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A series of novel, mixed donor amino/imino ligands have been synthesised in high yield and 
converted to the corresponding lithium amido/imino compounds. Both the amino/imino and the lithium 
amido/imino compounds were reacted with Group 4 metal complexes to give amido/imino and related 
complexes of Ti and Zr. Early transition metal complexes of a phenoxyimine ligand were prepared 
using both aminolysis and salt elimination methodologies. A series of novel diamido-ether ligands 
were prepared based on a xanthene or dibenzofuran framework, and several Ti complexes were 
prepared. 

The silylamino/imino compounds 2-[CyN=C(CH3)]C6H4N(H)(SiMe3) (L™®H) and 2-
[CyN=C(CH3)]C6H4N(H)(SiMe2Bu') were synthesised in high yields by reaction of 2-
[CyN=C(CH3)]C6H4N(H)Li with McaSiCl and Bu'Me2SiCl respectively. The arylamino/imino 
c o m p o u n d s 2 - [ C y N = C ( C H 3 ) ] C 6 H 4 N ( H ) ( x y l ) (L")"!!) and 2 - [ C y N = C ( C H 3 ) ] C 5 H 4 N ( H ) ( m e s ) ( L - ^ H ) 

were prepared in high yields by Buchwald-Hartwig amination of the arylbromides with 2-
[CyN=C(CH3)]C6H4NH2. The amino/imino ligands were deprotonated with Bu"Li to yield the 
respective lithium amido/imino complexes (LLi). 

T h e z ircon ium c o m p l e x e s (L™^)Zr(NMe2)2Cl, (L '^° '^ )Zr(NMe2)2C] , (L™^)Zr(NEt2 )2a . and 

(L'"")Zr(NEt2)2Cl were synthesised by salt elimination reaction between the appropriate LLi and 
Zr(NR2)2Cl2(THF)2 compounds. The (L™^)ZrCl3 complex was prepared by reaction of L™^Li with 
ZrCL, as w e l l as by reaction o f M e s S i C l with ( L ™ ^ ) Z r ( N M e 2 ) 2 a and (L™^)Zr(NEt2)2Cl; (L'^)ZrCl3 

was prepared by reaction of MegSiCl with L™®®Zr(NEt2)2Cl. The product of reaction between L^®™^Li 
and Zr(NEt2)2Cl2(THF)2 w a s the c o m p l e x [2 - (CyNC=CH2)-C6H4NSiMe2Bu' ]Zr(NEt2)Cl (THF) , in 

which the amido/imino ligand has been converted to a dianionic amido/vinylamido group. The 
analogous complex [2-(CyNC=CH2)-C6H4N(mes)]Zr(NEt2)Cl(THF) was observed as a side product 
from the reaction of L™^Li with Zr(NEt2)2Cl2(THF)2. The 2:1 complex (L™°'*^^)2ZrCl2 was synthesised 
by reaction of two equivalents of L™™^Li with ZrCLtCTHT);. The complex (L™®)Zr(NMe2)3 was 
prepared by an aminolysis reaction between L™^H and Zr(NMe2)4, but under forcing conditions the 
reaction yielded an imido-bridged dimer following Me3SiNMe2 elimination. 

The results of salt elimination reactions of L'^'Li and L™Li with Ti(NMe2)2Cl2 were complexes 
of the type 2-[CyNC(CH3)(NMe2)]-C6H4N(aryl)Zr(NMe2)Cl, in which the amido/imino ligand was 
converted to a tridentate, dianionic diamido/amino ligand. The minor product of each reaction were the 
2-[CyNC(CH3)(NMe2)]-C6H4N(aryl)ZrCl2 type complexes. 

Ethylene polymerisation studies on (L™^)Zr(NMe2)2Cl, (L™")Zr(NEt2)2Cl, (L™)ZrCl3 and 
(L™°'^®)2ZrCl2 with MAO as cocatalyst showed that they possessed low to moderate activity. 

A series of phenoxyimine complexes of Ti, Zr and Nb were prepared using the 2-Bu'-6-
[CyN=C(H)]C6H40- (L"*™) group. The lithium phenoxyimine complex (L'^^Li) was prepared and 
reacted with Ti(NMe2)2Cl2 to give (L'''"'")Ti(NMe2)Cl2(HNMe2). Reaction of one equivalent of L'''"'"H 
with Ti(NMe2)2Cl2 g a v e ( L ' ^ ) T i ( N M e 2 ) a 2 ( T H F ) ; whi l s t (L(^'')2TiCl2, (L'*^)2Ti(NEt2)2. (L'^^'hZrClz 

and (L'*™)2Zr(NEt2)2 were obtained from reaction of two equivalents of with Ti(NEt2)2Cl2, 
Ti(NEt2)4, Zr(NEt2)2Cl2(THF)2 and Zr(NEt2)4 respectively. Reaction of two equivalents of LP'^^H with 
Nb(NEt2)4 yielded the niobium(V) complex (2-?ert-butyl-6-cyclohexyliminomethyl-phenoxy) \Z-tert-
butyl-6-( 1 -cyclohexylamido-2-ethylamido-propyl)-phenoxy] niobium diethylamide. 

A series of novel diamino-ether ligands were prepared, 4,5-dicyclohexylamino-2,7-di-rerr-butyl-
9,9-dimethyl-xanthene (N20'H2), 4,5-di-(2,4,6-trimethylanilino)-2,7-di-rerr-butyl-9,9-dimethyl-
xanthene (N20^H2) and 4,5-di-(2,4,6-trimethylanilino)-dibenzofuran (N20^H2), by Buchwald-Hartwig 
amination of the appropriate primary amine with either 4,5-dibromo-2,7-di-rert-butyl-9,9-dimethyl-
xanthene or 4,5-dibromo-dibenzofuran. The dilithium diamido complex N20^Li2 was prepared by 
double deprotonation of N 2 0 ^ 2 with Bu"Li. An alkanolysis reaction between N20'H2 and Ti(benzyl)4 
yielded (N2O')Ti(benzyl)2. In situ double deprotonation of both N20 'H2 and N20%2 followed by 
reaction with Ti(NMe2)2Cl2 gave the (N20)Ti(NMe2)2 complexes as the product. 
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Chapter 1 

Introduction 

1.1 Amide ligands and metal amides 

An amide ligand is a fragment of the form RR'N" that contains a nitrogen 

donor atom.' It is monoanionic and classed as a hard ligand. A metal amide is 

classed as a compound that contains one or more RR'N' ligands bound to a metal 

M. 

— + / 

M — N ^ M = N 

R' R' 

( n (2) 

R, R' = H, alkyl, aryl, SiRs etc. 

Scheme 1.1: Resonance forms of metal-amide bonding. 

Metal amides are molecular compounds that have the structural unit (1) 

(Scheme 1.1). Under the valence bond formalism the metal-amide bond can be 

represented by the two limiting resonance forms (1) and (2) in Scheme 1.1. Form 

(2) represents backbonding from the pz orbital of the nitrogen to a d, of the 

transition metal, usually in the form of a M(d)f—N(p) interaction. The amide ligand 

is formally a four-electron donor, when the ionic model of valence electron 

counting is used. 

Figure 1.1: Schematic diagram representing the jr-bonding in a metal amide. 

1 



The geometry of the metal-amide group is described as planar at N, a fact 

understandable by the sp^ hybridisation that the nitrogen atom adopts. There are 

cases where the amide group adopts a bonding geometry in which the nitrogen 

geometry is close to tetrahedral. 

This TT-bonding requires suitable vacant d-orbitals on the metal, which are 

more commonly available on the earlier transition metals rather than the later ones. 

This explains why the later transition metals less readily form stable compounds 

with M-NRR' bonds and the higher reactivity of amide groups when coordinated to 

these metals (eg. Pd-amination, Ir, Rh hydroaminations etc.).^'^ 

The first metal amide, Zn(NEt2)2 was prepared in 1856 by Frankland/ The 

next example of a transition metal amide was not reported until 1935 with the 

synthesis of Ti(NPh2)4-^ After this, the transition metal amides were discovered in 

the late 1950's, including Zr(NMe2)4 and Zr(NEt2)4.^ Metal silylamides are 

analogous ligands (RR'N" where at least one of R, R' is SiRs). Electronically, they 

are similar to dialkylamides but the silicon atom is capable of delocalising electron 

density by N(p)-Si(d) overlap. Metal silylamides have been studied in detail with 

bulky SiR] groups, especially for the stabilisation of low coordination number 

compounds.'"^^ 

1.2 Single-site olefin polymerisation catalysis 

One of the main industrial uses of organometallic catalysts is in the 

polymerisation and oligomerisation of olefins. More than half of the polyolefins 

produced annually (ca. 1990) utilised (heterogeneous) Ziegler-Natta catalysts. 

These heterogeneous materials are formed from titanium(III)chloride and 

aluminium alky Is, or from magnesium chloride/titanium tetrachloride and 

triethylaluminium.^'^ Homogenous Ziegler-Natta systems began to be studied in 

order to understand the elementary steps of polymerisation. However, they gave 

rise to a new generation of polymerisation catalysts known as single-site 

polymerisation catalysts. These provide control over the precise geometry of the 

catalytically active site, which can lead to precise tailoring of the polymeric 

microstructures and therefore the mechanical properties of the polymer. 

Early work on homogenous catalysts based on Group 4 metals for the 

polymerisation of ethylene included bis(cyclopentadienyl)titanium(IV) compounds 



with an organoaluminium compound as co-catalyst/^ The activities of these 

systems were poor and so no industrial applications followed. 

