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Bu ::: 

EI :::: electron 

Et :::: 

FAB fast atom bombardment 

:::: 

G ::: 

::: 

IR ::: 

MAO 

::: molecular ion 

Me 

m/z mass to 

n 

:: nuclear resonance 

Ph :: 

::: 

R 

:: 

tert :: 

== 

IR 

v ::: 

{} :::: bend or 

y deformation vibration 

as :: 

:::: 

S ::: 

m medium 

w :::: weak 
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Abbreviations 

NMR sP(l!ctrc)scloPV 

s :::: 

d doublet 

:::: 

:::: constant over x bonds 

In 

written in the 

indicates that the 

:::: 

are 

and then the in order of electron 

but in the main text metallocenes have 

M== 

_'·"'~U'n\f"" and the 

L == This n"r""r,,\n 

is .r"''":>T<, ..... as a 

lio"l'rlnt/"n is in rc.",,,,,,,:.nt with most of the literature in this area. 

Most formula: 

the number in the dendrimer. The zeroth 

the monomeric model 

F: The 

n2: The number of 

I find a text more ac(;eS·SIOlle 

is mentioned in the text. 

of the dendrimer. In this &>Y,,,mnl&> an 

in the molecule. 

numbers are 

an nol,oTI"""o itis 

Not could be fitted into the above-mentioned Normal 

has been to the that are not dendrimer related. 

a direct 

as to 
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The of n"rnnr,I'> is an area of research that attracts a deal 

of attention, The immobilisation of (',;:,,',;:,11,<:>1<:: nn!llml'>r<:: and on 

such as silica is 

materials. In this 

well-known "'r'''",n, dendrimers have also been used as 

of 

an towards the immobilisation of 

on dendrimers is f'io·",,..r',I'\e:.ri 

an overview of the immobilisation of 

on their immobilisation on dendrimers, This followed 

4 metallocene as in 

a 

alkene 

with the 

the use 

reactions, to the immobilisation of the metallocene 

These two areas have both been studied and this an 

is not intended to be 

The 

first 

and an 

of the carbosilane 

were isolated in 

used in this is described in 2, The 

with trichlorosilane. This was followed 

Dendrimers with a three-carbon spacer 

with 

various silanes such as and to the 

halide-terminated dendrimers, Additional 

various such as and 

the halide with 

, is also described. 

In 3, the and characterisation of lithiated is These 

dendrimers have a on the surface and are the first lithiated dendrimers to 

be that are not stabilised a 1t-electron The lithiated were 

bond in a dendrimer 

reaction was in THF with a mixture of and 

lithium, These in situ "e:"",,::>r'<:l'<:'ri lithiated dendrimers were then reacted with a number of 

and chlorides, The main 

on the surface 

lithium-tin 

dendrimers 

on the 

to the surface of the 

of these reactions were dendrimers with a 

These were used to the lithiated 

reactions in the !;)U!CUI'U! 

or atoms on the 

various mononuclear zirconocene of the 

In order to attach a zirconocene 

of 

was The focus of this was thus on the attachment the 

zirconocene to the dendrimer the 

activation of the attached zirconocene group for alkene reactions. 
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Zirconocenes of the 

The 

zirconocene cations of the 

Abstract 

could be 

The of dendritic zirconocene 

abstracted 

is described in 

reactions dendrimers 

5. 

or twelve zirconocene units on the surface. Reaction of the lithiated 

dendrimers with 

could not be 

The 

described in 

also afforded zirconated 

were used as a prE:ca1tary 

alkene reactions. The 

2, were used as monomers in alkene 

A of these reactions is found in Chapter 6. 

and a are in 7, followed the 

in 8. 

these 

details 
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1 

1.1 
Most in bulk are 

ketones and f'~rhf"'l"\1 

such 

are 

these chemicals was, in the 

a shift towards 

sources 

At alkenes are used in bulk 

"'''''''\V',''i<>t"''\,, to 

As the oil and 

and other 

such as 

nl"l,'"i'<>.,t intermediates for 

and plal:;ticiser alcohols,1 In 

I n most rnr"":"<O:'/,n<:: methane or 

In most are used as ,...':11'''''''''::,,<0: 

carbon or various 

processes in which the ,...<>t<>h'c>t remains in the same 

The term some care in 

&:lV,:>",,,'''' a is I'r<:lI"I,,:.rI 

accelerate the reaction, 

serve as 

as the fee,dstc)cK, 

all of which are essential to 

'''<:I't::>I\"t,,,' SPE~CIE!S that 

industries 

occurred 

the 

or 

nnr,"<::,n on 

The 

in or 

to 

a 

Catalyst Substance which alters the of a chemical reaction and may be recovered essentially unaltered in form 

and amount at the end of the reaction (Dictionary of Chemistry, McGraw-Hili, New York, 1997), 
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SDE~al<ma incorrect these """""l"tit\nc:. 

initiate the """'."""\1"'1" as the 

as well. 

The 

of 

1 MCllmlooenleClIUS versus 

From an academic 

the 

case of 

f'!:IT:::lil\nll" SIDecaes are i/"ll<>lntil"!:I1 

Well /"I""I'ln",./"I 1"':lT!:III\/<:IT 

No 

Table 1. 1: Characteristics 

1: Introduction 

are 

to 11"I""nTI1r\1 one SPE:JCIE~S as 

term CBl:aIVSI can to the 

on 

luCleoonlles on 

also ,"'<>hll'1~\1 in "01,,,,,,.,,,1""""'''''''' 

.... "'T·::!I\JT' ..... .,'./ntl""'til.... plroces~~es used in 

('.81:al\l'SI8 is 

SPE~CIE!S and the 

sites can result in 

distribution. A 

task. These reactions are often 

and th"",.""f,f"I""" a detalleKl 

in a 
C".atalvsrs result in a narrow molecular 

stereo-

Lower !:If'fI\JlT\1 

Limited 

are most industrial 

The most 'n'\r",,,,t<> ... t reasons, besides lower are the 

2 
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of the 

their higher thermal 

are summarised in Table 1.1. 

1 

One of the methods for 

1: Introduction 

,.."'T·"'''''''',''' from the 

The characteristics of 

the technical 

is to 

stream filtration processes, and 

and 

associated with 

the 

SPE~CIE)S can be of a zeolite in a 2 In this way, the 

remains the - but it can be isolated with the zeolite filtration 

after or it can be used in a continuous process. 

Well-defined can be on an surface. The surface can 

act as a or it can be functionalised with a to immobilisation. When the surface 

is functionalised with a a spacer can be used to take the away 

from the surface and into the thus 

anchored metal must combine 

and deactivation 

contributes significantly to these 

and silicon are some of such 

The first in the immobilisation of transition metal 

the construction of tethered of donor 

In the traditional routes to such thin 

and the silane condensation reactions of donor molecules 

used 1.1). 

+ 

Figure 1. 1: Condensation of a to a surface 

It is therefore to terminal donor 

donor can then be used to 

3 

limitations. An ideal surface­

lifetime 

stable and durable 

oxide surfaces such as silica, 

and have been 

on 

such as amines or 

involves 

on the 

acidic surface of silica 

terminal 

anchored to an 

of a 

groups are 

surface. The 

of transition 
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metals 

medium. 

off the and are dissolved in 

sDE~cle~s can also be ........ "...,.".n on 4 

can 

the use of 

Isolatea, the t",,,o,,, ...... ,,,tl"l\ll/"'\ 

an intermediate 

this nrr,/"'""r1. is 

silanes as co-monomers in the 501-

sieved after 

an excess of 

4 In this 

active titanocene was ImrTIOIDIIIl5ea 

attachment 

that it to 

a well-defined 

also be useful in to the 

of I"In' .... """' ... low 

has been functionalised at the chain in order to form a 

are soluble in 

the '<:IMT"''''O of 

are 

dendron ::::: 

branched structure. Since 

structures in 1 

sA 

between 10 and 500 

toluene (110 

a to an 

Dendrimers the Greek 

are molecules with a 

and co-workers ,:"""tl1.::"" 

5 much research has been to 

of the and a short introduction to is 

we limit the discussion to dendrimers in .... "'t'''I''C> 

as and radii that can 

and controllable n!:lIM'""',,, of 

IUI~:;"'UI~;;:) have eX,3crlV 

structure 

of dendrimer to immobilise a time in 1994J The 

dendrimer that Van Katen and co-workers 

carbosilane with on the The 

4 
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diamino COlmD'le:l<:es have been shown to the Kharasch addition to 

alkenes in a rate n:""'",hilo to the monometallic COlmplexes. 

Si 

1.2: Van Katen's diamino 

Van Katen and co-workers 

but can be recovered 

them to 

N 
H 

the 

the reaction. The 

solvent streams 

nrr,nort,,,,,,, of 

size and relative 

methods.8 Van Katen and co-workers also showed that itil"'::::Itif\n<:: are POl::iSIIJle to 

and that the 

on which it is immobilised.9 For 

dendrimer. It ::onr,,,,,,,rori that the 

found per site on the 

on a dendrimer is 

the is not reactive towards !.IV"",,,,,,,,, 

of f" 11 "' .. '" 

active more 

""':\1..,.",,,,,1' carrier is linear or I"r{1:C:C:_,lm~r"'rI 

latter the -"'H'''''''''' it can 

is that reactions 

I"'::or""\I'<::r n:::ortit'l", encounter resistance to mass 

U<J':>UHI::; the obvious ",/"I\/",,.,r,,,,..,:o of 

the 

a dendrimer 

was immobilised on an amino based 

site was 

of the nature the dendrimer 

anchored to a 

more 

or 

the 

on the interior surface of a porous 

the pores. 

a 

attention to dendrimers as the 

a handful active ."I<::TQ'rT1 """'1'\1"1,,,,/"1 to have nu<,,,,,t,,.,,,,,r,,,/"I or devised 

• Nano-filtratlon using membranes is expensive. It is, however, prolbable that these costs will decrease upon finding 

scale industrial applications of the aforementioned methods. 

5 
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research 

these 

1: Introduction 

""''I"".'''t,·'''t~.rI on similar routes for 

and Most 

a dendrimer followed co-ordination of the 

metal and TO""""''''' for "",'",lut',I' <>f'TI\IO'''' of the dendrimers are based on the 

dendrimers that Van Katen and co-workers used, A of 

may be found in the literature of with the active centre at the core of the 

dendrimer,11 Some dendrimers with 

on the surface are 

in 

and use of 

with the of 

rn"''''II!:.n", dendrimers as a core on which to 

8 These acid ester 

The 

metal 

"'.n,nr,",;"" the 

as hemilabile 

dendrimer in of 'HHr,QnC The 

reaction was carried out 

to chiral 

Si 

in a pressure 

-ene. 

-----

na nofHtration 

4 

1.3: f"It:>I'lf"lr,lm,,'rand the reaction it f'!:>j'!:>/I,r",,,,<:,-

Van Leeuwen's 

dendrimers can 

functionalised with one or two rll"'I'''''''I'',h 

with to 

dendrimers were active in the 

that carbosilane 

in dendrimers 

branch. 12 These dendrimers were to react 

These 

reaction trifluoroacetate sodium 

6 
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Introduction 

The authors showed that <:11""""'\1 was 

to the monomeric for retained in the 

dendrimers These ",n"rlTlll' "'':;""''''<=''''' were shown to work 

in reactors as lower turnover numbers were I"o,..,,,,n'or! 

that in the membrane reactor other nrnnlo:>m not related to the 

Si 

1.4: Van 

functionalised the 

of the dendrimer was 

reC:VCllea dendritic "'lJc;;"'~;'" was """'T!:II\/"nr!:l as active as the 

reaction were achieved in this <>\le>T"',,,, than with the 'monomeric' 

which was not observed in the other .,.,1<,,"' ......... mo:>nti"n 

Dendrimers 

groups, in to create 

enantioselective transition metal 

the He 

should have a P-P skeleton 

at the core have been 

mimics 

These 

which ensures a 

to create a 

were 

Heck ro:><:o,!"'t",nC! 

13 The DAB 

co-workers 

co-ordination of 

and the 

rates 

various 

of 

well-known 

groups on 

in a local 'dendritic' environment co-ordination 

on 

is 

these 

C!trf"lnnlu ,.,,:::on.::,n,.,"""T on the substitution ",<>t;'orn of the 

1. with behaviour 

dendrimers were shown to 

be active in the stereoselective h"",..", ..... o,,,,,,t'l"In of acetamidocinnamic acid. 

Produced by DSM, available from Aldrich 

7 
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1: Introduction 

1. 5: {]nl'7",r"", for .... "'.<>nn"'" 

A "';;'rlleT\1 of mnn_\.,<:> 

nrrl""nl'" substrates. 14 The 

the extent of the sterie 

wide of 

selective 

to it. 15 Thus a c:te:>ri,...':lII\J 

1-alkene in as I'nnnn<:> 

8 

for the oxidation of 

,..",t<>h/"t has been shown to be 

at the faces of the 14 A 

<>rnnlr\1,,<>/"I for 

to ""Q'"'IClr"'TQ 

selective for the of the 

to the unsubstituted 
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1; Introduction 

1.6: Moore and Suslick's dendritic 

1 rconocenes as 

Over the and a 

tonnes in 1 variation 

amounts from 1-alkenes 

and propene. These are used on a scale for car 

etc. 

CUeTarT,e All of these sites have 

was made "''''-'''0,.0'' that zirconocene 

4 metallocene 

of 1 

the as well as the average molecular 

million metric 

and 

as ethene 

and 

used 

sites are 

= 

f'l:IT'l:Ill/"'f'" are soluble in the reaction mixture and at least at the of the process, a 

molecule has an active site at an 

nn':lfIrln within the Due to the of metal atom for 

9 
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1: Introduction 

metallocene can be many times as 

Variation of the aromatic the 

the metal and the method of ~I"TI\I~TI 

control the nr.l\lml""ri'::~tir.n 

active are reflected in the stereC)SP,eCIITIClitV 

towards monomers and the 

based ""'T"'''I,",'''' can 

or 

of 

as 

of 

1.7: Metallocene with the various that can be varied 

the nature of 

to 

4 metallocene 

purpose. 

or halide 

The most common for these studies is the 7irr'nnnr~'nl'l 

or derivatives 

sensitive to moisture 

several methods 

are air stable. 

1.8 and 1.9) or metallocenes are 

U+ 
2 2 

2 Liel 

R 

Innnrll"1fQr! metal/ocene rnrnn/;QV~>'" 

10 

1. 

R 

R 
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1: Introduction 

R 

2 

R= R 

1.9: of meTal/OGEme cornPl,eXE1S via 

R 

2 2 
- 2 Liel 

R H, fused 

In ne(::ess81'V to activate 

activation metallocenes is most 

i) 2 
-2 

ii) 
2 

metallocene 

R 

R 

R 

R 

The 

The mono-

,rn,,,-t,,,rI to be the actual and the 

chemical nature of this r .. ",np,nr is still not extensive use 

clear. seems to consist of linear and 

with n from 5 to 20. The ",U<;;\J,C .. " can also <:>nl'1rt:l,.,<>lrt:l 

able to accommodate a monomeric the latter 

These activation are and 

11 
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increase the 

achieved 

increases 

abstraction 

1: Introduction 

a cationic 

the cation and the anion. 

the 4 and 5 

20 After activation with 

relative to the 

of 

for ethene 

zirconocene. 

