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Abstract 

The five-coordinate bis-aIkyny1 complexes M(~Fh)~(CO~P-i-Pr~)~ (M = OS, 
Ru) have been prepared by reaction of HWPh with OsH,(CO)(P-i-Pr,), or 
MH(h2-H,BH,)(COXP-i-f%,), (M = OS; Ru). They react with Iigands L such as 
PIOMe),, PMe,, CO and HG=CPh to give the six-coordinate compounds 
M(C=CPh),(CO)(P-i-Pr,),E. Displacement of the chloride I&and in MHCl(CO)- 
(PR,),L by C=CPh- Ieads to the hyd~d~~~y1 compounds MH~~Ph~CO)- 
(PR,),L. The selective reduction of pbenylacetylene to styrene catalysed by the 
complex OsH,(CO)(P-i-Pr,),, prepared from OsHCl(CO)(P-i-Prs), and NaBH, in 
situ, is aIso described. 

Introduction 

During the fast decade, the chemistry of aIkynyhnetal compounds has attracted a 
great deal of attention [l]. Much of this interest has been stimulated by their 
participation in catalytic important reactions such as acetylene polymerization f&3]” 
and hydrogen transfer to acetylenes [3]. 

S&rock and Osborn found that 1-hexyne cannot be reduced to 1-hexene with 
RhH(PR,)YSX CompIexes as catalysts, and they assumed that formation of the 
corresponding alkynyl derivative Rh(C%CR)(PR,),S, during the hydrogenation 
reaction might be responsible for the deactivation of the metaI catalyst 141. In 
genera& in addition to the reaction of a hydrido metal compound with an aIkyne, 
alkynyl transition metal complexes can be formed (i) by displacement of a halide 
ligand by the aIkyny1 anion [S-S], (ii) by reaction of a terminal acetylene with a 
16-electron complex by oxidative addition [9,10], {iii) by deprotonation of a vinyh- 
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dene metal compound [l&12], and (iv) by treatment of an o&o-metalated phos- 
phine metal complex with a 1-alkyne [13]. 

We recently described the preparation and reactivity of the five-coordinate 
complexes MHCl(CO)(P-i-Pr,), (M = Ru, OS) [14-181, which were readily obtained 
from the metal chloride and triisopropylphosphine in methanol. These complexes 
react with NaBH, to give initially the compounds MH(h2-H,BH,)(CO)(P-i-Pi-,),, 
which on further treatment with methanol produce MH,(CO)(P-i-Pr,), species 
[l&17]. As a continuation of our work in this field, we now show that the complexes 
OsH,(CO)(P-i-Pr,), and MH(q*-H,BH,)(CO)(P-i-Pr,), (M = Ru, OS) are also 
good starting materials for the synthesis of new bis-alkynylosmium and -ruthenium 
complexes. We also describe the preparation of new alkynyl-hydrido compounds of 
osmium and ruthenium, and the catalytic properties of the complexes MHCI(CO)(P- 
i-Pi-,), (M = Ru, OS) in the reduction of phenylacetylene by hydrogen transfer from 
propan-2-01. 

Results and discussion 

Bis-alkynyl complexes 
Treatment of a suspension of OsH,(CO)(P-i-Pr,), with HC%CPh in methanol or 

hexane gives a dark red solid, which according to its elemental analysis and IR and 
NMR spectra is the five-coordinate bis-alkynyl-osmium(I1) complex Os(C%CPh),- 
(CO)(P-i-Pr3), (1). The yield is almost quantitative. The formation of 1 can be 
rationalized in terms of the loss of the maximum number of hydrides as H,, 
accompanied by binding of the alkynyl anion. Because HC%CPh is fairly acidic, we 
suggest that the first step of the reaction may be the protonation of OsH,(CO)(P-i- 
Pr,) 2 to give a cationic intermediate which reacts rapidly with C%CPh- by liberation 
of H, to give 1. In this context it is noteworthy that a variety of polyhydrides of 
tungsten, rhenium, osmium, and iridium react with HBF, in MeCN to form H, and 
solvent0 complexes [19]. Crabtree and Lavin have also investigated the protonation 
of IrH,(PCy,), with HBF,, which leads to the cationic dihydrogen complex 
[IrH2(h2-H,)2(PCY3)21+ WI; in acetonitrile the nitrogen donor ligand displaces 
two molecules of H, to give [IrH,(MeCN),(PCy,),]+. 