X 

n 

Figure 1.2: Group 4 metallocene (I) and Group (IV) anja-metallocene 

(Y=bridging group) (II). 

New breeds of homogeneous catalysts were developed, based on 

metallocenes (Figure 1.2, above) and methylalumoxane (MAO). They were 10-100 

times more active than the commonly used heterogeneous catalysts and attracted 

great interest. Using these catalysts it became possible to tailor the properties of 

the polymers by tuning the geometry of the ligands. 17-21 

1.2.1 Mechanism of polymerisation 

MAO is formed by a controlled reaction between trimethylaluminium and 

water and is a mixture of o l i g o m e r s . T h e basic oligomer (Figure 1.3, below) 

forms associates and cage structures which complex additional 

trimethylaluminium. 

Me 
I 

Me O 

Mc Mc Me 
I 

• Al. 
Mc 

n 

n = -500 

Figure 1.3: Basic oligomer of MAO. 

The alumoxane co-catalysts initially alkylate the metallocene component (eq. 

(1), below) and then form the active species by abstraction of Me' (eq. (2), below). 

The active species is generated by dissociation of the metallocene alumoxane 

complex^^ and the [alumoxane-Me]" anion is regarded as weakly or non-



coordinating/^ A large excess of MAO is usually required, covering an 

aluminium/metallocene ratio in the range of 50-100 for supported systems and 

400-20000 in solution. This means that nearly every zirconocene group is active, 

forming a single-site catalyst. 

CpzM^ 

CI 
/ MAO 

CI 

CpzM, 
MAO 

^C] 

Me 

CpiM 
Me 

(1) 

CpzM^ 
Me 

Me 

/ 

Me 

Me 

CP2M+ ^ AI^ao (2) 
Me 

Me 

Scheme 7.2: Generation of the active catalytic species by action of MAO on a 

metallocene. 

Using the Group 4 metallocene dichloride catalyst precursors as an example, 

the polymerisation process occurs according to the Cossee-Arlman mechanism 

(Scheme 1.3, be low) .Fol lowing the abstraction of a methyl anion the cationic 

Group 4 metal complex is formally a 14 electron species. Compared to the 16 

electron dimethyl precursor the complex is now electron deficient and is therefore 

more electrophilic, which encourages the coordination of the olefin monomer. 

Once coordinated, the olefin is inserted into the metal-alkyl bond via a four centred 

transition state. 

Cp, 

cp 
X CI 

MAO 
Cp, 

Cp 

\+ 
M' 

/ 

etc. 

H,C: :CH, 

• Propagation 

Cp 

Cp 

\+ 
M', 

/ 

M. 

Cp 
/ > CH2CH2CH3 

HnC CHT 

Propagation / ĈHzCH/ZH] 

Scheme L3\ Cossee-Arlman mechanism of single-site olefin polymerisation. 



The termination of the polymer chain growth is usually by P-H ehmination or 

by transfer of the polymer chain to the organoaluminium species (if it was used as 

a cocatalyst). Additionally, a polymerisation that proceeds without chain transfer 

or elimination reactions can be classed as a living polymerisation. Simply, a living 

polymerisation occurs with rapid initiation and negligible chain termination or 

transfer. 

1.3 Metal amide complexes as single-site olefin polymerisation catalysts 

Since the early 1990's extensive efforts have been devoted to the 

development of novel ligands for the stabilisation of early transition metals and the 

potential of these complexes to act as olefin polymerisation c a t a l y s t s . A s 

alternatives to Cp ligands, the alkoxy and amido ligands have received a great deal 

of attention and proved to be suitable for the stabilisation of early, electron-poor 

transition metals in medium to high oxidation states. Of these two alternatives the 

amido ligand offers the greater scope for ligand and complex design due to the 

potential for double substitution at the donor atom. The amido donor function RgN' 

may be placed into a great variety of structural environments including complex 

polydentate ligand structures and combined with other donor functionalities/^ The 

availability of the two substituent positions at the amido N-donor atom allows for 

its integration into ligand systems of both podand and macrocyclic topology 

(Figure 1.4, below). This allows for a well-defined relative orientation of the 

ligating atoms and many possibilities of steric control. Amido functions may also 

be combined with other donor functionalities that possess a different formal charge 

and chemical hardness. 

\ / 
D 

D D 
D I D 

b 

Podands Macrocycles 

Figure 1.4\ Topologies of polydentate ligands (D = donor function, B = bridgehead 

function) 



1.3.1 Linked cyclopentadienyl-amide complexes 

A great deal of work has been carried out on the use of ligands featuring a 

cyclopentadienyl group with a pendant anionic amido group. Indeed, the linked Ti 

/y^:;/^-Cp-amide complex, or constrained geometry catalyst (complex III, Figure 

1.5), is a rare example of a commercially exploited "non-metallocene" catalyst. It 

has been primarily used for the copolymerisation of ethylene with higher a-olefins. 

Extensive modifications have been carried out on this system and are summarised 

in a recent r e v i e w . A s well as cyclopentadienyl-amide-based constrained 

geometry catalysts, complexes based on fluorenyl (complex IV, Figure 1.5) and 

indenyl (complex V, Figure 1.5) groups have been found to act as active catalysts 

for the polymerisation of ethylene and propylene.^'^ 

T, V f " c ' T . 
Bu' I CI Bu' 

Bu' 

III IV V 

M = Ti, Zr. Hf 
X = CI. Me 
R = Organic substituent 

N 

i 

VI VII VIII IX 

n = 1, M = Ti, R = Me, Pr', Bu' M = Ti, N R j = NMe^, NEtj, 
n = 2, M = Ti, Zr, R = SiMe, R' = H. Me, Bu', R" = Bu', Ph. p-tolyl 

Figure L5\ Linked Cp-amido complexes (III) - (IX). 

Various complexes containing an alternative to the dimethylsilyl-bridging 

group have been reported. A phosphorus-bridged Cp-amide Ti complex (complex 

VI, Figure 1.5) displays high activity and produces linear, high molecular weight 



polyethylene/^ A series of carbon-linked Cp-amide complexes have been 

synthesised featuring Ci- (complex VIII and IX, Figure 1.5)/^"^ C2- (complex 

VII, n=l . Figure 1.5)/^ and Cs-bridging units (complex VI I , n=2, Figure 1.5).'̂ ® 

Both types of the Ci-bridged complexes display similar polymerisation activity to 

the related dimethylsilyl-bridged Zr complexes that are analogous to complex III 

(Figure 1.5). 

1.3.2 Chelating diamide ligands 

Recently, several academic groups have focused their attention on Group 4 

metal complexes containing amide ligands.^^"^° They are promising candidates for 

olefin polymerisation catalysis due to the lower formal electron count that a 

cationic diamido Group 4 complex possesses, ([(R2N)2ZrR]"^ is a ten electron 

species) compared to that of the dicyclopentadienyl analogue ([Cp2ZrR]^ is a 

fourteen electron species). The diamido complex is thus more electron deficient 

and should more easily attract an electron rich olefin to form the olefin complex, 

followed by insertion of the double bond into the zirconium-alkyl bond. 

A report by Roesky concerns the synthesis of Zr and Hf complexes 

containing two monoamido ligands bearing bulky substituents on nitrogen 

(complex X, Figure 1.6).^^ When activated with MAO the complex displayed 

moderate polymerisation activity. McConville and co-workers reported highly 

active catalysts for the polymerisation of a-olefins based on a chelating diamide 

ligand bearing bulky aryl groups on nitrogen, with dichloride and dialkyl 

complexes of Ti and Zr (complex XI, Figure 1.6).^ '̂̂ ^ The complexes were not 

applied to the polymerisation of ethylene but displayed high activity for the 

polymerisation of a-olefins and, especially, the titanium complexes performed 

living polymerisation of 1-hexene.^^ Analogous #-silyl complexes of Ti and Zr 

(complex XII, Figure 1.6) have been studied and shown to have a low to moderate 

activity for the polymerisation of e t h y l e n e . T h i s low activity is possibly due to 

catalyst deactivation as a result of the instability of the silylamido-zirconium 

dialkyl systems.^"^ A diamide ligand with a C^-linker (complex XIII, Figure 1.6) 

that gives a five-membered chelate ring gave complexes^^ that possessed lower 

polymerisation activity than the corresponding six-membered chelate ring systems, 

above. 
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X 
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XIII 
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SiMe. 

SiMcj 

XIV 
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XV 
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Cl 

XVIII 

SiMec SiMe, 
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N N 

/ \ 
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XIX 
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/ \ 
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SiR] 

XX 

M = Ti, Zr 
X = Cl, Me, benzyl 

X = Cl, I, benzyl 
R3 = Mê , Me2Ph, MePh2 

Figure 1.6: Bis-amido complex (X) and chelating diamido complexes (XI) - (XX). 

Diamido complexes featuring a fused or linked biphenylene backbone have 

been studied. The rigid, fused biphenylene complexes featuring silyl-substituted 

amides (complex XIV, Figure 1.6) display very high activity for the 

polymerisation of ethylene as well as copolymerisation of ethylene with a-

olefins.^^'^^'^^ Two systems based on linked biphenylene backbones both display 

moderate activities for ethylene polymerisation. The directly linked o-phenylene 

8 



system^ (complex XV, Figure 1.6) is more conformationally rigid than the system 

in which the two phenyl rings are separated by a Ci-spacer^^ (complex XVI, Figure 

1.6). 

