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The reaction of RuH2(PPh& with a variety of organosilicon hydrides, R,SiH, 
gave the complexes RuH3(SiR3)(PPh& where R3Si = Et&i, EtMe&i, PhMe,Si, 
Ph,Si, Ph(MeQ)zSi, (Et0)3Si, EbHSi, PhMeHSi, Ph&ISi, cycl~-&H~~H~Si, and 
PhH$$i. Without solvent RuCiz(PPh& and RuHCl(PPh& - C&H, reacted with . 
R&H, where RaSi = Cl$i, C&MeSi, ClMe,Si, Ph(MeO)zSi, (EtO),Si, and - 
(MeO)&li, to give RuH(SiRJ)(PPh&; in benzene solution, however, hydrides 
such~as ClMe,SiH, Ph(MeO)zSiH, Et$il&, Ph2SiH7, and cyclo-C,H,,§iH,, afford- 
edRuH(SiRJ)(PPh,),. RuC12(PPh& was reduced by Et,SiH, PhMe,SiH, and 
EtMe,SiH in organic solvents to g%e RuHCl(PPh& - solvent. These silylrutheni- 
um hydride complexes were characterized by IR, NMR, and elemental analyses. 
The reactions of some silylruthenium hydride complexes were also investigated. 

Introduction 

A-large number of silyl derivatives of transition metals has been prepared by 
the reaction of Iow valent metal complexes with silicon hydrides [l]. In particu- 
lar, the oxidative addition of -silicon hydrides to phosphine ctimplexes of Group 
VIII elements such as ctibdt 121, rhodium [3], iridium 141, nickel [5], palladium 
163, and platinum 173 has been well studied in connection of hydrosilylation. 

Previously we found that a silicon hydride reacts with RuH2(PPh& to give an 
apparently seven_coordinate sil>lruthenium hydride complex, Ru?13(SiRB)(PPhJ)3 
[S]; It was therefore of titerest to examine extensively the reaction of silicon 
hydrides with RuCli(PPh& and RuHCl(PPh&. Quite recently, Svoboda, 
R&&a, and-HetflejZ used tithenium-phosphine complexes as catalysts for 
hydrosilylation without-success and instead observed the formation of five-co- 
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ordinate silylruth’enium complexes such as RuH(SiR3)(PPh& and Ru(SiR&- 
(9Ph3& where R = Et0 and Cl [9]. 

In this paper we present our observations on the interaction of silicon hyz 
drides with phosphine complexes of ruthenium(H) including RuH2(PPhJ)4, 
Ru&(PPh&, and RuHCi(PPh,),, and describe the preparation and properties 
of a series of silylruthenium hydride complexes. 

Results and dissssion 

Although the phosphine complexes of silylruthenium hydrides here prepared 
were characterized by IR, NMR, and analytical data, the poor solubility and 
instability. of some of the compounds in organic solvent made it impossible to 
obtain NMR data and to purify the complexes for accurate analytical data. 

I_ Interaction of silicon hydrides with RuE12(PPhS), 
-4s described briefly in a previous paper [S], tetrakis(triphenylphosphine)- 

ruthenium dibydride, RuH1(PPh3)4, reacted with silicon hy-drides, such as 
Et&II, EtMe,SiH, PhMe,SiH, (EtO),SiH, Ph,SiH, EtzSiHz, PhMeSiHz, cyclo- 
C6HIISiH3, and PhSiH3, to afford seven-coordinate silylruthenium compounds 
of general formula RuH3(SiR3)(PPh,);. 

RuHz(PPhs)e + RsSiH + .RuH3(SiR3)(PPh& -t PPh3 (1) 

The complexes have been prepared at room temperature by the direct reaction 
of finely divided RuH2(PPh& with an excess of the silane in an evacuated tube 
or under an atmosphere of argon. Normally silicon hydrides reacted completely 
in 3-48 hours. Neither gas evolution nor exothermicity were observed during 
the coixse of reaction. Neat triethylsilane and triphenylsilane in degassed hexane 
reacted ‘slowly and these reactions took several months for completion, as in the 
case of RhCl(PPh&, as reported by Haszeldine et al. 133. Infrared and analytical 
data are summarized in Table 7,. 

The infrared spectra of the solid complexes indicated strong or medium bands 
due to v(Ru-H) [9] at 1995-1880 cm-‘. The spectra of hydrosilylruthenium 
complexes showed two bands due to v(Si-H) in a KBr disk spectrum, i.e., an 
absorption at 2135-2030 cm-’ which presumably depends on crystalline forms 
and was not detectable in a nujol mull spectrum, and one at 2060-1966 cm-’ 
(sbrp>. The assignment of Ru-H and Si-H stretching absorption bands was 
confirmed by infrared measurements of RuH2D(SiDPh2)(PPh&, which exhibited 
characteristic absorption bands at 1970 (br), (Ru-H), 1920 (br), (Ru-H), 
1472 s, (Si-D), and 1418 s, (Ru-D) cm-’ in KBr disk. As typical examples, in- 
frared spectra of RuH#iPhs)(PPh&, RuHX(SiHPh2)(PPh&, RuHgD(SiDPhz)- 
(PPh,),, and RuH&XH,Ph)(PPh,), (nujoi mull) ifi the region 2100_1800 cm-’ 
are shown in Fig. 1. 