The compound OsH(h2-H,BH,)(CO)(P-i-Pr,), is also a good starting material 
for the synthesis of 1 (see Scheme 1). The addition of HC=CPh to a suspension of 
the tetrahydroborate complex in methanol under reflux conditions produces the 
bis-alkynyl compound in 90% yield. 1 can also be directly obtained by reaction of 
HC=CPh with the colourless solution formed by addition of n-BuLi to a suspension 
of the hydridochloro complex OsHCl(CO)(P-i-Pr,), in hexane; in this case, the 
yield is 72%. As the IR spectrum of 1 shows only one C& stretching frequency, at 
2060 cm-’ (in benzene), we assume that the two alkynyl ligands are symmetrically 
coordinated, and thus the structure shown in Scheme 1 is tentatively assigned. We 
note that the five-coordinate chlorovinylosmium complex Os(CH=CHPh)Cl(CO)(P- 
i-Pr,), also has a square pyramidal configuration, as shown by X-ray analysis [15]. 

We recently reported that the reaction of RuHCl(CO)(P-i-Pr,), with HC=CPh in 
the presence of a stoichiometric amount of KOH in methanol gives a mixture of 
Ru(CH=CHPh)(C=CPh)(CO)(P-i-Pr,), and Ru(C%CPh),(CO)(P-i-Pr,), (2) [15]. 
However, the reaction of RuH(~*-H~BH~)(CO)(P-~-P~~)~ with HC=CPh produces 
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0sHCKCO)L2 
iln-BuLi 

21 Ph-E-H 

Ph-E-H 
OsH(q*-HpBHp)(CO)Lp - MeOH 

Ph., 1 L 
“OS< 

L’ a‘-Ph 
(1) 

OSH4(CO) L2 
Ph-r-H 

NaBH4 PhC ECH 
RuHCl KO)L2 - RuH(rj*-H,BH,)(CO)L2 - Ru (C ECPh I2 (CO) L2 

(2) 
Scheme 1. L = P-i-Pr,. 

only the bis-alkynyl complex 2 in 78% yield. Compounds, 1 and 2, are dark red 
solids, and are moderately stable in air and soluble in most organic solvents. 

The coordination number six for osmium and ruthenium can be achieved by 
addition of ligands such as P(OMe),, PMe, or CO to the metal centres of 1 and 2, 
respectively. As is shown in Scheme 2, there is a marked difference in reactivity 
between 1 and 2 towards PMe, and CO. Whereas the osmium compound reacts 
with PMe, in hexane at room temperature to give Os(C%CPh),(CO)(P-i-Pr,),(PMe,) 
(5), the ruthenium analogue on treatment with trimethylphosphine gives 
Ru(C=CPh),(CO)(P-i-Pr,)(PMe,), (7). The corresponding osmium complex 6 can 
be obtained by addition of PMe, to a suspension of 5 in hexane at room tempera- 
ture. Bubbling of CO through a suspension of 1 in hexane gives the trans-dicarbonyl 
complex 8, whereas 2 reacts with CO to give the ci.s derivative 9. 

P”-*_ l L 
OS-- PMe, 

L’ , -*-Ph -L 

Scheme 2. L = P-i+%,. 



190 

Table 1 

“P{‘H) NMR and IR data for complexes l-10 at 25“C (3*P: in C,Ds, 8 in ppm, standard 85% H,PO, 
ext.; IR in CsH,, P m cm-‘) 

Complex 3’P 0 IR 

S(P-i-l%,) S(L) L J(PL) J&L) v (=I v (CO) 

7 4O.l5(dd) 

8 
9 

10 

37.13(s) 
51.46(s) 

-7.11(d) 
35.05(d) 
14.23(d) 

lS3(dd) 

6.9W 
45.42(s) 

b 

2060 
2060 

84.88(t) fP(OMe)J 34 2080 
132.22(t) IP(OMe)31 30 2090 

-65.07(t) V’Me31 28 2090 
- 53.1O(dd) IPMe31 112 29 2070 
- 61.39(dd) 29 29 

- 8.72(dd) P%l 251 42 2070 
- 23.22(dd) 34 42 

2090 
2095 

2090 

1930 

1905 
1925 
1940 
1940 
1920 
1930 

1940 

1950 
1972 
1955 
1900 

’ Abbreviations used: s, singlet; t, triplet, dd, doublet of doublets. ’ Two lines (AB pattern) at - 1.71 
and - 2.04 ppm. 