·Me 

to 

",g'."""",, industrial and academic research have concentrated on the of well-defined 

4 metal n= R 

ethene and nrf\",,,,,r,,,,, under mild 

extensive and ''''t'''~t''>f'i n,,,,,,,c<t'''!:Itll"ln,,, done to work out the rngrn~'n details of 

nature of the 

, 14 

is the active 

an 

the 

metal 

unanswered due to the 

This view is 

is 

for 

the same as 

3 

rODOSE!C in the sixties Cossee and Arlman 1. 22 

1'>"I"" ... i"""tif','" nlc"","'''::'''' starts with the co-ordination of an alkene at the vacant site a 

insertion of the alkene into 

alkene co-ordination and leads to 

hill process 

",,,,tf\rnn,,,t'f\" of 

The best-known is transfer from the 

metal centre. This leads to a with an alkene and a 

The 

due to the 

chain to the 

which is 

is called 

active. This process, the reverse of alkene insertion into a metal­

elimination.24 

12 
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R== 

In 1 

state and 

from the 

Alkene in"",r+i", 

== vacant 

occur, as 

mechanisms has been 

1: Introduction 

elimination 

so-called 

as 

and M/f't,nn"n/ PlroPosE~d an alternative 

electronic stabilisation of the 

one the atoms 

and chain transfer H_rl\ll"lrf'tr,,:.n elimination seems to 

the nature of this 

13 

chain 

reaction. 26 
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1: Introduction 

R= ::: vacant co-ordination site 

1.13: Chain 

These 

amenable to 

as DfOlDo,sea and and 

seems to 

metal centre 

have to meet 

should also 

that favours a 

stabilisation 

must be 

sufficient sterle bulk in order to n,,,,,,,<>,,, 

association of the metal rn'T1n,gv l'r."m'r'" h,r,rlr'Orl or dinuclear These 

to now, the 

their derivatives 

been found to be far the most successful groups for cationic 

and 

have 

4, and neutral 

3 and lanthanide 

substituents on the 

metallocene f'<:>j'<ll\,c::tc:: 

in this area is 

the fundamental in alkene 

14 

to the 

_"'II~or,,,,c: in a 
27 research 

considerable information 
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1: Introduction 

1 4 

Solution nr\l,\lITII;;1rI prC)CeSSE~s are suitable for the nr".n"'r"'., ..... n of 1I"\\AJ'_"n"ct«>" 

as 

these cases, the 

used. 

is 

-alkenes, In 

in the reaction and a ';:VI ... IJ"" ,....".""1\''''. can be 

or are 

in continuous 

nlll'IIH""" is insoluble in the 

or bulk monomer prClceSSE~S the 

to avoid reactor means that 

is U~'JU;::'IIL~U to run a continuous nrl"\,f"'o."", 

can and can be in 

fabrication prC)CeSSE~S like rotational without recourse to or Llell""""" 
29 

in are unsuitable for the or 

isotactic on an industrial scale. In order to use in the technical 

metallocenes have to be the """''''O"T''''''<> 

insoluble substrate, The reason this is that 

while 

are nllf".::.r".(! of the 30 

1.14: 

at the molecular area silica 

been the most used other 

the have been as dichloride and "',...,:\'''''''''''>'''0 

15 
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1: Introduction 

l,tt<"""." methods the metallocene to are 31 of them are: 

MAO on the 

This is the most used The 

addition of the metallocenes. 

are then washed and used in combination 

with additional 

ii) 

afford 

nrrln",rTl<:,e: 32 

The obtained 

or other aluminium for the ",.,Iu,.,."",,,;,,,,,l';,,,,,, 

and immobilisation of the metallocene 

after addition of 

in 

method are very to 

via a 
r:;;H:;;;t,,/T,," <:,;·.,<!T,,,,,m is used 

Each metallocene on the 

distributions. 

If centres on the 

also ae,3CIIIVBI[e to 

than in the case the 

"'I':rQ'TI and the molecular distribution the """'" ...... ,,,. is broader. 

1 

materials such as and mixtures thereof 

are and 33 The fixation of the can 

",h",.,,.,,,t,,,,n n,·,.,,,,,,,,,,., at the surface of the solid bond 

a as 

lotactlc to 

because the no in process.34 

16 
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1: Introduction 

+ 
CI 

1.15;'IAt"IUlofa 

1 

The functionalisation of 

on 

resin beads 

that will have 

"'<!';::f"Ir,<! learned in solution about the 

to a .... ,,'u"",," matrix than to the 

an 

be to resemble the solution environment more 

on an 

with which to the reactive 

surface which could 

in 1.16. 

17 

i) + 2 
-2 

Ii) + 

method to tailor a 

because an f"Irf'1l<:1niil" material can 

4 

has 

An is 
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1: Introduction 

-NaCI 

+ 

1.16: Fixation ofa to ""'TlfrClf'<::I via its 

An alternative l:Inr,rl"ll:l f'i'tI'YInl"ln,:>nr used to 
37 

These are then "<::I",,('r.,,/"I 

The ":::IT''''''';:'''' 

the 

1.17: ..... ""II""Urt;,nc 

I n contrast with reactions with 

occurs within the 

for the 

the 

18 

active 

cross-linked 

distributed 

metallocene 

and 
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1: Introduction 

current research is aimed at to with a more defined 

structure. This work result in ""'T",r(',('1 of the active 

centres over can be controlled. For zirconocenes 

can be activated 

on 

MAO in 

and 

1. 

the conventional way.38 These 

moderate activities for propene nnlum,,,,ri,,,,,,tinn 

were rather and 

Both observations be related to the 

of both rae and meso isomers. 

1.18: 

1 

the so-called 

1. 

own 

1.19: ':::'el'T-lrnmODl'IISfI 

activities for ethene 

The molecular mass distributions of the 

amounts of atactic 

the :;;>T:;;>"""T'" were rise to a mixture 

the activated 

active 
39 

19 

, , 

Alt and f"rL_\AU .. 'r .... 'ore> 39 were 

acts as a co-monomer in 

in the nrni\Allrln In 
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1: Introduction 

1 

The 11A("'TI\/~'<: of this research are to ",,,r.th<.,,,,,,, various 

4 metallocene immobilise them on dendrimers. 

in three different ways 

i) linked a a-bond to the 

ii) linked 

and 

a 1t-bond to the i.e. 

the 

of 

of an ansa-metailocene. For 

additional 

4 metallocene ""!:I"!:II\J<:t<:: and to 

can be attached to a 

4 the 

1t-linked 

ansa-linked ... -
1.20: DO~S/r/(mS for immobilisation in zirconocenes 

The dendrimers used 

and Van der Made. 

could rlOt'r""",,,,,,, 

in order to be able to 

are the carbosilane """"nnrn 

were seIE:tctE~d "...""."'''',..., 

monometallic 

contains the same functional group as the rI""nrlr',rn,Qr<: 

the of the 

1.21: Dendrimers and the mononuclear model 

20 

Van Leeuwen 

a 
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t· Introduction 

The of this work was to 4 a ","_,umill I"'roO::lTlr,,.., a 

metal to bond. 

in order to 

runs would have 

to be n<'>,.rmrn active to establish whether the "''''''''rY\'''', formed 

have 

1 

In this 

i) 

ltr.:.".:.nt areas and to out the common 

the immobilisation and 

ii) the use of 4 metallocene I'''''''n,''''' 

reactions. 

In the first the focus was on recent (lR'IIRI,DDlnF!'nrS 

"<::ot<::ol"ctc on dendrimers. In the second the 4 

4 metallocene with an immobilisation of these, Since the field of 

metallocene 

this a overview and is not 

The aim of 

in the 

described in this thesis is to <:::\lrlth~'<:::i<:'A n.nl\Jm,,",rl f'::I!':::II\I<:::r<::: - active 

ethene and that are a-bound to a carbosilane dendrimer. 

2 of nt"ll"'n"i.:.rC! used as 

basis for the 4 metallocenes, dendrimers were svrlthl3Sll;ed 

the full characterisation has not been rAn.nrr",n 

before, dendrimers have a silicon core and between the 

atoms. The initial functional group was 

reacted with various dendrimers with various functional on the 

The and of these dendrimers is also described here. 

3 describes the <>"I"ITn"":",, characterisation and ,,,,,,,,,,,,,rn,,,'" of The 

terminated dendrimers were with silanes. These thio-anisole 

terminated be converted to dendrimers in and reacted with various 

suitable of this route is 

use 

dendrimers were reacted with 

dendrimers. These nUI.,,'''',ro dendrimers could be used to 

reaction with Dendrimers 

surface have been These are the 

21 

are also nrO"Q,.,t 

in 

terminated 

the pure lithium-terminated 

4 and 12 lithium atoms on the 

known at 
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1: Introduction 

4 describes the and of the various mononuclear model 

the reaction ,,,,,,,,,,,,,,.,r with the model 

The various activation reactions nOI"1'"r""",.1"1 are in 

this ("n~~nr~'r towards the selective activation of with the nOI"lor", formula 

::: R'= is also described in this 

""""\T",r 5 describes the and f'1"I,::>r<:>"to of dendritic zirconium 

2 and 3 - reacted with the 

These 

4 are the dendrimers - described in 

metallocene 

be less 

In 

of these dendritic zirconocene rnr"nI"l,"\1 ""'", ...... ,''''' to 

reactions the zirconocene described in 

of ethene and the model 

and ethene and the rn,r.",tc>r! dendrimers are also in this 

7 a final n\10'f\1,OO"1 of 

The oV/"lorllm':::'lnt!:l1 

can be found in 8. 

research contains the the 

"\I'ffn~>"''''' and 

22 
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Chapter 1: Introduction 
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2 

demand for materials with ,mY,rn"",,.., and novel ",Yr,nQ,rt .. ::,,,, has ""AlIT!"'Y''''1"'I in 

research from the Tr<:lf"T.r ..... <:!, 

to the 1"!'lr'OrYw<>.v' or dendritic 

in discussion that 

resemble the structure 

Dendritic macromolecules are characterised 

'radiate' the central core 40 The 

via the cross-linked and branched I'\1'\,"m,or", 

have been 

trees in 

of 

contain reactive 

three-dimensional 

in recent 

used to increase the until an almost l-jIUIJUICII with a 

n!"'T,nn,,,, which are 

Oa(;;KE!O surface is 

2, 

2.1: Schematic n::>nr",,,,,,,n:riC:I 

The of dendrimers started the 

co-workers in 1978.42 It then took until 1 

to 

molecules. 

used I'ilfl,Qr,,,nt 

a c>"c,torn<>t',f' construction 

their 

blocks and 

molecular 

two 

both 
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carbosilane riAnririfTJAr.<I 

many structural classes dendrimers are dendritic 45 

",nl\l<:l''''',rl""" 46 .... "hll"\l", 47 nr\lu ..... "':m ,.~~.~~"'~ and 49 There are even two of 

dendrimers available '"'''''''lY\orl"''''' 43,50 

In this research it was at 
was ,-.n,.",,,,n 

4 we intended to 

model for the it was decided to use 

, This should 

molecular 

Two 

nrrlnt::lrt,,,,,, to 

to a dendrimer. 

of dendrimer 

nnl"un;,Qrc with narrow 

different 

with each 

mononuclear 

from the of a 4 

is the 

distributions in a controlled manner. 

1\'''''"('I'''lnt or starburst 

outwards via a two In 

at the central core 

the 

the 

The first 

which 

the introduced 

reOl9atE~d to 

.n\A"<>rrj,,, to final core, 

is reaction the core molecule with a monomer 

sites, The second involves 1"I""""l'Ol'tU,\ .... 

chain 

used as a new core, 

of rtllI,grrtQnT dendrimer 

25 

to next 

are 



Univ
ers

ity
 of

 C
ap

e T
ow

n

carbosilane dendrimers 

It be all the r"'o:tr'TIr,n '1"1\/1"\1\/"'1"1 in each be 

without side or rA~,,'ti('nc: cause structural f'I.,l·",/"'lrc: 

between dendrimers. It is obvious that the of each dendrimer is 

of the dendrimers. 

We chose to ",,,.nn,",,,,,,,,, our carbosilane dendrimers a sequence 

followed ..",,,"\,,,-., .. ,.,,., of the trichlorosilicon 

was chosen as 

was used as the a 

a and a 

ron"rt •• /"! was limited to a 'H NMR as an 

for the sake the full and 

for 

12 

2.3: Dendrimer afthe 1"113,''''''1"\1''1 dendrimer 

26 
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A 

was 

the 

many transition-metal 

under transition metal .... "'? ... "" 

2: car basi/ana dendrimers 

eCE~ssiarv to bUild the !:>nrl\,,,,_I"I"I<>nt,,-.n<:.1"I is 

this reaction are The best-known "!:I,''''i\Jetc! 

of 

h\Jf'lrnc"i\,fI!:Itlnn reaction an 

Initial co-ordination of the alkene to the metal was of the silicon­

f'f"Ilnnll.:>t""rI the A ne><:,"",n and elimination of the 

H 

2.4: 

in 

is the control over .,.0,.,,,,,,,,0 of the Si-H addition. In the reaction of a 

in the 

can be 

the desired 

In 

is the all-tHIOoucr 

.. ",n,r'\rte> state that THF as a 

reaction. The 

with 

and 

after 

and 1 

The 

two doublets and one 

absent from the 1H NMR 

OVr''''I''TOI''I for 

When the reaction was ,"<>r'<>:::It<>n 

were 

without 

the all a-insertion 

the 

of 

was also found. to 

made it to dilute the reaction in order to <>1"""''''0 
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2: carbasilane aenannlers 

The relative amounts of and non-reacted can be 

"'v'~r"""",,=,rl ina ""IJIJV.::J"_' we are a dendrimer with P identical realcm,e 

a of end We call these 

end 811 a2, a3! . .. , an) which will be fl'''',,,,,;;,,,, 

q1, q2, Q3, ! qn. The of individual molecules in the can 

be ",v,.,r""c:cc:c",/'1 ... , where ... , kn are the numbers of end in the 

dendrimer 81, 82, a3, ... , an, and k1 + k2 + + ... + kn :: P. The 

fraction is 

For for a first 

nC:"'rtlf\n and a2 

is 

The reaction 

a 

carried out in THF at room 

of the unsaturated group on 

attributed to the 

PI 
:: 

k1Ik2!k3!. . 

5 a- and 95 % we P=4, 

:: 0.95 and q2 0.05. So the mole of the 

G1 

1H 

functionalities was 

0.815. we find mole 

and excess 

was 

.... ",nrrwlI·"" band at 1640 

InTl;;,.nlOO.nl of 

the resonances attributed to the the 

dendrimer 

The 

reflux in 

Mr C. Meljboom is 

contained 

in 

ether. 

for 

first trichlorosilicon-derivatised 

THF in vacuo, in 

Because the Si-CI bond is reactive to it was 

a salt-elimination reaction with 

The reaction with excess was carried out under 

with deriving formula. 

