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The reaction of silica-supported bis(allyl)rhodium, (-SiO)(-SiOX(Rh(q3-C3H5)2 1 (X = H, Si=) with PMe3 followed by H2 
yields [RhH2(PMe3)4]+, 2, which is characterised by IR, solid-state 31P NMR and elemental analyses and extracted 
quantitatively from the surface by ion-exchange with Bun4NCI in nitromethane; the counterion of  2 is presumed to be a 
siloxy group [=SiO]- of the silica surface. 

immediately acquired a yellow colour, while the solid was 
nearly completley decolourized. The IR spectrum of the 
solution contained a band at 1964 cm-1. For NMR study, the 
nitromethane was evaporated and the yellow precipitate 
redissolved in DzO. The proton-decoupled 31P NMR of the 
D20 solution contained two sets of resonances,$ [Fig. l(b]. 
Each resonance is a doublet of triplets (6 -9.58, l J ~ h - p  70.0, 

Elemental analysis of the solid before and after the extraction 
indicated that 94% of the Rh and 95% of the phosphine passed 
into solution.§ 

Based on the IR spectra, we propose that the product is a 
rhodium hydride which exchanges its hydride ligands rapidly 
with D2. The fact that this hydride species can be extracted 
quantitatively from the surface by ion exchange implies that 
there is no longer a covalent bond between Rh and silica. The 
extracted species was unambiguously identified as the cis- 
dihydridorhodium complex, 2', by comparison of its IR and 
31P NMR spectra with those of the known molecular complex, 
~is-[RhH~(PMe~)~]Cl.fi  The cis geometry of 2' is consistent 
with the 31P solution spectrum, which shows two sets of two 
equivalent P atoms coupled to Rh. On the silica surface, the 

2Jp-p 26.03 Hz; 6 -21.09, 'JRh,p 87.2, 2Jp-p 26.35 Hz). 
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Fig. 1 Proton-decoupled 31P NMR spectra of the cationic dihydride 
[RhHz(P?&]+: (a )  solid-state spectrum of the cation 2 on the silica 
surface, with counterion S O -  (spectrum obtained using magic angle 
spinning); (b) solution spectrum of the cation 2' extracted from the 
silica surface with Bun4NC1 in MeN02 and redissolved in D 2 0  
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counterion for the cationic rhodium dihydride is probably the 
surface itself, which may contain deprotonated doxy groups. 

Additional evidence for the cationic nature of 2 is the 
18-electron count of the extracted species 2’, which renders 
unlikely the coordination of 2 to a surface ligand. The 
quantitative extraction of 2 rules out the possibility of 
disproportionation of a surface species to anionic and cationic 
complexes, as we have already observed in the adsorption of 
C O ~ ( C O ) ~  on MgO, which gives C O ~ + [ C O ( C O ) ~ ] - ~ . ~ ~  The 
formation of 2 is shown in Scheme 1. 

It seems likely that the reaction of 1 with PMe3 leads to the 
formation of a surface analogue of ClRh(PMe3)3, i.e. 
(zSiO)Rh(PMe3)3. The reaction of this species with H2 may 
give 2 by reactions which have precedent in molecular 
chemistry (eqn. 2-3).12 
ClRh(PMe3)3 + H2 -+ [RhH2(PMe3)4]Cl 

+ unidentified Rh products (2) 

In eqn. (2), the cationic dihydride is formed even in the 
absence of excess phosphine, by a mechanism which requires a 
bimolecular redistribution of ligands. We have observed that 2 
is formed on the silica surface even in the absence of excess 
phosphine, but in this case the reaction is not quantitative.)) 

The use of oxide surfaces in organometallic synthesis has 
already been applied to the preparation of neutral and anionic 
carbonyl clusters of Os913 Rh,14J5 Ir16 and Pt.17 The rhodium 
dihydride complex 2 is, to our knowledge, the first example of 
the surface synthesis of a cationic organometallic complex, the 
anion being a surface siloxy group S O - .  
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Footnotes 
t The sample was transferred to a zirconia rotor in an argon-filled 
glove bag. The solid-state 31P spectrum was recorded on a Bruker 
MSL-300 spectrometer using magic angle spinning ( 3 4  kHz) and 
proton decoupling (pulse length 1 p, recycle delay 1 s, number of 
scans 7300, line broadening 30 Hz before Fourier transform). 
Chemical shifts were referenced to 85% H3P04; the error in the 
reported chemical shifts is ca. 0.3 ppm. 
$ Referenced to H3P04 in D20.  
§ The phosphine which remains on the surface may be O=PMe3. 

fl IR (Nujol): v(Rh-H) 1965 cm-1, v(Rh-H)/v(Rh-D) = 1.39.18 3lP 
NMR(CD3N02): fjpt (axial) -11.08 (td, JRh-p94.4,2Jp-p28.0 Hz), fjp 
(equatorial) -22.69 (br m, JRh-p 114.7 Hz).I2 
11 In the absence of excess trimethylphosphine, the formation of 2 
requires that surface complexes such as (diO)Rh(PMe3)4 migrate 
and exchange phosphine ligands. The Rh which gives up its 
phosphines is then reduced to metallic Rh by H2.10 
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