There is also a marked difference in reactivity between 1 and 2 towards 
phenylacetylene. Whereas the osmium complex 1 reacts with HC%CPh in benzene at 
room temperature to give the yellow six-coordinate compound 10 in 74% yield, the 
ruthenium complex 2 is completely inert under such conditions. In previous studies, 
a-alkynylmetal species were suggested to be the active intermediates in the catalytic 
linear oligomerization of acetylenes, and for these reactions, alkyne insertion into a 
a-alkynyl-metal bond has been assumed as the crucial mechanistic step [2,3]. For 
10, however, no subsequent insertion of the coordinated HC%CPh ligand into the 
Os-C=CPh bond was observed. The reaction between 1 and HC%CPh is completely 
reversible in methanol under reflux. 

The 31P NMR and IR spectra of the complexes 3-10 are listed in Table 1 and are 
in good agreement with the structures proposed. 

Hydridoalkynyl complexes 
Recently, we have reported that the coordinatively unsaturated complex 

RuHCl(CO)(P-i-Pr,), reacts with CO or P(OMe), to form the corresponding 
six-coordinate compounds RuHCl(CO)(P-i-Pr,),L (11, L = P(OMe),; 12, L = CO) 
[14]. Similarly, addition of a stoichiometric amount of P(OMe)3 to a suspension of 
OsHCl(CO)(PMe-t-Bu,), in hexane gives the octahedral complex 13 (see eq. 1). 

‘;’ COAOs,PMe-t-Bu2 PIOHdj ‘i’ 

Me-t-BqP .CI 

CO 1 os, PMe-t -h2 

Me-t-BqP 1 ‘Cl 
(11 

WOMe)3 

(13) 

On treatment of 11-13 with LiC=CPh in benzene, the hydridoalkynyl complexes 
14-16 are formed. Although a satisfactory C, H analysis has not been obtained for 
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Table 2 

‘H, 3’P NMR and IR data for the complexes 13-16 (‘H NMR: 60 MHz, 25OC; in C,D,, S in ppm, 
standard TMS int., J and N in Hz; 31P NMR: 90 MHz, 2S°C; in GD,, 8 in ppm, standard 85% 
H,PO, ext.; IR in C&H,, Y in cm-‘) 

Complex ‘H 3’P IR 

13’ 1.40, 
1.45 
1.80 

3.46 
- 3.80 

14 1.45, 
1.50 
2.75 

3.62 
- 8.20 

15 1.33 
2.56 

- 6.50 
16 0 1.33, 

1.38 
1.60 

3.66 (4 JW-0 10: WCH,),) 
- 8.20 (dt, J(PH) 20,80; OS-H) 

(vt, N 6; PC&) 

(4 JV’H) 10; WCW,) 

(dt, J(PH) 20,80; OS-H) 
(dvt, J(HH) 6, N 13; PCH(CH,) *) 

tm; PCWCH3)d 

(4 JtPH) 11; P(O(=,),) 
(dt, J(PH) 24,158; Ru-H) 
(dvt, J(HH) 8, N 14; PCH(CH,),) 

(m; PCWCH&) 
(t, J(PH) 20; Ru-Zf) 

(vt, N 13; PC@%),) 

24.01 (d, J(PP) 18; 
PMe-t-tBu,) 

96.36 (t. J(PP)18; 

PWMeh) 

56.67 (d, J(PP) 20; 
P-i-Pr,) 

141.74 (t, J(PP) 20; 

P(OMe) 3 ) 

61.56 (s; P-i-Pr,) 

21.04 (d, J(PP) 20; 
PMe-t-Bu2) 

95.28 (t, J(PP) 20; 

PWMe),) 

2080 (w, v(OsH)) 

1900 (s, v(C0)) 

2078 (w, v(C=C)) 

1950 (w, v(Ru-H)) 

1920 (s, v(C0)) 

2090 (w. v(C=C)) 
2000,194O (s, V(C0)) 
1900 (w, v(RuH)) 

