
Tetrahedron Letters No.18, ppe 1375-1377, 1969. Pergamon Press. Printed in Great Britain. 

NON-SELECTIVITY IN THE HOMOGENECUS IiYDROnENATION OF ALKENSS USING CHLGROBIS(TRIARYLPHOSPHINE) 
RHODSUM(1) CATALYSTS 

Chsrmian O'Connor and G. Wilkinson 

Inorganic Chemistry Laboratories, Imperial College, London S.W.7. 

(Received in IX 13 February 1969; accepted for publication 13 March 1969) 

In the homogeneous hydrogenation of alkenes by RhC1(PPhs), (l-3) the differences in rate 

between, e.g., alk-1-enes, alk-2-enes and cycloalkenes, arise primarily through the effect of 

alkene stereochemistry on the formation constant of RhCl(H,)(PPh,)e (alkene). Since the rate 

of hydrogenation is sensitive to the nature of the phosphine there was reason to check whether 

the nature of the ligand had an appreciable effect on the selectivity towards variovs alkenes. 

Rate data for alkenes as a function of the ligand are in the Table. Although the rate 

is highly dependent on the phosphine, (2,3) there is clearly an insignificant effect on the 

specificity towards a given alkene. This is reasonable if solvent displacement and complexing 

by the alkene on the hydrido species is involved. The situation differs for Rh.R(CO)(PPh,), (4) 

and RuClH(PPh,), (5) where the high selectivity for alk-1-ene stems from steric inhibition to 

the formation of an intermediate alkyl. The lack of selectivity in the present case does not, 

of course, necessarily rule out two rapid successive hydrogen transfers via alkyl intermediates 

as an alternative to simultaneous transfer (1) since such transfers must occur between cis - 

sites which are not mutually cis to two trans phosphines as in the other catalysts (4,5). - 

Indeed n.m.r. spectra of all the hydrido species are consistent with cis PR, groups in Sol- - 

vated RhClH,(PR, )r (l-3). 

While the tris triphenylsrsine and stibine complexes are virtually inactive (6)~ the E 

complexes are quite efficient indicating again the importance of the re-association in the 

hydrido species (3). The trivial effect of small amounts of oxygen on RhCl(PPh,), (7) is due 

to removal of the excess phosphine in solution. Although the poisoning effect of excess 

phosphine was demonstrated previously for cyclohexene (3), very similar data are found for 

hex-l-ene with a maximum rate at PPh3:Rh ratio slightly Over 2. This is doubtless a general 

phenomenon. 
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_ Hydrogenation(a) of alker~es(~), Relative rates of Table 

50 cm. partial pressure H, and 25'. Catalyst 1.25 

benzene. 

Phosphine Ligand 

-- 

Hex-1-ene 

tri-pmethoxyphenyl 03.5 

tri-pmethylphenyl 85.3 

triphenyl 38.9 

ethyl diphenyl 17.5 

tri-pfluorophenyl 5.78 

tri-gchlorophenyl 1.58 

tri-2-phenylethyl 1.39 

tri-o-methylphenyl 0.11 

tri-2,sdimethylphenyl 0.12 

tri-2,4,6-trimethylphenyl O.OY 
- --__I 

triphenylphosphite 0.02 

triphenylarsine 4.61s 

triphenylstibine 2.59 
----- ---_.__ 

, 

- 
(4 For experimental details see references 

No.18 

hydrogen uptake in ml min. -I at 

mM, substrate 0.6M, in 

Syclohexene 

--- 

68.0 

58.8 

28.1 

3.93 

1.20 

.-4 

cis-4-Methyl- 
jG&-2-ene 

34.7 

29.0 

14.1 

1.75 

0.44 

1 

i T 
;rans-+Methyl 
Ent-2-ene 

8.23 

5.12 

0.35 

0.10 

Cb) Catalyst prepared in situ from the octene complex as in ref.3. -- 

Data for hex-l-ene (F+ue) for both species shows linear dependence (oseudo f~rr-t order) 

except below 2. 0.5 mM. The anPnrer,tly hiqner rate here (cf. ref.1) is at-cributed, as for - 

RhH(CO)(PPh,), (4) to farther dissociation to rive an even more active cntalyst : 

RhC1(PPh3)2 2 RhC1(FPh3) + PPh3. 
r 

Confirmatory molecuiar deigilts cannot be ob'iain?: however. 

The observed catalyst concentration dependence is consistent with a rate : 

R = k+ [RhC1(PPhJ)] + k+, [RhCl(PP:1,),j wkre & > Lb. The cuertion of wb:r t.!c ;:ddition of but 

one mole of PPh, to Rh,Cl,(octene), does not rive a highly active species is mobably that a 

mono alkene monophosphine comalex is not ver:: active for reasons disclissed nrev~ously (1). 

The l.inenrity up to 5 mM indicates no aopreciable pssocinticn or dlmerisation; the “;ine tics 

are as before (1). The dtfference between dhCl(PPh,), and HhC1(PPhj)), confirms the noisoning 
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effect of PPh, and that re-association results in loss of activity. 

We thank the University of Auckland for leave, and the International Federation of 

University Women for an A. Vibert-Douglas International Fellowship, (C.O'C.) 

100 

References 

1. J.A. Osborn, F.H. Jardine, J.F. Young and G. Wilkinson, J. Chem. Sot.(A), 1711 (1966) 

2. F.11. Jardine, J.A. Osborn, and C. Wilkinson, J. Chem. Sot.(A), 1574 (1967) 

3. S. Montelatici, A. van der Ent, 3.A. Osborn and G. Wilkinson, J. Chem. Sot.(A), 1054(1968) 

4. C. O'Connor and G. Wilkinson, J. Chem. Sot.(A), 2665 (1968) 

5. P.S. Iiallman, H.H. McGarvey and G. Wilkinson, J. Chem. Sot.(A), 3143 (1968) 

6. J.T. Mague and G. Wilkinson, J. Chem. Sot.(A), 1736, (1966) 

7. H. van Bekkum, F. van Rantwijk and T. van de Putte, Tetrahedron Letters, 2, 1, (1969) 


