molecular formula 
M 
Crystal system 
Space group 
Crystal colour 
Cr stal sizeimni 
al x 
hlA 

U / P ,  z 
c.1 A 

D,/g cm ', F(000) 
Radiation 
p(Mo-Ka)/cm ' 
No. of reflections measured 
No. of unique data used 
R," R'b (observed data) 

C, H,,BF,N,O,P,RhRu 
843.54 
Ort horhombic 
Fd& 
Orange 
0.390 x 0.477 x 0.561 
28.290(2) 
22.572(1) 
23.126( 1) 
14 767(1), 16 
1.518, 6944.0 
MO-Ka (A. = 0.710 73 A) 
9.8 

6297 (IFJ 2 4.001F01) 
0.0232, 0.0258 

8052(3 G 28 G 500) 

accurately centred reflections in the range 22 < 26 < 40'. 
Crystal data and details associated with structure refinement 
are summarised in Table 2. Three standard reflections were 
monitored during data collection every 55 min of measuring 
time; no variation was observed. A total of 8052 reflections 
were measured (6495 unique, Rint = 0.0154), of which 6297 
were considered observed [F, 3 4.00(F0)]. The data were 
corrected for Lorentz and polarisation effects, and a 
semiempirical correction, based on azimuthal tpscans from 
seven  reflection^,^^ was also applied (min. and max. 
transmission factors 0.705 and 0.637). 

The structure was solved by Patterson and Fourier methods. 
All non-hydrogen atoms of the cation were isotropically and 
subsequently anisotropically refined. Most of the H atoms were 
included in calculated positions and refined using a riding 
model with fixed C-H distance (0.96 A). At this point, the BF,- 
counter anion was observed to be highly disordered and located 
in two different spatial regions. In both zones the boron atoms 
were situated on two-fold axes and consequently a total 
occupancy of 0.5 was assumed for each group of atoms. The 
disorder was modelled including three [F( 1 1 )-F( 1 7)] and two 
[F(2 l)-F(24)] different orientations for each BF, moiety. The 
hydride position was clearly obtained from the difference 
Fourier map and subsequently refined as a free isotropic atom. 
An extinction correction (x = 3.4 x lop5, where F' = F[1 + 
0.002F2/sin(26)] - *} as also included in the refinement.50 
Scattering factors were taken from ref. 5 1. All calculations were 
performed on a p-VAX 3400 computer with the SHELXTL 
PLUS package.50 Final atomic coordinates are given in Table 
3. 

Additional material available from the Cambridge Crystallo- 
graphic Data Centre comprises H-atom coordinates, thermal 
parameters and remaining bond lengths and angles. 

Acknowledgements 
We thank the Direccion General de Investigacion Cientifica y 
Tecnica (Project PB 92-0092, Programa de Promocion General 

'Table 3 Atomic coordinates ( x 10,; x lo4 for H atom) for [(OC),(Pr',P),Ru(p-H)(p-pz)Rh(cod)]BF, 11 

XiLI 
27 289( 1 ) 
33 2 7 3  1 )  

2 742( 12) 
22 154(3) 
33 419(3) 
26 429( 16) 
36 129(10) 
21 488(9) 
19 980( 10) 
26 912(15) 
32 767( 13) 
18 991(13) 
15 803( 14) 
I h  523( 14) 
18 084( 15) 
25 29l( 14) 
21 204( 18) 
10 564( 17) 
I7 021(15) 
19 738( 15) 
22 475( 18) 
27 550( 17) 
22 170(14) 
26 891( 17) 
18 130(19) 
1 S 732( 12) 
14 749( 16) 

Ylb 
823( I )  

2 268( 1) 
- 120(17) 

- 7 937(4) 
9 594(4) 
1415(18) 

6 572( 12) 
7 377( 13) 
1 346( 19) 

10 214(15) 
13 335(17) 
1 1 443( 19) 

143(20) 

- 6 655( 14) 

-3  938(16) 

-4 767(18) 
-6 718(21) 
- 3 975(22) 

1 893(20) 
6 623( 19) 
6 540(22) 
4 592(25) 

