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Table 1 

Effect of solvent on the activity of the system [Rh2(~-SLBu),(CO),(PPh,),]/PPh, u 

Solvent R h max 
(I*mol/s) 

Turn-over 

Frequency 

(mini’) 

Linearity 

n,/(n + 1) 

(96) 

Toluene 46 16 76 
CZH,C12’ 73 26 73 
DMF 6s 23 76 

” [Rh]= 1.1 x 10m4 mol; P/Rh = 6; T = 80°C; P = 0.8 MPa; (CO/H, = l/l); solvent: 25 ml; hex-1-ene: 

40 mmol. ” R,,, corresponding to the maximum of the experimental curve. ‘ Turn-over frequency 

determined at t = IO min. 

tain the integrity of the active species, that is to keep the equilibrium in eq. 1 over 
to the left: 

[RhZ(EI.-S1Bu)2(C0)2(PPh3)2] $ [Rh,(wS'Bu),(CO)zt] 
3 

(1) 

A kinetic study was undertaken in order to gain more insight into the catalytic 
cycle. The kinetic curves (Fig. 1) appear to be particularly difficult to interpret 
since they shown an induction period and a very short time during which the quasi 
stationary state approximation applies. However, coherent conclusions were ob- 
tained from the rates calculated for 20% conversion of act-1-ene, and the results 
were quite similar to those at 30% and 40% conversions *. The salient influences 
of the various parameters allow to the following main conclusions. The selectivity 
in aldehydes is usually at least 98% for HI/CO ratios near l/l; some isomeriza- 
tion to act-2-ene was observed, but no octane or alcohols were detected except at 
high H, partial pressures. The reaction order with respect to the alkene is ca. 1. 
Moreover the initial concentration of alkene in toluene plays an important role 
(Fig. 2) since the rate increases, though not linearly, when the initial amount of 
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Fig. 1. Kinetic curves for the hydroformylation of act-1-ene at 0.5 MPa of total pressure (H, /CO = l/l) 

at various temperatures; [Rh2(y-S1Bu)2(C0)2(PPh1)2] = 1.05 X 10V4 mol. 

* Hex-1-ene or act-1-ene gave similar results, but for analytical reasons, particularly in respect of the 

separation of the alkane isomers and the alkane, we prefered to use act-1-ene. 
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Fig. 5. Reaction rate versus the P(Hz) partial pressure. Linear part 

P(CO) maintained at 0.21 MPa: T = 80°C (at 20% conversion). 

of the curve of Fig. 4 checked with 

act-1-ene is increased. Figures 3 and 4 show the effects of the CO and H, partial 
pressures. When P(H,) was kept at 0.12 MPa, the maximum rate was found for 
P(C0) = 0.12 MPa. Above this value the rates decrease; this effect is quite usual in 
the rhodium-catalysed hydroformylation, in which the order with respect to CO is 
- 1 [5] (although Chaudhari recently observed a more complex order with respect 
to CO for the [HRMCOXPPh,),] species [61). However, when P(CO) was main- 
tained constant at 0.114 MPa (Fig. 4) the reaction rate was almost linearly related 
to P(H,) until the maximum value of P(H,) = 0.23 MPa was reached. Above 0.23 
MPa increase in the hydrogen partial pressure presents a marked inhibiting effect; 
for instance at P(H,) = 0.43 MPa the reaction rate was only 3 brnol s-’ whereas 
for P(H,) = 0.23 MPa it was 14.5 umol s-‘. 

Scheme 1. Beginning of the catalytic cycle showing the alkene (a) 

PPh,. 

and the hydride (b) P denotes 



We previously proposed ;I catalytic cycle involving dinuclear intermediates [3]. 
and which is partially depicted in Scheme 1. In this coordin;rtic~tt of vlknc to the 

active species 2 gives 4. from which the hydride transfer to g&c :tn alkyl intermcdi- 
ate followed hy the CO insertion will continue the catalytic CL.C!C. In our opinion 
two explanations can be advanced to account tot. the inhibiting ot’fcct ot fl?. In the 
first species 2 is transformed into the tctrahydrido ~~L’cIL‘~ 3. \\hich SIOMI~ gi\cs 
compound 4 in the prexencc: of alkcnc. In the second the f‘as~c’at ‘;~lkcnc rrout~” i\ 
through spccics 5, which wsuits ft-om the initial coordin;~tiott 01’ 111~ alkcne to 1: 
too high ;I P(HZ! would result in formation of spccick 2 atid retard ItiC coot-dina- 

tion of the alkcne To give 4. 
II is desirable to demonstrate the preyencc oi hydride species ;IS itttertncdi;ttcx. 

In reaction on NMK tubes. cvert under low pressures (0.3 MP:t ) of hydrogen and 

carbon monouidc, such spccics have not hecn dctccted. Uor-k ic, III progrc*s\ tcl tr! 
to detect them under higher pressura. 
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