Complexes based on diamido phenyl ligands (complexes XVII and XVIII, 

Figure 1.6) displayed low activity for ethylene polymerisation.^^'^ Similar 

complexes based on a 1,2-diamido cyclohexane ligand were prepared for Zr 

(complex XIX, Figure 1.6)®^ and Ti (complex XX, Figure 1.6).^^ The Zr complex 

featured two diamido ligands and displayed moderate activity for ethylene 

polymerisation when activated with MAO, whilst no data was given for the 

titanium complexes. 

1.3.3 Amide ligands with a neutral donor atom 

Many systems have been investigated which feature a diamide ligand with a 

neutral donor atom. It was anticipated that ligands of this type would lead to the 

formation of more stable, four-coordinate alkyl cations of titanium and zirconium. 

Schrock et al. have studied several different systems (complex XXI - XXIII, 

Figure 1.7) that combine two amido donors with either an ether or a thioether 

d o n o r . Z i r c o n i u m dialkyl complexes of these ligands were shown to be active 

for the polymerisation of 1-hexene when activated with a borane activator. 

D - ' Z r 

•"-A, 

XXI XXII XXIII 

Figure 1.7: Complexes prepared by Schrock featuring a diamide ligand with a 

neutral ether or thioether donor. 

An analogous diamide ligand studied by Bochmann and co-workers features 

an ether donor with a silyl-backbone (complex XXIV, Figure 1.8).®^ Zirconium 

complexes of the ligand proved to have only moderate activity. A similar activity 



was reported for zirconium complexes of a diamide ligand containing a neutral 

amine donor (complex XXV, Figure 1.8)7^ 

ŜiMes 
MeoSi N 

' o - k " 
/ I 

IVIegSi 
SIMgo 

Mê Si—N 

^SiMeg 
N 

SiMeg 

XXIV XXV 

Figure 1.8: A diamido-ether complex (XXIV) and a diamido-amine complex 

(XXV). 

McConville and co-workers prepared a series of complexes featuring a 

diamide ligand with a central pyridyl donor (complex XXVI, Figure 1.9).^ '̂ The 

zirconium complex displayed very high activity for ethylene polymerisation whilst 

the titanium analogue only gave very low activities. An analogous ligand prepared 

by both Schrock and Mountford features two amido donors and a pyridyl group 

arranged in a tripodal fashion (complex XXVII, Figure 1.9). Whereas the 

McConville ligand adopts a mer conformation upon coordination, this ligand 

coordinates in afac fashion. Schrock reported that when activated with 

[Ph3C][B(C6F5)4], Zr and Hf complexes of this diamido-pyridine ligand were 

active for the polymerisation of 1-hexene, with the hafnium derivative performing 

living polymerisation.^'' Mountford used the ligand to stabilise Group 4 and 5 

imido complexes. 

N-̂ M 
M—R 

XXVI XXVII 

Figure 1.9: Diamido-pyridyl complexes reported by McConville (XXVI) and 

Schrock and Mountford (XXVII). 
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1.4 o-(Cyclohexylimino-l-ethyl)-anilido ligands 

The main focus of this project is concerned with the synthesis of a series of 

o-(cyclohexylimino-l-ethyl)-anilido ligands (XXVIII, Figure 1.10) and a study of 

their behaviour as supporting ligands for early transition metal complexes. The 

ligands feature a combination of a hard anionic donor (amide) and a softer, neutral 

donor (imine). The formal electron donation of the two donor groups is four 

electrons from the amide and two from the imine. This means that the amido/imino 

ligands have the potential to act as six electron donors. They are therefore 

isoelectronic to cyclopentadienyl (Cp") ligands. It is anticipated that this strong 

electron donating ability will prove suitable for the electron deficient early 

transition metals in their high oxidation states. 

XXVIII 

Figure 1.10: o-(Cyclohexylimino-l-ethyl)-anilido ligands studied in this project. 

The properties of the amido/imino ligands can be varied by altering the 

nature of the nitrogen substituents. In this project the imino-substituent has 

remained constant (cyclohexyl), but a variety of silyl and aryl groups have been 

employed as the amido-substituents. This work is a progression of earlier work 

within the group that focussed on complexes of the o-(fgrf-butyliminomethyl)-N-

trimethylsilyl-anilido ligand.®^ 

These amido/imino ligands share many characteristics with P-diketiminato 

ligands (XXIX, Figure 1.11) (see Introduction, Chapter 4) and 

salicylaldiminato/phenoxy-imine ligands (XXX, Figure 1.11) (see Introduction, 

Chapter 5). P-Diketiminato ligands are monoanionic N,N donors that form six-

membered chelate rings with metals, with the negative charge delocalised around 

the chelate ring. The area has been recently r ev i ewed .They have been used to 
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XXIX XXX 

Figure 1.11: P-Diketiminato (XXIX) and salicylaldiminato/phenoxy-imine (XXX) 

ligands. 

prepare metal complexes across the transition series as well as with main group 

elements. The salicylaldiminato ligand has also been used to prepare metal 

complexes across the periodic t a b l e , b u t a class of bis-salicylaldiminato Group 4 

complexes have proved to be extremely active catalysts for the polymerisation of 

ethylene and higher olefins.^®' 

1.5 Aims 

The aims of the research were to investigate and develop novel mixed donor 

amido/imino ligands based on an o-(cyclohexylimino-l-ethyl)-anilido framework, 

and to study their behaviour as supporting ligands for early transition metals. It 

was anticipated that these complexes would have potential applications as ethylene 

polymerisation catalysts. By varying the nature of the nitrogen-substituents, it was 

hoped that insights into the behaviour of these amido/imino ligands would be 

gained. These developments could have potential applications to the analogous 

salicylaldiminato/phenoxy-imdne class of ligands. 
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Chapter 2 

Mixed Donor Amido/Imino Ligands 

2.1 Introduction 

There is currently great interest in the study of ligand architectures 

incorporating amido functional groups as non-metallocene spectators, especially in 

organometallic complexes of the early transition m e t a l s T h e well-known 

electronic characteristics of the amido group and its facile incorporation into 

tunable ligand backbones provide unique opportunities for the design of complexes 

with catalytic activity.' Seminal contributions in this area have shown the viability 

of single site polymerisation catalysts based on chelating or functionalised amido 

ligands. The area has been recently reviewed/'^ Furthermore, organometallic 

complexes with Schiff bases, mainly salicylaldimines (2-RN=C(H)C6H40", 

R=alkyl or aryl) and their derivatives have been extensively explored.® Some 

exhibit high activity or living behaviour in polymerisation reactions.®'^ The 

attractive features of these ligands are easy synthetic accessibility and steric and 

electronic tuning by substitution of the aromatic ring or the imine carbon.® In 

contrast, the coordination chemistry of the anionic ligands that formally originate 

from the salicylaldiminato group by replacement of the PhO" group with the 

isoelectronic PhNR" have received less attention/ even though the tuning 

opportunities in this case are even broader (Scheme 2.1). This is possibly due to 

the synthetic difficulties associated with the synthesis of this ligand system. The 

series of amino/imino and amido/imino ligands synthesised in this project are 

shown below (Scheme 2.1) and demonstrate some of the tuning opportunities 

afforded by the ligand system. 
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N. 

(2 .2) , R ' = S i M e 3 , R^=Cy, R^=Me, R'^=H; ( 2 J ) , R ' = S i M e 3 , R ^ = C y , R^=Me, R'^=Li. 

(2 .4) , R ' = S i M e 2 B u ' , R^=Cy, R^=Me, R'*=H; (2 .5) , R '=SiMe2Bu' , R ^ = C y , R^=Me, R''=Li. 

(2.6), R'=3,5-dimethylphenyl, R^=Cy, R^-Me, R'*=H; (2.7), R'=3,5-dimethylphenyl, R^=Cy, 

R^=Me, R'=Li. 

(2.8), R'=2,4,6-trimethylphenyl, R^=Cy, R^=Me, R''=H; (2.9), R'=2,4,6-trimethylphenyl, R^=Cy, 

R^=Me, R'*=Li. 

(2 .10) , R '=2 ,4 ,6 - t r imethy lpheny l , R^=Cy, R^=H. R''=H; (2 .11) , R ' = 2 , 4 , 6 - t n m e t h y l p h e n y l , R^=Cy, 

R^=H. R''=Li. 

Scheme 2.1: Amino/imino and amido/imino ligands synthesised in this project. 

2.1.1 Palladium-catalysed amination of aryl halldes 

The synthesis of the ligands (2.6), (2.8), and (2.10) required the formation of 

a C-N bond between nitrogen and an aromatic carbon to give a diaryl amine 

species. Traditional synthetic methods for these compounds are hindered by 

several problems. Reagents containing functional groups are often incompatible 

with procedures involving nitration, reduction or substitution and so the use of 

protection and deprotection steps is necessary. Reductive amination, involving the 

synthesis of an imine from an arylamine and the subsequent reduction of the imine, 

is not applicable to the synthesis of a diarylamine species. Copper mediated 

(Ullmann-type) substitutions of aryliodides by nitrogen nucleophiles occur at high 

temperatures, are typically substrate specific, and often give products from 

diarylation. 

