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Abstract 

Irradiation of the complex [(C,Me,H),Ti(CH,),] in an olefin as a solvent 
promotes stereospecific photoassisted isomerizations: olefins with terminal double 
bonds are rapidly isomerized into 2-alkenes with an E-configuration. Kinetic studies 
of hydrogen migrations and of Z-E isomerizations of disubstituted olefins have 
demonstrated the influence of substitution and of branching of the hydrocarbon 
chain on the course of the reaction. Formation of paramagnetic complexes of Tim 
that are probably intermediates in these reactions has been confirmed by ESR. The 
same reactions, but with a lower stereoselectivity, are initiated thermally by the 
[(C,Me,H),Ti(CH,),] complex. 

Catalysis of olefin isomerizations by titanium complexes derived from [Cp2TiC1,] 
have been recently reported [l-5]. However, though several examples of thermal 
catalysis have been documented, there are very few examples of photochemical 
initiation. In the course of a study of photocatalytic olefin hydrogenation, Samuel 
[6] referred to an isomerization of the olefins upon irradiation of complexes of the 
type [Cp,TiR,] (R = CH,, CH,Ph, Ph) in the presence of hydrogen. 

We became interested by the possible photochemical formation of Ti”’ or even 
Tin complexes by homolytic metal-carbon bond rupture, a well-known reaction in 
the field of photochemistry of transition-metal complexes [7-121. We describe here 
the use of a new titanium complex, [(C,Me,H),Ti(CH,),] (l), prepared in our 
laboratory [13], in the initiation of olefin isomerizations. 

As our titanium complex is conveniently soluble in hydrocarbons, we were able 
to irradiate deoxygenated solutions of one complex equivalent dissolved in 400 
olefin equivalents (1: 1.95 X 10m5 M) with a Philips HPK 125 mercury lamp 
emitting above 310 nm. The photoisomerizations were monitored by NMR and 
GLC (30% PPG column-12 m). 
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The first group of alkenes studied consisted of 1-pentene, 1-hexene, l-octene, and 
1-decene. Irradiation of the [(C,Me,H),Ti(CH,),] complex in these olefins leads to 
hydrogen migration along the hydrocarbon chain to yield selectively 2-unsaturated 
olefins. Isomerization reaches 99% of the starting material after 3 h of irradiation. 
The reactions are stereospecific if the irradiation is stopped immediately after 
disappearance of the initial olefin; at this stage the following proportions are found: 
97% of E-Zpentene, E-Zhexene, E-Zoctene or E-Zdecene, 2% of the Z-2-isomers 
and 1% of the initial olefin. Other possible isomers such as 3-hexene, 3- or 4-octenes, 
and 3-, 4- or 5-decenes have not been detected after the irradiation. 

Kinetic studies allowed us to detect an induction period involving a slow 
isomerization (10% of olefin is transformed during 1 h and 40 min of irradiation). 
The studies also show that the reaction is a photoassisted rather than a photocata- 
lyzed process: it stops as soon as the irradiation is interrupted, but it may start 
again, without an induction period after several hours or several days without 
observable change when the solutions are kept in the dark. 

The formation and the transformation of titanium(II1) paramagnetic complexes 
were monitored by ESR spectroscopy. Figure 1 shows the behaviour when complex 
1 is irradiated in 1-hexene. Only one signal is present after the solution has been 
irradiated for 30 s; it is a broad singlet with 8 satellites characteristic of a Tim 
complex (g = 1.979; AH 3.4 G and A(Ti) 7.45 G). Prolonged irradiation leads to 
the appearance of two other broad signals (g = 1.992 and g = 1.973), the low field 
one largely predominating after 1 h and 40 min irradiation. As the increase in the 
broad signal (g = 1.992 and AH 6 G) parallels the increase in the isomerization rate, 
we believe that a Tim complex characterized by this signal could be involved in the 
isomerization. The ESR characteristics (g-value, AH) of such Tim intermediates 
are very similar to those attributed to [(Cp2Ti(n3-allyl)] complexes [14-161. Work is 
in progress to prepare and isolate such complexes. 