28 
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cerbasi/ene dendrimers 

of 

was ",rrllP"p" in 

with excess 

the 

The r"'!:Il"fl/"\n was followed 

nr.."nr~'''''''''/O decrease 

resonances in the lH NMR 

band at 1628 

The 

in 

the standard 

and 

The second 

and F AS mass cn'~l"tr'nfTI 

was from the second­

with trichlorosilane 

was rrorm,::.n 

chemical derivation. 

and 

was 

Table 2.1: 

No 

would not be 

bromide in 

The latter was isolated in 83 

terminated 

as 

for the second- and 

C12HzoSi 

C4BH84Sis 

C15SH27SSi17 

C480Hs52Si53 

and 

29 

92 

802 

2624 

8113 

column 

TITTY._t"l"nor<>t,'I"IM dendrimers were 

dendrimers. 

used 

4 

12 

36 

108 

this 

were made. 

literature 

12 The 

at 

followed 

to 

dendrimer 
51 
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2: carbosilane dendrimers 

2.2.2 

Another route of the carbosilane dendrimers is 

the outside towards the core. In the f' ..... ,n\l~'rl"":::.nt <:>n,wr"",,...'" 

are three units of construction: the initial that will end up on the 

in which 

there 

and and the core has two or more 

The surface contains one functional group which is reactive 

in the dendrimer ",,,run<,.,, This functional group reacts with the 

contains two Functional group C reacts with the 

The A, at the is converted 

to can then be to B on 

or to the B the core molecule. 

3 

2.5: JlTI""""""'1l C"IYlr.,.oC',(' route 

In this the monomeric '''/'''1'1,.,,0' is SVr1TnI'!SI!;ea first. In the this was 

to 

NMR 

three resonances. Reaction this 

bromide at low resulted in the selective of 

silicon atom. 

CI + 

1 2 

2.6: of the dendritic 2 

30 
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Due to the increased of the silicon-chlorine with that of the 

chlorine a selective reaction could be ",,-.r,,,:;,,":;,,, care was taken to react the 

""'~iI"lO'nt at low '0""..,0,"<>" After 

the reaction was 

aqueous the 

The was characterised 

r",,,,,,anT'" at -78°C and at -40 °C 

with aqueous 

2, was isolated in 

sPE!ctros(~opic methods. 

the 

to form the ",,,,,"',...,r,"_,,e:>rle:> 

dendrimer was in 

as 

of 

Thus the f"'nrI\Jt:I,rl"le:>nt 

2.2.3 

as 

SDE~ctl'OS'CQ[>V became 

tool as 

the /"Il\fC,rnO 

be activated to form the I"\ot',t''',1"\ of the 

r""'\j'rn,:·c:: an route to the 

the dendrimers at the focal or a rlitt,t:lr""nt 

dendritic and 

and elemental 

as uu",,,,u,,,, were characterised 

NMR 

NMR 

this 

were too and rlo,~l'\rnnl","'c'rI 

For this reason, several 

in and the and trends are 

UI;)I",U;);)t;:U in the Tnll,n\I\J'lnn text. 

IR spelctrc)sc~oPV 

Infrared to very useful in 

from the reaction mixtures were recorded neat and between NaCI In all 

the of the band associated with the C=C 

of IR over 

these was the IR 

31 
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carbasi/ane dendrimers 

towards as the carbon-carbon 

double bond, 

and NMR SDI~ctlros!cO[)V 

NMR ne:>r'trn,<:'f'I,n\/ has nrn'''''''' to invaluable in the 

dendrimers nl'"""n::l:I'"",r1 were characterised and 

All 

I\JIVIR 

oe~;ldE~S the resonances, 

These are two 

and one 

<:.",,~nr\r1_,''''r''''r'''tlf'n dendrimer is 

tlr",t_f'1,,,nc.r,,,t,,"\n chloride-terminated dendrimer 

The 1H 

resonances, 

we resonance was to the core 

this resonance, 

chloride-terminated 

In order to 

G1 56 was carried out to 

to resonances 

in the 

resonances and 

dendrimer 

group bonded to 

from the 

NMR 

<::ne>f'rr'n<::lr'nr\\/ was also found to be 

in the 

was 

we concluded that the 

attached to the core silicon atom, The 

and G1 are the to 

of the ""''''T .... ','''''' ... ''' 

in r",,,tor,,,,,,,t,nn of the 

NMR showed 

were These 'core 

were often related to the in the 

<::ne>f'rr'::I for the dendrimers 

NMR are useful in their f'n~~r::lI'''>r'I<:: 

for the 

the the resonances 

with different chemical environments For 

resonates at atom resonates at 0,25 

This reaction described in section 2,3 on page 36, 

See section 2,3,2, page 39, 

the '-'".1<:;.,' ..... ' 

32 
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resonates at 3-4 

and 

to 

2.7: 

dendrimers 

NMR 

see section 3.3.1, page 50 

with 

is 

2: carbasi/ane dendrimers 

NMR 

33 

the resonances 

in the eXI)ectea 

in of the 

"'I"\"t"Ill"'l"I to the central 

are 

to fourth 
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Mass !'i:n,l>l":irrl'llm£'.tll"V 

Mass c::n'~('Tlrf"ln"l~tnJ 

characterisation. 

The molecular 

mass c:n"t'tr"nrY1Atr"\/ 

2: carbo silane dendrimers 

with NMR and IR ",nQ.('trt'''' 

mass "'r"~l'tlrrm"otr\1 

of some dendrimers were confirmed 

The results are 

showed molecular ion at the 

dendrimers and the model 

molecular ion 

is one of the standard methods of 

for all air-stable dendrimers. 

fast atom bombardment 

The FAB mass cn",...t,"", 

for the lower molecular 

The elemental cornDIJSll[IOn of 

by 

was further confirmed 

calculation. On the other in the case of the 

and the dendrimers with 

were mass were 

FAB mass of the second dendrimer for did not 

show a molecular ion. The absence of the ion at m/z = 802 can be ascribed to 

in the clusters at m/z = - 41 t, (M -

1 , and - 164t, were where M is the formula molecular of the dendrimer 

802 amu. The ions formed at M - 41 x (x = account for the loss of x 

mass 41 The distribution 

was simulated and the simulated 

that correct was 

to the 

one allyl 

at m/z = 

was for all the air-stable dendrimers. data for the 

In many cases, the results in the 

obtained were the correct the dendrimers to be a 

These were all viscous oils and in some cases solvent inclusion was believed to 

have even after the dendrimers under vacuum for up to 16 hours. 

reactions also resulted in incorrect data. These incorrect values 

occur if the alkene resonances are visible in the 1H NMR it a 

valuable tool for the of the dendrimers. 

34 
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carbosilane 

In order to carbosilane rI",.,rlr,n"I a number 

dendrimer with a group. 

can be assumed to 

be to the trichlorosilane an 

in this work. The ",tr,:>rnnf".rI 

are in 2.8, where the first 

1"I"",l"Irimt~r is aeolcrea 

Si 

2.8: Functionalisations first 

In 

These reactions were 

in 

can be illustrated 

for about ten 

were "'1"1"'1\/0,"011 

to and convert that last 5 % of the 

5 % unreacted means that about 81 

95 

to those without 

in the .. "' ... n"" ..... n,,... 

35 

was 

reaction had to 

on the 

4, with 

of n",,;;mr.n under 

- as we indicated on 

dendrimer is without 

behave almost 
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Reduction of 

dendrimers were 

of 

was and resulted in the 

were obtained in after 

reactive to water in 

the the 

excess was taken to use a excess of dilute this in order to 

alkaline. As described on this dendrimer was 

used to bef.1weem the two different 

2.9: 

2.3.1 

The success of 

on the silane. H\II"Irl'\C::IIlJlI",nr,n 

with an 

with 

at-40 

and 

and 

The second 

from the second 

The reactive 

to the tetranuclear 

be 

The 

bases. The 

mass c::n~.,..trl'\m 

Si 

and its reactions 

is to of the 

,..",r",l\/c::r even at BIBiva:[Ba r"'n~nt:lr",rl 

in an manner, 

derivatives was reacted with lithium aluminium 

dendrimer can 

to of 

NMR SOE:ctl'OS'CQ()V as well as IR 

36 
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2: cerbosi/ana dendrimers 

The dendrimer can be rar,,,,rr.,,,, ... as a 

is an 

to examine the pmSSl[}Il 

r""'::'I"TIT\/"'I it with an alcohol in the presence of an 

we r""~'("T""n 

with one 

NMR here as ...... ,', ... " •• 

chains indicated that the reaction took 

was a 

in 

on the the 

Si 

2. 10: f"'(e,9C[IOI of the f"hl,,.,,..,.,,r/im,,,,,th terminated first r'll:1I1",,..,:.rlr,n 

37 

to 

in 

as a 

in 

was isolated in 

of 

in 

be 

with 
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2: cerbosilane dendrimers 

* 

The reaction of in TH F with the dendrimer was 59 

The rlJO'~'r".rI C'VCllJPEmt:aCllenl(l-fl in 

73 % of this dendrimer in 

resonances of a r\lr'lnr\An·t~rlIAn\11 

ratio for all these 

core had 

The 

dendrimer contains an 

the be 

functionalisation of the dendrimer was 

been I"lJO,"1"Wn"I"./'i 

with 

to 

metal anions with the f'I"II,,,rr.,,,,,,,,tl"lul_t""rrnln<>tori 

on 41. 

38 

was 

60 

rO<l'f't",/'i with 59 

after 

The attachment 

Evidence for the f'nrnnlAtA 

NMR The 

and ml'1,lut".rI""n, have not 
61 

have and will 
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-SiH3 

-Si(CH3)2C1 

-Si(CH3hH 

carbosi/ane dendrimers 

0.59 (8, 0.82 (8, m), 1.44 (8, m) 3.48 (12, t) 

0.68 (8, m), O.SO (S, m), 1.58 (8, m) 0.28 (24, s) 

0.55 (8, m), 0.62 m), 1.35 (8, m) 

0.59 (8, 0.85 m), 1.42 (8, 

0.56 (8, m), 0.88 (8, m) 1.35 {S, m} 

0.03 (24, d), 3.81 (4, m) 

0.32 (24), 4.68 (20) 

-0.09 (24, s) 3.40 (4, br), 6.4-6.6 

0.59 m), 0.70 (8, m), 1.35 m) 0.09 s), 2.76 (8, s) 

0.55 (8, m), 0.70 m), 1.35 (8, m) 0.10(24, 1.99 (8, s) 

Table NMRdata 11:""""'" first GA/1Anatlcln dendrimers 

2.3.2 ctl(mallty and its reactions 

The ... ",t",h,f·,,,, hIJnrl .... c::.II\lI::Itlnn with [f'hlnrr\mj:.th\ll\nllml'lith\lIc::.lIl::lnlC> 4, 

to reflux in 

the mixture was worked up. The U'UUU'JI was the desired 

first NMR spE~tr'oSl~r:'IJ revealed 

double bonds had reacted. also reVI:Jalt!U the at 0 

at (5 

core 

Si +4 Si 

4 

terminated dendrimer 

4. was suc:ce:ssfl 

in 67 

The zeroth 

was decreased \lnl'!:ITllltu of the 

dendrimer was :::In~~I\I~ll'>n ",,,,f,i,,,f,,,,,,,fr.ri NMR spe;ctrc)SC()PIJ, as well as IR 

SDE~tr'OS(::OJ:'V mass ",n,,,,,,h-,.. ... ,,,,,t."I' and ""'''''rTlg'nT'''' "'n~31""''''' 

39 
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2: calbosilane dendrimers 

The second was obtained in similar fashion to the first 

the 

nrnr"lIQm encountered in the ""m,th",c::;c:: these dendrimers was, to 

obtain even 

moderate the ovr,th"r"" 

dendrimer with the """'T'''''JI> in THF and 

reflux 

1 

Reaction 

not 

electron 

to in 

as In the mass 

This chloro 

from the chloro 

sodium under 

a to 

of heat had sut)SIOlea. Extended n<:>':>Tll"1ln under 

to react the last few double 

the 

the 

a 

a 

of 

the second 

in the mass and no 

the dendrimer in dry 

the chloro group was the more 

40 

due to 

the 

mass 

was 

removes 

in 

iodo 
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carbosilane dendrimers 

2. the in this "" ......... ,,.., as 

room 

rarTll!:Ir'\t " ... lnnt10!:.! need ho~:.tin,n The 

nOIll{eVE:!r, had to be heated more than 20 

substituted 1"1"', ... 1"1,., ....... ,,, .. NMR 

the the ",,,,,,,,nn,:>" to the I) ..... ntnn!:.! from S 2.76 to S was observed 

in 1H NMR 

Si \ 

~ 

K 

Si 

Si 

G1 

reactions the terminated rll:ll,,,rlr;rn~' .. 

41 
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lUCleOPnlile was not suc;ce:ssfl 

conditions and no 

terminated 

This reaction was 

occurred. 

G1 

under standard reaction 

and 

rnll"ln(,ll"n reaction times - at 18 h, whereas the r<",."rTlc,n 

halide takes about an hour to - were needed in order to drive this reaction to 

64 or 

were not successful 

2, were eXI)ected to and 

The reaction of these metal anions with 

are ex~)ectea to be suc;ceSSTI but ,,,, .. 'tn,'rn,,n to 

dendrimers were and the 

For the sake were rcnnrTo,n 

the had communicated dendrimers 

a ",\lTI,"'''',''' route. 

The nll<::l,ronn reactions. 

this dendrimers were 

converted to functionalities standard 

reactions. It is 

are 

that these reactions run to 

that 

was reacted with 

in the ex[)ectea 

dendrimers were r"""""t"'.rI 

unsuccessful and we could not 

Inl't'nr,,,,lOtll on the surface. In the section of 

an to 

next 

the 

The 

These 

we !"Irnnnc,"" 

of dendrimers with a range metal 

"''''I'nnn\1I anions were also n<>,rl'nl'm"rl when the anions were 

a reaction occurred and the Fe and 

42 

as 

were 
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2: oarbosilane dendrimers 

sol,ate,d. In the case of the \"' ...... IU~' w no reaction 

or mrlnn'lnIIQT'" reactions were nn'= ... rl11'>n 

The with Nal in acetone under 

conditions to The iodo is 

more rO<>;l"tnu: .. the anions 

it is eXIJeCtea to 

Several that these 

can react with the 
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3 

a 

In to attach a suitable .,.".,.'nn.n,-.",nQ to a f1ol'v'Irlrn,:>r it to be ne(~essal'v to 

were: 

of we Cle'ilele::lDE!Cl a route to that allow 

4, In 

on the 

",.","'".,,,'" activation, The 

this 

basis 

we will describe how we 

are two 

them is to use 

for the introduction a metal atom into an One of 

is 

called 

most 

Z reaction with elemental 

+2M 

In the 

such as 

are based on of 

restricted methods that involve the 

bonds. 

for the metal M, This metal 

Z in the Z is 

+ 

route to 

nterm,ediates, This reaction is 

a direct 

reaction, in a reductive reolacem 

+ Z-M 

the 

of 

and mE!taIIOIC]S 

more 

or carbon-carbon 
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3: lithiated dendrimers 

In summary, the most used ...... "',tI'",rI'" are: 

The ofn~lnn'.n 

and thioethers 

68 

3,1: first trilithiated £'<lnUlf11 

or 

lithium or 

or lithium 

or lithium base 

two or more atoms 

or 

The 1"\",lul,th. 

in which the 

were not due to lack of :::ann,rnn 

1 

-60 nr"""<:l,r",tinn and isolation. 

been in the 

are 

arenes or 'It-stabilised 

in 3.1 is 

carbon atoms are not 

at 

reactions we tried in an to obtain lithiated dendrimers were based on 

combination 

and DOl:aS:SIUI We decided to f"I.o.'\",r",t", 

metal <:>1-1':;:\.,10:::<:>, as these can be nreo,n:::aIF",11 ease via l1",nrr,tnln:::aI'jnn reactions. 

do not 

",f.o ... :"""n,ntr",1 can 

in two be 

to the final or one may allow torsional at 

The illustrations of mono- and are not indicative of the real structures of these in 

45 



Univ
ers

ity
 of

 C
ap

e T
ow

n

3: lithiated dAndrinJAr.<; 

of the 

towards the exe 

EI 

intermediate. The 

as shown in 3.2. 

endo 

the reaction lies in """,,,,r',,,1 

R 

exo 

EI 

trans 

3.2: Cis-trans isomerisatien of 8111i'IOCira.5:SIU r"'t:.'flonr<:: and 

to the ro","""l!nt the metallation of 

Besides 70 silanes such as cis- and 

silanes. 