In order to avoid these problems it was decided to employ the recently 

developed palladium-catalysed coupling chemistry to form the new C-N bond from 

an aryl bromide by substitution of the bromide with an aniline. Palladium catalysed 

coupling chemistry between aryl halides and amines has recently been reviewed.^ 

The origins of this methodology can be found in the 1980s when palladium 

complexes bearing monodentate phosphines were used as a catalyst in the coupling 
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of aryl bromides with trialkyltin a m i d e s A n example of this type of reaction is 

shown below (Scheme 2.2) 

ArBr ^Br / r RgSnNPg 
L—Pd—L I • / d Pd ArNRg + Pd°+R3SnBr 

B̂r 

L=P{o-C6H4Me)3 

Scheme 2.2: Palladium-phosphine complex catalysed coupling of an aryl bromide 

with a trialkyltin amide. 

The toxicity, thermal instability, and air-sensitivity of the tin-amides, as well 

as the narrow selection of arylhalides that undergo the coupling reaction and the 

poor atom economy of the transformations severely limit their scope. 

In 1995 both Hartwig and Buchwald reported results on the tin-free 

amination of aryl h a l i d e s . T h e catalytic system comprised an aryl halide, an 

amine, a base and a Pd catalyst. The reactions were initially carried out at 80-100 

°C in toluene and the first catalysts that were employed were [PdCl2{P(o-

C6H4Me)3}2] and [Pd {P(o-C6H4Me)3) 2]. The activity under these conditions was 

low for primary amines compared to secondary amines. In addition, coupling of a 

primary amine with an aryl bromide, was always accompanied by the formation of 

large amounts of arenes as side products. Mechanistic studies would later show 

that the arenes were formed as a result of ^-hydrogen elimination instead of 

reductive elimination (Scheme 2.3).^^'^^ 

»- 11 — X + R—N—R' 

I H 
L 

Scheme 2.3: (3-Hydrogen elimination at a palladium centre leading to an arene and 

an imine. 

A second generation of catalysts based on palladium complexes bearing 

chelating phosphines proved capable of performing aminations of aryl halides with 

primary alkyl amines as well as anilines. The palladium complexes that were used 

as catalysts employed BINAP and DPPF as ligands.^^'^^'^^ 
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More recently, non-phosphine ligands have been utilised for the palladium 

catalysts. An extensive amount of research has been focused on the use of 

Arduengo type N-heterocyclic carbene ligands. Catalysts of this type have been 

found to be extremely active. As with the palladium phosphine complexes the 

catalyst can either be preformed or generated in situ, in this case from Pd(dba)2, the 

imidazolium/imidazolinium salt and a base.'®"'^ 

The exact mechanism of palladium-catalysed amination of aryl halides is not 

definitively known. The generally accepted mechanism for the Pd/BINAP-

catalysed amination of aryl bromides, as proposed by Wolfe and Buchwald, is 

shown below (Scheme 2.4)/^ 

Pd2{dba)3 + BINAP 

ArN(R)R' 

(BINAP)Pd(Ar)lN(R)R'] 

4 

HN(R)R' 

(BINAP)Pd(dba) 1 

(BINAP)Pd 

NaOBu 

HN{R)R' 

(BINAP)Pd(Ar)(Br) 

3A 

(BINAP)Pd(Ar)(OBu') 

38 

ArBr 

(BINa,P)Pd(Ar)(Br) 

Scheme 2.4\ Mechanism for the Pd/BINAP-catalysed amination of aryl bromides. 

Initially, mixing BINAP with Pd2(dba)3 gives the complex (BINAP)Pd(dba) 

1. The next step is thought to be dissociation of the remaining dba ligand followed 

by oxidative addition of the aryl bromide to give the (BINAP)Pd(Ar)(Br) 2 

complex. The mechanism then follows one of two paths, the first of which 

involves coordination of the amine 3A followed by deprotonation to give an amido 

complex 4. The second possible route involves reaction between the base NaOBu' 

and complex 2 to give (BINAP)Pd(Ar)(OBu') 3B. This complex then reacts with 
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the amine to give complex 4 by protonolysis of the butoxide ligand. The final step 

is a reductive elimination of complex 4 to give the desired aryl amine product as 

well as regenerating the Pd(0) catalyst. 

This mechanism differs from that proposed for systems involving a 

palladium catalyst bearing mondentate phosphine ligands. In this case the Pd(0) 

complex is a 14-electron two-coordinate species that loses one phosphine ligand 

before the oxidative addition of the aryl halide. The mechanism then proceeds in a 

similar fashion to that described above for the Pd(BINAP) case. 

2.1.2 2-Pyridyl-azaallyl ligand 

Lappert and co-workers synthesised a 2-pyridyl-azaallyl ligand class that is 

analogous to (2.3) and (2.5).^° It was synthesised by reaction of RCN (R=Ph, Bu') 

with [Li{C(SiMe3)(H)(C5H4N-2)(Et20)}]2 to give the lithium salt of the ligand. A 

crystallographic study of one representative showed that the pyridyl group 

inhibited the delocalisation of the anionic charge and prevented the ligand from 

acting as a typical P-diketiminato group. 

SiMe, 

1) Bu"Li 

2) RCN 

(R=Ph, Bu') 

MesSi—N 

N N—SiMeg 

Scheme 2.5: Lappert's synthesis of a lithium pyridyl-azaallyl ligand. 

2.1.3 2-(l-Aryliminomethyl)-A^-(aryl)-anilide ligand 

Piers has recently reported the synthesis of a ligand that is similar to (2.6), 

(2.8), and (2.10) (Scheme 2.6).^' The 2-(2,6-diisopropylphenyliminomethyl)-A^-

(2,6-diisopropylphenyl)-aniline ligand was synthesised in two stages from 

o-fluorobenzaldehyde. The first step forms the imine and is followed by a 

nucleophilic aromatic displacement of fluoride using a lithium-anilide reagent. 

This synthesis illustrates the difficulties associated with utilising aromatic 

nucleophilic substitution reactions to form the bond between N" and an aromatic 

carbon; the second step of the sequence proceeding in only 41% yield. The 

21 



amino/imino ligand was then deprotonated by reaction with Bu"Li to yield the 

lithium-amido/imino species. 

1. 

F O 

A r ^ Ar 
NH N 

2. 

Ar = 2,6-diisopropylphenyl 

Scheme 2.6: Piers' synthesis of the 2-(2,6-diisopropylphenyliminomethyl)-A^-(2,6-

diisopropylphenyl)-aniline ligand. 
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Results and Discussion 

NH NH NH. 

(2.1) (2.2) (2.4) 

MesSî  \ / 
Li 

(2.3) 

Bu'MegSi ̂  \ / 
Li 

(2.5) 

NH NH NH 

(2.8) (2.10) (2.6) 

(2.7) (2.9) (2.11) 

Figure 2.1: Amino/imino and lithium amido/imino ligands synthesised. 

2.2 Synthesis of 2-(l-cyclohexyIimino-ethyl)-aniline (2.1) 

The starting material that was utilised in the synthesis of the amino/ketimine 

and amido/ketimine ligands (2.2)-(2.9) reported here was 2-(l-cyclohexylimino-

ethyl)-aniline (2.1). It was prepared by the condensation reaction of o-

aminoacetophenone with a large excess of cyclohexylamine (ca. seven-fold 

excess) to afford the Schiff base in multigram quantities. It was necessary to 
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employ forcing conditions in the synthesis of (2.1), the reaction being performed in 

toluene at 100 °C in the presence of 4 A molecular sieves. The completion of the 

reaction was followed by CI-GCMS. The molecular ion in the mass spectrum of 

the product had a m/z of 217 corresponding to MH^. 

4 A molecular sieves 

NH, N 
- - PhM8.100°C 

Scheme 2.7\ Synthesis of 2-(l-cyclohexylimino-ethyl)-aniline (2.1). 

2.2.1 NMR spectroscopy for (2.1) 

The and NMR spectra of (2.1) are straightforward. The CHz 

groups of the cyclohexyl ring give rise to a series of multiplets between 1.2 and 1.9 

ppm in the NMR spectrum and three signals in the ^H} NMR spectrum. 

The cyclohexyl ring CH group that is bonded to the imine nitrogen appears at 

59.80 ppm in the NMR spectrum and as a triplet of triplets at 3.58 ppm in 

the 'H NMR spectrum. The ketimino methyl group appears as a singlet at 2.30 

ppm in the 'H NMR spectrum and at 16.26 ppm in the ^H} NMR spectrum. 

The four aromatic protons give rise to one doublet of doublets, one doublet of 

triplets and two overlapping signals between 6.6 and 7.5 ppm in the 'H NMR 

spectrum and six signals in the NMR spectrum. The imine carbon appears 

as the most downfield signal in the NMR spectrum at 165.65 ppm and the 

amine protons give rise to a broad singlet in the NMR spectrum at 6.55 ppm. 

2.3 Synthesis of 2-(l-cyclohexylimino-ethyl)-iV-(trialkylsilyl)-aniline 

compounds (2.2) and (2.4) 

The two A^-silyl-substituted amino/imino compounds (2.2) and (2.4) were 

synthesised by deprotonation of the free aniline (2.1) with Bu"Li followed by 

quenching of the resulting lithium amide with trimethylchlorosilane and ferr-

butyldimethylchlorosilane, respectively (Scheme 2.8). An analogous method has 
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been used previously to synthesise 2-(rer?-butyliminomethyl)-A^-(trimethylsilyl)-

aniline within the Danopoulos group.^^ 

i) Bu"Li 

ii) RCI 

NH, N NH N 

EtgO 

R=SiMe3 (2.2); R=SiMe2Bu' (2.4). 

