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The activity for alkene metathesis on M003/0r Mo03-,/(3-Ti02 (0.1 < x <0.7) was enhanced more than 103 times 
after treating with SnMe4, while the hydrogen scrambling as well as the double bond migration of the alkenes were 
not influenced by this treatment; the metathesis of inner alkenes on these activated catalysts was characteristic 
since the cis or trans conformation of starting molecules was retained in the metathesis products. 

Metal carbene and metallacyclobutane are key intermediates 
in alkene metathesis, but the formation of carbenes from the 
alkene in the initiation process and the relative stability and/or 
the reactivity of the substituted metallacyclobutanes are still 
unsolved problems.1 

We prepared highly active novel alkene metathesis catalysts 
by treating Moo3/  or Mo03-,/P-Ti02 (0.1 < x < 0.7) with 
SnMe4.2 The Moo3/  or Mo03-,/(3-Ti02 (1&50 mg) was 
prepared, as described in the preceding paper,3 in a closed 
circulation system (ca. 280 ml) then exposed to He (60 Torr) 
containing SnMe4 vapour (1 Torr) at room temperature for 30 
minutes and finally evacuated for 30 minutes at the same 
temperature. The treatment of the molybdenum oxide sur- 
faces with SnMe4 yielded a small amount of methane in the gas 
phase. This fact indicates the formation of some hydrogen 
deficient species on the surface, which may involve CH2 
species.4 Alkene metathesis reactions on this SnMe4 treated 
catalyst proceed catalytically, since the concentration of 2H 
atoms in the alkenes was not diluted by the 1H atoms from the 
preadsorbed SnMe4, and the initial activity for metathesis was 
recovered by evacuation at 100 “C. 

Table 1 shows the results of the metathesis of a 1 : 1 mixture 
of [2Ho]- and [2H6]-propene over various catalysts. By 
comparing the amount of [2H2]propene or [2H4]propene with 
the amount of ethylene ([2Ho], [2H2], [2H4]) or  but-2-ene 
([ZHO], [2H4], [2H8]), one can evaluate the relative contribu- 
tion of the degenerate metathesis to the productive one, which 
is shown in the ratio VD/Vp. The amount of CH2 species 

Table 1. Turnover frequencies (T.F.), cidtrans ratio of but-2-ene 
formed, and VD/V, ratio in the metathesis reaction of a 1 : 1 mixture of 
[2HO]- and [*H,]-propene. 

cisltrans- 
Catalyst” T.F.b But-2-enec V,/V, 

- - Mo03/P-Ti02 0 
Mo03/P-Ti02 + SnMe, 9.3 x 10--5 >0.5 10 
Mo03-,/P-Ti02 2.0 x 10-7 <0.2 6.7 
MoO3_,/P-TiO2 + SnMe, 5.2 x lo-, <0.2 27 

a Catalyst 0.5 g, pressure of C,H, 25 mmHg. b The rate of formation 
of ethylene (molecules per Mo atom s-1). c Equilibrium value is 0.3. 

remaining on the catalyst surface was estimated to correspond 
to less than 1% of the total number of Mo atoms. In spite of 
this, the turnover frequency (formation of C2H4 molecules per 
Mo atom s-1) evaluated by assuming that all Mo atoms 
participate in the formation of C2H4 is about one tenth that of 
the most active catalyst which was prepared by adsorbing 
organomolybdenum complexes on A1203, Iwasawa et al.5 
Taking account of the fact that the ratio of VD/Vp on 
Mo03_,/(3-TiO2 increased about four times after treatment 
with SnMe4, the activity of our catalyst might be comparable 
to that of the most active catalyst. 

If a mixture of cis-*Ho]- and cis-[2H8]-but-2-ene was con- 
tacted with the catalysts activated with SnMe4, t r ~ n s - [ ~ H ~ ] - ,  
c i ~ - [ ~ H ~ ~ ] - ,  cis-[2H4]-, and cis-[2H8]-but-2-ene were formed 
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Figure 1. Metathesis reaction of a 1:  1 mixture of [2Ho]- and 
[2H8]-but-2-ene on SnMe, activated MOO,/ and Mo03-,/(3-Ti0, 
catalysts; 0, A activated M o 0 3 J 3 - T i 0 2 ;  a, A activated Mo03-,/(3- 
Ti02;  pressure of total but-2-ene, 16.0 mmHg; catalyst, 10-50 mg; 
reaction temperature, room temp. 

Figure 1 shows the results of the reaction of an equimolar 
mixture of cis-[2Ho]- and ~is-[~H~]-but-2-ene on activated 
Mo03/ and MoO3_,/(3-TiO2: 85% cis-[2H4]but-2-ene was 
formed in the former case and 75% in the latter (in contrast, 
the metathesis over untreated Mo03-,/P-Ti02 gave ca. 60% 
selectivity in the structure retaining metathesis) .6 Hence, the 
activation with SnMe4 increases not only the activity but also 

the structure retaining selectivity in the alkene metathesis 
reaction. 

Figure 1 also shows the entirely selective (100%) formation 
of trans-[2H4]but-2-ene in the metathesis reaction of an 
equimolar mixture of trans-[2Ho]- and trans-[2H8]-but-2-ene 
on the activated catalysts. The turnover frequency of cis-trans 
metathesis was about 10-3 on these catalysts, which is over 103 
times more active than the non-treated catalysts. 

Structure retaining selectivity such as cis giving cis and trans 
giving trans can be explained by the 1,3-interaction of methyls 
in metallacyclobutane, while stereoselectivity in the meta- 
thesis of a-olefins is attributable to the conformation of 
2-substituted metallacyclobutane intermediates on non- 
activated MoO3-,/fl-TiO2.7 

In conclusion, the treatment of Moo3/ or Mo03-,/P-Ti02 
with SnMe4 strictly controls the conformation of the 1,3- 
substituted metallacyclobutane, but has little influence on the 
conformation of the 2-substituted one. 
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