Immediate &-MR measurement in C6D6 afforded legitimate support for the 
seven coordinate structure of the silyhuthenium complexes, as inferred from an 
BZvlR spectrum of RuH3[Si(@Et)S](PPh3)s- (Fig. 2). Table 2 lists NMR signals due 
to RuH, of the silylruthenium complexes appearing in the high field (about r 201 
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TABLE 1 

PHYSICAL PROPERTIESOFTHEPHOSPHINECOMPLEXESOFSILYLRUTHENI~¶TRIHYDRIDE 

Compo;md Decomp. IR(KBrdisk)(cm-') Analyses: Found 
PointCC) (c&d.) <%) 

Ru-H Si-H 

C H 

IOl-104 1995 1975 1965 

131-133 1993 1952 

121-123 1982 1958 1948 

130-132 

131-134 

103--105 

110-112 

143-145 

119-121 

131-133 

1970 1948 

1-975 1965 

1967 1942 

1980 1948 

1975 1963 isi8 

1935 

1958 1934 1883 

71.27 6.17 
(71.62) (6.31) 

71.47 5.62 

(71.57) (6.01) 
72.32 5.99 
(72.56) (5.79) 
75.31 5.58 

(75.18) (5.52) 
68.00 6.01 
(68.36) (6.02) 

2030 1996 69.94 5.92 

(71.57) (6.01) 
2120 2000 72.09 5.82 

(i2.38) (5.68) 
2125 2010 72.66 5.49 

(73.79) (5.54) 
2120 2040 70.96 6.42 

2010 (71.76) <6.12) 
2135 2065 71.33 5.53 

(72.20) (5.55) 

II. Interaction of silicon hydrides with RuCi2(PPh3), and RuHCl(PPh3)3 with- 
out soluen t 

The reactions of RuC12(PPh3)3 and RuHC1(PPh3)3 with a variety of silicon 
hydrides were found to depend on the nature of the hydrides and also on the 

Ru-H 

I 
Ru-H 

5-H 

Si-H Flu--H 

I I I 
i t 

2000 1900 la00 cm” 

Fig. 1. Infrared spectrum (Nujol mull) in the region 2100-1800 cm-* of the phosphine complexes of 

phenylsilykutheniumtr&ydxide. 
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Fig. 2. NMR spxtrum of RuH3[Si(OEt)3I(Wh3)3 in C6D6. 
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solvent. In the absence of solvent, the ruthenium halides reacted with the chloro- 
hydrosilanes, such as Cl&I-I, Cl,MeSiH, and Cll!l!e,SiH and alkoxyhydrosilanes, 
such as Ph(MeO)2SiH, (EtG),SiH, and (MeO)sSiH, to give solid products which 
were formulated as RuH(%R3)(PPh& on the basis of IR and analytical data 
(Table 3). The reaction was carried out with vigorous stirring at room tempera- 
ture using excess silicon hydride under an atmosphere of argon or in an evacu- 
ated tube. Initial evolution of some gas was observed and the starting ruthenium 
compound gradually dissolved in the silicon hydride. Finally a pale brown solid 
was precipitated. The isolated complexes were sparingly soluble in organic sol- 

TAELE 2 

IH NMR DATA OF THE PHOSPHIZGE COMPLEXRS OF SILYLRtiTHENIUhf TRIHYDRIDE 

Compollrd Ru-I-l (7 in C6D6) 

19.4 

19.7 
20.1 
19.9 
19.9 

19.9 
19.7 
19.5 
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TABLE 3 

PHYSICAL PROPERTIES OF THE BIS-PHOSPHXNE COMPLEXES OF SILYLRUTHENIUKZ HYDRIDE 

Compound Decomp. 
point(“c) 

IR (KBr disk) An&es Found (calcd.) <%) 

(cm-‘) Ru-H 

C H Cl 

<PhgP)jRuH(SiClg) 165-167 1978 56.52 

(56.81) 
(Ph3P)zRuH(SiMeCI2) 145-147 1945 59.02 

(60.00) 

<Ph3P)2RuH(Sfife$l) 130-332 1955 63.61 

(63.37) 

<Ph3P)2RuHCSiPh(OMe)21 140-142 1967 66.59 
(66.57) 

<Ph3P)2RuH[Si(OEt)3] 128-132 1969 64.18 
(63.86) 

(Ph3P)iRuH[Si(OMe)31 lid-lZ7 1970 63.05 

(62.47) 

4.58 

(4.11) 
4.82 9.87 

(4.63) (9.57) 
5.23 4.96 

(5.18) (4.92) 
5.05 

f5.33) 

5.58 . 
(5.87) 

5.59 

(5.39) 

vents including CHC13, Ccl+ and benzene, and stable in air in the solid phase. 
The infrared spectra of RuH(SiRa)(PPh& exhibited a medium broad band due 
+d v(Ru-H) at 1980-1945 cm-’ (Table 3), but the far-infrared spectra of the 
compounds showed no absorption band assignable to v(Ru-C~). 

‘I’riorganomonohydrosilanes such as Et&H, EtMe,SiH, and PhMe,SiH did not 
react with the ruthenium complexes even at elevated temperature. 

RuC12(PPh& + RJSiH -Q? RuH(SiR,)(PPh,), + PPh3 

RuHC1(PPh,)J l R&PI-H,” RuH(SiRJ)(PPhs), + PPh, 

R3 = C13, C12Me, ClMe2, Ph(OMe),, (OEt)3, (OMe), 

(2) 

(3) 

With silicon di- and tri-hydrides, such as Et$JiH*, PhMeSiH,, PhzSiH2, cyclo- 
C6H11SiH3, and PhSiI& *, solid products which are very sensitive to air were also 
readily obtained. The IR spectrum of each showed all the characteristic absorp- 
tions due to the triphenylphosphine complex of a silylruthenium hydride. How- 
ever, at the present time, characterization of the products remains incomplete. 