- 12 798( 18) 
- 15 710(23) 
- 17 351(24) 
- 6 573( 17) 
-3 176(19) 

z' lc 

37 544( 1) 
25 000 

32 924( 19) 
23 906(4) 
25 9434) 
I 1  995(14) 
25 148(18) 
25 924( 12) 
31 434(12) 
16 921(18) 
25 002( 18) 
22 458( 16) 
25 716(19) 
3 1 362( 18) 
44 373( 16) 
43 399( 16) 
47 391(19) 
45 542(22) 
42 558( 18) 
44 447( 16) 
50 100( 19) 
49 181(19) 
30 436(20) 
31 481(25) 
30 9 16( 27) 
22 591(17) 
17 029( 20) 

Xla 
13 217(14) 
23 671(15) 
28 867( 18) 
20 770(20) 
38 356( 13) 
38 479( 15) 
41 779(15) 
29 757(15) 
30 042( 18) 
31 659(20) 
33 941(16) 
29 580(21) 
36 889( 19) 

0 
0 

3 472(48) 

4 130(95) 

1270(71) 
4 542(51) 

0 
3 229(23) 

- 2 152(58) 

- 1 990(45) 

- 3 652(28) 
- 1  223(44) 

2 8 18(26) 

Ylb 
- 3 828(21) 
- 12 385(20) 
- 13 674(24) 
- 17 965(24) 

7 855( 18) 
4 445(20) 

13 239(23) 
1 5 760( 17) 
14 741(19) 
22 014(19) 

15 307(24) 
9 152(34) 
50 000 
50 000 
48 048(78) 
55 028(78) 
53 156( 105) 
46 947( 59) 
44 556(98) 
52 257(74) 

0 

13 020(22) 

- 2 433( 30) 
- 5 034(33) 
-2  692(51) 
-4 018(35) 

Z'C 
27 846(21) 
17 318(21) 
16 218(23) 
16 556(28) 
28 899(17) 
34 507( 18) 
29 344(22) 
30 107(20) 
36 678(20) 
28 738(26) 
I8 869( 19) 
15 619(23) 
15 072(22) 
22 81 3(44) 
28 507(66) 
19 742(55) 
20 224(72) 
24 053(131) 
27 805(61) 
21 988(97) 
19 948(69) 
23 726( 5 1 ) 
19 719(29) 
25 363(36) 
28 395(55) 
21 405(36) 

These coordinates correspond to the isotropically refined hydride position. These atoms, involved in disorder, were isotropically refined. The 
assigned occupancy factors were: for F( 1 1 ), F( 13), F( 14) 20%; for F( 12), F(21), F(22), F(23), F(24) 50% and, for F( 15), F( 16), F( 17) 30%. 

http://dx.doi.org/10.1039/DT9950002171


2180 J. CHEM. SOC. DALTON TRANS. 1995 

del Conocimiento) and EU (Project: Selective Processes and 
Catalysis Involving Small Molecules) for financial support. 

References 
1 M. A. Esteruelas and H. Werner, J.  Organomet. Chem., 1986, 303, 

221. 
2 H. Werner, M.  A. Esteruelas, U. Meyer and B. Wrackmeyer, Chenz. 

Ber., 1987, 120, 1 1 .  
3 H. Werner, M. A. Esteruelas and H. Otto, Organometullics, 1986,5, 

2295. 
4 M. A. Esteruelas, E. Sola, L. A. Oro, H. Werner and U. Meyer, 

J .  Mol. Catal., 1988,45, 1 .  
5 M. A. Esteruelas, E. Sola, L. A. Oro, H. Werner and U. Meyer, 

J .  Mol. Cutal., 1989, 53, 43. 
6 H. Werner, U. Meyer, M. A. Esteruelas, E. Sola and L. A. Oro, 

J.  Orgunomet. Chem., 1989, 366, 187. 
7 M. A.  Esteruelas, J. Herrero and L. A. Oro, Organometullics, 1993, 

12, 2377. 
8 ( a )  R. H. Crabtree, J. M. Mihelcic and J. M. Quirk, J.  Am. Chem. 

