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Summary 

Reaction of Me,PhSiH (DMPS) with [(indenyl)Rh(C,H,),], [{CODRhCl},], or 
[{CODRh(OMe)},] in the presence of benzoyl peroxide, gave [(Me,SiC,H,),Rh,H,], 
(la); reaction of [ { CODIr(OMe)},] in the presence of benzoyl peroxide, gave 
[(Me,SiC,H,),Ir,H,] (lb) similarly. The X-ray structure of la showed the molecule 
to be a centrosymmetric dinuclear complex,Oeach rhodium being $-bonded to a 
phenyldimethylsilyl (Rh-C(pheny1) av. 2.33 A) white was in turn u-bonded to the 
other rhodium through the silicon (Rl-Si 2.294(6) A). In addition each rhodium 
bore another u-bonded PhMe,Si (Rl-Si 2.328(6) A) and a hydride ligand. The 
rhodiums were 4.48 A apart and not bonded. Complexes la and lb were rather 

insoluble and inert.. 

Introduction 

Some years ago we reported on the dehydrogenative hydrosilylation of olefins 
(eq. 1). This reaction, together with the normal hydrosilylation (eq. 2), is well 

2RCH=CH, + HSiR’, -+ RCH=CHSiR’, + RCH,CH, (1) 

RCH=CH, + HSiR’, + RCH,CH,SiR’, (2) 

catalysed by a number of rhodium complexes, especially but not exclusively those 
with pentamethylcyclopentadienyl on the metal [1,2] and the mechanism has been 
explored [l]. Some iridium complexes also catalyse this reaction [3]. 

* Dedicated to Professor Luigi Sacconi in recognition of his important contributions to chemistry. 
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In our investigation of the mechanism we have examined the reactions of a 
variety of silanes and olefins with rhodium an diridium complexes. We found that 
reactions involving dimethylphenylsilane (Me,PhSiH, DMPS) and rhodium or 
iridium complexes gave an unexpected result. That work forms the subject of this 
paper. 

Results and discussion 

Synthesis and X-ray structure determination of [(Me,SiC, H,),Rh2 Hz] (la) 
The rhodium complex [(Me,SiC,H,),Rh,H,] (la) was initially synthesised by 

reaction of [(n5-indenyl)Rh(C,H,),1 [4] with DMPS. This reaction was undertaken 
in an attempt to prepare [($-indenyl)Rh(H),(SiPhMe,),] analogous to [C,Me,Rh- 
(H),(SiEt,),] (2) and its iridium counterpart [5,6]. 

When the indenylethene complex was irradiated with DMPS in benzene colour- 
less crystals of a solid slowly precipitated. Owing to its extremely low solubility it 
was very difficult to carry out spectroscopic determinations. However, the IR 
spectrum showed a band, assigned to v(Rl-H) at 2102 cm-’ and a weak signal 
could be seen in the ‘H NMR spectrum at 6 - 13.7 ppm (d, J(Rh-H) 42 Hz). Both 
of these are consistent with the presence of a terminal hydride. Neither the IR nor 
the NMR spectra showed any bands characteristic of the presence of an indenyl 
ligand. 

One of the crystals was used for an X-ray determination which revealed the 
structure shown in Fig. 1; key bond lengths and angles are in Table 1. The indenyl 

,/--,C’16’ 
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Fig. 1. View of the molecular structure of [(Me2SiC,Hs)4Rh,H,]. hydrogcns omitted 
* 9. 
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TABLE 1 

SELECTED BOND LENGTHS (A) AND BOND ANGLES (“) FOR [(MezPhSi),Rh,H,] 

Rh(l)-Rh(lA) 
Rh(l)-Si(2) 

Rh(l)-C(1) 
Rh(l)-C(3) 
Rw)-C(5) 

a(l)-C(1) 
Si(l)-C(8) 
Si(2)-C(15) 

