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Di-p-carbonyl-tris(cyclopentadienylnicke1) as a Cluster Precursor to a 
Highly Active Ethylene Oligomerization Catalyst 

By DAVID L. BEACH* and THADDEUS P. KOBYLINSKI 
(Gulf Research and Development Company, P.O. Drawer 2038, Pittsburgh, Pennsylvania 15230) 

Summary The first example of the use of a cyclopenta- 
dienylnickel cluster to effect catalytic oligomerization 
of an olefin is reported; when a benzene solution of 
di-p-carbonyl-tris( cyclopentadienylnickel) is allowed to 
react with silica-alumina and subsequently heated to 
150 "C, a highly active catalyst is formed which oligo- 
merizes ethylene to higher olefins with turnover frequen- 
cies greater than lo5 mol ethylene per mol (y5-C5H5),Ni3- 
(CO), per h. 

THERE has been much recent interest in polynuclear metal 
complexes because they have potential applications in 
homogeneous catalysis and metal-surface modelling.1 
Frequently the catalytic properties of transition metal 
clusters are substantially altered when supported on 
inorganic oxides such as silica or alumina containing 
reactive surface hydroxy-groups.293 

We report a highly active catalyst for the oligomerization 
of ethylene to higher olefins formed by the interaction of 
the 49-electron4 trinickel cluster, (q5-C,H5),Ni,(CO), ( l ) 5  

with a silica-alumina surface, followed by thermal activa- 
tion. This system represents the first use of a cyclo- 
pentadienylnickel cluster to effect the catalytic oligo- 
merization of an olefin. 

When a benzene solution containing 2-34 x low5 mol of 
(1) is stirred with 2 g of silica-alumina support,? a gradual 
decrease in the intense yellow-brown colour [from ( l ) ]  of 
the solution is observed. After 1 h the solution becomes 
colourless and the silica-alumina changes colour from white 
to yellow-brown, indicating the complete adsorption of (1) 
on to the support. Transfer of this supported nickel 
cluster, under argon, to a pressure reactor and subsequent 
thermal activation at  150 "C followed by the introduction 
of ethylene (3.45 MPa) produces C4--C,, olefins (reaction 
time generally 1 h; catalyst system active at  lower 
pressures). Turnover frequencies of ca. 1.5 x lo5 mol 
ethylene per mol (y5-C5H5),Ni,(CO), per h have been con- 
sistently observed. After 1 h the reaction mixture was 

t The silica-alumina used was 87 % SO,, 12 % A1,0,, surface area 450 m2/g and was calcined under purified argon flow a t  550 "C 
We found the silica : alumina ratio to be a critical variable in this catalyst system, with pure silica or alumina supports 

In addition, control experiments with the SiO,-Al,O, support itself and with homogeneous hydro- 
for ca. 18 h. 
giving very low or no activity. 
carbon solutions of (q5-C,H,),Ni3(C0), prove that both components are essential for catalytic activity. 
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rapidly cooled to 5 "C and the gases vented through a 
sampling bulb for analysis by mass spectrometry $ The 
remaining materials were filtered and the liquid products 
analysed by gas chromatography The olefin products catalyst 
were identified using known standards and also by g c - 
m s expenments (Table 1) 

distribution of the butenes observed (Table 1) and indepen- 
dent subsequent experiments with hex- l-ene established 
that the system was effective as an olefin isomerization 

The nature of the interaction of (1) with the silica- 
alumina surface may be vza reactions of the cyclopenta- - -  
dienyl ligand(s) with surface hydroxy-groups, liberating 

TABLE 1 Product distribution obtained from the reaction of cyc~opentadlene (Scheme) 6 When the system exposed 
($-C,H,),Ni,(CO), on silica-alumina with ethylene a 

Olefin Selectivity/ %b I 
But-l-ene 
But-trans-2-ene 
But-czs-2-ene 
(Total butenes) 
r\ 

L6 

c* 
Cl, 
Cl, 

Cl,--CZ* 
'14 

Total 

3 8  
18 3 
12 4 

17 0 
8.7 
3.3 
0-5 

trace 
100.0 

8 2 34 x mol (~5-C,H,)3Ni3(CO),, 3 45 MPa ethylene, 150 "C, 
1 h bcalculated as [(mol product olefin) x (mol ethylene 
reacted)]/I;[(mol product olefins) x (mol ethylene reacted) J 

Although C,-C,, olefins accounted for 95%$ of the 
reaction products, injection of larger sample sizes revealed 
the presence of small amounts of C,,-C,, olefins as well 
Capillary column g c analysis of the c6 products (Table 2) 
indicates the presence of relatively large amounts of 
internal olefins Under the reaction conditions used, the 

TABLE 2 Results of the capillary column g c analysis of C, 
products 

Compound 
Hex- 1 -ene 
2-Ethylbut-l-ene 
czs, trans-Hex-3-ene } 
trans-Hex-2-ene 
n-Hexane 
czs-Hex-2-ene 
3-Methyl-czs-pent-2-ene } 
3-Methyl-trans-pent-2-ene 
Unidentified C, 
Total 

Selectivity/ % 
6 56 

16 69 
32 19 
2 53 

21 91 
17 29 
2 83 

100 00 

2 120 O C  4 
-M-(O-Ni)nN~3-,(C5H5)3-w + 2 CO 

I 
SCHEME. M = Si or A1 

to ethylene at  room temperature without prior thermal 
treatment, little, if  any, reaction is observed Gradual 
heating results in a rapid exothermic reaction commencing 
at  ca 120 "C and we suggest that this temperature represents 
the point a t  which removal of the carbon monoxide ligands 
is achieved, creating vacant co-ordination sites for ethylene 
complexation This temperature is in agreement with that 
reported by Ichikawa in a related system 

Ichikawa has demonstrated, vza i r  and e s r  experi- 
ments, that when (1) is allowed to react with a silica 
surface and heated to >120 OC, a reversible signal is 
obtained upon removal and addition of CO, supporting the 
retention of the nickel triangular array We are con- 
tinuing our study of this system, including experiments 
designed to achieve a more detailed understanding of the 
nickel cluster-support interaction 

(Recezved, 8th July 1980, Corn 740 ) 

$ Mass spectrometry revealed the presence of argon benzene (solvent), ethylene and butenes 
3 s-Butylbenzene (5  %), arising from the alkylation of the solvent with butene was also detected by g c -m s and by comparison 

of the retention time and fragmentation patterns with those of the authentic material 
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