72 cis- and 

base. 

in 

a faint solution formed. This solution was upon which 

a amount of white solid 

revea led that 

a 
trans-isomer had tl"lrrnort 

and ",...rnnloro ro:::!"tlf,,, 

3.3: 

74 

5, had formed 3. It was clear from the 

constant of 18.3 Hz that the 

of 1 00 % indicated that the reaction was a 

5 
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lithiated dendrimers 

indicated that it be POSiSible to del)rolton:ate :::I11\J'I_fr=,nnl 

same reaction. reaction was rer:ea'ted with 

,.j",.",.j,.i"""",. and 5 c .... 'U'y,Cl. hours at 

the 

reaction and 16 h at room ,"'''', ... ''', .... t. the amount 

1,",(,I"::''''''''<:>f'I to not increase the ... "',.,..."' .... +..::0,,...'" 

tntij"ln!i!illitl~'Cl to over %. 

a in 3. 1 is eXI)ected on the basis 

These ov"ori,rn.:.nte: 

3.4: I J"' .... r,...t,.." .. "'t .• '"'" and t1elfJterat,lon 

Table 3.1: 

functionalities 

to 

in a mixture 

40 

14 

2 

0.1 

dendrimers with 81 

27. 

3 

been in the 1 5-t-'ex,:ldiEme reacts 

than 1-hexene with "'''''I'\I''''''':''~I'''' n"\ .. , .. I'\~,,"'" in TgTlF!:>n"II"1IFnTI in 

the T""",,,,," ..... n of the t'nlrr",'::nrlnrl The aC(;eIE!ratlon 

SU~lgests an extra t'n •. nr(1im~tjn,n the metal second I'In,;:>_nnnl,':>ru 

reaction of 1 moderate chain 1<:>"',l"Itl",,,, 

even if the is excess. In the dimetallated 

1 is formed when reactants are 

",,,,I,,,,,,Hllitu is observed even when than amounts base are used. 
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monometallation 

media. Within 

at a much 

3: lithia ted dendrirrlp.r.<: 

a 

second 

rate than the first one 

unconsumed 

can 

r"'~If'fI\l!r\l has 

in 

observed with 1 r,,_rll<=>Y'<=>C: with chain up to 11 carbon atoms. 

the ncr,rCQ of 

3.6: 

the above into 

with a combination of 

TMEDA 

TMEDA 

dimers. These two 

SUjDel'-m~se and 1,7-octadiene 

to 

increases with time and 

we to 

taken 

48 

the 

lithium-tert-butoxide 

mixed-metal 

is 

co­

to 

3. This would also 

G1 
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as well as 

The reaction mixture was 

to the 

3: lithiated dendrimers 

reactants. 

this combination of 

to a mixture 

a white solid 

with excess rhlnrrltnrnpth\ 

and NMR reV!~al€la. 

and r-n_IAU"llrk'jQlrc: 

and TMEDA75 

G1 

of 16 hours. 

WOfKeU-UID in a similar 

that once the tri-

metallated in the reaction mixture, The conclusion we draw from this 

is that even the TMEDA-stabilised branches in the dendrimer are 

to allow <>nr'ntl'1in""lrinn of the last allyl group. 

must be stabilised "",...·"In"t 

side-reactions after reaction with the 

'monomer-unit' , 

lithiated 

dendrimer 

with lithium in ether at 0 "C, The and used in situ. A 

this reaction is have been 

made. After reaction the lithium ,,,,..,,n"'fI 

was The reaction of the model chloride 

of the well-known 

desired, 

3,7: 

Reaction 

the model 

with metallic lithium in ether did show the formation of a white 

was "<>,·,,,t;::.rl from the colourless filtration. When the solution was 

water and titrated "'1'1'"'''''''' there to be no alkaline 

49 

is 

Li 

The white solid 

Ipnl'n~'n with 

I.e. no 
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active 

appears 

3: lithiated dendrimers 

was "'1'0,,",,,,,,,>, the 

as concluded from 1 Hand 

reacted to form the observed frln-,,,,ml\'I«' 

is a that the reacted with the "'I"\I\.,,,,nT 

",tto,rn",t« were undertaken to ,;,n,,,,,,o,,::. 

Si 

G1 

G1 
3. B: Reaction of with metallic lithium 

It is that lit:>l"rnt,.,n the 

TMEDA. This 

is clear from this that full of 

more than to fail. 

3.3.1 lithiated 

G1 

G1 

It 

and 

There 

ether.71 No 

would 

in 1967 that 

It 

would be 

For the ",,, ... tn •• ,,,,,,, a limited number of "",n,,,,..,,, are available in the 

literature. 

rnt:>r",II',f' lithium has a 

metallation.79 A 

workers described the 

of 30 % as a consequence of elimination of Liel mono-

of Akkerman and 

and co-

the dendrimer was 

This dendrimer is accessible via 

with the known Due to the 

of the 7, at 109 the 

50 
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reaction could run at 120 to reaction times of <:I ..... ",..,...V. 2 

was isolated off the excess 7, 

dendrimers. 

3.9: 

+ Si Si 

7 G1 

3.10: 

rC:T.,("':'I"lAr:::lTlrln dendrimer 

the malodorous was 

n::::lr)htIH'lI~'nA was removed 

reduced the 

9 full 

to the different branches <>n"""",..o" at the same 

conversion taken 

Si 

G1 

3. 11: ~e<:lCCI(m of with 

51 

The 

a 

isolation. 

as well as 

the 

column 

to 

that full 
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/ithiated dernJrimers 

<;;""''' ..... ,V<;; lithii::.t;."n.:. has led to 

in the Iiterature.84 
,.."""",r',"" ~'nnr'n~l~h",,,,, 

nrnhlQm have been aPI)lied,84 such as 

amount a su(;ce:ssfl 

with an excess 

rn"''''If',n sure there is ",,,,veil'''' 

1"I",11"I'\n<>,,,l"Itl"l,,',I"I .. n .. .c,., .. ,"I' in solution. The reaction to be run at 

in order to maintain a rate 

reactions take 1 

n':::'ln""r'~tj;!'l1lithium rj:>~,n""lnt is to this time. 

5i 

5i 5i 

51 5i 

G1 
5i 

3. 12: Reactions the first nc", .. ,.,aTlr,n lithia ted dendrimer 

The dendritic 

the in situ formed with 

52 

the 
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-was 

at ±150 

The 

second 

the 

was 

into hexane. 

removed most of the rll:I!",hth'l:ll", 

the same me!tnClOolog 

o::>nririn""l",r is 

,,0"',"\I'"1rol1 a lithium rO<lI,., .. ,nt 

conceivable that structures can be 

the salts fnrrno::>rt 

vacuum 

contained - 90 

was 

double bond. Reaction the 

with lithium resulted in the 

after 

itis 

The radical anion-induced reductive metallation be a "''''''''''''1'':::11 
rrl\nnon that the method the lithiation It is a 

is unreactive towards the <:::In,l'>_nrnn 

discussion it is 

lithiated dendrimer 

lithiated 11"'rll1r'lmIRI"!i:; 

of the reaction 

to isolate the 

and lithium 

above 

With these in Inv1estigated a <:::T:::llrhrln from 

are known to be 

convenient precursors for the 

(o"::O'"",Qnt::::; B, and 

n .. " ..... "'11 in a clean and fashion. The TI"""I"n\Al'mrl features are common 

to this 
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3: lithia ted dendrimers 

even at low H:,n,nQ,:;:OTl i) 

ii) 

The reactions 

These reactions are 

the 

are 

that is formed is 

achieved when 

better than 

in the 

elements valence electron shells 

that can be the tl"lr'''I''\''''~lnn the ate-

with 

with second- and third-row elements. 

The 

the addition of 

of r,.""",>ttnll", 

in THE The side of the be removed 

+ + 

<::\IrITn~><::I<:: of 'clean' 

The 

De(~trosc()Ov on 

The resonances due to the 

for 8 was ""IIr1""n 

dendrimer. The value of -1.8 is in 

78, 89, 90 The rest of the showed the normal resonances a first 

with at 0.7 and 0.8 ppm and a 

at ppm attributable to the rll,..,..""tn.uIC!, 3. Further 

evidence of the """'::IT"'" 

NMR 

were 

These stannate complexes have been spectroscopically observed: H.J. Reich and N.H. J. Am. 

Chern. Soc., 1986, 108, 2102. 
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lithiated dendrimers 

It is in these reactions that are as 

excess of with the not 

to the excess 

This 

can also not be from the lithiated dendrimer and rise to in the 

of the 

* 

3.13: NMR ",,.,o,{"',r,,,.,.., of in ... denotes in 

solvent 

+4 

j -4 

3.14: 
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lithiated dendrin1ers 

nu,.."nt,,,r,,!" dendrimer is insoluble in benzene and ether. This can 

be rationalised 6, does not exist as a 

monomer but rather as 

behaves as a normal i.e. it forms 

electron-deficient SDE!Cles.90 At the same time, the steric 

is a tetramer rather than the hexamer in and in 2-

solution. 91 For 

or 

.. nl\""'~'fl tetramers. Data 

that for this ro<:>,.."' .... t the normal behaviour 

In the of the above literature data on 

in 

6, and 

6, it is not 

a nenl''''''' 

bases such as 

dissolve as 

that the 

rl'l::1'fll"lnt is 

dendritic lithium r"'''',nI'"nT in ether is also Qvr"!:III"lQ/"I In order to 

the the lithium atoms needs to would nrI'lM"""lt 

We also 

this 

two 

terminated 

the 

this 1""'''''',''' 

was nn'~l'In,/Q/"I in the 1 H NMR 

reaction of 

No 

at the 

the reaction of two and three 

the 

the 

two 

was obtained. It was 

at 

the 

the 

could then be converted to the 

described for the 

the mono-lithiated silane 

the 

the di~ and 

These silanes could be 

that the 

the mono-

and 

and 

of "<",""'~ with the chlorosilane, The 
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also be in the 

of these silanes at 1 

a redistribution reaction occurs with 

to be around 200 "C. At this 

which resulted in a mixture 

the 'H NMR 

resulted in 

reaction of Schlosser's with 

after 

A maximum 

contains 

We then 

terminated dendrimers 

excess 

in siloxanes. 

the silanes were both oils at -40 "C. We 

is described in this 

was 

in a 

reaction bonds. 

7, was successful 

dendrimers. These dendrimers 

and 

model reactions were with G1 these 

was the 

could be reacted with four 

The dendrimer 

was second was 

The can be as a 

as was 

via 

The initial 

and gave, 

of 

the 

reactions 

n~ 

dendrimers. As mentioned in f'M~>r't<"r 

successful. Functional groups can be introduced 

"',.,' .. riy .... ",,"" was not 

the intermediate totr''''rY'I,Qth\lIf'1,1,..It''\n."nt~'n 

r",,,,,nQ,nt 93 This route opens up the 

with the in situ lithiated 

dendrimers. 

57 

an excess of 

to form 
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3: lithia ted dendrimers 

The the 

from the tellurium-derivat!ve,81, 82 

the 

dendrimers can be 

the terminated dendrimers with 

lies more to 

was not 

are 

side of the 

sm)lec:tea to telluridellithium reactions to 

from this reaction can then be 

the lithiated dendrimer. 
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a 

are Irnr,rt"',N to be cationic 

and a vacant ""_,e'\rrll site 4. Numerous 

4 metallocenes for I"\l"'Ilum,<:>r;.,!:>i';l"'In alkenes are 

available. 16 in common: the materials are .~VfnmRtrj!r. 

4 or 

The zirconocenes ""''', ... ,'''' zirconocenes of 

was to 

research 

a 

of the to be 

most of 

R :: K :: counter-ion 

vacant site 

1-alkenes 

In activated attachment to a 

we ae(::lllEm of mononuclear In this 

way, the 

dendrimer predicted We were ",,,,,,,,,,,1,,,,,,, 

,",,,<,,,n,,,,;:, ,;;o'"",'n".n to a 

i) 

ii} 

iUs nec;es~;a the to be fast in order to 

obtain pure zirconocenes. 

<;;orn''''\J of activation: after attachment of the zirconocene to the rlorvll'ln"Io it would not 

from be useful if, upon a the 

the dendrimer. 

reactions: dendritic zirconocenes are eX[)eCle 

sensitive 

hence of the 

air- and moisture­

are 1""':l"nitl::l1 to minimise 
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Mononuclear zirconocenes 

As in 1, a metallocene can 

as: 

i) is bound to the 

and the 

ii) is 

in case of an 

zirconocene is on 

A 

as the 

in 

The the research is to bind 

a 
metallocenes to nrn,:;,n',r 

between the two 

can 

4 

to a 

bond 

to 

are: 

in 

a the zirconium 

one of its 

the dendrimer the 

is not 

4. 

4 

elimination or salt metathesis in these reactions an 

a or reacts with a 

bond. 

the direct inc:<::>rtinn a into a 4 nuru""'''' 

the reaction a 4 bond with an alcohol to form a 4 

reaction is not a which 

to observe 

nl"\l''''''''''''::' 95 On the of this we de(~laE~d to 

reaction and the salt elimination reaction in to determine 

whether could lead to 
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4: 

9, is a in 

alkenes. 96 The but the well-documented 

and fast to n .. rfnr'TI 

is 

Schwartz's 

zirconocene in THF.97 After reaction of 8, 

with of Schwartz's 9, and .,.,rr'nn,n,..".n", 

8 

4.3: 

In order to 

reactive than the 

in the reaction 

solvents due to their 

moisture and 

9, It 

converts 9 

THF 

titanium of these 

We used an alternative route to 

n""r1',,,'''''''''f'i on 

results in an <:>rnnr.."l"In, 

well-known abstraction from a 

to 

this as 

into 8. 

+ 

9 

these 10, was 

to 

was then used 

in common 

whereas the 

to The 

was not as it is known to be 

zirconocene 9. the 

no structure determination has been 

to 

formation. The 

group on zirconium 
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reaction of 

pure 

and 

11, was IsollatEld 

Mononuclear zirconocenes 

after rcr'n/(,t",III'7'~~ti,.. 

stoichiometric amounts of and (1:1 

We in THF 

in 

11, with 

material was new route to 

were not 

11 9 

4.4: "'u'.>rn;"IlIJ' .... "./rnr' .... "'''' 

Both Srrl\M~lrr'7" 9, its hafnium ";;.,,, .... u'" 10 are insoluble in 

these two rg!;,ngnT" 

the 

toluene resulted in a clear 

I"Iv\J'nl'>l._ and 

and the same behaviouL 

the 

reacts 

and 

of 

acetone to form 

NMR 

;:'U'UU,,'" in common 

stable and can be stored for a 

under an inert without 

in the same 

and chemical derivation. The 

62 

the redistribution 

revealed that 

of the 

a white pr€iCIJ;lItate 

the 

rC::lIf"::lInf 9, 

with an excess 

or 

in 

oil 

and 

NMR 



Univ
ers

ity
 of

 C
ap

e T
ow

n

::Inr'S"::Ir",n to be the ex~)ecteCl 

The reaction in THF was 

of the solvent. This resulted in 

solvent co-ordination, 

4: Mononuclear zirconocenes 

was even 

= 

but a 

zirconocene 

in this ",niH""" 

rnr'hlr,rirli", with dichloromethane to form zirconocene dichloride 

reaction of 

also occurred 

in a 97 

+ 

9 
of 

In to 

to be a mixture of 

101 as was concluded 

activation reactions 

did not ""t<'n"Il"It to 

several 

was 

be 

ro"""t,r", of 

the 

4.2.2 

Neutral 4 metallocenes are not active "",1'",1"""", in the reaction 1-alkenes. 