2060 (w, v(C=C)) 

1950 (w, ~(0sH)) 

1920 (s, v(C0)) 

0 IR in CH,Cl,. 

the osmium compound 16, the IR and NMR spectra strongly support the structure 
suggested in eq. 2. In the IR spectrum of 16 in CH,Cl,, there are three absorptions, 
at 2060, 1950, and 1920 cm-’ which correspond to the GC, the OS-H and the 
C%O stretching frequencies. The ‘H NMR spectrum shows a high-field signal at 6 
- 8.20 as a doublet of triplets with P-H coupling constants of ca. 80 and 20 Hz. 
Furthermore, the 31P NMR spectrum has a doublet at 6 21.04 (for PMe-t-Bu,), and 
a triplet at 6 95.28 (for P(OMe),) with a P-P coupling constant of ca. 20 Hz. The 
IR and NMR spectroscopic data of the octahedral complexes 13-16 are sum- 
marized in Table 2. 

H 

11 - 13 
liC=CPh 

- LICI 

) co\ tJ1 ,PR3 
R3P---- ( --, 

(2) 
Ph 

L 

(W-16 1 

M PR3 L 

14 Ru P-i-Prg P(OMej3 
15 Ru P-i-Pr3 co 
16 OS PMe-t-Buz P(OMe)-, 

We originally expected that the compounds 14-16 would be suitable starting 
materials for the preparation of isomeric vinylidene derivatives M(=C=CHPh) 
(CO)(PR,),L. There are various reports in the literature that terminal acetylenes 
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4 2 12 3 

Fig. 1. Hydrogen transfer from propan-2-01 to phenylacetylene catalyzed by MHCl(CO)(P-i-Pr,) 2 in the 

presence of NaBH, as cocatalyst 0 M = OS; n M = Ru. 

undergo a 1,Zshift in reactions with unsaturated metal centers to give the corre- 
sponding vinylidene complexes; these reactions probably proceed via L,M( h *-RC% 
CH) intermediates [ll]. Recently, it has been shown that the conversion L,M(h*- 
R-H) + L,M(=C<HR) can proceed in two steps via a hydridoalkynyl complex 
L,MH(C%CR) formed by intramolecular oxidative addition of the coordinated 
alkyne to the metal [lo]. In contrast, compounds 14-16 are surprisingly stable and 
no isomerization to the vinylidene (or alkyne) isomers is observed even at higher 
temperatures. After solutions of 14-16 in benzene are kept at 70°C for one week, 
the hydridoalkynyl complexes can be recovered unchanged. 

The reduction of phenylacetylene 
We have previously reported that the complexes MHCl(CO)(P-i-Pr,), (M = Ru, 

OS) in the presence of NaBH, catalyze the hydrogen transfer from propan-2-01 to 
phenylacetylene [17]. A detailed study of the reactions shows that these proceed in 
stepwise fashion (Fig. 1). Initially, the solution which contains OsH,(CO)(P-i-Pr,),, 
formed by addition of NaBH, to OsHCl(CO)(P-i-Pr,), in propan-2-01 under reflux 
[16,17], rapidly reduces phenylacetylene (11.7 mol styrene (mol M)-’ h-‘. The 
reaction rate falls, progressively, however, as the colourless solution of 
OsH,(CO)(P-i-Pr,), turns dark red, and approaches a value of 0.7 mol styrene (mol 
M)-’ h-‘. Thi s points to a modification of the active species, and is consistent with 
the observation that the colourless tetrahydride OsH,(CO)(P-i-Pr,), reacts with 
HC=CPh to give the dark red complex Os(C=CPh),(CO)(P-i-Pr,), (1). The 
ruthenium compound RuHCl(CO)(P-i-Pr,), shows similar behaviour. 
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The only products of the hydrogen transfer reaction were styrene and acetone. 
No oligomerization of phenylacetylene was observed, a result which may be related 
to the stability of the a-alkynylmetal bonds in 10 towards insertion of phenyl- 
acetylene. 