Scheme 2.8: Synthesis of 2-(l-cyclohexylimino-ethyl)-A^-(triniethylsilyl)-aniline 

(2.2) and 2-(l-cyclohexylimino-ethyl)-7V-(/'err-butyldimethylsilyl)-aniline (2.4). 

The trimethylsilyl-substituted ligand (2.2) was isolated as a yellow, moisture 

sensitive oil in excellent yield. The analogous trimethylsilyl-amino/aldimino 

compound that was prepared previously within the Danopoulos group was isolated 

as a colourless oil.^^ 

Problems growing crystals suitable for diffraction studies of zirconium 

complexes incorporating the trimethylsilyl-amino/imino ligand (see Chapter 3) 

lead us to synthesise the bulkier amino/imino ligand (2.4). Following 

deprotonation of (2.1) with Bu"Li the lithium amido species was quenched with 

ferf-butyldimethyl chlorosilane to yield (2.4) as a light brown solid in high yield. 

2.3.1 NMR spectroscopy for (2.2) and (2.4) 

The position of the signals due to the ligand backbone of (2.2) and (2.4) in 

the and 'H} NMR spectra vary little compared to (2.1) (Table 2.1). The 

silylmethyl groups appear between 0.3 and 0.4 ppm in the 'H NMR spectrum and 

at ca. 0.3 ppm in the 'H} NMR spectrum. The protons of the tert-bwtyl group 

of (2.4) appear at 1.0 ppm with the methyl carbons at 27.21 ppm and the tertiary 

carbon at 18.96 ppm. The introduction of a silyl-substituent on the amine nitrogen 

results in a downfield shift of the NH to 10.00 (2.2) and 9.77 ppm (2.4). The imine 

carbons of (2.2) and (2.4) (165.95 and 166.59 ppm respectively) are shifted little 

relative to (2.1). 
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Table 2.1\ A comparison of selected and NMR data for the 

compounds (2.1), (2.2) and (2.4)/ 

Compound (2.1) (2.2) (2.4) 
Imine C;̂ 3 2.30 2.32 2.31 
SiCHs - 0.35 0.29 
SiC(Cj:73)3 - - 1.01 
Cyclohexyl CH 3.58 3.60 3.55 

6.55 10.00 9.77 
Imine CH3 16.26 15.27 16.49 
SiCHa - 0.31 -3.31 
SiC(CH3)3 - - 18.96 
SiC(CH3)3 - - 27.21 
Cyclohexyl CH 59.80 59.23 60.52 
Imine C=N 165.65 165.95 166.59 

^ Spectral data expressed in ppm; solvent = CDCI3. 

2.4 Synthesis of lithium [2-(l-cyclohexyhmino-ethyl)-iV-(trialkylsilyl)-anilide] 

compounds (2.3) and (2.5) 

Compounds (2.2) and (2.4) were converted into the corresponding lithium 

amido/imino species by deprotonation of the parent amine with Bu"Li. The A^-silyl 

anilines were dissolved in petroleum and cooled to -78 °C. Vigorous stirring was 

required to prevent (2.4) from being precipitated out of solution at - 7 8 °C. After 

addition of Bu"Li at - 78 °C and stirring overnight at RT, the reactions produce the 

desired lithium amido/imino compounds, the bulk of which are precipitated out of 

solution. Since the compounds have partial solubility in petroleum, cooling the 

reaction mixture back to -78 °C before isolating them by filtration increases the 

isolated yield. Both the lithium trimethylsilylamido/imino (2.3) and lithium /grf-

butyldimethylsilylamido/imino (2.5) compounds were isolated as extremely air and 

moisture sensitive white, crystalline solids. 
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Bu"U 

Petroleum 

R=SiMe3 (23); R=SiMe2Bu' (2.5). 

Scheme 2.9: Synthesis of lithium [2-(l-cyclohexylimino-ethyl)-#-(trimethylsilyl)-

anilide] (2.3) and lithium [2-(l-cyclohexylimino-ethyl)-A^-(fert-

butyldimethylsilyl)-anilide] (2.5). 

2.4.1 NMR spectroscopy for (2.3) and (2.5) 

The 'H and 'H} NMR spectra of compounds (2.3) and (2.5) are very 

similar to those of their amine precursors (2.2) and (2.4). The one major difference 

is the absence of a peak assignable to the amine proton, which is therefore strong 

evidence that deprotonation has taken place. ^Li NMR experiments on both 

compounds each gave rise to one lithium resonance at ca. 4 ppm (relative to LiCl). 

Table 2.2: A comparison of selected 'H, and ^Li NMR data for the 

compounds (2.3) and (2.5).^ 

Compound (2.3) (2.5) 

Imine C//3 2.23 2.30 
SiC/fs 0.36 0.36 
SiC(C/f3)3 - 1.18 
Cyclohexyl CH 3.56 3.62 
Imine CH3 20.29 20.26 
SiCH3 3.90 0.23 
SiC(CH3)3 - 21.44 
SiC(CH3)3 - 28.91 
Cyclohexyl CH 61.15 60.90 
Imine C=N 168.92 169.24 

4.06 3.92 

^ Spectral data expressed in ppm; solvent = (/^-pyridine. 

Relative to LiCl in D2O. 
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2.4.2 X-ray diffraction study on lithium [2-(l-cyclohexylimino-ethyl)-/V-

(trimethylsilyl)-anilide] (2.3) 

X-ray diffraction quality crystals of (2.3) were grown by cooling a saturated 

petroleum solution to -30 °C to give the product as yellow prisms. 

C26 

Figure 2.2: ORTEP representation of the crystal structure of lithium [2-(l-

cyclohexylimino-ethyl)-//-(trimethylsilyl)-anilide] (2.3) (50% probability thermal 

ellipsoids). Hydrogens are omitted for clarity. 

The molecule is a centrosymmetric dimer containing two amido/imino 

ligands that link the two lithium atoms via bridging amide nitrogens. Each lithium 

atom is also bound by an imine nitrogen, giving a coordination number of three. 

The central Li^Nz ring is almost planar with an inter-lithium distance of 2.415(9)A. 

The Li-N(imiiie) [1.970(8) and 1.982(8)A] and the Li-N(amide) [range 1.978(8)-

1.997(8)A, mean 1.987(16)A] bond lengths are very similar, although normally the 

imine-lithium bond length would be expected to be longer than the amide-lithium 

bond. This may be due to the bridging nature of the amide groups in this 

compound. 

The C=N bond length [1.280(5) and 1.287(5)A] and the planar geometry 

about the imine bond suggests that the anionic charge of the amide group is not 

delocalised around the chelate ring of the ligand. It is therefore plausible that the 

benzene ring incorporated in the ligand backbone inhibits the delocalisation of the 
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negative charge of the amide group. This constitutes a difference between this 

ligand framework and the typical P-diketiminato ligands, where 7i-electron 

delocalisation results in equal bonds 

The structure of (2.3) shares many characteristics with the structure of the 

lithium pyridyl-azaallyl compound [Li{N(SiMe3)C(Bu')C(H)(C5H4N-2)}]2 

reported by Lappert?° This is also a centrosymmetric dimer with bridging 

trimethylsilylamides in which the lithium nitrogen bond to the neutral pyridyl 

nitrogen is shorter than the bonds to the amide nitrogen. The Li-N(amide) bond 

lengths [range 2.012(9)-2.032(6)A] are close to those of (2.3). 

2.5 Synthesis of 2-(l-cyclohexyliminoalkyl)-yV-(phenyl)-aniline compounds 

(2.6), (2.8) and (2.10) 

Having observed the breaking of the nitrogen-silicon bond to give a 

zirconium imido complex whilst performing a transamination reaction between 

two equivalents of (2.2) and Zr(NMe2)4 (Chapter 3), it was decided to replace the 

silyl substituents with aryl groups. The phenyl group was chosen because: 

(i) The nitrogen-carbon bond is stronger than the nitrogen-silicon bond. 

(ii) It cannot be involved in elimination reactions giving rise to metal-

ligand multiple bonds. 

(iii) The second phenyl ring would adopt a conformation such that its 

plane would be perpendicular to that of the backbone phenyl ring, 

giving rise to different steric features. Once the ligand was completed 

to a metal, depending on the substituents of the phenyl group, this 

could allow for steric blocking of the metal centre, in the space above 

and below the chelate ring of the ligand. This would be beneficial if 

the complexes proved to have potential as polymerisation catalysts, 

because the amide bound metal centre of the catalyst would be better 

protected from attack by other molecules. 

The three ligands, 2-(l-cyclohexylimino-ethyl)-7y-(3,5-dimethylphenyl)-

aniline (2.6), 2-(l-cyclohexylimino-ethyl)-A'^-(2,4,6-trimethylphenyl)-aniline (2.8) 

and 2-(cyclohexyliminomethyl)-A^-(2,4,6-trimethylphenyl)-aniline (2,10), were 

synthesised using Buchwald-Hartwig palladium catalysed coupling of an aniline 

and an aryl-bromide (Schemes 2.10, 2.11, and 2.12). The less sterically hindered 
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3,5-dimethylphenyl-substituted aniline was synthesised using apalladium(O)-

BINAP/NaOBu' catalyst system/^'^^ The catalyst loading was 5 mol. % of both 

Pd(dba)2 and rac-BINAP, with two equivalents of NaOBu' as the base. The 

reaction was performed in xylenes at 140 °C, and was adjudged to be complete 

after five days by following with CI-GCMS. The product (2.6) was isolated as a 

bright yellow solid in high yield following two kugelrohr distillations. One 

distillation was necessary to remove the residual xylenes and the second to 

separate the product from involatile material. 