It is therefore to activate these I'n,.,.,n,,,, for nnlllm,or,,,,,I',n,, In our 

we Ir"r,""'ir.nn of was suc;cesstl to 

it was to 

4 mel:allOicerle was A 

the non-reactive counterions such as 

were 

co-ordinate 

for the formation of 

or react with 

for the activation of zirconocene SDE!CIE!S 

which is th.orn"l,,,,II,, stable and reacts with 

and A of this 

63 

. either 

in 

is that it not react with 
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is effective in acetonitrile. This rise to nrnhl""m 

can nwo.rtil"ln or 

.... 1"I1'...,rl ... I ... "" is the abstraction 

with 

13. 

"<>f,,,,,,,,, zirconocene was observed in 

reaction mixture showed a 

in deuterated J:I(,,::otnnltl,l ... 

an sPE~clelS was n"'::'<:><::>'"lt ....... ,"'1"'1,""/"1 that the reaction 

was unsuccessful. 

reaction with and this resulted in 

chloride for an iodide in model 
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Mononuclear zirconocenes 

upon . with boron 

zirconocene diiodide was observed in the 

routes to activate the mononuclear QUC,." .. TI of the 

of or 

followed in benzene,106 In our "'v""' .. ",.",~," 

unstable and the be handled at or below 

was used within 1 nn<~jOIr"::!rlnn is consistent with the 

and with 

'zirconocene' Above -20 

to 

is 

~nr''''~r''''rI that 

was 

it 

This I"r"nnl",v in most common solvents, It is r<=>rlnnr"'rI 

in 

and alkane. 

the /r_fwnr'" 

was due to 

with 

for a some reaction 

in a Si-H bond, This line of research was 

It is that is not 

cause selective abstraction of the 

weakest known 

been that the one~electron oxidation of 

resulted in the selective formation of 

to be the lowest 

the weakest in literature, 

of 

65 

a mixture 

4. 

does not stabilise the on 

of the It was 

that 

upon 

resonances in 

occurs, 

not 

to 

in the 

would be an route. It has 

the bond~dissociation energy of the 

bond is 

to activate the 

and 111 
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:n"",,,,,. .. , Mononuclear zirconocenes 

vv.as in at -40 "C. The 

run at room that some Ii""''' .......... ,.,.,,,,,il'; ........ were 

4.7: Mononuclear DO,SSllOle aCl.IVaIJOn routes 

followed 

and showed that the reactions in 

with in toluene at 

4. We then to increase the of this 

mixturetoO monitor whether there vv.as 4 nnIM""I,I""r no 

,",,,,,,,.torl to reaction vv.as nne,,,,,,,,,,,,,'" f ..... r' .... "'I'i ........ of 

room solution was nh,~pn/PIi 

aO[learea to be 'zirconocene' The white a mixture of 

NMR resonances in After 

"",,",,.,.,,,",,'i ... n the reaction the same results were Le. 

conclusion 

drawn these .,.yr"""ri ..... ", ... t'" is it is not DOs,sible to activate a zirconocene with 
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two 

to 

When these 

Mononuclear zirconocenes 

The f"n''nn,::.t rlI::I,~nrnn('.;:itinn reactions of these 

or even to observe 

are bound to a 

n'"'c'""1"' .... reactions of the dendrimer-bound zirconocenes are 

cationic 

the 

undesirable. 

is the for the activation of metal in 

not have a 

"' ..... ,\1"',,,,........ is when formed 

with under of 

can associate to form 

is 

structures. These structures then additional 

rvOSCQiPIC measurements in "'1::1, ... ."" ..... "" 

conditions.114 

The 

which takes 

a 

be a 14 electron cationic 
102. 115 

AIIM 

have at 

within 

The 

zirconocene is 

two 

is 

on the 

cationic nnr-""n"" created contains a vacant co-ordination 

IU.<:' ..... U'CI' mass 

,.."\/or,n,.. an AIIM ration 

dissociation 

on 

the metallocene 

active 

to 

or non-

that is available for the .n,...,.,,.,...,,,,,.. 

10 000 

is to h<::T,c!:Il"j'inn reaction "'''/<:1("(1';: 

excess 

cationic 

zirconocene. 

the above the :11 \I'" "n". to be we a number of 

idea was to 

we 

was a small volume of toluene. This was 

with ethene. The IImgr',Q,!:Itll""'l was 

run at a the solution was nn'~""n"I::IM 
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In 

that a cationic 

voluminous amounts of 

MAO 

8 

14 

Mononuclear zirconocenes 

was nh'~j:ln,Jj:lrl 

16 

4.8: "'''I''';;:;'''rl reactions metal/ocenes with MAO 

to unit was 

30 the 

14 

15 

in we 

the reaction was 

30 of the reaction was at that 

time because up to that moment 

were extracted into 

besides the 

resonance at 80.07. We 

is 

that case, 

volatile and would have 

NMR 

resonances attributable to 

resonance was 

the """"""'''~,'' 

nrw<I",,"r There 

In 

We were to define a zirconocene <::\J<~rI'>ITI that could be linked to a dendrimer and would 

active for the nn'\lm"",.'·.,"'" .... of alkenes. From of we to the 

cationic zirconocene. This is not 

nr\T",nT'''' of linked to a dendrimer 

an active 
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4: Mononuclear zirconocenes 

+ 

G1 17 

4. 9: proiDm~eC1 route for "nT' "",!"'nnln a "crllUIIl" ",j!I\lI_7Irt'I'\"I"Ir-~'''o to a rfo,..,rfr,,,..,,,.r 

In order to arrive at 

of a white solid was observed, The solid was i<:;nlll:lt""rl 

remove material. Sn"'('I'rI"\C~('1"\ 

revealed that a mixture 

because in the 

we 

Instantaneous pre'CIPltat.lo 

with THF to 

and of 

zirconocenes had been 

in a 4:5 ratio 

are to be different one is believed to be bound in a the other 

is to 

studies,118 The 

the a-bound 

reaction, 

2 

4, 

It-bound, These modes 

either reacts 

or there is a 

of 

mixture the zirconocene 

reacted the first l"I"",,,,r,::mr.n 

me""<>I""\I" the 

"'<>'''I'''r'!:It", a tetra-zirconium 

as several 

elimination from the 

Another "'1.1,""'1..1111 

69 

were found, These 

is the 

in THF was 

This reaction 

could 
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Mononuclear ziroonocenes 

in which case the cationic zirconocene had with the available Si-H bonds 

after insertion. We did not pursue these reactions due to the side reactions mentioned 

above. 
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to 

in this rn ... m",­

rise to a number of nrnnlQrTI 

cornplexE~s that contain I-Lr\\lrlrl"lr,,,,n 

to a cationic zirconocene 

4.11: R-J..~"ri!r:f'\f • .,n 

With these considerations in 

at the 

Mononuclear zirconocenes 

do not contain atoms. As 

and an 

H 

reaction in a cationic 

we ae(~laE!a to 

4.1 

that contain atoms 

In cationic zirconocene 

elimination reactions 

R 

zirconocenes were 

"(""::on.:,,,, with a 

The group R in the 

could then 

as 

used to the 

this class of zirconocenes was that the 

selective activation reaction with such as 
106 

Reaction of zirconocene 8, with excess 

This route led to a 

of in 

8 14 

4.12: of 

71 

in 

Reaction 

0,5 

0.25 

ether afforded 

was 

120,121 in 78 % 

8, with one 

16 



Univ
ers

ity
 of

 C
ap

e T
ow

n

Mononuolear ziroonooenes 

Reaction of the :::Inlnr('l,nri:::lt"" lithium f'",:;::,n",ntc:. 

rYlo'trlf"!>llu substituted zirconocenes in reasonable 

afforded the 

It would 

to the zirconocene. have been ntage()us to attach 

NMR 

to 

4. 

to 

severall"nrYln'''''1 

The """JrYlITlo'tri .... 

aCTlVarea in 

to 

to convert either into the 

with the acidic Si-H bond. It to be 

or 

21 

21 and r-n,·r""" 

zirconocene were nn'~lfI\.f"'l\I characterised Hand 

Att.Qrnntc:. to were not 

zirconocenes towards nv'ln"" .... and water. The elemental 

and 

n'l" ......... ; ... ; ... zirconocenes 

4. to 

to be able to alkenes. For our purposes, we 

towards abstraction the selective 

was motivated the fact that these zirconocenes had to be attached to 

dendrimer 

the zirconocene. 

In to conclude 

the clearest distinction m'''''M'''''' 

at 8 45 whereas 

we this to to 

4. with excess 

122 as was concluded 

we also needed the 

, 22. The Zr-C in the 

72 

in 

at (5 70. This 
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in is due to the silicon atom. 

to the cationic 

21 22 

4.14: Selective activation of the aSl/ml71e:mc zirconocenes 21 and t:"l'IiU"U 

an excess 

was 

a 

that there was 

a 

mixture of 

occurred. 

was 

in benzene at room 

and these are known to have 

of this I"rllnn,nl 

zirconocenes was nn'~"'n,l .. n nri i" ... ti".... that 

In 

n",I'lltll"",1 data 

with 

15, 

the reaction of 

in 

a 

have 

The activation of the 

unnecessary to have 

zirconocenes was, successful and it ::In''A::lrAn 

data for the activation reaction of 

The in NMR resonances, due to the 

made it to conclude that selectIVe this class of £'n,nn,,",, 

The reactions 16, the 

73 
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on 
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are 
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described in the next 

dendrimers. 

4: Mononuclear zirconocenes 

with the reactions 

In this of a number of monometallic zirconocene molecules is described. 

the of Ijnrno,~t to norTnrlm 

elemental on and moisture-sensitive 

zirconocenes that can be attached to a dendrimer in such a way that these 

zirconocenes can be activated ",e,al""'I\/<:I 

we looked at the 

model "'""YIn,,,, 

i} 

ii) 

Activation of the was 

We then turned our attention to 

This is in line with the 

a 

This the 

not the desired 

derivatives were 

rnrr,,,,tr',,.. zirconocenes were from 

activated This ro,"" .. ","nt nc>,r",I""C> Sialelr.tlv'elv the group, that the 

zirconocenes can be aCTlvaTACl '::""1""('1'1\/0 as well. 
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i) 

ii) 

the 

r 

The results of these reactions are 

to be 

elimination reaction of the 

The reaction 

insertion 

5.1: 

9 

+ 

this a distinct 

THF took about two hours to run to 

IJV.'''::>I'UI'' to 

po!'!.slble to 

was obtained and not 

r 

in 

5 

we Oe(;IOE:O to n .. ,,..,,r::;;m;;> two 

and 

dendrimers with 

whereas we 

dendrimers and 

as was 

were 

would 

5.1) resulted in the tetra-

from lH and NMR 

was observed. The in 

"'''''''I''Tlr,n in benzene took 48 hours. 

It 

reaction of 1 

a mixture of 

the mononuclear nrrl:::lnnm It 

PO!':iSIUle to obtain the mononuclear insertion the reaction in toluene at low 

it can be concluded that From the lH NMR of the 1:1 reaction 

do not as this would to the mono-insertion 
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It can also be concluded 

Y::: F, 

The tetrazirconium 

nature the totr'''''l'''r,,''','''' 

to 

redistribution 

to occur. 

as a 

be obtained. This was 

"'U"""~"> towards oxygen and moisture. It 

to the 

as r;::>nnrh,rl 

solid. 

due to the reactive 

to be not UV;:';:)IU,I:' 

the second an excess the 

in ex~)ected insertion 

72 hours at ambient r",,",n;::>r::m 

The NMR carbon atoms were to resolve because 

carbon atoms for outer versus 4 the inner 

from the latter C atoms were not observed in the NMR 

12/n + Si 

9 

Si 

5.2: of f .. ... ''''''.11 

tetranuclear and 

were as 

are r!;::>c:rr,I.;::>r! in 6: reactions. 

76 

run at 200 MHz. 

G1 

ethene. 

and 

12 
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The reaction of 

more difficult than the 

30 

several .. Q .... nJ<::fl:! 

We r",,,,."'J:lTQ(1 

dendrimers 

in this 

in reaction of the 

and reacted with 4.1 

was then extracted into ,.,;Or"",.-.;O 

Si 

16 

to be an inert 

from "'Qrlf!:lr,Q 

G1 

litn.,,,,t,,,.rl rfp.n,"frmrlt:lr with 

amounts 

dendrimer several times with 

with 

"' .... "'''',-,,,rI to be 

dendrimer 

dendrimer 

of 

at -

were 

the 

the zirconocene. data. The 1H 

NMR <::n< ..... tI"l:! were consistent 

be were found in the <:>n ...... t!"l:! 

was 

revealed a mixture 

tetracationic zirconium in this mixture. 

excess 

We were not able to 

77 

that could 
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4 12 zirconocene on 

reactions. These 1"('I''\'"Ir'\,''' 

are sensitive to and moisture due to the reactive Zr-C 

zirconocene-terminated dendrimers can be isolated as but up to now we 

have not been able to obtain suitable for 

We have come 

surface that can be 

the 11tt'l,n,..,.,ofl"i"i..tQr ...... make it very 

78 

were not 

in 

to the reaction 
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6 

The of well-defined metallocene 

been well established in the last 20 years. A 

site metallocene and related cornOleXE;S for 

for alkene 

towards industrial 

alkene 

has 

of 

has been the 

that aluminoxane is an excellent ("'("1 •• (",::I'r::lI\'<::' A second key in 

This 

process. 

has been the of a wide variety of 

stereocontrol of alkene insertion the n("lIHrnQr""",tl,n 

In this an 

cornPleXE:!S described in the 

reacted with two different 

of the alkene 

is described. The neutral 

of the various 

have been 

MAO and 

These 'activation' reactions have been described in previous here we limit the 

discussion to the reactions of these 'activated' The use of 

dendrimers as monomer and co-monomer is also described. 

transition metal based alkene are reactive materials. 

react with water and other contaminants in the solvent and monomer feed 

that contain active or contain Lewis basic Without proper the 

of the catalytically active 

before the ,..."t"lut',,... process starts. 

will decrease due to the above mentioned 

be observed as the active may have been 

removal of water and other active contaminants from the 

solvent and monomer is essential for 

catalysts this condition is realized by very 

With MAO activated 

excesses of MAO, which is a effective 

is hard For borane-activated 'I."':;A"''' the of 

to solve. In these the 

it will be difficult to obtain 

The 

standard to the borane activated 

were as were 

itself acts as a scavenger and it is clear that for these 

To the borane-activated we added 

as well as an 

This way, the borane and the MAO activated 

the same concentrations in both zirconium and aluminium. 
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6: f'~._.tH';A reactions 

"<>,<>",<:";: are built 

used 

extension of the ap~)IICcItlOrlS of could be realised when it would be 

to 

with 

research has 

been 

so 

focused on the 

and """"'on',,,, 

can be devided in two 

i) esters such as and 

ii} 

The nn""lTIo>r1 

we 

reaction. 

the 

mixture 

monomers 

124 

a ...... ",t"",..·t",,/'i 

","",":;;!,'''''' and lactones has 

narrow molecular 

1 are still 

et a/.
125 

on the use of the as 

were on 

not 

125 

In 

distribution. 

in the 

with one 

as a monomer in 

or a 

group in a the 

reactions. 

to functionalise the 

a 

after 

An was made to I"Inium,;::.ric:,,,,, 

added to a mixture of 200 

This reaction was stirred for 1 h at 0 °C and then 

81 

The 8, was 

of MAO at 0 °C. 

