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Homogeneous Catalysis of Olef in Isomerisation. Part V. Pent-I -ene 
Isomerisation catalysed by Solutions of RuHCI( PPh,), and of RuHCI(C0)- 
(PPh,),; Variation of the Isomeric Composition of Pent-2-ene and its 
Attribution to Steric Factors 
By Denis Bingham, David E. Webster, and Peter B. Wells,' Department of Chemistry, The University, Hull 

lsomerisation of pent-I -ene to pent-2-ene in the range 35 to 80 "C is catalysed by solutions of RuHCI(PPh,), and 
of RuHCl (CO) (PPh,), in benzene. Preferential formation of cis-olefin occurs at  higher catalyst concentrations. 
but a change to preferential trans-olefin formation is observed as catalyst concentration is reduced. This change in 
selectivity, which is  not accompanied by a change in mechanism, i s  attributed to a progressive decongestion of the 
catalytic site brought about by a gradual increase in the degree of dissociation of the catalyst by loss of triphenyl- 
phosphine ligands. 
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ISOMERISATION of suitable alk-l-enes provides alk-2-ene 
in cis and trans forms. The c is :  trans ratio in the 
product is an important feature of the reaction and it 
may vary widely, for reasons that have not been well 
understood. For catalysis by Group VIII metal 
complexes in solution, the following three generalisations 
can be made. First, provided isomerisation proceeds 
via the formation of alkyl complexes, and provided the 
metal complex contains phosphine ligands, preferential 
formation of cis-olefin occurs almost without exception, 
e.g. initial values of the cis : trans ratio (usually using 
benzene as solvent) were: acidified Ni[P(OEt)& 

3.0; 5 9 6  acidified [RhCl,(C,H,),],, 1.7; OsHCl(C0)- 
(PPh,),, 6.0; 2 IrH(CO)(PPh,),, 2.0; IrHCl,(PEt,Ph),, 
3.5; PtH(SnCl,)(PPh,),, 3-0.l Secondly, trans-olefin 
may be the preferred product if the complex does not 
contain bulky phosphine groups [e.g. cis : trans ratios 
in the range 0-3 to 0.4 have been observed in catalysis 
by solutions containing chloroplatinic acid in the 
presence of stannous chloride and hydrogen, and by 
solutions of FeH(CO),-1. Thirdly, isomerisation via 
the formation of x-allylic intermediates appears to give 
preferential formation of trans-olefin [e.g. Fe,(CO)l,, 

The preferential formation of either isomer using 
complexes of iridium was reported in the preceding 
paperel Preferential cis-olefin formation occurred when 
interactions of the bulky phosphine ligands with the 
hydrocarbon ligand were important, that is, when the 
site of catalytic activity was highly congested. (Con- 
gestion was detected in terms of restriction to rotation 
about the carbon-metal bond in the alkyl complex,) 
Preferential trans-olefin formation was associated with 
a lower extent of congestion, possibly achieved by the 
conversion of phosphine ligands to phosphine oxide 
ligands. 

Changes in tlie isomeric composition of the product 
should accompany other processes that relieve con- 

Part IV, D. Bingham, D. E. Webster, and P. B. Wells, 

2.3; 2 9 3  RuHCl(PPhJ3, 1.6; RhH(CO)(PPh,),, 1.5.- 
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gestion at  the catalytically active site. We considered 
that congestion might be relieved by increasing the 
extent of dissociation of a complex in solution, this 
being achieved by decreasing the catalyst concentra- 
tion. A necessary feature is that a t  least two species 
formed by solvolysis of the original complex should be 
catalytically active for olefin isomerisation. Accord- 
ingly, we have examined pent-l-ene isomerisation 
catalysed by benzene solutions of RuHCl(PPh,), and 
of RuHCl(C0) (PPh,),, and have determined the de- 
pendence of the cis:trans ratio in the product upon 
the nominal concentration of each complex. Ruthen- 
ium systems were chosen because RuHCl(PPh,), under- 
goes substantial dissociation in ben~ene .~  

