
:. _.. 311 

Jqwnal oj~&ganometallic ~hfkry. $48 (1978) 311-315 
@ Eke%$& S&iotiS_.k, L+sanne - Printed in The Neth&ands 
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Department of Organic Chemistry, University of Chemical Engineering, 8200 VeszprkTm 
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Rhodium-phosphine complexes formed in situ from bis(l,5-hexadienechloro- 
rhodium), tertiary phosphines, and amines, catalyse the hydrodehalogenation 
of alkyl and aryl halides. Catalysts containing PPhs and with a P/Rh ratio of 
1.1/l are the most active; water increases the rate of the reaction. 

Introduction 

The heterogeneous catalytic hydrodehalogenation of organic halides by 
molecular hydrogen is a well known and industrially used reaction [Z], but to 
our knowledge there has been only one report on homogeneous catalysis of this 
reaction [S]. However, there have been reports of homogeneous hydrodehalo- 
genation using organic compounds such as alcohols [4] or amines [5] as hydrogen 
donors. We report below results on hydrodehalogenation with dihydrogen using 
rhodium-phosphine complexes obtained “in situ” from [Rh(Hex)Cl],-(Hex = 
1,5-hexadiene) and PPhs as catalysts. 

Results and discussion 

The dark homogeneous solution obtained from [Rh(Hex)Cl’Jz, triphenylphos- 
phine, triethylamine and benzyl chloride (l/4.4/200/200) in benzene/methanol 
(l/l) was found to absorb dihydrogen at 5O”C, and toluene was detected by GLC 
as the sole reaction product: 

PhCH*Cl + Hz 3; PhCH3 + Et3N - HCl 

* For part III see ref. 1. 



be the least re+ctive, &d comp&nds.with activated halogens, such as be&y1 
halides and a~hlo~ocarboxylic esters, the mpst reactiv+_ Within the. simple alkyl 
tind -1 halides thdr&titit$ &d&&k j > B$> cl,’ but be&y1 i&lid& W&S;, sk- 
p&ingly:u&ea&ive_ Generally -no-signiiicant difference :wa.s fdmid,betPieen- ’ 
the aiiphatic and aromatic compounds. Table 2 lists some representative d&a. 

In most cases 100% conversion based on hydro@i ckstiption~was @a&ily 
achieved, which means a &over number of 100 for the catalytically-active 
rhodium complex. The catalyst was gknerally still active at this point, and addi- 
tion of new substrate restarted the H2 absorption_ By repeatedly adding addi-. 
tional beniyl chloride; a turnover numberof 400 was reached in one experiment 
withdut.‘dtiactivatiori of the cata&%, although the’rate giadually diniinished. 

The yield of hydrogen&ed‘product d&&tied by’GLC amount&d to 60-90%. 
No Sneric products or. other byApr0dtict.S we& detected. With substrates 
containing 2 or’3.halogeti atoms the &rtitilly dehalogenated intermediate were 
found in samples taken during the reaction. For example after the consumption 
of 0.5 mol H2 for 1 mol of CCL, the reaction product contained 1.1% CH,Cl, 
5.8% CH2Cla, 22.3% CHCIX and 70.4% CC4, and a small amount of methane 
could be d&e&A in the gas above the reaction mixture. 

The.rknA&kble low P;/Rh r&o (the Gtial “Wilkinson-type” rhodium-phos- 
phine c&aly&s require at least 2 phospfiorus donor.atoms per rhodium [S]) 
and the vSry da@f brown- colour of &he cl* homogeneous solutions suggest that 
OUI cdalysts is' ratherdifferent from the generally tied rhodium(I)-phosphine. 
compkxes derived from Rh(PPh,),Cl_ Lotiering the’P/Rh ratio-below 1/l 
~XSX&S in~the yisible precipitation.of rhodium. The hydr&enolysis is also catalysed 
_by this -rhodiUm precipitate; as shown by a rel&ively tipid H, consumptioli, but 
this heterogeneous catalytic reaction is practically completely hihibited. by add- 
ing l-1 mol of PPh3 per rhodium to the reaction mixture after formation.of 
the precipitate_ This dramatic difference between the effect of PPh, added ~. 
before or after the start of hydrogenation clearly shows the existence of-two 
different types of catalyitk ih@ hckogentius speck,’ tihich.ne& the presence 
of l.PPhS p@r rhodium; &.nd the heterogeneous species, which is inhibited by 
PPh3_. I ,- _ - : . : 

Experiments to clarify the structure of the homo&kous catalytic system 
and itS application to other reactions are in progress_ 
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ll.O.mg:(O;O25 mmoi) [Rh(Hex)Cllz and 14.4 mg (0.055 mmol) PPh3 were 
dissolved at 56% in 6 ml of p-xylene under Hz in a thermostatted flask connected 
to a thermostatted gas burette equipped with a magnetic stirrer and a silicone 
rubber cap; When solution was complete, 6 ml water and 0.52 ml (5.0 mmol) 
E&NH were added and the catalyst was prehydrogenated for 30 min. The sub- 
strate (5.0 mmol) was then added with a syringe, and the reaction was monitored 
by measurin g the hydrogen consumption_ The product was analyzed by GLC. 
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