The catalytic studies described here show the osmium complex to be more active 
than its ruthenium analogue. This observation is in contrast to the results of 
hydrogen transfer reactions from propan-2-01 to saturated and cY,P-unsaturated 
ketones catalyzed by the complexes MHCl(CO)(P-i-Pr3)2 (M = Ru, OS) in the 
presence of NaBH, 117,211. We are at present trying to find out whether there is 
also a similar relation in the direct reduction of unsaturated substrates with H,, 
catalyzed by MHCl(CO)(P-i-Pr,) 2. 

Experimental 

All reactions were carried out under N, in dried, N,-saturated solvents. NMR 
spectra were recorded on a Varian EM 360, a Bruker Cryospec WM 400 (lH>, and a 
Bruker WM 90 FT (31P), IR spectra on a Perkin-Elmer 457, and mass spectra on a 
Varian MATCH 7 spectrometer. The GLC analyses were performed with a 
Perkin-Elmer 3920B chromatograph connected to a Perkin-Elmer M-2 integrator. 

The starting materials MHCl(CO)(P-i-Pr,), (M = Ru, OS) [14], OsH,(CO)(P-i- 
Pr,),, MH(h*-H,BH,)(CO)(P-i-Pr,), (M = Ru, OS) and 0sHCl(CO)(PMe-t-Bu2)2 
[16] were prepared by published methods. RuCl, - aq and OsCl, - aq were commer- 
cial products. 

Preparation of Os(C=CPh),(CO)(P-i-Pr,), (1) 
This complex was prepared by three different routes: 

(a) Addition of HC&Ph (0.25 ml) to a suspension of 205.0 mg (0.40 mmol) of 
OsH,(CO)(P-i-Pr,), in 5 ml of methanol led to precipitation of a dark red solid, 
which was filtered off, washed with methanol, and dried in vacuum. Yield 290 mg 
(97%). 
(b) 72.6 ~1 (0.66 mmol) HC%CPh was added to a suspension of 122.3 mg (0.22 
mmol) of OsH(h’-H,BH,)(CO)(P-i-Pr,), in 5 ml of methanol. The mixture was 
refluxed for 10 min. The resulting suspension was cooled to room temperature and 
the solid filtered off, washed with methanol, and dried in vacuum. Yield 147 mg 
(90%). 
(c) A suspension of 400.0 mg (0.69 mmol) of OsHCl(CO)(P-i-Pr,), in 20 ml of 
hexane was treated with 3.2 mm01 of n-BuLi in 2 ml of hexane. The precipitate 
(LiCl) was removed by filtration and the colourless filtrate was concentrated in 
vacua to ca. 5 ml. Addition of 0.25 ml of HC+CPh gave a dark red precipitate, 
which was filtered off, washed with hexane, and dried in vacuum. Yield 370 mg 
(72%). Anal. Found: C, 57.19; H, 7.42; mol-wt. 687 (osmometric in benzene), 742 
(MS). C~,H,~OP~OS calcd.: C, 56.74; H, 7.07%; mol-wt. 742. ‘H NMR (CbDh): S 
1.42(dvt), J(HH) 6, N. 14 Hz, PCH(CH,),; 3.25(m), PCH(CH,),. 

Preparation of Ru(C~CPh),(Co)(P-i-Py~~* (2) 

The procedure described for 1 (route b), but starting from 100.0 mg (0.22 mmol) 
RuH(h*-H,BH,)(CO)(P-i-Pr3), and 72.6 pl(O.66 mmol) HC%CPh, gave a dark red 
microcrystalline solid. Yield 115 mg (78%). Anal. Found: C, 63.89; H, 7.95; mol-wt. 
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652 (MS). C,,H,,OP,Ru cab.: C, 64.49; H, 8.04%; mol-wt. 654. ‘H NMR (C&D,): 6 
1.40(dvt), J(HH) 7, N 14 Hz, PCH(CH,),; 3,05(m), PCH(CH,),. 

Preparation of Os(C=CPh),(CO)(P-i-Pr,),[P(OMe),] (3) 
A suspension of 100.0 mg (0.13 mmol) of 1 in 10 ml of hexane containing 45.9 ~1 

(0.39 mmol) P(OMe), was kept at room temperature for 30 mm. The white 
precipitate was filtered off, washed with hexane, and dried in vacuum. Yield 89 mg 
(76%). Anal. Found: C, 52.45; H, 6.94. C,,H,,O,P,Os calcd.: C, 52.76; H, 7.11%. 
‘H NMR (GD,): 6 1.64(dvt), J(HH) 6, N 13 Hz, PCH(CH,),; 2.85(m), 
PCH(CH,),: 3,60(d), J(PH) 6 Hz, P(OCW,),. 