EXPERIMENTAL 
RuHCl(PPh,), 10 and RuHCl(C0) (PPh,), were pre- 

pared by methods described in the literature. Reactions 
and analyses were carried out exactly as described pre- 
viously.l, 2 9 4  

RESULTS AND DISCUSSIOS 
Initial rates of reaction and product compositions 

for pent-l-ene isomerisation catalysed by benzene 
solutions of RuHCl(PPh,), and of RuHCl(C0) (PPh,), 
are shown in Table 1. The first two entries record 
reasonable agreement between present and previous 
work.* Solutions of RuHCl(C0) (PPh,), exhibited a 
higher activity per mole of complex dissolved than 
those of RuHCl(PPh,),. The solutions were extremely 
sensitive t o  the presence of oxygen, and hence the 
dependence of rate upon complex concentration is not 
discussed in detail. In each system, the variation 
of complex concentration at  80 "C caused a change from 
preferential cis-olefin formation a t  the higher concen- 
trations to preferential trans-olefin formation a t  the 
lower. 

I t  was necessary to establish whether these changes 
of product composition had been accompanied by a 
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basic change in reaction mechanism from an addition- actions, and that each pentene tended to lose deuterium 
abstraction process iiivolving alkyl intermediates (which from C-2, and acquire deuterium a t  C-1. The ethyl 
commonly gives preferential cis-olefin formation) to an group of pent-2-ene was always substantially free of 
abstraction-addition process involving n-allylic inter- deuterium, indicating that the double bond moved one 
mediates (which commonly gives preferential tmm- position, but not two, along the hydrocarbon chain 
olefin formation, see above). Accordingly, the iso- in the initial stages of reaction. These results are 
merisation of [l ,2-2H,]pent-l-ene catalysed by solutions similar to those presented in Part IV for isomerisation 

TABLE 1 

[Pentenel = 1 . 0 ~ .  
Pent- l-ene isomerisation : variation of rate of product composition upon complex concentration 

Solvent = benzene. Volume of solution = 11 in1 
Complex 

concentration 
Coiiiplex I* M 

RuHCl( PPh,) 

RuHCI (CO) (PPh,) 

1700 (I 
400 

1200 
480 
200 
140 
100 
65 
40 

1060 
!4 7 
48 
31 
19 
10 

Initial rate *remp. I of reaction/ Initial product coinposition (x) 
"C inmol 1-1 inin-' cis-Pent-2-ene trans-Pent-2-enc 
50 16.4 58 42 
50 3.4 52 49 
80 90 57 43  
80 60 35 45 
80 16.6 49 51 
80 10-5 42 58 
80 10.5 41 5 9 
80 5.6 36 64 
80 1-7 23 77 
35 38 71 29 
80 130 63 37 
80 30 57 43 
80 64 2 9 ' i t  
so 6.0 45 55 
80 0.8 9 91 

(1 Prcvious nwrk (ref. 4). 

[cis] 
[trans] 
1.40 
1.06 
1.34 
1-25 
0.96 
0.72 
0.70 
0.57 
0.30 
2.5 
1.7 
1.3 
0.4 
0.8 
0.1 

TABLE 2 
Distribution and location of deutcriuni in peiitenc during isomerisation of [ 1,2-2HH,]pent- l-ene catalysed by solutions of 

RuHCI(C0) (PPh,), in benzene 
[Peiit-l-ene] = 1 . 0 ~  initially. Volume of solution = 1 1  in1 

Reaction (A): [RuHCl(CO)(PPh,),] = l - O d m h i ;  Temp. == 35 "C; cis : trans = 2-5. 
Reaction (€3): [RuHCl(CO)(PPh,),] = 0.87rnxi; Temp. = 80 "C; cis : trans = 0.9. 
Reaction (C) : [RuHCl(CO)(PPh,),] = 0 .05n i~ ;  Temp. = 80 O C ;  cis : trans = 0.3. 
Extent 