III. Interaction with RuC12(PPh3), and RuHCl(PPh,), in benzene 
Recently we used Et&iH and Et&I-I2 as reducing agents for the reduction of 

RuC12(PPh&, RuBr2(PPh3)3, and RhCl(PPh& in the presence of triethylamine 
in benzene [lo]. In this respect, the observation of Hetflej8 and his colleagues is 
worthy of note: they reported that by the action of Et3SiH in benzene Ru&- 
(PPh,), was converted to RuHCl(PPh& - CcH6 (eq. 4), and that the reaction 
with (Et0)3SiH gave a mixture of RuHCl(PPh& and RuH[Si(OEt)J (PPh,),. 
However, in the case of Cl,SiH, RuH(SiC1J)(PPh3)3 and Ru(SiCl,),(PP,h, )3 (eq. 
5) were obtained [ 91. 

* We observed that in the ~ZIZS-%WZI? of RuCI2(PPb3)3 or RuHCl(PPh& the trihydride PhSiHg span- 
taneousb dkproportion&ed to Ph2SiH2 and SiH+ 



RuCI,(PP~~)~ + Et3SiH - C6H6 RuHCYPPh,), - C6H6 + Et&X!1 (4) 

RuC&(PPh& + CI$iH - C6H6 RuH(SiCIJ)(PPh& + Ru(SiCl&(PPhs) 3 

In accordance with their observations, we found that l?tMezSiH and PhiMe,SiH 
also reacted with the ruthenium compound to give RuHCl(PPh3)J - C&H,, where- 
as Ph(MeO)$iH and ClMe,SiH afforded RuH[SiPh(OMe)2](PPh3)3 and ftuH- 
(SiMe,Cl)(PPh,),, respectively_ The reaction of RuHCl(PPh& with EtsSiH, 
EiMe,SiH, and PhMe,SiH, even at elevated temperature, gave only recovered 
RuHCl(PPh&, but with_ Ph(MeO)+iH and CLBJe$%H afforded the silyl complex, 

RuH(SiR3)(PPh3)3, as in the case of RuC12(PPh&. 
Analogous reactions of RuC&(PPh& in benzene with the di- and e-hydrides, 

such as Et,SiHz, PhzSiHz, and cycle-CBH, 1SiH3 gave an unexpected product, 
RuH(SiR&i)(PPh&. which was characterized on the basis of the presence of a 
Ru-H band and absence of Ru-CI absorption in the infrared spectrum, as well 
as elemental analyses. The physical data are summarized in Table 4. 

RuCII,(PPn& + F&HZ 3 RuH(SiR&l)(PPh,), (6) 

Rz = I&, Ph*, cycle-C,H,, H 

The infrared spectrum of RuH(SiR&i)(PPh&, which was prepared by the 
reaction of RuC&(PPh& with Et$SiH? and PhzSiHz, showed strong or medium 
broad absorption bands at 1980--1910 cm-’ due to v(Ru-H), but no band in 

the region of 2200-2000 cm-’ assignable to v(Si-I-I). The spectrum of RuH- 
(SiHCl - C6Hll)(PPh& showed a broad band at 1980 cm-’ due to Y(Ru-H) and 
a medium sharp band at 2045 cm-’ due to v(Si-H). The assignment of Ru-H 
stretching absorption bands was confirmed by an infrared study of RuD- 
(SiPh&1)(PPh3)3. The spectrum exhibited three characteristic bands which 
might be assignable to ZJ(RU-D) at 1420,1415, and 1373 cm’, in place of three 

due to v(Ru-H) at 1980,1968, and 1910 cm’-‘, which were observed in the 
spectrum of RuH(SiPh&l)(PPh,),. The infrared spectra (KBr disk) of RuD- 

TABLE 4 

PIZXSICAL PROPERTIES OF THE TRIS-PHOSP_=NE COMPLEXES OF SILYLRUTHENIUM HYDRIDE 

Compound Deconp. IR (KBr disk) (cm-I > Analyses Feud (calcd.) (46) 
p&.Ilt(“C~ Ru-H 

C H Cl 

(?h3P)3RuH[SiPh(OMe)2] 

<Ph3P)flRuHWJleZCl) 

(Ph~P)$ZuH(SiEt2CI) 

G’hgP) ~RuH<SiPh$Zi) 

(Ph$‘)+&i(SiHC1C6HI I) a 

134-l.35 1372 1955 70.18 
<70.52) 

137-13s 1998 1917 1940 67.73 

(68.466) 

107-108 1963(br) 69.40 

(68.93) 
161-163 1980 1968 1910 71.16 

(71.63) 

127-129 198O@r) 68.75 

(69.54) 

5.90 

(5.44) 
5.33 

(5.33) 

6.11 

(5.59) 
5.33 

(5.10) 

5.89 

(5.61) 

.4.32 
(3.61) 

3.00 

(3.51) 

2.78 

(3.20) 

4.51 

(3.36) 

a v<Si---R ) 2048 cm-l. 
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2200 2000 1800 l&O0 la00 cm-’ 

Fig. 3. Infrared spectrum (KBr disk) in the region 2200-1300 cm-’ of the phosphine complexes of 
phen&ibLvthenium hydride: A: RuD(SiClPh2)(PPh3)3. B: RuH(SiClPh2)(PPh3)3. C: RuRzD(SiDPhz)- 
(PPh3)3. D: PuHg(SiHPhZ)(PPh3)3. 