After "'4 ' ... ,,, ... u"" 
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6: Calalvtic Hl'BC[lOnS 

a was recovered. This dimer 

as was concluded and 

24 

6.1: 1"t"""""YJ,,,,,,,j"A" reaction 

insertion of into a 

occurs, 

R ::::: 

in the G=G double bond in the molecule. No traces of trimer or 

NMR COnQ, .... TY!:I 

and rnUl" .. "'''' .. ''' that structure of 

has an 

found that the SPE~ctr'OS(~OC'IC and r"' .... TII/llr\l 

from those of the 

R= 

cOlllplexeS, in there ::Inr'''''::Irc::: to be a 

6.2, left. 127 rise to the structure as r",,, .. nrQ/'1 in 

R 

6.2: interaction in 

In n'"'., .... ''' ... r a structure more 

This structure was confirmed 

The 

substituents. This effect 

show that 

reflect stabilisation of 

centre in 

of carbocation centres 

been ::I",,~rir\"'n to n\l'>I''I:01''1 the 

on the carbocation as illustrated in 

.. favors a distorted structure in 

centre the 128 

82 

the 

in 

aQostlc Zr .. ·GSi 

contact 
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reactions 

6.3: Stabilisation of a carbocation an Trt!:""''''''''''''I/l 

line of it 

of a third 

elimination is still nrc,.,,,,,,"I' 

6.4: intermediate in 

ethene was On the basis 

the I":::IT':lI\lTII" 

After to in situ 

At the same 

process. 

a IJIU'O::;-iJUI In the 

were observed as well as 

the 

the 

to 

to 

with 

as a monomer in 

we come to 'unn''' .... 

6.5) 

and 

UU""",lJ,,.., that a transfer 

to the cationic 

would then rl'::'l~nrnnr'.,,,,, zirconocene 

for this marked contrast between the 

in presence of 

assumed that the r"'T"'I\/Tlr~'1I\1 active SPE!Cle~S in both mixtures is 

,m,,,flr,1"I that 

We do not have a 

in 

"'::""1""01 it is 

is the same 

to the role of the ,",,,,""0''':;' 

base than the nn.:;;on"" 

in these reactions. MAO a 

the borane is the 

83 
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6: reactions 

its in borane 8C1IV8I8CI 

+ MAO 

-

1 j 

::: vacant ",",-,nr ... n 

pro1po:")ea mechanism the riinlAnl<::::l1'if'ln 

When or the second as 

monomer in a nnlvrr!IPrlc:.:::lj'lnn """"'''YII'\" a different """"<:>'/11"'\1 was observed. 

or 1I\I<:II.:>rI1<::1 in toluene at 8, 

was added and the mixture stirred for 1 h. 

and l':!!"J/_III .. 1\ that the 

on these two dendrimers, 

reaction was rep,ealtea, n01i1\1e
'
Ver under an ",tl"l"ll"l""",h,,,, .. o of ... rl".......... the same behaviour 

C8r'81vsr is still but not able to activate the propene 

When 

84 
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was 

a 

i. e. no rQ<::Irtir", 

nnli\frru::.ri<::~irinn of alkenes 

6.6: 

B: reactions 

this 

is to be an 

fnrmo"i in cationic 

"",t,nn,,, zirconocene on the in situ 

as 

cationic zirconocenes are not in 

the 

In to see whether the zirconocenes 

reactions remain attached to the rI;:>lnrlr',m,~r!:: 

we have n",,"T ..... ,·mt>f'I 

to 

and 

about activation 

to dendrimers has been 

we will to 

IJnl\lm,Q"'",,,,tlnn reactions as a monomer have been nO'"T ..... ,·mt,f'I 

all conditions identical in order to to compare the 

The was constant at 0 outside of the 

an was bubbled stirred 

in toluene for 30 min in order to saturate the solution with the 

different 

was taken to 

reaction. 

vessel in 

solution was reaction was run was taken to 

ensure same in to to activities 

and As standard ,..",,'C"/""'" the reactions were also repfeatea with 

8. The conditions are in Table 6.1. 
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6.' C8i8lvfic If""'''''' JlIS 

Solvent toluene 

Zr 

400 

Aluminium MAO 

aoc 0 

time 1 h 1 h 

Table 6.1. 

After <:~ITlnle:>c: were recovered as white 

all ",o:..nn'",,,, IR reVt3alE!O chain alkanes were 

It 

Mw. From these we conclude that 

process, or in 

reaction. The "'o:.I'lIt' ..... "" data of the obtained from the ..... "","I\/tl 

of ethene tetranuclear and Clolcte(~an precursors 

are Table 6.2. 

Mz+1 

137 62037 229094 477291 1438572 2526688 7.63 

G1(ZrCI)4 135 43038 233164 377930 1268235 2400260 8.76 

132 56542 843488 599384 2847420 10.61 

62: data of the 

It is clear from 

increases with 

the zirconocene 

of the active 

notes on 

transition metal 

with water and 

also react with active 

in Table 6.2 

can be due to 

The nature 

the to 

are e:>vtlre:>n-.ol" reactive materials. react 

contaminants in the solvent and monomer feed. These 

and Lewis basic r'f'\rn,v\f'\ in the solvent and 
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reactions 

monomer Without this r"'~'l"mJIT\I will 

in some cases, no l"",t"'''iT'll'' could be It is can 

be in the monomer or the ",,,IHO .... t before the starts. 

of water and other reactive from the 

r<:l" ..... Tr"· solvent and alkenes is for results. With MAO activated .... ""''''I\I'<::T<:: 

this condition is realised a 

water 

It 

were 

isolated in 1 00 % 

a 

nni\lm''''rlCll:lI'lnn of 

runs with nlITogrQnT 

the same, 

such as TH F are not 

such as the 

mixture as an internal"·"'" .... ,, 

in was 

the rlolnrlr'lrYI,,,,,.,,, noc,,...rll"lon in 

reactions resulted in a 

as a monomer, a 

A mechanism the 

the and 

of the 

87 

MAO reacts with 

reaction with 

we decided to add 

2 as monomers, 

is propo~sed in 

as in the 

are 
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7 

The and of several carbosilane dendrimers were These 

dendrimers were a of Both a and a 

nrtf,lnfH' were used to build up the carbosilane dendrimers. The carbosilane dendrimers 

were derived reactions. These reactions to be 

useful as to It was reactions to 

unreacted functionalities on the dendrimers. A formula was that calculates the 

relative amounts of the various in 1r'I1".l"\l'Y'Il"Iloto reactions. 

The dendrimers were functionalised with a of silanes. These 

silanes were then used to further functionalise the dendrimers. A number of derivatives of 

terminated dendrimers were The in 

these dendrimers was reacted with various 

cobaloxime anion. These reactions were 

after reactions with and . The 

I Wp" and the 

the desired 

terminated dendrimers were also , ... ,."., .... , 

terminated dendrimers. These are to be with Nal in acetone to 

more reactive towards substitution than the terminated dendrimers. 

of lithiated based on the above mentioned was The 

achieved. of terminated dendrimers to be due 

to steric constraints in the 

metallic lithium was also 

Reaction of the chlormethylsilyl terminated dendrimers with 

terminated dendrimers were 

obtained via reaction of h,nlmalrh\ll terminated dendrimers with lithium in 

THF. The lithiated dendrimers were this and reacted a 

of and chlorides. These were air- and and were 

fully 

Reaction of the terminated dendrimer with also resulted in the formation 

of the lithiated dendrimers. The of this reaction is an highly 

soluble of the side from the lithiated dendrimer was achieved 

the lithiated dendrimers with The functionalised dendrimers 

could not be n<:>r'<:rt""ri from the side 
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7: Conclusions 

A number zirconocene corno'exE~S nrc,no>,r",1"I in order to link these to 

a ,",_I"\,nn,., and a 

with 

were used in 

were activated 

activation. A number of 

one and one 

was 

dendrimer was 

described in 

but it is not certain that "',...t'H"'j" ......... 

zirconocenes was also 

group, can be activated seI13CnVe,\ 

the lithiated dendrimers with were 

Schwartz's 

These 

with 

as the 

were not reactions with small amounts to 

n::ornn."r the isolation of these activation of these dendritic zirconocenes was 

a mixture was not 

In 

was the 

made in this 

also 

of 

The unsuccessful 

section. 

the zirconated were not 

of the 

this 

of dendrimers. 

reactions were described. Of 

An at an 

the with 

and anew 

is 

are 

In 

be 

for the Because the stannanellithium reaction is an 

is nec::eSisalry 

lIC:o>'t,1"I1"I is nr(",," ""'''' in to the silicon ex to 
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8 

All moisture sensitive t"n'TIn", were carried out under an inert 

or in an inert n"""h£>ro. M Braun 

Unilab n,n\lp"rw Inert gases were columns 

filled with molecular sieves and solutions were 

stainless steel canula a nl"l'~ITI\,r"" of inert or 

steel needles. Non-volatile materials that were transferred from 

in removal of the THF in vacuo three to remove air were 

traces of 

described 

Schlenk 

to use in reactions. Sublimations were ::::'1"/~nrrllnf1 to the t""f'hninl 

a double- or Pool and Teuben.131 reactions were n"",<fn!'m~'rl 
132 were 

minimal 4 h at 210 use. 

Materials 

solvents were 

rTIl"''''ln,n of argon. Solvents were 

Brockmann 

133 transferred into 

argon. The 

Acetonitrile-d3 

Alryl halide 

Benzene-d6 

Dichloromethane 

Diethyl ether Merck 

Hexane 

Pentane 

THF Merck 

Toluene 

Toluene-dB Sigma-Aldrich 

Xylene 

Table 8.1 

at all other Uldl~~'\I\Idl 

use 

from the 

with Teflon valve 

in Table 7.1. 

3 A Molecular sieves 

CaH2 

4 A Molecular sieves 

aloy 

CaH2 

Sodium/benzophenone 

Sodium/benzophenone/tetraglyme 

4 A Molecular sieves 

Sodium/benzophenone 

Sodium 

Sodium/potassium aloy 

Sodium 

No 

Yes 

No 

Yes 

Yes 

Yes 

Yes 

Yes 

No 

Yes 

Yes 

Yes 

Yes 

was for 

alumina 

and stored under 

Blue/purple 

Blue/purple 

Melt 

Melt 
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8: /-YI'l.pnI'l1An/'J'l/ details 

silicon tetrachloride and trichlorosilane were 

distilled under argon and stored in Teflon valved vessels. 

(1.6 M in t-butyllithium (1.7 M in 

(10 % ww in 

All ",t,...r",,...,o vessels were 

methyllithium (1,6 M in 

Aldrich and transferred into 

with aluminium foil. 

were 

was received as a 

as received. 
111 135 and 

to 

Instrumentation 

were recorded on a Kofler 

Infrared 

to 

wavenumbers 

were from the 

rt:>f',nrrlt:>n on a Perkin-Elmar P!'!r'!'!n()n 

nra,n<:l,c<=>rl neat oelWEien 

or as dilute 

(Qf,Q(Qn,..~>n to a blank cell 

and trimethyl­

valved flasks. 

from Strem and used as 

Aldrich and 

were 

NaCI windows, 

All data are in 

NMR ... "'"",..",.. were recorded on a 

79.5 or a 

400 M 

75,5 

100.6 

ambient 

in the solvent 

ronnM't>n relative to 

solvent resonances 

and f'Qnnrrt>n (,>I::If',\/Q to t",tlr::l n"'l ",thul.::i 

to (8 == 

in Hertz. 

IS 

(8 == 

shifts are 

the residual 

THF-d8: <') 1 

referenced to 

in 1') and constants are 

Mass were determined Dr. Boshoff of the mass unit at the 

Technikon. The selected mlz values refer to the and In all 

cases the distribution was checked the theoretical distribution. 

2 
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8: t-YIl!prm,pm'"" details 

0.244 was dissolved in ethanol 

followed sodium (120 

1.43 The mixture was and heated under min. The brown 

colour faded to The mixture was stirred for another 4 h. were removed in 

vacuo. Toluene was added and the colourless solution was transferred to a 

is based on 

condensed unto a mixture 

(1 

room ton~nor<>t! 

50 

and 

solution (1.1 % was used without 

van der 

reacts with 

g, 26.0 

and van Leeuwen. 51 A solution of 

to form in THF (15 was 

and 

in a walled reaction vessel. The 

",<>t'<>h,C!t solution 

was allowed to attain 

The mixture was several minutes a exotherm was .... r"~Onl""r1 

stirred for 12 h and then heated to 00 °C. When the reaction was and 

a 

the 

white solid vOI'3t11E~S were removed in vacuo while n,:.,"flr'l"I in a water bath to 

1413,1 11 

584 

1.01 (8 m,4 (8 m,4 

100.6 4 17.0 14.60 4 

A solution of the terminated dendrimer G1 g, 26.0 in ether 

was added to an ice solution of ether (1.3 

100 , 130 After the addition was the mixture was heated under reflux for 15 

h. The reaction mixture was cooled to 0 "C and the excess 

an solution (100 The aqueous 

and ether (3 x 50 The r .... rnl"lll"l""r1 .... rl'l"-Inlr were washed 

with water 

was removed in vacuo. 

was 

was dried under vacuum to 

over 

by quenching an aliquot in water and checking with 

92 

ether 

crude 

with 
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The 

same amount 

(13.99, 94 %); 

1 

11 11 

300 1.64 

were observed at 8 3.12 

75.5 

29.8 27.3. 

were same as for the 

The reactions were n",rtnrnn",/i with 5.00 9 

(15 , 149 and THF (15 were used 

1452 

584 

(t, 

used in the <::!urlrn"'<::!I<::! 

1 

2796 

911,840 

1.0 (m), 0.85 

17.8 15.7. 

93 

(t, 

and 0.68 

to 

1413, 1 

470 

1 

0.50 (t, 

Peaks due to 

and 

11 

); 
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3075 

1419,1391,11 

526 (neat); 

400 5.77 

8: rlt n,,,,,nn,,,,,m·t:l1 details 

4.88 1.59 

1629 

597 and 

1.36 ),0.67 

and 0.57 ). ); 

), 17.57 and 16.72 

were visible in the 2.2 

1419 1 

4.88 1.S9(d, 1.36 ),0.67 

and 0.57 ); 

2, 

20 

dried over 

a 

m, 

134.36 11 ), 17.57 and 16.72 

were determined 

2 were visible in the 2.2 

was added to a mixture solution (1 % Pt in 

and trichlorosilane 

10 

,20 The mixture was stirred for 72 h 

the volatiles were removed in vacuo. The 1, was 

of in 

"C and stirred for 1 h at -40 The mixture was 

the 

were washed with water x 20 brine 

(1.5 

was 

x 

hit"",.",,.; and the volatiles were removed in vacuo. The was filtered over 

with hexane. The hexane was removed in vacuo to 2, 

as a colourless oil. g, 83 

m, 3 4.89 3.50 t, 1.90 

m, 

1 27.19, 9.49 and 9.27. 