N a O B u ' 

Pd{dba)2 
NH 

rac-BINAP 

Xylenes 

Scheme 2.10: Synthesis of 2-( 1 -cyclohexylimino-ethyl)-A^-(3,5-dimethylphenyl)-

aniline (2.6). 

Following the successful synthesis of (2.6) an attempt was made to 

synthesise the analogous 2,4,6-trimethylphenyl-substituted aniline. Using the same 

conditions as for the synthesis of (2.6), but employing 2,4,6-

trimethylbromobenzene as the arylbromide, resulted in slow conversion of (2.1) to 

(2.8). By following the reaction using CI-GCMS it was observed that complete 

conversion of 1 mmol of (2.1) took one week, too slow to be of synthetic use. The 

reason for this lower reactivity is possibly due to the increased steric demands of 

the mesityl group. The reaction was then tried with a palladium-carbene complex 

acting as the catalytically active species. Palladium-carbene complexes are 

conveniently generated in situ from a palladium(O) complex, an imidazolinium 

chloride and a base.^^'^^ We employed a catalytic system that had already been 

studied (Pd(dba)2, l,3-bis-(2,6-diisopropyl-phenyl)-imidazolinium chloride and 

NaOBu') and we found it to be much quicker than the rac-BINAP system for the 

coupling of 2-(l-cyclohexylimino-ethyl)-aniline with 2,4,6-

trimethylbromobenzene. Following some optimisation of the reaction conditions 

the catalyst loading employed was 0.75 mol. % of Pd(dba)2 and 1.50 mol. % of the 
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imidazolinium chloride with 1.43 equivalents of NaOBu' as the base. Performing 

the reaction in 1,4-dioxane at 105 °C gave complete conversion in three days. 

Following an aqueous work up the compound was purified using the same method 

as (2.6) to yield 2-(l-cyclohexylimino-ethyl)-A/-(2,4,6-trimethylphenyl)-aniline 

(2.8) as a viscous, bright yellow oil in high yield. 

NaOBu' 

Pd(dba)2 

1,4-Dioxane 

NHj N n NH 

Scheme 2.11: Synthesis of 2-( 1 -cyclohexylimino-ethyl)-N-(2,4,6-

trimethylphenyl)-aniline (2.8). 

Following the synthesis of (2.8), further attempts were made to synthesise 

analogous amino/imino compounds with bulkier aryl substituents on the amino-

nitrogen by utilising the Pd(dba)2/imidazolinium chloride system. Coupling 

reactions of 2,4,6-triisopropylbromobenzene and 2,4,6-tri-?ert-butylbromobenzene 

with (2.1) were unsuccessful. By following these reactions using CI-GCMS it was 

observed that a small trace of product was produced in the case of the reaction with 

2,4,6-triisoproplybromobenzene. The reaction would not proceed any further 

despite performing the reaction with a higher catalyst loading. In the case of the 

reaction with 2,4,6-tri-rert-butylbromobenzene there was no trace of any product 

by GCMS. It is most likely that this lack of reactivity is attributable to the 

increased steric demands of the arylbromides. 

Following the results obtained from the reactions of the amido/ketimino 

ligands with titanium and zirconium complexes, an effort was undertaken to 

synthesise the analogous amino/aldimino compound 2-cyclohexyliminomethyl-N-

(2,4,6-trimethylphenyl)-aniline (2.10). This would have enabled us to investigate 

how the ligand behaviour differs depending on whether it contains an aldimino or a 

ketimino group. The Pd(dba)2/imidazolinium chloride/NaOBu' catalyst system was 

also employed in attempts to couple 2,4,6-trimethylbromobenzene with 
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2-(cyclohexyliminomethyl)-aniline. All attempts to couple these two compounds 

failed. The reason for the failure to couple these two compounds is unclear given 

the relative ease with which (2,6) and (2.8) were prepared. 

NaOBu' 

Pd{dba)2 

NH N 

T 

Scheme 2.12: Synthesis of 2-(cyclohexyliminomethyl)-A^-(2,4,6-

trimethylphenyl)-aniline (2.10). 

The synthesis of (2.10) was then attempted by coupling 

2-cyclohexyliminomethyl-bromobenzene with 2,4,6-trimethylamline using the 

palladium-carbene catalyst. The small scale (2 mmol) reaction was adjudged to be 

complete after five days by CI-GCMS. The same work-up procedure that was 

employed in the synthesis of (2.6) and (2.8) afforded (2.10) as a yellow oil in good 

yield. The long reaction time and higher catalyst loading (5% Pd(dba)2 and 10% 

imidazolinium chloride) meant that this method of was not practical for the large 

scale synthesis of (2.10). For metal complexation studies to be performed using 

(2.10) as a ligand, a faster and more efficient ligand synthesis needs to be 

developed. 

2.5,1 NMR spectroscopy for (2.6), (2.8), and (2,10) 

As with the A^-silyl substituted amino/imino ligands (2.2) and (2.4) discussed 

above, a peak of high diagnostic value in the NMR spectra of these compounds 

is the low field resonance assignable to the amine proton. In the spectra of the 

silylamino/ketimino compounds the amine proton resonates at ca. 10 ppm in 

CDCI3. In the spectra of the arylamino/ketimino compounds (2.6) and (2.8) it 

appears further downfield at 11.90 and 11.71 ppm, respectively. The amine proton 

of the arylamino/aldimino compound (2.10) resonates at 10.70 ppm, which is also 
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further downfield than its corresponding trimethylsilyl-substituted amino/imino 

derivative (9.9 ppm).^^ 

Table 2.3: A comparison of selected and N M R data for the 

compounds (2.6), (2.8) and (2.10).'' 

Compound (2.6) (2.8) (2.10) 

Imine CH3 2 3 4 2.42 -

Imine H - - 8.47 
Aryl 2 3 2 2.23, 2.38 2.19, 2.35 
Cyclohexyl CH 1 6 2 3 J 0 3 J ^ 

11.90 1L71 1CX70 
Imine CH3 1&59 15J2 -

ArylCHs"' 22^2 18.43, 20.87 18.33, 20.91 
Cyclohexyl CH 59^9 58.93 69.54 
Imine C 165^0 165.23 161.50 

® Spectral data expressed in ppm; solvent = CDCI3. 

^ For (2.8) and (2.10) the first value given is that of the methyl group in the 

4-position and the second value is that of the two methyl groups in the 2- and 

6-positions. 

Other characteristic peaks in the NMR spectra of (2.6) and (2.8) include the 

ketimino methyl group at ca. 2.3-2.4 ppm (^H NMR spectra) and 15-17 ppm 

('^C{ ^H} NMR spectra). There is no corresponding peak for (2.10) which has an 

aldimine proton, which gives rise to a peak at 8.47 ppm in the NMR spectrum. 

The methyl groups of the N-aryl group appear in the same region as the imino 

methyls. The two methyl substituents of the 3,5-dimethylphenyl group (2.6) appear 

as single resonances in both the proton and carbon NMR spectra whilst the three 

methyl groups of the mesityl ring in (2.8) and (2.10) appear as two signals in a 2:1 

ratio. For (2.6) and (2.8) the methine CH of the cyclohexyl group appears in the 

same region as for the silyl-substituted compounds (between ca. 3.5 and 3.7 ppm). 

For (2.10) it appears further upfield at 3.18 ppm. The furthest downfield peak in 

the 'H} NMR spectrum is due to the imine carbon. In the ketimine compounds 

(2.6) and (2.8) it appears at 165.80 and 165.23 ppm, respectively. In the aldimine 

group of (2.10) it is more upfield at 161.50 ppm. 
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2.6 Synthesis of lithium [2-(1 -cyclohexylimino-alkyl) W-(aryl)-anilide] 

compounds (2.7), (2.9) and (2.11) 

The lithium amido/imino compounds (2.7), (2.9) and (2.11) were readily 

obtained in high yield by reaction of Bu"Li with the amino/imino compounds (2.6), 

(2.8) and (2.10) (Scheme 2.13) following the same procedure as for (2.3) and (2.5). 

As with (2.3) and (2.5), the resulting lithium complexes have low solubility in 

petroleum and precipitate out of solution as the reaction progresses. Unlike (2.3) 

and (2.5), which are white solids, the lithium arylamido/imino compounds are 

brightly coloured. Compounds (2.7) and (2.11) are yellow whilst (2.9) is orange. 

Bu"Li 

Petrol (40/60) 
-78 °C to RT Li 

(2.7) R'=xylyl, R^=Me; (2.9) R^=mesityl, R^=Me; (2.11) R^=mesityl, R^=H. 

Scheme 2.13: Synthesis of lithium [2-(l-cyclohexylimino-ethyl)-//-(3,5-

dimethylphenyl)-anilide] (2.7), lithium [2-(l-cyclohexylimino-ethyl)-#-(2,4,6-

trimethylphenyl)-anilide] (2.9) and lithium [2-(cyclohexyliniinomethyl)-//-(2,4,6-

trimethylphenyl)-anilide] (2.11). 

2.6.1 NMR spectroscopy for compounds (2.7), (2.9) and (2.11) 

The most diagnostic feature of the NMR spectra of (2.7), (2.9) and (2.11) 

is the absence of a peak assignable to an amine proton. This is strong evidence that 

deprotonation has occurred to give the amido/imino compounds. The spectra of the 

three lithium amido/imino compounds contain peaks assignable to the rest of the 

ligand backbone but shifted slightly relative to the parent amino/imino compounds. 

