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Hydrogenation and I sornerisation of Alkenes using IrCl(PPh,), and the 
I solation of the Oxygen Adduct IrCl(PPh,),(O,)(C,H,),C,H, 

By H. VAN GAAL, H. G. A. M. CUPPERS, and ,4. VAS DER ENT* 
( Unileiw Rtxensci! Lnbosntories, Vlaai.dingenlDzti~e.l.t, 02iviev van Noortlaan 120, Viaa~dingen, The iiethevkands) 

Szti12nzay1~ IrCl(PPh,),, prepared in situ, has been found to 
be a catalyst for the hydrogenation and isomerisation of 
alkenes ; with molecular oxygen IrCl(PPh,) ,(C,H,) forms 
in benzene the five-co-orclinated adduct 1rCl(PPhJ2(O2)- 
(C2H4) 3C6H6* 

Is contrast with the corresponding rhodium compound, 
chlorotris(tripheny1phosphine) iridium( I ) ,  IrCI(PPh,) 3, was 
recently reported to be inactive in the hydrogenation of 
alkenes.' This inactivity might be due to the stronger 

PPh, 

iridium-phosphine bond, which prevents the complex from 
becoming co-ordinatively unsaturated by the dissociation 
of a phosphine ligand. ,4s was shown in hydrogenation 
experiments2 using RhCl(PPh,), (-. = 1,2,3), this dissocia- 
tion is required to activate the substrate. JVe have tested 
the catalytic activity of benzene solutions of the iridium(1)- 
cyclo-octene complex, [IrCl(C,H,,) ,I2, to which one or two 
equivalents triphenyl-phosphine or -arsine was added. It 
was found that the resulting systems were catalytically 
active for the hydrogenation and isomerisation of allrenes. 
The dependence of the initial rates of hydrogenation and 

isonierisation of hex-1-ene in benzene on the phosphine/ 
iridium ratio is presented in the Figure. The masinium 

\ 

~ \ 

Phosphine /iridium ratio 

FIGURE. Rates of hydrogenatiog1 (c>) mid isonzevisation (@) of 
hex-1-ene (0.27 rnolell) i?z beirze7Je zdsi'lzg various mixtures of 
[IrCl(C8H14) J (0.23 wole/Z) a d  tviphenylphosphine ( 2 5 O ,  
1 atm. HJ. 
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hydrogenation rate a t  a ratio of 2 suggests the catalytically position of the iridium-chlorine stretching vibration a t  
active species to be chlorobis(triphenylphosphine)iridium( I), 301 cm-f suggests a square-planar structure (-4) with 
IrCl(l'Ph,),. &4t this optimum ratio, the system is about chlorine trans to  ethylene. 

I.Y. and 1z.m.Y. data of soifte c12loro-iridii.in2-alkeIze complexes 
Compound IrC1-L-R 1.r. as KBr pellet 7GH4) 6(C,F,) (in CH,Cl,, 

R L v(C-F) (cm-l) (in CDC1,) loclr CF,C02H cxt.) 
GH, )  tPPhJ2  8-90 br 

880 v(O=O) 6.67 br 
22.7 t 
20.5 s 

(PPh3)2 
1098, 1030, S17 

(AsPh,), 1113, 1030, 803 
(CP,) PPh, 1096, 1027, 807 

(C2H4) (O2) 
tC2F4) (PPh,), 
(CP,) - 

1 I) times more active than the corresponding rhodium 
system. During the hydrogenation, the rate decreases 
because of isomerisation of hex-l-ene to f m n s -  and cis- 
hex-2-enes, which are hydrogenated about 180 times 
more slowly. The remarkably high isomerisation activity 
of [TrCl(C,H,,) 23 ,-in contrast with the negligible activity 
of [IlhCl(C,H,,),!n-reflects the ability of [IrC1(C8Hl4),], to 
activate molecular hydrogen. 

As part of an investigation of the niechanisni of this 
catalysis, we studied the synthesis and properties of 
iridium (If-phosphine and -arsine complexes. The isola- 
tion of IrC1(13Ph,),C,F, from the iridium(1)-nitrogen 
compound, IrCl(PPh,),S,, by Stone and his co-worked 
prompted us to report some of our results and especially a 
more general method to prepare iridiuni(1)-alkene addition 
products with the general formula IrClL,alk (n = 1 or 2, 
1, = triphenyl-phosphine, -arsine, or -stibine and alk = 
alkene) . These compounds could be prepared by the 
addition of one or two equivalents of L to [IrCI(C,HJ,], 
(ref. 4) or to [Ii-Ci(C,H,)(C,~,)~,. (The latter can be 
isolatcd from ;L pentane suspension of the fornier after 
trerttnient with tetrafiuoroethylene). 1.r. and n.1ii.r. data 
of the most interesting compounds are given in the Table. 

N.1ii.r. experiments show there is a fast exchange between 
free arid co-orctinated ethylene in IrC1(PPh3),C,H,. The 

The corresponding C,F, complex has the same structure, 
according to the triplet resonance in its 19F n.m.r. spectruni 
(see Table). No exchange between free and co-ordinated 
C,F, could be detected. The tendency of iridium(1) to 
form five-co-ordinated compounds is illustrated by the 
reaction of IrCl(PPh,) ,C2H4 in benzene with molecular 
oxygen with the formation of the alkene-oxygen comples 
IrCl(PPh,),(O,) (C,H,), C,H,. This compound is character- 
ised by a sharp i.r. absorption band at 880 cm-' due to  
co-ordinated oxygen and a broadened n.ni.r. resonance a t  
T 6.67 due to co-ordinated ethylene. The tentative 
structure (B) is in agreement with the position of v(Ir-Cl) 
a t  303 cni-1. This complex is the first known compound 
containing molecular oxygen and an alkene ligand co- 
ordinated to one metal atom and niay be considered as a 
model compound for an intermediate in the homogeneous 
oxidation of allrenes by non-radical pat1iways.j 

The substitution of ethylene by other ligantls such as 
triphenylphosphine and pyridine results in the compounds 
IrCl(PPh,),(O,) and IrCl(PPh,),(pyr)(O,) with v(O=O) 
a t  849 and 843 cm-l, respectively. 
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