Soc., 1979,101,7738; (6)  R. Uson, L. A. Oro and M. J.  Fernandez, 
J .  Orgunomet. Chem., 1980,193,127; (c)R. H. Crabtree, M. F. Mellea 
and J. M. Quirk, J. Chem. Soc., Chetn. Commun., 1981, 1217; ( d )  
R. H. Crabtree, P. C. Demou, D. Eden, J. M.  Mihelcic, C. A. Parnell, 
J. M.  Quirk and G.  E. Morris, .I. Am. Chem. Soc., 1982, 104, 6994; 
( e )  R. H. Crabtree, M. F. Mellea, J. M. Mihelcic and J. M. Quirk, 
J .  Anz. Chem. Soc., 1982, 104, 107; ( . f )  R. H. Crabtree, J. W. Faller, 
M. F.  Mellea and J.  M.  Quirk, Organometullics. 1982, 1, 1361; ( g )  
R. H.  Crabtree, M. W. Davis, M. F. Mellea and J. M.  Mihelcic, 
Inorg. Chzrn. Acta, 1983, 72, 223; (h )  R. H. Crabtree and 
C. P. Parnell, Organometallics, 1984, 3, 1727; ( i )  M. J. Burk, 
R. H .  Crabtree, C. P. Parnell and R.  J. Uriarte, Orgunometallics, 
1984, 3, 81 6; ( , j )  R.  H. Crabtree and C. P. Parnell, Orgunometullics, 
1985, 4, 519; ( k )  R. H. Crabtree, C. P. Parnell and R.  J. Uriarte, 
Organometallics, 1987, 6, 696. 

9 0. W. Howarth, C. H. McAteer, P. Moore and G .  E. Morris, 
J.  Chem. Soc., Chem. Commun., 1981, 506; J.  Chem. Soc., Dalton 
Truns., 1981, 1481; 0. W. Howarth, P. Moore, G. E. Morris and 
N. W. Alcock, J.  Chern. Soc., Dalton Trans., 1982, 541. 

10 R. R. Schrock and J. A. Osborn, Chem. Commun., 1970, 567; 
J .  An7. Chem. Soc., 1976,98,2134,2143,4450; L. A. Oro, J. V. Heras, 
K .  A. Ostoja-Storzewski, P. S. Pregosin, A. Manrique and M. Royo, 
Tramition Met. Chem., 1991, 6, 1 .  

11 R. Heys, J.  Chem. Soc., Chem. Commun.. 1992, 680. 
12 M. J. Burn, M. G. Fickes, J. F. Hartwig, F. J. Hollander and 

R.  G .  Bergman, J .  Am. Chern. Soc., 1993, 115, 5875. 
13 Y. Sun, N. J.  Taylor and A. J.  Carty, Inurg. Chern., 1993, 32, 

4457. 
14 R. A. Sanchez-Delgado, M.  Rosales and A. Andriollo, Inorg. Chem., 

l991,30, 1170. 
15 .I. M. Fernrindez, K.  Emerson, R. D. Larsen and J. A. Gladysz, 

J .  Chem. Sue., Chem. Commun., 1988, 37; D. P. Klein, D. M. Dalton, 
N. Quiros-Mendez, A. M. Arif and J. A. Gladysz, J. Organomet. 
Chem., 1991, 412, C7; F. Agbossou, J. A. Ramsden, Y. Huang, 
A. M. Arif and J. A. Gladysz, Organometullics, 1992, 11, 693. 

16 W. E. Williams and F. Lalor, J.  Chem. Soc., Dulton Trans., 1973, 
1329; B. M. Foxman, P. T. Klemarczyk, R .  E. Liptrot and M. 
Rosenblum, J .  Organomet. Chein., 1980, 187,253; E. K. G.  Schmidt 
and C. H. Thiel, J.  Organomet. Chern., 1981, 209, 373. 

17 R. H. Crabtree, G .  G. Hlatky, C. P. Parnell, B. E. Segmuller and 
R. J. Uriarte, Inorg. Chem., 1984, 23, 354. 

18 J. Auffret, P. Courtot, R. Pichon and J. Salaun, J.  Chem. Soc., 
Dalton Trans., 1987, 1 687. 

19 W. D. Harman, D. P. Fairlie and H. Taube, J .  Am. Chem. Soc., 1986, 
108,8223. 

20 R. 0. Gould, W. J .  SimeandT. A. Stephenson, J. Chem. Soc., Dalton 
Truns., 1978, 76; M. A. Bennett, T. W. Matheson, G. B. Robertson, 
W. L. Steffen and T. W. Turney, J .  Chem. Soc., Chem. Commun., 
1979. 32; A. J. Lindsay, G .  Wilkinson, M. Motevalli and M. B. 
Hursthouse, J.  Chem. Soc., Dalton Trans., 1985, 2321. 