This evidence coupled with the observation that the reaction products are 

extremely air and moisture sensitive solids, strongly supports the conclusion that 

the isolated compounds are the proposed lithium amido/imino compounds. 

The NMR spectra of (2.7) (solvent = CeDe) are surprisingly complicated 

when compared to those of (2.9) and (2.11) as well as to the lithium 
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silylamido/imino compounds. There is one major set of peaks in the and 

NMR spectra corresponding to the anticipated hthium amide species. In 

addition, there are much less intense peaks in the same regions as the major peaks. 

This is also evident in a ^Li NMR spectrum where a major peak at 1.77 ppm is 

accompanied by a smaller peak at 1.22 ppm. Similar pairing of peaks is observed 

in the NMR spectrum for the resonances assignable to a methine cyclohexyl 

proton a to the imino-nitrogen. The ratio of integrals of the major peaks to the 

minor peaks is ca. 4:1, which is in agreement with the ratio of the intensities of the 

two peaks in the ^Li NMR spectrum. The minor peaks are not attributable to 

unreacted or reprotonated amine, but rather to different aggregation of the 

molecules in solution. A single crystal X-ray diffraction study on (2.7) (see below) 

yielded a trimeric structure, whereas (2.3) and (2.9) proved to have a dimeric 

structure in the solid state. It is possible that in the case of (2.7) in solution there is 

a mixture or equilibrium of dimers and trimers. 

The position of peaks assignable to the ketimine methyl group, the methine 

cyclohexyl group and the imine carbon appear in similar positions for both (2.7) 

and (2.9) (Table 2.4). The spectra differ in the number of peaks present due to the 

aryl substituent of the amide group and the cyclohexyl ring. The methyls of the 

xylyl ring of (2.7) appear as two resonances in both the (2.00 and 2.57 ppm) 

and (22.34 and 22.48 ppm) NMR spectra. The three aromatic protons 

appear as three singlets in the NMR spectrum (6.22, 6.26, 6.86 ppm), and there 

is a total of twelve peaks for the two phenyl rings in the ^H}NMR spectrum. 

This contrasts with (2.9), where the three methyl groups of the mesityl ring give 

rise to only two peaks in a 2:1 ratio in both the 'H (2.05 and 2.24 ppm) and 

(19.83 and 21.61 ppm) NMR spectra. The two aromatic protons in the 3 

and 5 positions of the mesityl ring appear as one peak at 6.77 ppm and there are 

only ten peaks in the ^H} NMR spectrum assignable to the two phenyl rings. 

This suggests that the mesityl ring of (2.9) is freely rotating but the xylyl ring of 

(2.7) is not. The NMR spectrum of (2.7) contains six peaks assignable to 

the cyclohexyl group whilst that of (2.9) contains only four, suggesting that two 

pairs of the carbons in the cyclohexyl group of (2.9) are rapidly interconverting, 

but not in (2.7). 

The NMR spectrum of (2.11) shows that the mesityl ring behaves in the 

same way as in (2.9) and appears to possess free rotation about the C-N bond. As 
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with the amino/imino compounds, the methine cyclohexyl proton is shifted ca. 0.4 

ppm upfield relative to (2.7) and (2.9). 

Table 2.4: A comparison of selected 'H, ^^C{^H} and ^Li NMR data for the 

compounds (2.7), (2.9) and (2.11)." 

Compound (2.7)'' (2.9) (2.11) 
Imine CH3 1.86 2.00 -

Imine H - - 8.06 
Aryl 2.00, 2.57 2.05, 2.24 2.11,2.2 
Cyclohexyl CH 2.95 3.06 2.67 
Aryl aromatic CH 6.22, 6.26, 6.86 6.77 6.81 
Imine CH3 17.83 19.31 -

Aryl CH3' 22.34,22.48 19.83,21.61 -

Cyclohexyl CH 61.09 61.10 -

Imine C 169.41 170.88 -

1.77 1.91 -

" Spectral data expressed in ppm; solvent = CgDg. 

^ The data reported here is that of the major species. 

For (2.9) and (2.11) the first value given is that of the two methyl groups in 

the 2- and 6-positions and the second value is that of the methyl group in the 

4-position. 

" Relative to LiCl in D2O. 

2.6.2 X-ray diffraction study on lithium [2-(l-cyclohexylimino-ethyl)-A^-

(3,5-dimethylphenyl)-anilide] (2.7) 

X-ray diffraction quality crystals of (2.7) were obtained by cooling a 

saturated petroleum solution to -30 °C to give the compound as yellow blocks. 
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Figure 2.3: ORTEP representation of the crystal structure of lithium [2-(l-

cyclohexylimino-ethyl)-A^-(3,5-dimethylphenyl)-anilide] (2.7) (50% probability 

thermal ellipsoids). Two cyclohexyl rings [C(55)-(58) and C(120)-(124)] and two 

3,5-dimethylphenyl groups [C(60)-(66) and C(126)-(132)] are omitted for clarity. 

Hydrogens are omitted for clarity. 

The molecule exhibits a trimeric structure in which the three amido nitrogens 

and the three lithium atoms are located on the corners of a distorted cyclohexane 

chair conformer. The three amido/imino groups are arranged such that the three 

orr/zo-substituted phenyl rings that link the amide and imine moieties are located 

on one side of the near planar LisN] ring whilst the alternating cyclohexyl and 

xylyl rings are on the other, giving a "cisoid" arrangement. The lithium 

coordination sphere comprises two amide groups and one imine nitrogen giving 

three coordinate lithium environments. The Li-N(amide) bond lengths lie in the 

range 1.942(10)-2.048(10)A and the Li-N(imine) bonds are between 2.026(10)-

2.047(10)A. Each amido nitrogen has one lithium bond shorter than the other [eg. 

Li(l)-N(3) 2.042(9)A; Li(2)-N(3) 1.942(10)A]. The longer bonds are those that are 

part of the amido/imino chelate rings. The Li-N bond lengths are similar to those 

observed in the dimeric structures of (2.3) and (2.9). The internal Li-N-Li angles 

[range 104.5(4)-109.3(4)°, mean 107.3(10)°] of the LisNg ring are smaller than the 

internal N-Li-N angles [range 126.9(5)-132.3(5)° mean 129.6(12)°]. 
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Figure 2.4\ Schematic diagram representing the solid state structure of lithium [2-

(1 -cyclohexylimino-ethyl)-A'^-(3,5-dimethylphenyl)-aniHde] (2.7). 

The angles about the imine groups suggest a planar geometry and the C=N 

double bonds [range 1.269(6)-1.291(6)A, mean 1.277(15)A3 lie in the normal 

range. The differences between the lengths of the C=N double bond and the 

C(aryl)-N(amide) single bond lengths [range 1.392(6)-! .405(6)A, mean 

1.397(15)A] within the chelate rings suggests that the presence of the aryl group in 

the chelate ring of the ligand inhibits the delocalisation of the negative charge. This 

correlates with the behaviour of the lithium-silylamido/imino ligand (2.3) that was 

observed in the solid state. 

Similar crystal structures containing a central LisN] ring display both planar 

and puckered geometries. The reported structure of the Li(Me2[9]aneN3) trimer by 

Mountford^'^ possesses a near planar LisNa ring in which the four coordinate Li 

atoms are each further bound by two amino nitrogens of the macrocyclic groups. 

As with (2.7), the Li-N-Li angles [range 101.75(14)-103.68(14)°] are smaller than 

the N-Li-N angles [range 135.27(17)-137.34(17)°]. Each Li atom possesses two 

inequivalent amide bonds, with the Li-N bond contained within the chelate of the 

macrocyclic ligand being longer than the Li-N bond to the second macrocycle [e.g. 

Li(l)-N(9) 2.030(3)A; Li(l)-N(39) L977(3)A], in an analogous fashion to (2.7). 

A similarly planar LisN] ring is contained within the structure of the 

benzyl(trimethylsilyl)amidolithium trimer reported by Mulvey.^ The amide 

substituents are arranged in a "cisoid" manner and there is an increased difference 

between the Li-N-Li bond angles [range 92.6(2)-94.8(2)°] and the N-Li-N angles 

[range 145.1(2)-147.0(2)°]. Due to the simple nature of the amido ligand it is not 
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capable of chelating and so the Li-N bond lengths are equivalent [range 1.940(4)-

1.977(4)A]. 

A pair of structures of Cs-chiral tripodal amido ligands reported by Gade^^ 

demonstrates puckered examples of LisNs rings. The structures of 

HC {SiMe2N(Li) [(5")-1 -phenylethyl]} 3 and HC {SiMe2N(Li) [(^)-1 -indanyl]} 3 

possess a heteroadamantane core containing the LisNa ring. There is weak internal 

solvation of the Li atoms by the pendant aryl groups. The Li-N bond lengths lie in 

a similar range to those of (2.7). It is possible that the puckering of the LisNs ring 

is enhanced by the tripodal ligand architecture and the solvation by the aryl groups. 

2.6.3 X-ray diffraction study on lithium [2-(l-cycIohexylimino-ethyl)-iV-

(2,4,6-trimethylphenyl)-aniIide] (2.9) 

X-ray diffraction quality crystals of (2.9) were obtained by cooling a 

saturated petroleum solution to -30 °C to give the compound as orange blocks. 