Olefins with a branched chain undergo slower isomerization than linear olefins. 
The irradiation of [(C,Me,H),Ti(CH,),] was examined for solutions in 2-methyl-, 
3-methyl-, or 4-methyl-1-pentenes. For the two first olefins, the isomerization yields 
are very low: less than 5% of 2-methyl-2-pentene and 3-methyl-2-pentene, respec- 
tively, are present even after 30 h of irradiation. The behaviour of 4-methyl-1-pentene 
is intermediate between that of branched and linear olefins. The reaction is 
complete after 15 h of irradiation and the formation of 97% of E-Cmethyl-Zpentene 
shows the very high stereospecificity of the hydrogen migration. The ESR spectra 
observed in monitoring the reaction are complex, but there is a broad signal at low 
field (g = 1.992), which is weak compared to that of the signal obtained when the 
irradiation is performed in 1-pentene, 1-hexene, or 1-octene. 

These results show that isomerization processes are strongly influenced by the 
position of branching of the chain of the olefin. Migration is almost inhibited when 
a methyl group is present on the double bond or in an allylic position, and the 
reaction takes place very slowly in the case of 4-methyl-1-pentene. 

Irradiations of the complex [(C,Me,H),Ti(CH,),], in the presence of disubsti- 
tuted olefins provide information on the remarkable stereospecificity observed for 
the reaction of the mono-substituted olefins previously described. Prolonged irradia- 
tion either of a solution of 97% E-2-isomer and 2% of Z-2-isomer of olefins 
obtained as described above by irradiating 1-olefins, or of a solution of the pure E-2 
or Z-Zisomers (Zpentene, 2-hexene, 2-octene), produce only slow photoassisted 
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Fig. 1. Changes in the ESR spectra of irradiated solutions of [(C,Me,H),Ti(CH,),] in 1-hexene. 

Z-E isomerizations of the double bonds, and there is no hydrogen migration to any 
position. After 35 to 40 h of irradiation, photostationary mixtures of E-2 and 2-2 
isomers are present in an 80/20 ratio (the proportion corresponding to a thermody- 
namic equilibrium), whatever the configuration of the initial olefin. Olefins with the 
double bond at carbon-3, such as 3-hexene, show no appreciable isomerization 
under these conditions even after longer irradiation times: after 60 h there is 95% of 
the initial E-3-hexene, 3% of E-2 and 1% of Z-Zhexene and only traces of 
Z-3-hexene. 

The complex [(C,Me,H),Ti(CH,),] also promotes thermal isomerization of the 
olefins similar to the photochemical process. The reactions were performed with 
1.95 x 10e5 A4 solutions of the complex in olefin. The thermal isomerization in the 
case of terminal olefins (1-pentene, 1-hexene, and 1-octene) involves a stereoselec- 
tive double bond migration to carbon-2 after an induction period of about 3 h. The 
reaction is complete after 7 h at 130°C. If the reaction is stopped after the 
disappearance of the initial olefin, a mixture consisting of 97% of the E-2-isomer, 
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2% of the Z-Zisomer, and 1% of the initial olefin is present (the proportions being 
similar to that in the mixture obtained by the photochemical process). The results 
are quite different, however, in the case of d&substituted olefins: isomerization of 
E-Zhexene yields after 14 h at 130 o C a mixture of 21% Z-Zhexene, 66% E-Zhexene 
and 13% Z-3-hexene, whereas only Z-E isomerization was observed upon irradia- 
tion. With E-3-hexene, both migration and Z-E isomerization are observed in the 
thermal process (55% E-3-hexene, 33% E-2-hexene and 11% Z-2-hexene after 14 h 
at 130 o C), whereas the olefin was practically unreactive under irradiation. 

Photochemical transformations of terminal olefins in the presence of 
[(C,Me,H),Ti(CH,),] exhibit a remarkable stereoselectivity: the only reaction 
observed is the hydrogen migration to give an olefin with the double bond with the 
E configuration on carbon-2. Under the same conditions these olefins undergo only 
a slow E-Z isomerization of the double bond without any migration of hydrogen 
along the carbon chain. The thermal activation of terminal olefins gives the same 
stereoselectivity as the photochemical process. Olefins with double bond on carbon-2 
undergo an E-Z isomerization and a double bond migration to give a complex 
mixture of isomers. 

We are at present directing our studies to identification of intermediate com- 
plexes involved in these photochemical and thermal isomerizations, and the in- 
fluence of substituents in the cyclopentadienyl ligands on the stereoselectivity of 
these reactions. 
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