(SiPh&l)(PPh& and RuH(SiPh&1)(PPh3)3, together with those of RuH2D- 
(SiPh,D)(PPh,), and RuH3(SiPh2H)(PPh3)J, are shown in Fig. 3. 

The NMR spectrum of RuH(SiEt&l)(PPh& showed multiplet signals at 
7 2.5-3.3 (phenyl protons of triphenylphosphine, 45 H), multiplets at 7 8.9-9.6 
(ethyl protks of triethylsilyl, 10 H) and in the high field, multiplets centered’at 
T 22.1 ppm (Ru-H, 1 H). 

The reaction of RuHCl(PPh,), with EtsSiHz also afforded a brown solid prod- 
uct. The IR spectrum of the compound was very similar to that of RuH(SiEt&l)- 
(PPh3)X, but halogen analyses showed less than the theoretical content of halogen. 

IV. Reduction of RuC12(PPh& with Et&H in a variety of solvents 
To examine the solvent dependence of the reaction of RuC12(PPh& with 

Et&H, we carried out this reaction in CsHsMe, C&H&Me, C6H5N02, C6H5NMe2, 
&H&N, and CHIClz at room temperature. The reduction product, RuHCl(PPh&, 
was obtained as the solvated complex except for the reaction in &H&N. The 
physical properties of RuHCl(PPhs) -.solvent are summarized in Table 5. In 
C6H5NMe2, an additional unknown ruthenium complex was isolated as a by- 
product. In C&H&N, RuC12(PPha)s was not reduced, but instead gave a ligand- 
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.exchange product, RuCl~(C&i=N)a(PPh& *. 

solvent 
Ru&(PPh& + Et&H - RuHCl(PPh& - solvent + Et,SiCl 

RuC12(PPh3)a t- 3 C&&N + RuClz(C&H&N)#Ph& + 2 PPhs 

(7) 

(3) 

V. The reactions of silylruthenium hydride complexes 
RuH3(SiMezPh)(PPh& reacted %ith carbon disulfide at room temperature to 

give a red-orange crystalline solid, m.p. 178-181°C, which was identified as 
Ru(S2CH)2(PPh,), by its IR spectrum which was in accordance with the one 
reported [IZ] and also by elemental analysis. 

RuH3(SiR3)(PPh& f 2 CS2 
--R3siH. -FPh3 

’ Ru@,CHM=Ws (9) 
No reaction occurred between RuHfSi(OMe)J(PPh& and carbon disulfide at 

room temperature, and the silylruthenium hydride was recovered quantitatively. 
With acyl chlorides, such as MeCOCl and PhCOCI, RuH[Si(OMe)&PPh& re- 

acted readily to give brown products. The IR spectrum of each showed v(Ru-H), 
(R = Me; 1955 cnil, R = Ph; 1970 cm-‘) and v(C=O) (R = Me; 1810 cm-‘, 
R = Ph; 1773 cm-‘) bands together with the characteristic bands of triphenyl- 
phosphine and the methoxysilyl ligands. On the basis of these results and the 
elemental analyses obtained, the products may be formulated as RuH[SiCl- 
(OMe),](COR)Cl(PPh,),. The formation of the acyl(silylruthenium(IV)) com- 
plexes can be rationalized in terms of the following equation: 

RuH[Si(OMe),](PPh& + RCOCl E RuHISiC1(OMe)z](PPh,), 

Rz RuH[SiCl(OMe)2](COR)Cl(PPh& (19) 

Chl.orosilylruthenium hydrides such as RuH(SiClMe,)(PPh,),, RuH(SiClEt& 
(PPh&, and RuH(SiClPh7)(PPh& decomposed easily m-excess benzene to give 
RuHCl(PPh& - C6H6. The formation of RuHCl(PPh& possibly can be accounted 
for in terms of the migration of a chlorine atom from the sibyl ligand to the 
ruthenium, followed by fission of the Si-Ru bond which resembles the dispropor 
tionation of PtC1(lMPh~)(,PPh3)2 (M = Sn, Pb) to PtCIPh(Pqh3)z 1131 (eq. 12). 

cl 

R,&&H(PPh& + &Si: + RuHCl(PPh& 

Ph 
f_ - 

PhzM3ptC1(PPh& -+ Ph2M: + PtClPh(PPh& 

01) 

(12) 
Thus, this reaction strongly suggests-the elimination of a silylene (or silenoid) 
species from RuH(SiR&i)(PPh&. However, when RuH(SiCIMeZ)(PP@& was 
treated with excess MeOSiMe&Me,OMe Cl43 or Et3SiH 1151 in benzene, the 
reaction mixture was found by GLC analysis to contain a number of products, 
so that the effort to isolate each product was abandoned for the present. 

* Gilbert and Wiion obrained RuCl~<C6H5CN)2(FPh3)2 by the reaction of RuCl#Fh3)3 witi 
t&H&N in acetone tll?. 
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Conclusions 

Our investigation finds the following notable features: 
1. Tetrakis(triphenylphosphine)ruthenium(II) dihydride, RuH,(Pl?h&, reacts 

oxidatively with a silicon hydride to give a series of seven-coordinate silyl- 
ruthenium(IV) complexes, RuH&XRs)(PPhs)J (eq. I). 

