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summary 

The codeposition of rhodium with toluene affords on melting a red brown 
solution, stable up to -5O”C, which contains a hydridorhodium product, as 
shown by ‘H NMR analysis and isolation of hydrido complexes by reaction 
with phosphines. 

Co-condensation of transition metal atoms with arenes is an established 
way of preparing bis-arene-metal derivatives [ 11. However, the co-deposition 
products are often stable only at low temperature in the arene solution, and no 
definite compounds can be isolated. Such weakly stabilized species have recent- 
ly proved to be valuable precursors for organometallic synthesis and prepara- 
tion of catalysts [ 231. Very little is known on the nature of these so called arene 
“solvated” metal atoms; they are assumed to be very labile zerovalent 7r-arene 
complexes with a relatively strongly bonded q6-n-arene and a weaker q4- or 
q2-n-arene bond [2]. 

In order to gain a better inside into the structure of such solvated metal 
atoms we studied the reaction of Rh atoms and toluene and we present here 
evidence for the presence of a hydridorhodium complex as co-deposition 
product. 

Rhodium vapour, obtained by resistive heating of tungsten wire surface- 
coated with electrodeposited rhodium, reacts at -196°C with toluene to give 
a red brown matrix which does not deposit metal on melting. The codeposi- 
tion product can be taken up into toluene at -70% and the solution handled 
at temperatures up to -50%. At higher temperatures it decomposes, partially 
depositing the rhodium as metal. 
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The possibility that the codeposition product is a zerovalent metal corn- 
plex can reasonably be ruled out on the basis of the following observations. 
The reaction solution does not give an ESR signal in the temperature range 
-50°C to -100°C. The ‘H NMR spectrum at -70°C shows a hydrido signal at 
6 -13.5 ppm; this signal appears as a well resolved quartet, with J(Rh-H) 8 Hz 
(Fig. 1). Such a multiplicity, which could originate, as observed in other 
hydridorhodium complexes [ 41, from magnetically equivalent hydrogen atoms 
spin-coupled equivalently with three Rh atoms, indicates the presence of a 
trinuclear hydridorhodium cluster. The hydrido signal disappears on warming 
to temperatures higher than -5O”C, at which the sample decomposes. 
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Fig. 1. The hydridic (Rh-H) portion of the 100 MHz ‘Ii NMR spectrum of the co-condeneation product. 
in toluene solution at -7O’C. 

The presence of the hydrido structure is supported by the observation that 
treatment with excess trimethylphosphite (TMP) or 1,2-bis(diphenylphos- 
phino)ethane (DPPE) gives the known HRh(TMP)4 and HRh(DPPE)2 deriva- 
tives (Scheme l), which have been characterized by elemental analysis and 
comparison of their IR and ‘H NMR spectra with those of authentic samples 
14951. 
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SCHEME 1 

When perdeuterotoluene was used in the preparation of the co-deposition 
product, DRh(DPPE)2 was obtained after addition of 1,2-bis(diphenylphos- 
phino)ethane, showing toluene to be the hydrogen source for the hydrido com- 
plex. The presence in the reaction solution of dibenzyl, identified by GLC and 
mass spectrometry, provides further evidence that the toluene is the hydrogen 
source, and that there is a sp3 C-H bond activation. 

A possible mechanism for the formation of a hydridorhodium complex by 
:odeposition of Rh atoms and toluene could involve oxidative addition of 
toluene to rhodium( 0) species to form an alkylrhodium(I1) hydride, followed by 
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homolysis of the rhodium-alkyl bond. Such carbon-hydrogen bond activation 
has been often observed in metal atom chemistry, and can also provide a new 
type of route to hydrido-transition metal complexes [ 61. 

Studies in progress show that this hydridorhodium-toluene co-deposition 
product is extremely reactive, and a very promising catalyst for a wide range 
of reactions, such as the hydrogenation of carbocyclic and heterocyclic aro- 
matic compounds [ 71, the selective hydroformylation of dienes to alkene- 
carboxyaldehydes [8], and the synthesis of pyridines from acetylenes and 
nitriles [ 81. 

Acknowledgements. This work was supported by the research program 
“Progetto Finalizzato de1 C.N.R. per la Chimica Fine e Secondaria”. 

References 

I 

8 

J.R. Blockborrow and D. Young, in K. I5afne.r et al. (Eds.). Metal Vapour Synthesis in Organo- 
metallic Chemistry. Springer VerIag, Berlin, 1979. 
T.G. Grosens, B. Henne. D. Bartak and K.J. KIabunde. Inorg. Chem.. 20 (1981) 3629; B. Henne and 
D. Bartak. ibid., 23 (1984). 369. 
K.J. KIabunde and Y. Tanaka, J. Mol. Catal., 21 (1983) 67; L.F. Nazar. G.A. Ozin. F. Hugues, J. Gob- 
her and D. Rancourt, J. Mol. Catal., 21 (1983) 313. 
A.J. Sivak and E.L. Muetterties, J. Am. Chem. Sot.. 101 (1979) 4878. 
A. Sacco and R. Ugo. J. Chem. Sot.. (1964) 3274. 
See for example: R. Remick. T. Asunta and P.S. SkeII. J. Am. Chem. Sot.. 101 (1979) 1320; W.E. 
Billups, M. Kowski, R.H. I-Iauge and J.L, Margrave. Ibid., 102 (1980) 3649; F.G.N. CIoke. A.E. 
Derome, M.I*H. Green and D. O’Hare, J. Chem. Sot.. Chem. Commun., (1983) 1312; J.A. Bandy, 
G.N. CIoke, M.L.H. Green. D. O’Hare and K. Rout. ibid., (1984) 240. 
G. VitulIi. P. Salvadori. A. RaffaeIIi. P.A. Costantino and R. lazzaroni, J. Grganomet. Chem., 239 
(1982) C23: F. NoreIli. Tesi di Lauea, University of piss. 1984. 
G. VituIIi, F. NoreIIi, M. Dini and P. Salvadori, Vth Czachoslovak-Italian Symposium on CatlaIysis. 
Be&in&. Czechoslovakia. Sept. 16-20.1986. Abstracts p. 118. 