94 



Univ
ers

ity
 of

 C
ap

e T
ow

n

8: I":Xll'Snn1sm'RI details 

ether and cooled down in an ice/water 

bath. A solution of from 1.8 

added to the 

solution, A white solid was seen to form and the reaction was exothermic. The mixture 

was stirred and filtered. The solution was added to a mixture of 6 M n\lrlrl"l('n 

acid A violent reaction was observed and a 

was obtained, The mixture was extracted with 

with water x over 

the ether was removed on a rm~.rv-,F!v~.nn and the 

oil under vacuum to as a colourless oiL 

g, 74 

1 1 

2884 

1 

21.0 4 

and 

1617, 1449 (m, 

96.0 

and 10.43 

522 

m,4 

4 

4 

pec:troSCC)DV (~nrr",l""tirm DI:!twl3en H C was t'l"Ir.firnn.::>rI 

9.0 in a Schlenk 

and the mixture stirred. After 1 h an 

were removed in vacuo to leave a colourless oil 

9,99 

0.3 

1.8 

Note: 

1.58 m,4 

4 

not 

was mixed with t'nll"lrr,/"'i (1.0 

,1 % Pt in 

was observed, After 16 h of the volatiles 

m,4 0.7 m,4 and 

1 4 16.4 4 

even after to 110°C for 

95 



Univ
ers

ity
 of

 C
ap

e T
ow

n

Lithium 

-4.37 

loaded in a 

NaH 

8: E)([:.erin7enl'al details 

131 g, 3.45 was in ether 

g,1.0 was added as a ether solution 

exotherm was observed. The mixture was stirred. After 16 h it was 

19.04 

was 

HCI at 0 "C. The was extracted with 

g, 

the volatiles in vacuo a viscous 

0.55 (8 H, m, 4 0.35 

18.99 4 16.8 

was dissolved in 

to a solution of 

in 

4 and 

nrc.n<>rari from 

at -78 C. The 

mixture was warmed to room and 

the THF was removed in vacuo. Pentane (10 concentrated ammonium chloride 

solution (10 was added. The 

with hexane x 20 The combined 

(2 x 20 

"ol"',,,,r,,,,tori The aqueous was extracted 

were washed 

was taken to do all 

water x 20 

with ice/water. The volatiles were removed in vacuo after filtration to 

and -2.1 

NMR data were in 

4 

literature. 59 

2.96 

s, 8 

29.3 (4 

5,4 1.33 m, 

(4 17.4 

was cracked over 0.200 9 K and 0.060 9 in 

THF in 2.5 in a double The mixture was filtered and a solution of 

in THF 1.41, 0.1 was added. The mixture was 

stirred rn"".rnlr,n The volatiles were removed in vacuo and the residue was extracted with 

(10 + 3 x 5 The the solvent gave a colourless oil: 

:::: 1.1) 

and 1944 

96 
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300 4.68 s,4 1,42 0.85 0.59 and 0.32 

75.5 215,5 8 83,3 4 , 17.2 and 8 

I\IMR data was in with the literature,59 

152 was added to a stirred ''''n~.ntlt'\n of 

145 g, An o.vr"M"rM'\ was n",,"en,/en the 

ether to boil. the mixture was reflux 

volatiles were condensed into a 

1104 

A solution 

added to a cooled 

(1 

g, 54 

(1 

Karstedt Pt in 

addition was I"nrnnletA the mixture was stirred at room 

for 3 The volatiles were removed in vacuo to 

were removed 

2875 

1 

692 and 643 

1,39 (2 m, 0,71 

Distillation afforded the pure 4, 

8,4 

1177 

and 

the 

a colourless oil mixed a black 

1450 

with hexane, 

as a colou rless 

1396 

836 

0,58 

m, 8 0.11 (6 s, and 0.01 

100.6 21 19, 18,18, 18, -1,61 and -4,53 

m/z 209 208 207 ) and 181 222 was not nn<o<>nu;;>" 
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G1 

The silane was mixed with 

The mixture was three 

8: i:::XD'enn1enl'aldetails 

was loaded into a 

, 3.0 

Karstedt ''';;',,;>'''''' 

flask in 

100 was added and the mixture stirred. an induction 

solution (1 % Pt in 

of about 10 min a 

When the exotherm exotherm was and the colour 

died mixture was heated under reflux. The 

decrease of the stretch at 1618 of volatiles in vacuo, IR: After 

h",,,,tll">"" to was 

vacuo, and the dendrimer 

remove the 

(1.79 g, 95 0.55 

1396 

0.59 

m/z 

4, (1.5009,13.8 

The silane was mixed with second 

The mixture was 

The were removed in 

The nCFIT"'F"::' solution was to 

of the in vacuo the 

H,9.o 

1448 

m,4 0.70 m,4 

18.62(4 ),18.33 ), 17.32 ) and -4.49 

4 

ion was not nn,oc".!"",,... 

was loaded in a round bottomed flask in air. 

g,1.0 

three 

and THF 

solution 

(1 % Pt in 100 was added and the mixture stirred. an 

about 10 min a 

the exotherm died 

exotherm was 

the decrease 

dendrimer dissolved in nar,.<:Ir,,,, 

solvent in vacuo 

and the 

hQ",TQM under 

to 

reaction was 

. After hA:::Itlnn to reflux 

The were removed in vacuo, and the 

solution was filtered over Celite. of the 

afforded the dendrimer 

g, 
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8.' t:X/J!erm1em"al details 

and 0.095 

24 

mlz 

To a 

100 

4, 

was 

vacuo 

10.0. 

removed in vacuo, 

30.43 2 12 

4 17.67 

in the 

(1 

mixture was then 

IR 

to 100 

36 

and 

9.2 

2875 1448 

1 76 1144 910 

1.38 

m,20 

18.36 (16 16 

4 17.36 and -4.43 

m,68 

8.72 

72 

low mlz were observed. 

in 

to attain room t"",..., "cr<:>tr 

the progress of the 

were r-",rntr'''I'''n in 

with hexane. The hexane was 

m, 

were not visible to "TO"C""""" and "\I<~rl"'," 

Sodium 

6.7 

are visible oerweem 8 18.5 and 1 

were dissolved in acetone 

which time a white 

solids were between hexane 

:nrr'""I:::I't\nn between H C was confirmed 

(1 g, 

The mixture was heated under reflux for 2 h, 

The volatiles were removed in vacuo. The rc..,."::" .... , .... 

and water The aqueous was 

extracted with hexane x 25 The combined were washed with water x 25 

99 
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1 

G1 

8: details 

x 25 of the in vacuo 

8 

s, 

21.2 (1 (1 18.3 (1 -1.6 

was cracked over 

The mixture was stirred nugrnln 

solution. The 

:::: 1: 1) and the 

the 

was cracked over 

was collected. 

m,4 

4 

0.200 9 K 

24.04 

9 

via 
vtr",,"tlr,n with 

the solvent 

m, 

1 

0.200 9 K and 0.060 9 

in THF in 2.5 h in a double The mixture was and a 

0.2 

The mixture was stirred n\l~'rnlnht and the solvent OISWIEiO 

8 

and -23.8 4 

and -0.22 

4 

100 

m,4 

s,4 

24.0 (4 

I-vtr"'I'""t,nn with 

m, 

19.02 1 
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8: details 

A solution ether (1,0 M, 20 , 20 was 

to g, 19,7 in (10 at 

nrQ,,...,n,,t<:>;"nn of a white solid was observed, The mixture was stirred and 

heated to -40 °C over 1 h, The reaction was with concentrated solution at -40 

ac. The 

The combined 

x10 

m/z 149 

(1 

and 0.13 

133.67 (1 

2 

and 109 

and the aqueous washed with ether x 10 

with saturated KF-solution x 10 water 

m, d, 

113,87 (1 29,62 (1 21.32 (1 
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A 

warmed to 

ether (10 was 

warmed to room 

was added at -20 

mixture 

vacuo and 

was extracted 

water 

in vacuo left 

s, 3 

NMR 

mlz 

400 

18 

100.6 

A solution of 

in hexane 

(1.5 g, 12.3 

8: details 

n::U';'~,",,1 3 

, 1.6 M, 12.8 

(10 

was added to a solution of 

at -78°C. The mixture was 

and stirred for 0.5 h. The mixture was cooled to -20 

stirred for 3 h. 

the mixture was warmed to 

(1.0 , 6.3 The mixture was 

The colour of the 

and a white formed. The volatiles were removed in 

l"t.t"nn~'1"l between hexane (10 and water (10 The 

x 10 The combined 

over 

were washed with 

(1 

2896 

1015, 986 

and 669 

128.27 (1 

844 

8 

1249 

756 

5.46 (1 

and 0.02 (9 

:"I'"r·o.<:>r,,",n nI;;m,.,,;"~'n Hand C was ,....""fll'",m 

and -1 .55 (1 

were observed. 

1.6 9.6 was added to a solution 

d, 

2D 

terl-butoxide (1 .2 g, 10.6 at -78 ac. The mixture was stirred 

for 30 min and 

solution 

The solution was 

reflux for 3 h. was 

The volatiles were l"iOrnn\/l!>f'I in vacuo. 

hexane (10 The 

The dark red-brown 

was added to dissolve any 

to 0 room or 

were 

was extracted with hexane 

was added. 

between water (10 

x 10 and the 

102 
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8: I-vnJ::mn,,,m'i;j, details 

combined were washed with water (3 x 10 and brine (3 x 10 and dried 

over followed volatiles in vacuo a mixture of 

as a colourless oil. lH and NMR revealed that a maximum of 81 % of the branches 

were converted to the deuterated alkene. The is therefore 

0.1 % 

43 

14 

40 

2 % and 

i) A solution of in hexane (12 

g, 19.6 

,1,6 192 was added to a solution of 

tert-butoxide in hexane (10 at -78 mixture was 

warmed to and stirred 30 min. The mixture was cooled down to -78 and 

heated to 

were added. The solution was 

was cooled down to -20°C and 

The volatiles were rcnnn"cn in vacuo. The 

between water (10 and hexane (10 The 

was extracted x 10 with 

water x 10 

"'\l~~nr.r~rlf"ln of in vacuo afforded a 

NMR revealed that a maximum of 80 of the branches were I"'n"H/"'ITC,n to 

alkene, 

ii) To a solution of and TMEDA , 1,85 in 

at -78°C was added a solution of , 1,6 2.1 

mixture was allowed to room 

under reflux for 10 min the mixture was cooled down and 

was added. A white ncrnrn/Qn in vacuo. The 

were between water (10 and hexane (10 

extracted with hexane (3 x 10 and the combined 

10 and brine x 10 and dried over 

volatiles in vacuo <>t1'r\l"";""; a mixture as a colourless oil. 

that maximum 80 the branches were converted to the Inr~'rn:"'" 

4tt"" ...... nt .. 'ri .. "/nl' ...... ' ..... of 

A solution of G1 

was c:n,::.nt,nn of lithium 

A white formed. After all of the G1 

103 

was 

at 0 

the mixture 
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n"mn",ni'"l details 

was stirred for 16 h and then (1 

The aqueous 

The salts were dissolved in 

was extracted with 

were washed with water (3 x 10 and brine 

dried over 'Y'''''"'''"''' and filtered. The volatiles were removed in vacuo to 

and -1.54 

No trace 

7, 

A 

100.6 

4 

21.68 

was 

83 

mornnt'l was 

was to a solution 

0.57 and -0.01 s, 4 

4 18.55 17.52 4 

in the 1H or the 

83 

The mixture was heated under reflux which time a white solid DreCIDlltatE~d The 

mixture was to -78°C and (12 ,85 

The mixture was warmed to room for 30 min and then under 

The were removed in vacuo and the mixture taken in hexane. The 

solution was ","llto,rori to remove LiCI and the volatiles removed in vacuo. The 

oil was distilled at 109 

mm 

2129 

1251 

780, 737 

H, m, 

m/z 

59.1; 

2.27 

75,5 

(1 

1 mm to 7, 

626 and 473 

~,""" ,."" 'e (11.8 g, 76 

-4 of 

128.7 (2 

and -4.5 (2 2 

1 

1 

807 

4 2 

-5 and 

123 77 

The 1 H fR and MS data were in :::It'lr'ool"no,nt with the literature values.83 The 

NMR data was not r""nnfU't'I 

104 

for 1 h. 

hexane 

09 (1 

10 (1 

-4 of 

166 

and 
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and Karstedt 

g, 0.39 

solution (1 % Pt in 

(1.0 

100°C for 3 h. The yellow solution slowly turned black. The volatiles were removed in 

vacuo, leaving a colourless oil and a black The oil was filtered over a of silica 

with hexane. Removal of the volatiles left a colourless 

10.5. 10.8 %); 

2910 {s, 1933 

and 1695 (w) 1584 (m, v(C=C)), 1479 (m, 

1 1 1 

836 

7.31 (1 m, H-3 of 2.22 

, m, 9 m, 

0.19 s, 

140.5 (1 C-1 of -5 and -4 of 

C-4 of 

17.2 (1 Cnlrr",I:o:atir.n between Hand C was 

mlz , 27 209 (M+ - 181 

, 100), 165 ,1 135 

91 (1 

G1 

and Karstedt 

followed 

the C=C stretch 

oil and a black 

Removal of 

844 

the 

G1 (1.5 ,6.48 

were heated to 120°C for 18 h. The reaction was 

at 1610 of the mixture with 

The volatiles were removed in vacuo at 140 ''''<I,"nn a colourless 

with hexane. The oil was filtered over a of silica 

volatiles in vacuo 

g, 97 %) 

736 689 

105 

left 

11 

668 

colourless 

and 

G1 

13.9 

1934 
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FVrl,Qnm",nt", details 

(1.5 g, 

8.24 mmol) were mixed and dealas~;ed. Karstedt solution (1 % Pt in 

was added and the mixture was heated to 130°C for 16 h. The excess silane was distilled off in 

vacuo at 130°C and the was removed over a of with 

dichloromethane. The solvent was removed in vacuo to 

as a colourless oil. (1.79 g, 96 

2.13 s, 12 1.45-1.20 m,16 

m,12 m,20 and 0.11 s, 24 

C-1 of 126.1 

5 of C-4 of 19.9 (12 4 ), 18.5 (12 4 17.4 

(12 4 chain was not 

of the 

0.76 and 0.50 (1 

G1 

g, were added to a solution of Lithium metal chunks 

mmol) in THF (5 at 0 °C and stirred for 30 min. A dark green solution 

g, 0.70 

lithium 

seconds after the metal. A solution of 

rate that the green colour of lithium 

cooled to -40 °C and 

in THF was added at such a 

(± 1 h). The mixture was 

was added. The colour the lithium 

within seconds to leave a solution. The 

volatiles were removed in vacuo and the were ..,<:>,,.'TII-.,",O,,, between hexane (10 and 
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8: Fvnt>rm't>nt",/ details 

water (10 The aqueous was extracted with hexane x 10 and the 

combined. The was washed with water x 10 NaOH 

x 10 water (3 x 10 and brine (3 x 10 dried over and the 

volatiles were in vacuo. The bulk of the was sublimed out of the 

at 150 with hexane gave G1 

as a colourless oil g, 83 %) 