2. Without solvent, ruthenium@) halide complexes, RuC12(PPn3)s and RuHCl- 
(PPh&, react with a silicon hydride to afford a variety of four-coordinate silyl- 
ruthenium(i1) complexes, RuH(SiRs)(PPh&, (eq. 2 and 3). 

3. In benzene solution, the ruthenium(II) halide complexes react with Cl&H, 
Me&l%ZI, and Ph(MeO),SiH to give five-coordinate silylruthenium(I1) com- 
plexes, RuH(SiR3)(PPhs)s (eq. 5). 

4. In benzene solution, tris(triphenylphosphine)ruthenium(II) dihalides, 
RuX2(PPh,),, react with EtsSiH, EtMezSiH, and PhMe,SiH, respectively, to give 
the reductive product, RuHX(PPh& - C6H6 (eq. 4). 

5. In benzene solution, ruthenium(II) halide complexes, RuCL(PPh& and 
RuHCl(PPh,),, react with silicon di- and t&hydrides to afford five-coordinate 
chlorosilylruthenium(II) complexes, RuH(SiCIRz)(PPh& (eq. 6). 

6. The Ru-Si bond in RuHs(SiRs) (PPh& is readily reactive toward carbon 
&sulfide (eq. 9). 

7. The complexes, RuH(SiC1R2)(PPh&, easily lose R?Si upon treatment with 
benzene to give RuHCi(PPh,)s - C5H6, (eq. II). 

8. RuH[Si(OMe)J(PPh,), is stable in carbon disulfide and oxidatively reacts 
with acyl chlorides to afford six-coordinate acyl(silylruthenium(IV)) complexes, 
RuH[SiCI(OMe)2](COR)CI(PPh& (eq. 10). 

Experimental 

The melting and decomposition points zre uncorrected. The infrared spectra 
were recorded as KBr disks or Nujol mulls on a Hitachi EPIC3 spectrometer. 
The nuclear magnetic resonance spectra were obtained by use of a Varian HA-100 
or a Varian T-60 spectrometer, using TMS as the internal standard. 

I-Iydrosilanes were prepared by known methods. Dihydridotetrakis(triphenyl- 
phosphine)ruthenium was prepared by the reaction of RuCls, triphenylphosphine, 
and Et&l in THF 1163, or the reaction of RuCls - n H20, tiphenylphosphine, 
and sodium borohydride in ethanol 1171. Dichlorotris(triphenylphosphine)- 
ruthenium was prepared by the reaction of RuCls - n Ii20 and triphenylphos- 
phine in methanol 1183. Hydridochlorotris(triphenylphosphine)ruthenium was 
obtained by the reduction of RuClz(PPhs)s with hydrogen in the presence of 

_ triethylamine 1191 or with triethylsilane as described in previous papers [9,10]. 
_Ul the reactions were carried out under argon or in an evacuated tube. Sol- 

vents were dried and distilled before use under argon. 

The reaction of silicon hydrides with dihydridotetrakis(tr‘iphenyIphosphine)- 
ruthenium(I1) 

A typical procedure is described for the reaction of ethyldimethylsilane with 
RuHz(PPh&. 

RuH,(PPh& (0.5 g) was sealed in an evaculated tube with EtMe#H (2 ml) 
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and the tube was kept at room temperature fox 24 hours. Hexane (10 ml) was 
added to the resulting reaction mixture, and white powdery crystals of txi- 
hydrido(ethyldimethylsiiyl)tris(triphenylphosphile)ruthenium, RuH3(SiMezEt)- 
(PPh&, were filtered, washed with hexane and dried in vacua, yield 8770, IR 
(KBr disk): 3940,3000,2990,2925,2870,1993,1952 s, 1484,1435,1245, 
1236,1090,918,845,757,748,700,522 cm-‘. 

By a procedure similar to that described above, the following trihydrido- 
(silyl)tris(triphenylphosphine)ruthenium complexes were obtained in reactions 
of RuH2(PPh3)4 with the corresponding silicon hydride. 

Trihydrido(phenyldimet~ylsilyl)tris(trip~~enylphosphine)ruthenium, 
RuH3(SiPhMez)(PPhs)3. White powder, yield 94%, IR (KBx disk): 3045, 2940, 
2875,1982,1958,1948,1480,1430,1242,1234,1084,822,803,739,694, 
514 cm-‘. NMR (C6D6): T 2.1-3.4 (50 H), 8.5-9.5 (multiplet 6 H), 19.7 (Ru-H, 
3 H). 

Trihydrido(triethoxysilyl)tris!triphenylphosphine)ruthenium, RuHJSi- 
(OEt)J(PPh,),. White powder, yield 91%, IR (KBr disk): 3035, 2945, 2900, 
2850,1975,1965,1480,1433,1100,1085,1068,940,744,695,510 cm-‘. 
NMR (C&De): r 2.4-3.7 (45 H), 6.2 (quartet 6 H), 8.9 (triplet 9 H), 20.1 
(Ru-H, 3 H). 

Trihydrido (diethyIhydrosilyI)tris(triphenyl~hosphino)ruthenium, RuH,- 
(SiHEt,)(PPh,),. White powder, yield 7070, IR (KBr disk): 3025, 2910, 2840, 
2030,1996,1967,1942 s, 1478,1429,1087,966,885,845,746,697,515 
cm-‘. NMR (C6D6): T 2.2-3.2 (45 H),.4.6 (Si-H, 1 H), 8.2-9.6 (multiplet 10 H), 
19.9 (Ru-H, 3 H). 