4.480(2) Rh(l)-Si(lA) 
2.328(6) 
2.3X(2) Rh(l)-C(2) 
2.32(2) Rh(l)-C(4) 
2.34(2) Rh(l)-C(6) 

av. Rh(l)-C(phenyl) 2.33 A 
1.89(2) Si(l)-C(7) 
1.86(2) Si(2)-C(9) 
1.86(2) Si(2)-C(16) 

2.294(6) 

2.29(2) 
2.33(3) 
2.31(2) 

1.85(2) 
1.85(2) 
1.88(2) 

Si(Z)-Rh(l)-Si(lA) 90.9(2) C(l)-Si(l)-Rh(lA) 107.4(7) 

C(7)-Si(l)-Rh(lA) 123.5(7) C(S)-Si(l)-Rh(lA) 112.2(7) 
C(l)-Si(l)-C(7) 100.1(9) C(l)-Si(l)-C(8) 105.8(9) 

C(7)-Si(l)-C(8) 105.9(9) C(15)-Si(2)-Rh(1) 117.8(7) 
C(16)-Si(2)-Rh(1) 110.6(7) C(9)-Si(2)-Rh(1) 114.9(7) 
C(15)-Si(2)-C(16) 102.1(9) C(15)-Si(2)-C(9) 105.7(9) 
C(16)-Si(2)-C(9) 104.1(9) 

ligand and the ethenes have all gone and the data show that the molecule contains 
two rhodiums and is centrosymmetric about a point midway between them. The 
rhodiums are 4.48 A apart, too far for there to be any significant interaction [7]. 

Each rhodium is $-bonded to one phenyl of a PhSiMe, ligand which has a 
Si-Rh u-bond to the other rhodium which is, in turn, -#-bonded to the phenyl 
bearing SiMe, bonded to the first rhodium. In addition each rhodium has a u-bond 
to the silicon of another SiPhMe, ligand which is not involved in r-bonding. The 
rhodium is bonded equivalently to the six carbons of the one phenyl (within the 
accuracy of the determination), the average Rl-C(pheny1) distance being 2.33 A. 
Although this is longer than the corresponding distance from the C,Me, ring 
carbons ‘,o the metal in the rhodium(V) complex, [C,Me,Rh(H),(SiEt,),], (2) 
2.283(9) A [5], the difference is not significant. 

The Rh-Si bonds at 2.294(6) (to the Si carrying the $-bonded phenyl), and 
2.328(6) A to the other phenyl are significantly shorter than those in 2, 2.379(2) A. 
These data suggest that complex la is rather tightly bound.. 

The angle Si(2)-Rh(l)-Si(lA) in la is small (90.9”). By comparison, the Si-R%Si 
angle in 2 is 107.9’; the difference probably reflects the different sizes of the 
substituents about the two silyls in the two molecules as well as the fact that in la 
the metal also ligands to an $-arene and a hydride. In fact the angles X-Rh-Si(1’) 
and X-Rh-Si(2) (where Rt-X is the vector from the metal to the centre of the 
$-ring) are 129 and 132”, respectively. A hydrogen atom was located at about the 
correct distance (1.6 A) from each rhodium atom. 

For comparison with arenerhodium comlexes [7] which have had their structures 
determined by X-ray methods, the rhodium tetraphenylborate complexes, [{(MeO),- 

P}&h($-C,H,BPh,)] (3a) PI, [(Ph,PCH,CH,PPh,)Rh(~6-C6H~BPh,)l (3) 191, 
and particularly the dinuclear dicationic complex [ { Rh( $-C,H,PhPCH,CH,- 
PPhz)}z]2+, (4), are especially relevant. 

In complex 4 one rhodium is $-bonded to the phenyl of a diphos ligand which 
also chelates the other rhodium [lo]. The Rl-Rh distance (4.27 A) is actually 
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shorter than that in la, but the Rh-C(pheny1) distance is the same. Complexes 3a 
and 3b are mononuclear and the structure determinations were sufficiently precise 
to show deformations from planarity in the $-phenyl ring; in each case the average 
Rl-C distances (2.34 A in 3a and 2.336 A in 3b) were very close to those found for 

la. 
Another complex structurally relevant to la is [($-C6HsSiMes)Cr(CO),] [ll]. 
Once the structure of complex la had been determined, more rational syntheses 

could be applied. Thus, reaction of the much simpler to prepare [ { CODRhCl},] 
(COD = 1,5-cyclooctadiene) with DMPS in toluene in air at 20 o C gave crystals of 
complex la directly in good yield. Reaction of the two components in dichloro- 
methane under nitrogen gave no product. 