59.1 ; 11.7 %. 1) 

1.27 

0.10 s, 8 

100.6 21.6 

(8 t, 

79.45 

mlz 

12.2 

4 

17.5 (4 

462 (M+ - 2 

-2 

100 

8 

4 

4 

-1.6 

376 

186 

+) and 74 

Lithium metal chunks 

0.78 

were added to a solution of 

at 0 °C and stirred for 30 min. A dark 

100 g, 

solution of lithium 

seconds after the metal. A solution of G1 

in THF cm3
) was added at such a 

rate that the green colour of lithium (± 1 h). The solution 

was cooled down to -40°C and 

The colour within seconds to leave a solution. The 

volatiles were removed in vacuo and the were between hexane (10 and 

water (10 The aqueous was extracted with hexane (3 x 10 and the 

combined. The was washed with water x 10 dilute aqueous NaOH 

{O.1 3x10 

volatiles were 

at 150 

(m), 1250 (s, 

762 

water and brine (3 x 10 filtered and the 

,<:>nn,<:>,tQrl in vacuo. The bulk of the was sublimed out of the 

over silica with hexane 

as a colourless oil g, 87 

11.9 %); 

1448 1412 (m), 1353 (m), 1333 

1141 (m), 1051 (5), 983 (w), 943 (w), 909 837 789 

687 614 589 and 553 
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p,,m'ArinlAn/'::.i details 
--------------------------~--~~ .... ~ ..... . 

m/z 

Lithium 

rate that the 

was cooled 

was 

1.35 

0.00 

4 

705 

m,4 

s, 4 

4 

0.82 

(1 566 

93 %). 

m, 

17.7 

493 

to a 

30 min. A dark 

the metal. A 

in THF 

8 8 0.03 

4 2.8 

1 442 

g, 

solution of lithium 

at such a 

a 

volatiles were ... "'...,..1,,\10'''' in vacuo and the rt>hl"\I"1"/'i between hexane 

(10 

1 

m/z 

and water (10 

VOI,atllE~S were 

1 

::: 11 

was extracted with hexane x 10 

was washed 

nnrl~t",rl in vacuo. The 

), 18.75 

in 

108 

and brine x 10 

as a colourless oil 

1448 

1 

4 

1412, 1 

833 

out 

s, 

4 

low m/z were observed. 
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Lithium 

0.78 

rate that the 

was 

removed in vacuo 

over a of 

chloride was 

removed in vacuo. 

To this 

The 

10 

8: details 

g, 14.5 to a of 100 g, 

at 0 °C and stirred 30 min, A dark solution lithium 

seconds after the metal. A solution of 

in THF was at such a 

n::!r1htI1::!1~'nlrIA did not 1 The 

within seconds to leave a solution. The were 

were 

hexane, The 

in hexane (5 The solution was 

""r'!:It"",,! in vacuo and the residual 

over 

G1 

and the mixture was 

was observed as a The 

over ,V'U.JL.lA 

were washed 

and concentrated in vacuo. 

as a 

were 

was 

x 
of 

out of the 

gave the 

... ,."',f"" ...... "'rl because the toxic 

in 

chloride is r"'<:l,,.,.t<::,1'i 

over 

to the non~ 

1 

0.50 (16 m,8 

17.7 (4 

4 

4 

-0.1 

1 

,831 

(1 10,05 

1 

4 and -8.8 
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79.45 3.10 and 0.59 (1 

m/z 

metal chunks were added to a solution 100 g, 

at 0 30 min. A of lithium 

the metal. A solution of 

g, O. in THF was added 

at a rate that the 1 The 

solution was cooled to chloride (1.0 

volatiles were in vacuo and the were 

was over a with hexane. in 

vacuo and the residual chloride was distilled at 

over silica with hexane 

g, 

92 

0.55 m,32 -0.02 s,24 28 12 

17.7 4 

6.0/5.3 4 and -8.7 

4 

, 2.2 was to a ;::OVHJUVI 

at 0 °C in a double 

in h .... 1tl:ln'.... were added to the for solvent 

solid and a 

in 

Pentane 

"'\I~UV1rl:l"'f'I in vacuo to 

into the vessel on the and distilled unto the solid. 

were The was c::rrll"ll"l~'f'I 

with once. Pentane (10 and the mixture was 

to the 'butyllithium' and the <;""""',,, unto the lithiated t'I"'r1t'1r,...., The VOI:BtIIE:lS 
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were removed in vacuo to leave a white solid in 

one and a oil + in the other. The was not determined. 

1.60 m, 4 0.75 t, 4 0.60 t, 4 

and -2.2 (8 

75 28.1 4 21.4 4 20.3 4 ), 

4.7 4 

was added to an NMR 

was identical to 

from 

to .,., """ ,><" 

the 1H 

an excess of 

identical to the one 

81 A <>VI<UIVI A modified 

in hexane was added to a solution of 

in mixture was 

A 

was added at 0 C. mixture was 

was removed in vacuo. The mixture was taken 

The volatiles were removed in vacuo and residual 

"C under vacuum. The was further 

with hexane to 

of 

All was in "' .... rool"nQ'nt with the 

111 

(1.8 

to attain room the solvent 

in hexane and the white solid was filtered off. 

was to 100 

over 

( g, 

2.35 s,2 and 0.34 s,2 

126.3 C-6 and 

and -3.3 (2 2 
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rXlJ'HlIlI'HfIIH' details 

4 

9, 

was 

solution was to a solution 

a 

which the solids were allowed to settle and the 

ether 

8 

This 

The mixture was stirred for 16 h, after 

was decanted The 

ether mixture was distilled back onto the solids and the 

decanted This was r",n,",,,,,n>n 

added to the white After 

Dichloromethane 

was 

and 

ether (4 x 15 

was 

were r<,wnn"Qn in vacuo. 

n,""'<:!t,,,/"I after 20 minutes, The white 

and dried in vacuo to 

it has to be 

no resonances due to the 

insertion were observed in the and NMR 

were added and the tube 

solids to a solution. This was 

4.03 (1 

2 

g, 0.08 

,0.10 

into a 

due to 

2 

all 

NMR 

d, 

112,98 (10 2 76.01 (1 29.75 

25.44 2 

10, 

A solution of nl:lTnf'lf't:> dichloride 

g, 1.8 

The 

solution 

g,6.32 

in 

in THF (10 was added to a 

a white 

to 

t:>f'!:lnT"'" off. The solid was washed with TH F x 10 

and dried in vacuo to 10 

identified it has to be converted to 

112 

The insoluble cannot be 

After 
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B: /-){n,Arm1Am·"'1 details 

no resonances due to the insertion of were observed in the 1H 

and 

The 10 

valved NMR tube inside the 

benzene were added and 

the reaction of all to a 

(10 

tube sealed. 

(0.0108 g, 

, 0.07 

6 

was loaded into a Teflon 

followed deuterated 

tube resulted in 

and 1.11 

No due to the 

2 72.96 (1 2 

(198 1.25 

at room and stirred for 1 h. A clear 

solution was obtained. The volatiles were removed in vacuo and the with 

x 1.0 The was extracted into 

were n:"fTlr,\J.,n In vacuo to 

(10 2 

(1 -1.04 3 

This "'I"'TI\I!:\TI was 

and 

was isolated 

dark at room 

10 

Zirconocene 8 (1.50 g, 

a ;::'VI~HIVI in 

oil 

1.70 (2 m, 

two 

aqeous 

13, 

28.79 (1 

of 

under vacuum 

was tlll',lUtll""" 

in 

, 1.6 M, 10.9 

8 

24.18 

amounts of 

water x) 

gave the 

Slow ae(~onJl)osmOI 

at 

was added. 

in 

mixture was to warm to 0 "C. mixture was stirred at 0 "C for 1 h, the volatiles were 

removed in vacuo to a white solid. The solid was and transferred to a sublimation 

flask. at 110 °C/O.015 mm g, 76 

113 
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a 

formed 

NMR 

i-yn,,,,nml'!nTl'l details 

(10 s,2 16 s,2 

(10 2 and 30. 0 2 

was added as an acetonitrile solution 

in 

for an hour at room 

and the volatiles removed in vacuo to 

n"'f-trn,<:;('(,n\l showed that the solid was 

at 0 

the 

A 

a white solid. 

to 

identical to the one for the obtained C.Vr""'I"\T for the two 

G1 

mmol) were 

(1 , 0.10 

until a 

solution was <:;n"('T,'I"I<:;/~l"Ir\\I revealed that ' ..... L ,..." 

was to ''1.','''''' __ ' 

was run. The lH NMR 

with solvent 

m, 

could 

solid formed. 

1,1 (1 g. 5.0 was ",,,,,,,,,,\I<::U in 

one hour. The dark blue solution was 

mixture t,!to,,..orl to remove some brown solids. The blue solution was 

to a concentrated solution of sodium tot"'!:l .... h"'YHllnr\rl':n'", (1.72 g, 5.0 to 

5g,0.12 

showed 

acid 

o 
0.12 

added 

blue 

The solid was isolated through suction TII"".,rw, and washed with de-ionized water x 

20 The solid was in in vacuo. Dln<,!u<:::,<::: 

was not however states it can used as is. 

The literature method was Zirconocene 8, g, 2.56 was 

(15 to -41 °C means an 

bath. solution in ether (1.0 5.4 I 5.4 was added 

114 
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the formation of a white was as well as a colour 

to yellow. After 10 minutes voluminous amounts of a cream-coloured solid 

Care was taken that the did not rise above 0 DC The solvent was 

removed in vacuo to leave a off-white solid. This solid was 

cm\ The solids were extracted twice with toluene (5.0 rv -,,,,,.,,,,,,, clear 

solution. followed with to -30°C 

resulted in Filtration followed by 

of the volatiles in vacuo resulted in cream coloured 

q, 11.5 2 5.11(10H,s,2 and 2.90 (8 

11.5 4 

16, 

dichloride 

(0.700 g, 2.78 mmol) was loaded into a solid addition tube. Lead 

and toluene (10 were loaded in a double Schlenk-tube and 

stirred. at room 

darkened and the insoluble lead salts were seen to 

the colour 

for 1 h, metallic 

lead was observed in the nrr11'>nftll"I'> clear colourless solution. Filtration, followed by concentration 

to 4 a viscous solution. The solution was (10 

and stirred at -78 DC. The orE;clI:matea white solid was isolated filtration and dried. 

21, 

revealed pure g; 77.3 

g, 2.15 

tube and cooled down to -78 

was dissolved in 

an 

ether (10 cm3
) in a 

bath. A solution of 

6 , 1.0 2.2 mmol) was The was 

stirred and allowed to warm to room A white solid was seen to nr.::,,..,.,,r,,, The 

and 

was transferred to a Schlenk 

solvent was removed in vacuo. The white solid was 

the were off. The clear 

tube. The extraction was two times. As from was not 

the toluene was removed in vacuo. The oil was with (3 x 

2.0 to an off white solid. with at -78 DC (3 x 5.0 cm3
) gave a white 

solid. This was shown to be 21, from the 1H and NMR data. 

400 5.72 (10 s,2 H, s, 0.07 (9 H, s, and -0.18 (3 

110.09(10 2 48.09 (1 28.30 (1 and 3.47 (3 
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All data was in 

A solution 

and the 

and filtered over Celite to 

the 

was 

heated to a °C 

removed in vacuo to 

to at 

8: details 

with the Iiterature. 142 

stirred of 

The formation of a white solid was observed 

The mixture was stirred for an additional 2 h. 

to -78°C 

in 

mixture a white 

87% 

in in a 

bath. A solution 

, 0.26 M, 0.65 

formed. The mixture was 

bath. The volatiles were removed in vacuo to leave a 

extraction was rep;3atE~a 

The 

it was extracted 

was 

volatiles were 

at was identified as 

0.87 

2 28.28 (1 

and -1.45 (2 

Solid to a solution of 

The tube was 

the 

0.05 

-001 

100.6 11 (10 2 ,21 0.86 -1.68. 
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was dissolved in 

and the tube was shaken to dissolve 

colourless to 

400 5.43 (10 s,2 

for 

113.96 (10 

was not observed due to 

Zirconocene 8, g,2.45 

cooled down to -42 ac. A solution of 

was added via 

a 

was extracted into 

stored at -30°C to 

400 

The mixture was 

of 

To a solution of 

was shaken to dissolve 

in the 1H and NMR 

more did not result in 

a was as a 

borane. The colour from 

s, and O. 

and 40.94 (1 The NMR resonances 

The resonances were broad due to 

was dissolved in ether 

6, in 

allowed to warm to room 

i"It'lY·!:It".rI in vacuo and the 

solution was ('t'lrlf'""nr 

g, %); 

and 3.51 6 

in a NMR-tube was added solid 

oil <:!""rl:::lr!:l.t""rl 

is insoluble in 

any 

was combined with 

and 

were 

tube. At -78 

and a clear colourless solution was obtained. to this 

in a few mixture turned 

seconds. The solid was 

amounts of white insoluble material 

at -78 cC. Back-distillation 

the e"'I\IOnT and rl",r':::lnirinn at -78 to wash the solid. in 

vacuo 

with diffusion of 

6.07 

0.27 

6.91 (t, 4H, 

<:In"o<:>rol"l to be the crude THF 

7.06 (t, 7.43-7.35 

11 
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B: details 

100.6 112 1 1 

Due to in~I"rtir\n in the 

The resonances at 0.27 

nn"'!:Ir".rI and the resonance at .95 n\ll"rJ~I"\nlr'n with the increased in 

int",,,,,,,,i'h, as well as the 

literature. ret 

were rnrrng,... 

The 

was 

1 1 

of a resonance at 6.45 This observation is also rcnnrT<',., in 

was mixed an amount water to 

was 

a 

a 
was at that moment -1.5. A I"n",..", ... 

was added. 

suction 

under vacuum over a 

to remove the last traces of water. ( 9, 

-6 of 7.02 (8 

1 1 

118 

amounts of a white nn::'r,r"':;;>l'Q 

water and the 

m, 1.38 

1 
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8' ;::'Hl",yin,,,,n/,,,/ details 

5 

G1 

197 91 0.764 was loaded in a reaction vessel. 5 and 

were added 

of """'"'''''1''' were obtained diffusion of 

in a vacuum-sealed 

1.41 H, m, 
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8: F)(flArinlRntRI details 

6 

reactions 

A literature is to fit our needs. All reactions were run 

the same Variations were made in and volume. However 

the same concentrations the concentration of active metal were 

IrrE!Spect:IVe of the several In some the MAO solution is a 

mixture of to the same concentration of aluminium without 

A Schlenk tube was 

Schlenk tube was 

The ethene was 

min, to a solution (1.0 

solution, The 

of is as an Clv,::arnnICl 

and The 

<:InrlAtir<:llll" stirred and ethene was bubbled 

the nnll,/rrI<>rI 

was 'n''''l''t'',fi 

was observed within seconds after 

was terminated after 1 h. the addition of i80-

mixture. The mixture was into 100 0.1 M 

was filtered and (3 x 20 solution and 

and water and dried at 70°C in vacuo to constant 

A 

in toluene (1,0 

reaction was 

solution, The mixture was 

toluene (18 

and 

20 

The was washed with 0.1 M 

brine 

and s, 

120 

MAO (10 in 

was added to The 

in a colourless 

and 0.1 M aqueous 

x 50 water x 50 and 

the volatiles were removed in vacuo to 

1.64 

0,11 

Sf 

s, 
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