Trihydrido(phenylmethylhydrosilyl)tris(triphenylphosphine)ruthenium, 
RuH3(SiHPhMe)(PPh3)3. White powder, yield 80%, IR (KBr disk): 3020, 2960, 
2020,2000,1980,1948,1478,1430,1238,987,890,747,695,615 cm-‘. 
NMR (C6D6): T 2.4-3.4 (50 H), 4.9 (Si-H, singlet 1 H), 9.3-9.7 (multiplet 3 H) 
19.9 (Ru-H, 3 H). 

Trihydrido(diphenylhydrosilyl)tris(triphenylphosphine)ruthenium, RuH3- 
(SiHPh,)(PPh,),. White powder, yield 8270, IR (KBr disk): 3040,2980,2120, 
2010,1975,1963,1918,1485,1432,1090,885,847,747,703,523,515 cm-‘. 
NMR (CsD6): r 2.8-3.4 (55 H), 4.4 @i-H, 1 H), 19.9 (Ru-H, 3 H). 

Trihydrido(~yclohexyldihydrosilyI)tris(triphenylphosphine)ruthenium, RuHj- 
(SiH,C&,Ij(PPh,),. White powder, yield 61%, IR KBr disk): 3025, 2890, 
2820,2120,2040,2010,1935 (bx), 1477,1432,1085,974,920,748,697,518 
cm-‘. NMR (C6D6): T 2.5-3.4 (45 H), 4.9 (Si-H, 2 H), 7.8-9.4 (11 H), 19.7 
(Ru-II, 3 H). - 

Trihydrido(phenyldihydrosilyl)tris(triphenylplrosphine)ruthenium, RuHB- 
(SiHzPh)(PPh3)3. White powder, yield 77%, IR (KBr disk): 3030, 2975, 2135, 
2065,1958,1934,1883,1478,1430,1090,952,922,746,697,518 cm-‘. 
NMR (C6D6): 7 2.3 (5 H), 2.6-3.4 (45 H), 4.3 (Si-H, doublet 2 H), 19.5 (Ru-H, 
3 H). 

Trihydrido(triethylsilyl)tris(triphenyLphosphine)ruthenium, RuH,(SiEt,)- 
(PPh3)3. RuH2(PPh&, (0.5 g) was sealed in an evacuated tube with txiethylsilane 
(3 ml) and maintained at room temperature for 6 months. The pale yellow solid 
product was filtered; washed with hexane and dried in vacua, yield 69% IR 
(KBx disk): 3050,2945,2860,1995,1975,1965,1480,1433,1087,748,700, 
515 cm-‘. 
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Trihydrido(triphenylsilyl)tris(triphenyIphosphine)ruthenium, RuH3fSiFh3)- 
(PPh,),. 4 mixture of RuHZ(PPh& (0.3 g) end tripheny!siIane (0.65 g) in 5 ml 
of hexane was sealed in an evacuated .tube and maintained at room tempemture 
for 6 months. The pale brown solid product was filtered, washed with hexane 
and ether, and dried in vacua, yield 98%, IR (XBr disk): 3048,3010,294’7, 
1970,1948,1478,1431,1115,1085,800,743,695,513~ 502 cm-‘. 

The reaction of silicon hydrides with dichlorotris(triphenylphosphin@)ruthenium 
or hydridochlorotris{triphenyiphosphine)ruthenium without solvent 

Silicon hydrides reacted with RuC12(PPh& or RuHCI(PPh& without solvent 
to give hydrido(silyi)bis(triphenylphosphine)ruthenium complexes in high yield 
(90-96%). 

In a typical procedure, Ru&(PPh& (250 mg, 0.27 mmol) was treated with 
stirring under argon with an excess of dimethylchlorosilane (2 ml). A gas was 
evolved as the ruthenium complex dissolved to give a brown solution. After 
stirring for 2 hours at room temperature, hexane ‘(5 ml) was added and the 
white solid was filtered, washed with more hexane (3 X 5 ml) and dried in 
vacua to give hydrido(dimetI;ylchlorosilyl)bis(triphenylphosphine)ruthenium, 
RuII(SiClMe2)(PPhs)=, yield 96%. The complex was prepared similarly from 
RuHCI(PPh,),, yieId 92%, IR (KBr disk): 3030,2930,1955,1483,1436,1264, 
1090,810,748,700,520 cm-‘. 

The other hycirido(silyl)bis(triphenylphosphine)r!!thenium complexes were 
prepared similarly, but with minor variations in the reaction time in the cases of 
C13SiH (2 days), (MeO),SiH (1 week), and (Et0)3SiH (1 week). 

H~~drido(trichlorosiiyl)bis(triphenylphosphine)ruthenium, RuH(SiC&)(PPh3),_. 
Pale brown powder, IR (KBr disk): 3060,1978,1485,1437,1115,1095, 745, 
696, 572,520,497 cm-‘. 

H~~drido(methy!dichlorosiiy~~bis(triphenyi_~hosphinejrrrthenium, RuH- 
(SiC12ikfe)(PPh,)2, pale brown powder, IR (K3r disk): 3025, 2935,1945,1482, 
1435,1275,1250,1125,1090,796,748,700,520 cm-‘. 

