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(Received July 1st. 1976) 

Silyl-substituted analogues of bis(cyclopentadienyl)titanium dichloride have 
been synthesised and attached to silica under mild conditjons. Reduction of the 
complexes thus formed yields active hydrogenation c&alysts. 

Introduction 

The attachment of homogeneous transition metal catalysts to insoluble sup 
ports offers the opportunity of extending their usefulness particularly with 
regard to industrial applications. Consequently, there has been considerable in- 
terest in this area recently and although most of the work has been centred on 
organic polymers [l], inorganic supports can also be used [2]. In general, initial 
results indicated that these supported catalysts were less active than their homo- 
geneous analogues [3] but, subsequently examples of increased activity [4] and 
selectivity [ 51 have appeared. The recently published work by Grubbs [l] on 
polymer supported titanocene analogues has prompted us t3 report our results 
on the related siiica supported species. 

Discussion and results 

Titzmocene and its hydrides are useful catalysts for the reduction of molecu- 
lar nitrogen and a variety of olefins. However, the complexes rapidly lose their 
activity due to dime&&&m and polymerisation [S]. We envisaged preventing 
‘this berisation by attaching the catalyst precursor, Cp2TiC12, to an inorganic 
support, silica. - 

The be&method of attaching an organic l&and to an inorganic solid such as 
silica appears to bf2 via the follOwing route [2]: 

+Si -OH + (RO13 SiR! 

surface sitanol 
\ -0 

\ 
(where R’ = oraanbligand) SSi 4-Si--d 

/ 
-43 
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Therefore, the substituted cyclopentadiene I was synthesised and converted to 
the titanium complex III by reaction with sodium sand, to generate the anion 
II, and titanium tetrachloride- 

GH,Si(Me),OEt - 

(1) N~pT~iYYEt~!c,4 

[EtOSiZMe), C5H4] CpTiC$ [EtOSi(Me)&HJ2TiC$ 

(In UIt) 

Complex III has previously been synthesised by this route [ 73 in a high crude 
yield. We found, however, that this crude product only contains a small percent- 
age of the required bifunctional titanocene dichloride. 

Reaction of the anion II with CpTiCl, gave a low yield of complex IV as a 
red oil which was identified by its spectroscopic properties (Table 1). Attempts 
were made to improve the yield of this product in that the anion II was gener- 
ated by using both isopropyl magnesium bromide and butyllithium. The solvent, 
temperature and order of addition of the anion and CpTiC13 were also varied. In 
every case the major organometallic product was Cp2TiC12 *. 

The substituted cyclopentadiene V was also synthesised and reacted sequen- 
tially with isopropyl magnesium bromide and titanium tetrachloride to give 
complex VI as a red solid. 

00 fvi) 

Complex VI is very soluble in most common crganic solvents and was only ob- 
tained in low yield- 

The three titanium complexes III, IV and VI were all stable and reacted with 
dried silica to give salmon-coloured solids. Reaction occurred readily, even at 
ambient temperatures, and no complex was removed by Soxhlet extraction 
with hydrocarbon solvents. Further proof of chemical bonding onto the sup- 
port was obtained by G&C confmation of ethanol or butanol formation during 
the course of the reaction. 

Reaction of the supported titanium complexes with butyl lithium or iso- 
propyl magnesium bromide under argon gave grey-green air-sensitive solids 
which were active catalysts for the reduction of olefins (see Table 2). All the 
silica-supported titanium catalysti were.more active than the homogeneous 
“titanocene” catalyst for the reduction of terminal olefins but showed similar 
rates for the reduction of iritemal olefirk. However-whereas the homogetieous 
catalyst rapidly lost activity~ the silica-supported complexes gave a constant 

.~ 
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TABLE 2 

RATES OF HYDROGENATION OF OLEFINS (10 b&L IN TOLUENE) USING SILICA SUPPORTED 
TITANOCENE SPECIES 

catalyst precursor Rate (ml of I32 /min/moL equiv. Ti) 

Ti (mol. 
cpuiv.) 

l-oetene 2-octene cvdo- 
. hexene 

Non-attached TiCp2Cl2 u 0.01 30= ‘to= 5= 
Silica attached Ti(EtOSibfe2CPICPC12 a 0.02 140 20 7 

Silica attached Ti(EtOSiie~CP)CPCl~ b 0.02 90 n.d. n.d. 
Silica attached Ti(EtOSiMe2CP>2C12 o 0.01 159 15 8 
Silica attached Ti(BuOSiMepZH2CP)2C12 a 0.01 145 45 8 

D Activated with BuLi. b Activated with C3H7MgBr. c Uptake of H2 ceased after ea. 20 min. 

rate of reduction over 30 min. This behaviour of the silica-supported species is 
in contrast to that reported by Grubbs [l] for the polymer-supported catalysts; 
these showed an increase in rate for both terminal and internal olefms. 