21 (u )  J. R. Shapley, R. R.  Schrock and J .  A. Osborn, J .  Am. Chem. Suc., 
1969,91, 2816; (6) M. A. Esteruelas, F. J. Lahoz, J. A. Lopez, L. A. 
Oro, C. Schliinken, C. Valero and H. Werner, Orgunometallics, 
1992, 11, 2034; (c) M. A. Esteruelas, M. P. Garcia, A. M. Lopez, 
L. A. Oro, N. Ruiz, C. Schliinken, C. Valero and H. Werner, 
Inorg. Chem., 1992, 31, 5580; ( d )  C. Bianchini, K .  Linn, D. Masi, 
M. Peruzzini, A. Polo, A. Vacca and F. Zanobini, Inorg. Chem., 
1993,32,2366. 

22 Y. H. Huang and J. A. Gladysz, J. Chem. Educ., 1988,65,298. 
23 M. A. Esteruelas, F. J. Lahoz, A. M. Lopez, E. Oiiate and L. A. Oro, 

Organometallics, 1994, 13, 1669. 
24 S. M. Boniface, G. R. Clark, T. J. Collins and W. R. Roper, 

J.  Organomet. Chem., 1981,206, 109. 
25 J. Espuelas, M. A. Esteruelas, F. J. Lahoz, A. M. Lopez, L. A. Oro 

and C. Valero, J.  Organomet. Chern., 1994,468, 223. 
26 M. P. Garcia, A. M. Lopez, M. A. Esteruelas, F. J. Lahoz and 

L. A. Oro, J.  Chem. Soc., Dalton Trans., 1990, 3465. 
27 M. P. Garcia, M. A. Esteruelas, M. Martin and L. A. Oro, 

J.  Organomet. Chem., 1994,467, I5 1 .  
28 B. Delavaux, B. Chaudret, J. Devillers, F. Dahan, G. Commenges 

and R. Poilblanc, J.  Am. Chem. Soc., 1986, 108, 3703; B. Delavaux, 
B. Chaudret, F. Dahan and R. Poilblanc, J .  Organomet. Chem., 
1986, 317, 69; H. Benlaarab, B. Chaudret, F. Dahan and R.  
Poilblanc, J. Organomet. Chem., 1987,320, C51. 

29 M .  S. Delaney, C. B. Knobler and M. F. Hawthorne, Inorg. Chem., 
1981,20,1341; T. P. Hanusaand W. J. Evans, J. Coord. Chem., 1986, 
14, 223; W. D. Jones and E. T. Hessell, Inorg. Chem., 1991,30, 778; 
P. Hansen, J. Muller, U. Englert and P. Paetzolt, Angew. Chem., Int. 
Ed. Engl., 1991,30, 1377. 

30 J. F. Hartwig, R .  A. Andersen and R.  G. Bergman, Organometallics, 
1991, 10, 1875; G. Jia, D. V. Meek and J.  C. Gallucci, Inorg. Chem., 
1991, 30, 403; I.  D. Burns, A. F. Hill, A. R. Thompsett, N. W. 
Alcock and K. S. Claire, J .  Orgunornet. Chem., 1992, 425, C8; 
N. W. Alcock, I.  D. Burns, K .  S. Claire and A. F. Hill, Inorg. Chem., 
I992,31,4606; A. Pramanik, N. Bag and A. Chakravorty, J.  Chem. 
Soc., Dulton Truns., 1992, 97. 

31 K.  Itoh, N .  Oshima, G. B. Jameson, H. C. Lewis and J. A. Ibers, 
Orgunometullics, 1981. 103, 3014; T. V. Ashworth, D. C. Liles and 
E. Singleton, Organometallics, 1984, 3, 185 1 .  

32 T. V. Ashworth, D. C. Liles and E. Singleton, (a)  J.  Chem. Soc., 
Chem. Commun., 1984, 1317; (6 )  Inorg. Chim. Acta, 1985, 98, 
L65. 

33 L. A. Oro, D. Carmona, M. P. Garcia, F. J.  Lahoz, J. Reyes, 
C. Foces-Foces and F. H. Cano, J.  Orgunomet. Chem., 1985, 296, 
c43. 

34 (u )  M. A. Esteruelas, L. A. Oro and C. Valero, Organometallics, 
1991, 10, 462; (6) J. Espuelas, M. A. Esteruelas, F.  J. Lahoz, 
L. A. Oro and C. Valero, Organometallics, 1993, 12, 663. 

35 D. Carmona, J. Ferrer, L. A. Oro, M. C. Apreda, M. C. C. 
Foces-Foces, F. H. Cano, J. Elguero and M. L. Jimeno, J.  Chem. 
Soc., Dalton Trans., 1990, 1463. 