Preparation of Ru(C=CPh),(CO)(P-i-Pr,), fP(OMe),] (4) 
The procedure described for 3, but starting from 100.0 mg (0.15 mmol) of 2 and 

53.0 ~1 (0.45 mmol) of P(OMe),, gave a white microcrystalline solid. Yield 84 mg 
(71%). Anal. Found: C, 58.54; H, 7.83. C,,H,,O,P,Ru calcd.: C, 58.83; H, 7.92%. 
MS (70 eV): m/e 450 (M+ - 2C=CPh - P(OMe),). ‘H NMR (C,D,):S 1.58 (dvt), 
J(HH) 6, N 12 Hz, PCH(CH,),; 2.93(m), PCH(CH,),; 3.42(d), J(PH) 10 Hz, 
P(OCK),. 

Preparation of Os(C=CPh),(CO)(P-i-Pr,),(PMe,) (5) 
The procedure described for 3, but starting from 100.0 mg (0.13 mmol) of 1 and 

34.2 pl(0.45 mmol) of PMe,, gave a pink microcrystalline solid. Yield 97 mg (88%). 
Anal. Found: C, 55.63; H, 7.86. C,,H,,OP,Os calcd.: C, 55.86; H, 7.53%. MS (70 
ev): m/e 742 (M+ - PMe,), 658 (M+ - P-i-Pr,). ‘H NMR (C,D,): 6 1.59(dvt), 
J(HH) 6, N 13 Hz, PCH(CH,),; 2.68(m) PCH(CH,),; 1.71(d), J(PH) 8 HZ, 
P(CW,* 

Preparation Os(C=CPh),(CO)(P-i-Pr,)(PMe,), (6) 
A solution of 127.6 mg (0.16 mmol) of 5 and 0.5 ml of PMe, in 5 ml of benzene 

was kept for 1 h at room temperature. Slow addition of methanol then led to 
formation of a white solid, which was filtered off, washed with methanol, and dried 
in vacuum. Yield.64 mg (56%). Anal. Found: C, 51.60; H, 6.72; mol-wt. 734 (MS). 
C,,H,,OP,Os calcd.: C, 52.44; H, 6.73%; mol-wt. 734. 

Preparation of Ru(C=CPh),(CO)(P-i-Pr,)(PMe,), (7) 
The procedure described for 3, but starting from 100.3 mg (0.15 mmol) of 2 and 

34.2 ~1 (0.45 mmol) of PMe,, gave a white microcrystalline solid. Yield 92 mg (82 
%). The crystals contained a mole of hexane per mole of 7. Anal. Found: C, 62.44; 
H, 8.77. C38H630P3R~ calcd.: C, 62.53; H, 8.70%. 

Preparation of all-trans-Os(C=CPh),(CO),(P-i-Pr,), (8) 
Bubbling of carbon monoxide through a suspension of 100.5 mg (0.13 mmol) of 1 

in 20 ml of hexane produced a colourless solution, which was concentrated in vacua 
to ca. 10 ml, then kept at - 28 o C. After 2 days white crystals had formed, and these 
were filtered off and dried in vacuum. Yield 87 mg (85%). Anal. Found: C, 56.06; 
H, 6.64; mol-wt. 770 (MS). C,,H,,O,P,Os calcd.: C, 56.23; H, 6.81%; mol-wt. 770. 
‘H-NMR (C,D,): 6 1.42(dvt), J(HH) 7, N 14 Hz, PCH(CH,),; 2.78(m), 
PCH(CH,),. 
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Preparation of cis,cis,trans-Ru(C%TPh)2(CO),(P-i-Pr,), (9) 
The procedure described for 8, but starting from 100.2 mg (0.15 mmol) of 2 gave 

a white microcrystalline solid. Yield 66 mg (63%). Anal. Found: C, 63.56; H, 7.64. 
C,,H,,O,P,Ru calcd.: C, 63.61; H, 7.71%. MS (70 ev): m/e 652 (M+ - CO). ‘H 
NMR (C,D,): S 1.5O(dvt), J(HH) 7, N 14 Hz, PCH(CH,),; 2.71(m), PCH(CH,),. 