The reduction of olefins catalysed by titanocene species requires the presence 
of an open co-ortiation site on the metal [S]. Since such a site is only avail- 
able on the monomeric species, the increased rate of reduction of terminal 
olefins with the silica-supported titanocenes suggests an increased concentration 
of the monomeric species. Th? reason for the different reactivity of the polymer 
and silica-supported species is not obvious but may reflect the contrasting physi- 
cal natures of the supports. Other possible explanations may involve steric fac- 
tors or even electronic effects due to the substituted cyclopentadienyl rjng. 

Experimental 

All experiments were carried out in a dry atmosphere of argon. The silica 
was dried by heating under reflux in xylene in a Dean and Stark apparatus. 
Bis [ (dimethylethoxysilyl)cyclopentadienyl] titanium dichloride (III) (7%) was 
synthesised according to the literature [ 71. 

Bis(dimethylethoxysiyl)ferrocene was synthesised according t.0 the literature 
[8], G(CDC13) 4.35 and 4.15 (8H, m, cp), 3.82 (4H, q, OCH,-Me), 1.22 (6H, t, 
OCH,-Me and 0.45 (12H, s, Si-Me). - - 

Cyclopentadienyl[(dimethylethoxysilyl)cyclopentcrdienyl] titanium dikhloride 

(W 
_ . 

To a stirred suspension of sodium sand (1.0 g) in THF was added dropwise 
dimethylcyclopentadienylethoxysilane (4.2 g) at room temp. After stirring for 
a further 10 min the reaction mixture was filtered and added to a solution of 
TiCpC13 (5.5 g) in THF at -30°C. The mixtamz was stirred at -20°C for 2 h and 
then allowed to WaRn’ to room temp. overnight. The solvent was removed in 
vacua and the residue extract&i with chlorofoti. Removal of the solvent &ve 
a red soEd whi& was +tract$d wiZh heg+_e. Th+ _& soEd &due was &&r&i- 
fiii as YtTQ32C12. The heptan&ohibIe wter@l yXd+ a r+i oiF~(5%J which was. 
idenaed by specfzo&opiY~m@mcfs aS cOmp@UVL m/e q5-<=~- CQ, 28tF -.- 
~OSiM*Q~~~>*~ @SjJ&Qf&@ 
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Changing the solvent to 1,2 dimethoxyethane and using isopropyl magnesium 
bromide instead of sodium did not increase the yield of complex IV. Varying 
the reaction temperature and time and order of addition of reactants also did 
not significantly increase the yield. 

Bis[~dimethylbutoxysilylmethyl)~clopentad~nyI]titanium dichloride (VI) 
To a solution of CpCH,SiMe,OBu [lo] (3.5 g; 1.67 X lo-* mol) in 1,2-d& 

methoxyethane was added dropwise a solution of isopropylmagnesium bromide 
(1.7 X 10s2 mol) in the same solvent. The mixture was stirred overnight at room 
temp. and added dropwise to a solution of Tic&_ (1.43 g; 0.75 X lo-* mol) in 
dry benzene. The resulting mixture was stirred at room temp. for 3 h. Removal 
of the solvent gave a dark brown solid which was extracted with chloroform. 
The chloroform extract yielded a red solid which was then extracted with hexane 
to. give the crude product which was crystallised at low temp. from hexane to 
give the complex VI as orange-red crystals, (O-7 g), m-p. 168-172°C. m/e 536 
(M?, 501 (M-Cl), 235 (OSiMe,CH2cpTiC1’) and 131 (BuOSiMe,‘). 

Reactidn of the titanium complexes with silica (Grace-Davison 952) 
To a stirred suspension of the silica (1 g) in benzene was added a solution of 

the complex IV (6.4 g) in benzene and the mixture stirred at room temp. for 
5 h. The silica was removed by filtration, washed well with acetone and then 
soxhlet extracted with benzene to yield a salmon-coloured silica (Found: Ti _ 
1.43%). Ethanol was determined in the reaction solution by GLC. 

The reaction was repeated in refluxing toluene to give a salmon coloured 
silica (Found: Ti 2.0%) 

Reaction of the complex III with silica in benzene at room temp. gave a pale 
red coloured silica (Found: Ti 0.7%). 

Reaction of the complex VI with silica similarly gave a pale red silica (Found: 

Ti 0.9%). 
Reaction of TiCp,Cl, and [EtOSi(Me)2 Cp],Fe with silica in refluxing toluene 

gave colourless silicas which contained no significant amounts of the complexes. 

Hydrogenation of the olefins 
To a stirred suspension of the silica attached titanium complex (0.01 mol. 

equiv. Ti) in toluene (5 ml) under argon was added a solution of butyllithium 
(2 mmoi) in hexane (1 ml). The colour of the silica change! from red to grey 
instantly. The apparatus was then evacuated and filled with hydrogen at 1 atmos- 
The olefin (10 mmol) was added and the rate of hydrogen uptake measured. 
The finaI solution was analysed by GLC. only the expected hydrogenation 
products were detected. 

An active hydrogenation catalyst was also produced by activation with iso- 
propyl magnesium bromide. 
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