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The comp!ex Ru(OCOCF,)2(CO)( PPh3j2 1s an efficient homogeneous 
catalyst for the dehydrogenation of primary and secondary alcohols to aldehydes 
and ketones respechvely; a mechanism involvmg a “pehmination” step is 
proposed. 

The important stoichiometric “B-elimination” reaction 1 extensively em- 

;M/-oCH,R + ,M/-H * RCHO (1) 

ployed in the synthesis of platinum group metal hydride complexes [l ] has 
now been developed as an efficient catalytic process for the dehydrogenation 
of primary and secondary alcohols to aldehydes and ketones respectively* _ 

We find that the ruthenium complex Ru(OCOCF,),(CO)(PPh,)2 (I)** 
containing trifluoroacetate trans to a relatively strong u-donor ligand (PPh3) 
is solvolysed by boiling primary and secondary alcohols to afford alkoxide 
complexes which rapidly undergo P-elimination to fonn the hydmle species 
RuH(OCOCF,)(CO)(PPh3)2 (II) and liberate the corresponding aldehydes or 
ketones. The hydride complex is, in turn, attacked by trifluoroacetic acid to 
regenerate the original catalyst and thereby establish a catalytic cycle (scheme 1). 
The hydrido complex II in the presence of free bifluoroacetic acid displays 
the catalytic activity implied by the proposed reaction cycle. 

*The ooly comparable homogeneouscalalysL system 151 for alcohol dehydrogenarlon IS based on 
rhodrum-tm specws and IS cs 1060 Lunes less elfwent tkun Lbe one dxiclosed here. 

**The stereocbermstry of complexes I and II has been eslabhsbed by ‘H and nP NMR: I exblblts 
rapId intramolecular exckge of mono- and bl-dentate trifluoroacetak hgands. The osmium 

analog of I is a less acwt! caWysr for dehydrogenabon; a vane~y of other tntluoroacetaro com- 
plexes of the ~lallnum group metals co~~tahng Muoroacetate li@.nds lrans Lo carboovl or 
tnOuoroaceCaCe groups are nor solvolysed by alcohols and do nor exbib#L catiyt~c aclnnry. 
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+ QCH>OH. -CF >COOH 

(al 

I 

I !?u(OCH,il) ~OCOCF2)KOl(Fb=n,); 

The catalytic reactions, which were performed using ca. 4.5 X low3 molar 
solutions of the catalyst in neat boiling alcohol, were monitored by dihydrogen 
evoluhon; organic products were identified by gas chromatography, infrared 
spectroscopy and formation of 2,Pdinitrophenylhydraazones. Concentrations 
of free trifluoroacetic acid, up to an optimum of twelve moles per mole of 
catalyst, promote the dehydrogenation, presumably by aiding regeneration 
of the catalyst (Fig. 1, reaction c). PIcid concentrations > ca. 12 moles/mole 
of catalyst, and free aldehyde (or ketone) inhibit the catalysis, presumably by 
suppressing the forward reactions (a) and (b) respectively. The catalyst has 
been shown to dehydrogenate ethanol, n-propanol, isopropanol, n-butanol, 
n-pentanol, n-hexanol, cyclohexanol ar.d benzyl alcohol but is inert to methanoi 
(boiling point too low) and tertiary alcohols (t-butanol j. Dehydrogenation of 
aJJy1 alcohol to acrolein is accompanied by formation of some propene pre- 
sumably due to the occurrence of a hydrogen-transfer reaction [2] similar to 
that previously observed for ally1 alcohol in the presence of other ruthenium- 
based catalysts [ 3,4]. Propargyl alcohol decomposes and deactivates the 
ruthenium catalyst. Initial rates of dehydrogenation, obtamed using 4.5 X lo-’ 
molar catalyst solutions, range from 1 X 10m3 mol I-’ min-’ (isopropanol) to 
180 X lo- 3 mol I- ’ min- ’ (benzyl alcohol). 
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