H~~drido(~imethoxysilyl)bis(tr~phenylphosphine)ruthenium, RuH[Si(OMe), J- 
(PPh,),. White powder, IR (KBr disk): 3030, 2920,2820,1960,1482,1431, 
1082,890,750,704,525,480 cm-‘. 

HJIdrido(Sr~ethoxysilyl)bis(triphenylphosphine)rnthenium, RuHfSi(OEt),l- 
(PPh,),. White powder, IR (KBr disk): 3030,2910,2810,1969,1484,1435, 
1090,753,704,523,514 cm-‘. 

H~Idrido(phenyfdimethoxysilyI)bis(triphenylphosphine)ruthenium, RuHjSi- 
(OMe)2Ph](PPh3]2. White powder, IR (KI3r disk): 3025,2900,2800,1967, 
1481,1433,1188,987,845,750,700,520,510 cm-‘. 

The reaction of silicon hydrides with dichlorotris(triphenylphosphine)ruthenium 
in benzene 

In benzene solution, silicon hydrides reacted with RuC12(PPh& to afford 
hydrido(siIyl)tris(triphenylphosphine)ruthenium complexes. 

H~~drido(phenyIdimethoxystiyl~tris(triphenyiphosphine)ruthenirim, RuHfSi- 
(OMe),Phj(PPh,),. RuC&(PPh& (500 mg;0.52 mmol) was treated with 
Ph(MeO)&Ei (1 ml) in benzene (3 ml) under argon at room temperature. -After 
stirring for 5 hours, 10 ml of hexane was added to the homogeneous reaction 
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mixture and the pale brown solid was filtered off. It was washed with hexane 

(2 X 10 ml) and dried in vacua to give-RuH[Si(OMe)2Ph](PPh& as white pow- 
der, yield 70%, IR (KI3r disk): 3030,2920,2905,1972,1955,1479,1432, 
1173,1087,1070,748,697,680, 514 cm-‘. NMR (CD&): 7 2.7-3.4 (50 H), 
6.9 (singlet 6 H). 

Hydrido(dimethylchlorosilyl)tris(triphenylphosphine)ruthenium, RulY- 
(SiCZMe2)(PPh,)3. As described above, RuC&(PPh& (2.35 g, 2.45 mmol) was 
treated with Me,ClSiH (4 ml) in benzene (5 ml) for 4 hours to give RuH- 
(SiClMe,)(PPh&, white powder, yield 98% IR (KBr disk): 3040,2945,2880, 
1998,1957,1940,1480,1433,1246,1084,837,806,743,697,516 cm-‘. 

Hydrido(d~ethylchlorosilyl)tris(triphenylphospiin~)ruthenium, RuH- * 

(SiCIEt,)(PPh,),. Et,SiH, (2 ml) was added to RuCl,(PPh,), (2.0 g, 2.09 mmol) 
suspended in benzene (10 ml), with stirring. The complex dissolved and the 
initial dark brown solution became light brown with concomitant evolution of 
a gas. After stirring for 5 hours at room temperature, hexane (10 ml) was added 
and the complex, RuH(SiClEt,)(PPh,),, was collected as pale brown needles, 
washed with hexane, and dried in vacua, yield 52%, IR (KBr disk): 3040,2945, 
2860,1963,1480,1432,1087,845,747,696,516 cm-‘. NMR(CDC!,): 

r 2.66-3.25 (45 H), 8.92-9.64 (10 H), 20.26 (Ru-H, 1 H). 
Hydrido(diphenylchlorosilyI)tris(triphenylphosphine)r~thenium, RuH- 

(SiCZPh2)(PPh3)3. The complex, RuH(SiClPh2)(PPh&,was prepared bythereac- 

tion of RuCl,(PPh& (500 mg, 0.52 mmol) and Ph2SiH2 (5 ml) in benzene (2 
ml), tan powder, yield 97%. IR (RBr disk): 3040,2000,1980,1968,1910, 
1480,1432,1087,743,697,506 cm-‘. 

Hydrido(cyclohexylchlorohydrosilyI)tris(triphenyiphosphine)ruthenium, 
RuH(S~CIC,H,,)(PPh,),. By a similar procedure to tha-t described above, the 
complex RuH(SiHCICbH1l)(PPh& was obtained by the reaction of RuCl,- . 
(PPh& (500 mg, 0.52 mmol) and cycle-C,H,,SiH, (1 ml) in benzene (5 ml), 
white powder, yield 39%, IR (KBr disk): 3040, 2910, 2840, 2045,1980,1478, 
1431,1084,745,696, 515 cm-‘. NMR (CD&): 7 2.75-3.26 (45 H); 8.10-9.43 
(11 H), 20.04 (Ru-H, 1 H). 

The reaction of RuClz(PPh3), with Et3SiH in a variety of solvents 
RuClz(PPh& (400 mg, 0.41 mmol) was treated with Et3SiH in a solvent such 

as toluene, nitrobenzene, anisole, or iV-dimethylaniline with stirring at room 
temperature for 20 hours to afford the corresponding solvated RuHCl(PPh,), as 
a violet powder which is listed in Table 5. Respective yields were 75% 
(C6H&H3), 45% (C6H5N02), 69% (CsH50CH3), and 71% (&H,NMe& 

(a) In CH2CZ2. RuC12(PPh& was reduced in CHzClz to give less pure RuHCl- 
(PPh& - CH&12 in a yield 36%, IR (KBr disk): 3040,2020,1480,1423,1265, 
1180,1118,1090,850,748,695, 540, 520 cm-‘. (Found: C, 64,17; H,.4.88; 
Cl, 8.23. C55H48P&13R~ calcd.: C, 65.47; H, 4.79; Cl, 10.54%). 