of 3lcan deuterium number 

Reaction Olefin 
Pent- 1 -ene 
Pent-l-ene 

(A)[ Pent-2-ene 

Pent- 1-ene 

(B) \  Pent-2-ene 

(Pent- 1 -ene 

isoiiier- 
isation 

0 
1 1  
48 

14 
48 
12 
47 

12 
47 
20 
38 

20 
38 

C;%l 
0.4 
0.0 
0.0 

0.2 
0.0 
1.0 

0.4 
0.8 
2.5 
5.6 

0.6 
1.7 

2.6 

Dcutcrium distribution (0:) 
C,H,D C,I-I,D2 CjH,D3 

2.6 96.8 0.2 
4.2 !)4*1 1.7 

10.3 85-7 3.8 

5 .3  83.9 9.8 
8.8 79.8 10.7 

18.3 70.7 9 .it 
24.4 60.5 12.1 

9.1 55.6 31.4 
13.0 53.8 28.7 
24.0 57.6 15.6 
30.4 47.1 16.6 

9.2 44.1 38.7 
12.0 41.5 36.6 

-----A.-- 1 _ _  
C,H,D, a 

0.0 
0.0 
0.2 

0.8 
0-7  
0.1 
0.4 

3.6 
3.7 
0.3 
0.3 

7-4  
8.2 

at each carbon atom c rC-~--~-f----------- 
l>.N.b c 3  c4 CG 
1.97 0.07 1.00 0.00 0.00 0.00 
1-98 0.94 1.00 0.03 0.00 0.01 
1.94 1.03 0.84 0.07 0.00 0.00 

3.06 1-43 0.60 0.01 0.03 
2-02 1-30 0.64 0.05 0.04 
1-90 1-06 0.76 0.00 0.08 0.00 
1.83 1.13 0.69 0.01 0.00 0.00 

2.28 1.50 0.76 0.01 0-01 
2.22 1.48 0.71 0.01 0.02 
1.8i 1.08 0.69 0-05 0.05 0.00 
1 . i 8  1.11 0.61 0.01 0.03 0-00 

2.43 1.58 0.80 0.01 0.04 
3-38 1-59 0.76 0.02 0.01 

- 
u - 

a More highly deuteriated pcnteiies not observed. D.N. =: dcuteriuin number of the pcntene satnple. Values uncertain to 
h0.05. 

of RuHCl(C0) (PPh,), was examined (sec Table 2). 
[The movements of deuterium during the isomerisation 
of this olefin catalysed by solutions of RuHCl(PPh,), 
have been reported in Part TI; * the complexities were 
such that further examination in the present context 
was not undertaken.] 

The general features of the results in Table 2 are that 
intermolecular hydrogen transfer occurred in all re- 

of [ 1 ,2-2H21pei~t-l-eiie catalysed by iridium complexes 
in solution; indeed, in terms of both the deuterium 
distribution and the cis : t r a m  ratios, reaction (C) of 
Table 2 of this paper is closely similar to reaction (B) 
of Table 2 oi Part IV wlicre ;t detailed discussion of 
mechanism is given [see especially equations (3)-- 
(6)]. I t  is concludcd that all reactions reported in 
Table 2 of this paper proceeded by an addition-ah- 
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straction mechanism involving pent-1-yl and pent-2-yl 
complexes as intermediates. Consequently, the decline 
in the cis : tvans ratio with decreasing catalyst con- 
centration was not accompanied by a change of mechan- 
ism, and is attributed to  a progressive decongestion of 
the catalytic site brought about by a gradual increase 
in the degree of dissociation of phosphine ligands. Our 
hypothesis concerning the origins of this change in the 
cis : tvmzs ratio is contained in the preceding paper.l 

We thank the S.R.C. for financial support from the 
Special Support Grant for Organometallic Chemistry. 
Dr. D. I?. Ewing obtained the IH n.m.r. spectra. The mass 
and n.m.r. spectrometers were purchased with the aid of 
grants from the S.R.C. and the former D.S.I.R. One of us 
(P. B. W.) thanks the Department of Chemistry, North- 
western University, Evanston, Illinois, for the provision 
of library facilities for the period in which this paper was 
written. 

[4/027 Received, 7th Ja+zuavy, 19741 

http://dx.doi.org/10.1039/DT9740001519