Preparation of Os(C=CPh),(CO)(P-i-Pr,),(h’-CHzCPh) (10) 
A solution of 100.0 mg (0.13 mmol) of 1 in 20 ml of benzene was treated with 0.1 

ml of HC=CPh. The resulting solution was evaporated to dryness and the residue 
stirred with 25 ml of methanol for 1 h. The yellow solid was filtered off, washed 
with hexane, and dried in vacuum. Yield 84 mg (74%). Anal. Found: C, 60.74; H, 
6.68. C,,H,,OP,Os calcd.: C, 61.26; H, 6.93%. MS (70 ev): m/e 742 (W - 
HC=CPh). 

Preparation of OsHCl(CO)(PMe-t-Bu,),[P(OMe)J (13) 
To suspension of 180.4 mg (0.32 mmol) of OsHCl(CO)(PMe-t-Bu,), in 50 ml of 

hexane was treated with 75.7 ~1 (0.64 mmol) of P(OMe),. The mixture was stirred 
for 30 min at room temperature, then the solution was filtered and the colourless 
filtrate was concentrated in vacua until a white precipitate separated. The solid was 
filtered off, washed with cold pentane, and dried in vacua. Yield 153 mg (68%). 
Anal. Found: C, 37.84; H, 7.36; mol-wt. 701 (MS). C,2H,,C10,P,0s calcd.: C, 
37.79; H, 7.49; mol-wt. 701. 

Preparation of RuH(C=CPh)(CO)(P-i-Pr,),[P(OMe),] (14) 
A solution of 247.6 mg (1.41 mmol) of 11 in 25 ml of benzene was treated with 

131.5 mg (1.21 mmol) LiC%CPh. After 30 min the mixture was heated under reflux 
with stirring for 24 h. The resulting red solution was evaporated to dryness, the 
residue was treated with 50 ml of hexane, and the suspension was filtered. The 
cream filtrate was concentrated in vacua to ca. 10 ml and kept at -28°C. After 2 
days cream crystals of 14 had been formed, and there were filtered off and dried in 
vacuum. Yield 88 mg (32%). Anal. Found: C, 53.37; H, 8.35. &,H5,04P3Ru calcd.: 
C, 53.32; H, 8.50. MS (70 eV): m/e 552 (M* - P(OMe), - H), 451 (M+ - C%CPh 
- P(OMe),). 

Preparation of RuH(C=CPh)(CO),(P-i-Pr& (15) 
The procedure described for 14, but starting from 203.0 mg (0.39 mmol) of 12 

and 124.6 mg (1.17 mmol) of LiC=CPh, gave an orange microcrystalline solid. Yield 
108 mg (47%). Anal. Found: C, 57.80; H, 8.34. C,,H,O,P,Ru calcd.: C, 58.01; H, 
8.34%. MS (70 ev): m/e 479 (M+ - C%CPh), 451 (M+ - C=CPh - CO), 420 
(M+ - P-i-Pr,). 

Preparation of OsH(C=CPh)(CO)(PMe-t-Bu,),[P(OMe),] (16) 
The procedure described for 14, but starting from 140.4 mg (0.20 mmol) of 13 

and 61.5 mg (0.57 mmol) of LiWPh, gave a cream microcrystalline solid. Yield 42 
mg (55%). The compound was characterized by IR and NMR spectroscopy. 

Cataiytic studies 
The hydrogen transfer reactions were carried out under nitrogen in refluxing 

propan-2-01 with magnetic stirring. The equipment consisted of a 50 ml round 
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bottomed flask fitted with a reflux condenser and provided with a serum cap. The 
procedure was as follows: To a solution of 0.02 mm01 of MHCl(CO)(P-i-Pr,), 
(M = Ru, OS) in 2 ml of propan-2-01 was added 3.78 mg (0.1 mmol) of NaBH, in 2 
ml of propan-2-01. The solution was heated for 1 h under reflux and 2 mm01 of 
substrate (HC=CPh) in 4 ml of propan-2-01 was injected. Reactions were monitored 
by GLC using FFAP on Chromosorb 6 HP 80/100 mesh (3.6 m x l/8 in) at 
100 o c. 
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