(b) In C,EI,N(CH,),. RuClt(PPh& (400 mg, 0.41 mol) was treated with _ 
Et&H (0.2 ml) in C6HSN(CH& (4 ml) for 20 hours at room temperature.- RuHCl- 
(PPh,), - C6HSN(CH& was filtered and the filtrate gave an unknown orange 
crystalline product (30 mg) m.p. 166-168”C, IR (KBr disk): 3040,2990,2940, 
2870,1480,1450,1430,1187,1090,740,695,515,498 cm-‘. (Found: C, 
58.84; H, 4.85%). 
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(c) liz &I& C&-_ A. mixture of RuC15(PPh3 jJ (400 mg, 0.41 mmol) and Et&H 
(0.2 ml) in &H&N (4 m!) was stirred for 5 holes at room.%emperature. To the 
reaction mixture was added 15 ‘ml df hexane and the yelIoti.solution was cooled 
to give an orange crystalline product (180 mg) which waschar&&-ized by IR 
and elemental analysis as RuC12(C6HSCN)3(PPh3)21 m.p. 163-165°C (decomp.), 
IR (KBr disk): 3040,2210,1483,1443,1432,1088,744,695,-515 cm-‘. 
(Found: C, 68.09; H, 4.9i; N, 4.52; Cl, 6.38. C57&5N3P2C12R~ calcd.:.C, 68.06; 
I-I, 4.51; N, 4.18; Cl, 7.01%). 

The reactioti of ~trihydrido(phenyIdimethylsilyI)tris(triphenyIphosphine)- 
ruthenium zuith carbon disulfide. 

A mixture of R~uH&ZMe,Ph)fPPh3)3 (100 mg) and carbon disulfide (2 ml) 
was cooled in liquid nitrcgen, d&gassed, and stirred tinder an atmosphere of 
nitrogen at room temperature for 3 hours. To the reaction mixture was added 
hexane (5 ml) and it was cooled to give a red-orange crystalline product 
which was collected; washed with hexane, and dried in vacua. The compound 
decomposed above its melting point (l78--181°C) with evolution of CS2 and 
was identified as Ru(S,CH)+(PPh,), on the basis of the complete accordance 
of its iilfrzred spectrum with that &I the literature [ 121 and its elemental anal&~ 
(Found: C, 58.13; H, 3.94; S, 26.77; C3J&S4P2Ru c&d.: C, 58.52; H, 4.14; S, 
16.44%)_ 

The reaction of hydrido(trimethoxysilyi)bis(triphenylphenium 
with acetyl chloride_ 

A mixture of RuH[Si(OMe),](PPh3)t (250 mg) and acetyl chloride (2 ml) was 
stirred at room temperature for 20 hours. FiltratiorLof the reaction mixture 
gave a pale brown powder (210 mg) which was characterized as RuH[SiCl- 
(OMe),](COMe)Cl(PPh3)2 by its IR spectrum and elemental analysis, m-p. 
121-122°C (decomp.), IR (KBr disk): 3030,2960,2810,1955,1810,1710, 
1482,1434,1088, 746, 697, 520 cm-‘. (Found: C, 58.49; H, 4.92; Cl, 7.71. 
C40H40103CltPZSiRu calcd.: C, 57.83; H, 4.85; Cl, 8.53%). 

The reaction u?ith benzoyl chloride. 
By a similar procedure to that described above, the treatment of RuH[Si- 

(OMe),](PPh3)2 (250 mg) with benzoyl chloride (1 ml) afforded RuH[SiCl- 
(OMe)J(COPh)(PPh,)2 (180 mg) as an orange-brown powder, m-p. 126-127°C 
(decomp.), IR (KBr disk): 3040,2940,2850,1970,1773,1482,1436,1295, 
1090, 350, 744, 694, 542, 524, 500 cm-‘. (Fourid: C, 61.94; H, 5.07; Cl, 9.61. 
CS5H&&12P2SiRu calcd.: C, 60.54; H, 4.74; Cl, 7.95%). 

The formation of RuHCi(PPh,)3 from RuH(SiCl~Ve,)(PPh,)3 
(a) In benzene. RuH(SiClMe~)(PPh3)3’ (150 mg), suspended in benzene (3 ml), 

was stked at room temperature for 20 hours. An insoluble violet precipitate 
was filtered, washed with hexane, and dried in vacua to give RuHCl(PPh& : C,Hb 
(80 mg) (which was identified by its IR spectrum). 

ln the presence of MeOSiIiMel SiMe,OMe (1 ml), RuH(SiCiMe,)(PPh,), (500 
mg) wss treated with benzene (2 ml) at 60°C for 4 hours to give RuHCl(PPhj), 
- C6H6 (330 mg). GLC analysis indicated the residue was a complex mixture. 
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Also, in the presence of Et$iH (2 ml), the treatment of RuH(SiClMe,)(PPh,), 
(2 g) in benzene afforded RuHC1(PPh3)J - C6H, (1.2 g) and a complex mixture. 

(b) In toluene. RuH(SiC1Me2)(PPh& (300 mg) in toluene (2 ml) was stirred 
at room temperature for 20 hours to give RuHCl(PPh& - &H&H3 (260 mg) 
1201. 
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