36 R. G. Pearson, Inorg. Chetn., 1973, 12, 712. 
37 R. N.  Haszeldine, R. J. Lunt and R.  V. Parish, J.  Chem. Soc. A,  1971, 

3711; P. Fongeroux, B. Denise, R. Bonnaire and G. Pannetier, 
J.  Organornet. Chern., 1973, 60, 375; F. J. Lahoz, A. Martin, M. A. 
Esteruelas, E. Sola, J. L. Serrano and L. A. Oro, Orgunometallics, 
1991,10,1794; M. A. Esteruelas, 0. Niirnberg, M. Olivan, L. A. Oro 
and H. Werner, Organometallics, 1993, 12, 3264. 

38 M. P. Garcia, A. M. Lopez, M. A. Esteruelas, F. J. Lahoz and 
L. A, Oro, J .  Organomet. Chem., 1990,388,365. 

39 H. Werner, Coord. Chem. Rev., 1982,43, 165. 
40 I. S, Butler and A. E. Fenster, J .  Orgunomet. Chetn., 1974, 66, 161; 

41 S. D. Robinson and A. Sahajpal, Inorg. Chem., 1977, 16, 2718. 
42 S. D. Robinson and A. Sahajpal, Inorg. Chem., 1977,16, 2722. 
43 R. H.  Crabtree, The Organometallic Chemistry of the Transition 

Metuls, Wiley, New York, 1988, pp. 142-162. 
44 M. A. Esteruelas, L. A. Oro and N. Ruiz, Organometallics, 1994,13, 

1 507. 
45 M. J. Albeniz, M. L. Bud, M. A. Esteruelas, A. M. Lopez, L. A. Oro, 

and B. Zeier, Organometallics, 1994, 13, 3746. 
46 (a)  M. J. Fernandez, L. A. Oro and B. R. Manzano, J.  Mol. Catal., 

1988,457; ( 6 )  C. H. Jun and R.  H. Crabtree, J .  Organomet. Chem., 
1993,447, 177. 

47 ( a )  I .  Ojima, M. Kumagai and Y. Nagai, J .  Organomet. Chem., 1974, 
66, C14; (6 )  H. Watanabe, M. Asami and Y. Nagai, J.  Organornet. 
Chem., 1980,195,363; ( c )  K.  A. Brady and A. T. Nile, J.  Organomet. 
Chem., 1981, 206, 299; ( d )  K .  H. Pannel, J. M. Rozel, J. Lii and 
S. Y. Tien-Magr, Organometallics, 1988, 7, 2524; ( e )  I.  Ojima, 
N. Clos, R. J. Donovan and P. Ingallina, Organometallics, 1990, 9, 
3127; ( f )  R. S. Tauke and R. H. Crabtree, J.  Chern. Soc., Chem. 
Commun., 1990, 1056; ( g )  L. N. Lewis, K.  G. Sy, G. L. Bryant, jun. 
and P. E. Donahue, Organometallics, 1991, 10, 3750; (h )  M. P. 
Doyle, K. G. High, C. L. Nelsoney, T. W. Clayton,jun. and J. Lin, 
Orgunometullics, 1991, 10. 1225; ( i )  V. Gevorgyan, L. Borisora, 
J. Popelis, E. Lukevics, Z. Foltynovicz, J .  Gulinski and 
B. Marciniec, J.  Orgunornet. Chem., 1992, 424, 15; (j) R. Takenchi 

P. V. Yaneff, Coord. Chem. Rev., 1977,23, 183. 

http://dx.doi.org/10.1039/DT9950002171


J .  CHEM. SOC. DALTON TRANS. 1995 2181 

and N. Tanouchi, J.  Chem. Soc., Chem. Commun., 1993, 1319; 51 International Tables for X-Ray Crystullogruphy, Kynoch Press, 
(k) B. Marciniec and J. Gulinski, J. Organomet. Chem., 1993,446,15. 

48 R .  Uson, L. A. Oro and J. Cabeza, Inorg. Synth., 1985,23, 126. 
49 A. C. T. North, D. C. Phillips and F. S. Mathews, Acta Crystallogr., 

50 G. M. Sheldrick, SHELXTL PLUS, Siemens Analytical X-Ray 

Birmingham, 1974, vol. 4. 

Sect. A,  1986,24, 351. 

Instruments, Inc., Madison, WI, 1990. Received 1st November 1994; Paper 4/06657J 

http://dx.doi.org/10.1039/DT9950002171