Synthesis of [(Me,SiC, H5)41r2 H,] (lb) 

A related route, reaction of [{CODM(OMe)},] with DMPS in dichloromethane 
was used to prepare both la and its iridium analogue, [(Me,SiC,H,),Ir,H,] (lb). 
No reaction occurred when the reactants were mixed under nitrogen, but a low yield 
of lb was obtained when the reaction was carried out in air. It was found that these 
reactions were considerably promoted by addition of benzoyl peroxide. This sug- 
gests that radicals may well play a vital role. 

Attempts to exchange the $-arene for another (hexamethylbenzene, or benzene) 
were not successful. Thus lb was also the product when [ {CODIr(OMe)},] was 
treated with DMPS in the presence of benzene or hexamethylbenzene. 

Both la and lb were very inert; thus the iridium complex lb was recovered 
unchanged after treatment with CO (1 atm, 25OC) or PPh, (benzene, 80°C 4 
days). The complex reacted with electrophiles (e.g., perchloric acid), but with 
decomposition. When [{CODIr(OMe)},] was treated with DMPS and o- 
phenanthroline in the presence of benzoyl peroxide a blue solid, formulated as 
[{Ir(Me,PhSi)(o-phen)}“], was obtained. This showed no v(Ir-H) in the IR but was 
otherwise too insoluble for spectroscopic characterisation. 

Experimental 

Syntheses of [(Me,SiC,H,),Rh,H2] (la) 

(i) A solution of [($-indenyl)Rh(C,H,),1 [4] (50 mg, 0.18 mmol) and DMPS 
((0.2 cm3) in benzene (0.5 cm3) was irradiated under nitrogen in a sealed tube 
(Hanovia medium pressure lamp; 14 h, 20°C). Colourless crystals of la slowly 
formed at the bottom of the tube. These were filtered off, washed with pentane and 
dried. Yield, 58 mg, 85%. One of them proved suitable for the X-ray determination. 
Analysis: Found: C, 51.8; H, 6.3. C,,H,Rh,Si, calcd.: C, 51.3; H, 6.2%. Ir 
v(Rl-H) 2101 cm-’ (KBr disc). ‘H NMR spectrum (CDCl,) S - 13.8 (d, J(Rh-H) 
42 Hz), 0.3, 0.4 (Me), 7.0-7.7 (aromatic); sample very poorly soluble and slowly 
decomposes in solution. 

(ii) A solution of [{CODRhCl},] (0.15 g, 0.27 mmol) and DMPS (1 cm’) in 
toluene (4 cm3) was allowed to stand in air (ca. 2 h, 20 o C). Colourless crystals of la 
(165 mg, 83%) were obtained. 

Synthesis of [(Me?SiC, H5)41r2H7] (lb) 

The complex [{CODIr(OMe)},] (0.4 g, 0.6 mmol) was added to a solution of 
DMPS (1 cm3) and benzoyl peroxide (5 mg, 0.02 mmol) in dichloromethane (20 
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neighbours. The rhodium-bonded hydrogen was initially held fixed at the position 
found from its Fourier map, but its U was refined. The parameter shifts (except for 
those involving H(1)) obtained on the final cycle of refinement were in all cases less 
than 0.1 of the corresponding e.s.d.‘s. A final difference Fourier synthesis showed no 
peak higher than 0.7 e Ae3 and none which could be interpreted as an atom. The 
final analysis of variance against sin 6 and against 1 F ) showed no unusual 
features; neither did the normal probability plot. The SHELXTL suite of crystallo- 
graphic programs was used throughout [12]. Selected bond lengths and angles are 
given in Table 1 and atomic coordinates in Table 2. 
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