CIS 

Figure 2.5: ORTEP representation of the crystal structure of lithium [2-(l-

cyclohexylimino-ethyl)-A^-(2,4,6-trimethylphenyl)-anilide] (2.9) (50% probability 

thermal ellipsoids). One cyclohexyl ring [C(33)-(37)] has been omitted for clarity. 

Hydrogens are omitted for clarity. 

The molecule is dimeric with the amide nitrogens bridging the two lithium 

atoms to give an asymmetric puckered Li2N2 ring. Each lithium atom is further 
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coordinated to an imine nitrogen to give a lithium coordination number of three. 

The Li-N(amide) [1.924(8)-2.178(9)A] andLi-N(imine) [1.952(8) and 1.974(9)A] 

bond lengths are comparable to those observed for the dimer (2.3) and the trimer 

(2.7). As in the previous structures, (2.9) shows a planar geometry about the imino 

C=N bonds at 1.293(5) and 1.306(5)A. As in the structure of (2.7), both amido 

nitrogens possess one Li-N bond shorter than the other [eg. Li(l)-N(l) 1.950(8)A; 

Li(2)-N(l) 2.178(9)A]. The difference between the two bond lengths is more 

pronounced in the structure of (2.9) than in (2.7). A significant difference is that in 

(2.9) it is the shorter Li-N(amide) bond that is part of the amido/imino chelate ring, 

whereas in (2.7) it is the longer bond that is contained in the chelate ring. The 

geometry of the dimer is different to that observed for (2.3). In (2.9) the LiiN] ring 

is puckered, whereas in (2.3) it is observed to be almost planar. The dimeric 

structure of (2.3) is centrosymmetric while (2.9) features a "cisoid" arrangement, 

placing the two mesityl rings on the same side of the Li2N2 ring. The two aromatic 

rings are arranged "face to face" (see Fig. 2.5). It is possible that there is a %-

stacking interaction that promotes this more sterically hindered conformation over 

that of the conformation displayed by the dimer in (2.3). This arrangement would 

seem to prohibit the free rotation of the mesityl rings as observed in the NMR data 

suggesting that this geometry is not adopted in solution. 

Table 2.5: A comparison of selected structural data between the complexes 

(2.7) and (2.9)." 

Compound GL7) (2.9) 
Li-N(amide) (shorter bond)'' 1.952(24) 1.937(11) 
Li-N(amide) (longer bond)'' 2.038(23) 2.125(13) 
Li-N(imine) 2.035(24) 1.963(12) 
C=N 1.277(15) 1.300(7) 
Li-Li (inter lithium distance) 3.213(30) 2.362(11) 
N-Li-N (bite angle) 95.6(10) 96.7(6) 
N-Li-N (amide nitrogens) 129X%12) 101.0(6) 
Li-N-Li 107.3(10) 7L0^0 

Mean bond lengths in A, mean angles in °. 

' Each bridging amide possesses one N-Li bond shorter than the other. 
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2.7 Conclusions 

The condensation reaction of o-aminoacetophenone with cyclohexylamine to 

afford 2-(l-cyclohexylimino-ethyl)-aniline (2.1) has been carried out in good yield. 

Two silyl-amino/imino compounds (2.2) and (2.4) were synthesised in high yield 

by the action of Bu"Li on (2.1) and the subsequent quenching of the resultant 

lithium amide species with a chlorotrialkylsilane. The two corresponding lithium 

silylamido/imino compounds (2.3) and (2.5) were synthesised by deprotonating the 

secondary-amino moieties with Bu"Li. 

The primary amine of (2.1) was substituted with bulky aryl rings to give two 

arylamino/imino compounds (2.6) and (2.8). The new C-N bonds were formed 

using a palladium catalyst to couple (2.1) with the appropriate arylbromide. The 

coupling reaction proceeded in high yield although it was sensitive to the sterics of 

the arylbromide. The resultant arylamino/imino compounds were deprotonated 

with Bu"Li to give the lithium amido/imino compounds (2.7) and (2.9). 

All attempts to extend the palladium catalysed coupling to the reaction of the 

analogous aldimine-containing compound 2-cyclohexyliminomethyl-aniline with 

2,4,6-trimethyIbromobenzene were unsuccessful. It was however possible to 

couple 2-cyclohexyliminomethyl-bromobenzene with 2,4,6-trimethylaniline, but in 

a lower yield than that achieved with the ketimine containing compounds and with 

increased reaction times. The resultant arylamino/imino compound was 

deprotonated with Bu"Li to give the corresponding lithium-arylamido/imino 

compound. 

In conclusion, the methodology to synthesise a series of amino/ketimino 

ligands in high yield in which the amine nitrogen is substituted with either a 

trialkylsilyl group or an aryl ring has been developed. This seems to be 

complimentary to the method developed by P i e r s . T h e corresponding lithium 

amido/imino compounds, which were obtained in high yield by reaction with 

Bu"Li, show a remarkable structural diversity dependant on the size and nature of 

the iV-substituent. 
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2.8 Experimental 

The following compounds were prepared following literature methods: 1,3-

bis-(2,6-diisopropyl-phenyl)-imidazolinium.^' 

2.8.1 2-(l-Cyclohexylimino-ethyl)-aniline (2.1). 

2-Aminoacetophenone (10.0 g, 74.1 mmol) was dissolved in toluene (100 

cm^) and to the solution were added activated 4A molecular sieves and 

cyclohexylamine (63 cm^, 552 mmol). The resulting orange mixture was stirred at 

100 °C in a closed vessel under reduced pressure for 4 days. After completion, 

filtration of the sieves and removal of the volatiles under reduced pressure gave a 

light brown solid, which was crystallised from petroleum as a white solid that was 

isolated, washed with cold petroleum and dried to yield (2.1). 

Yield: 10.12 g, 63%. 

6H(CDCl3) 1.25-1.90 (lOH, m, cyclohexyl % s ) , 2.30 (3H, s, imine % ) , 

3.58 (IH, tt, cyclohexyl CH a to imine N), 6.55 (2H, br s, NHz), 6.65 (2H, m, 

aromatic), 7.10 (IH, dt, aromatic), 7.50 (IH, dd, aromatic). 

6c(CDCl3) 16.26 (imine % ) , 25.42, 26.52, 34.79 (cyclohexyl 

CHas), 59.80 (cyclohexyl CH a to imine N), 116.52, 117.52 (aromatic CHs), 

122.20 (quaternary aromatic), 129.93, 130.37 (aromatic CHs), 148.82 (quaternary 

aromatic), 165.65 (ArC(Me)=N(Cy)). 

2.8.2 2-(l-Cyclohexylimino-ethyl)-iV-(triniethylsilyl)-aniIine (2.2). 

To a cooled (-78 °C), stirred solution of (2.1) (5.90 g, 27.3 mmol) in diethyl 

ether (150 cm^), was added slowly via cannula Bu"Li (12.3 cm^ of 2.45 M solution 

in hexanes, 30 mmol). After complete addition, the bright yellow solution was 

stirred at - 7 8 °C for Ih, allowed to reach room temperature and stirred for 2 h. 

Trimethylchlorosilane (3.8 cm^, 30 mmol) was then added via syringe and the 

mixture was stirred for 15 h giving a light yellow suspension. Concentration to ca. 

50 c m \ followed by addition of petroleum (150 cm^), filtration of the precipitated 

LiCl and removal of the volatiles under reduced pressure gave a dark orange oil 

which was purified by a vacuum distillation. The product was isolated as a bright 

yellow oil (b.p. 140 °C, 0.05 mm Hg). 

Yield: 6.74 g, 86%. 
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ShCCDCIs) 0.35 (9H, s, silyl CHss), 1.10-1.90 (lOH, m, cyclohexyl CH2S), 

2.32 (3H, s, imine CHs), 3.60 (IH, tt, cyclohexyl Cff a to imine N), 6.70 (IH, dt, 

aromatic), 6.83 (IH, dd, aromatic), 7.17 (IH, dt, aromatic), 7.54 (IH, dd, 

aromatic), 10.00 (IH, s, NH). 

^^C{̂ H) 6c(CDCl3) 0.31 (silyl CH3S), 15.27 (imine CH3), 24.91, 26.24, 35.08 

(cyclohexyl CHas), 59.23 (cyclohexyl CH a to imine N), 115.72, 117.78 (aromatic 

CHs), 122.86 (quaternary aromatic), 130.00, 130.23 (aromatic CHs), 150.66 

(quaternary aromatic), 165.95 (ArC(Me)=N(Cy)). 

2.8.3 Lithium [2-(l-cyclohexylimino-ethyl)wV-(trimethylsilyl)-anilide] (2.3). 

To a cooled (-78 °C), stirred solution of (2.2) (4.58 g, 15.9 mmol) in 

petroleum (150 cm^) was added slowly via cannula Bu"Li (7.1 cm^, of 2.45 M 

solution in hexanes, 17.5 mmol). The mixture was stirred at -78 °C for 1 h, allowed 

to reach room temperature and stirred for 15 h. This produced a light yellow 

suspension. From this the product was isolated by filtration as a white, extremely 

air sensitive solid (3.2 g), which was dried in vacuo. The mother liquor was 

reduced to ca. 30 cm^ and cooled to -30 °C for 12 h giving a second crop (0.8 g). 

X-ray diffraction quality crystals were grown from a saturated petroleum solution 

of (2.3) that was cooled to -30 °C. 

Yield: 4.0 g, 86%. 

Mp: 223 °C (dec). 

6H(C6D6) 0.06 (9H, s, silyl CE3S), 1.10-1.90 (lOH, m, cyclohexyl CHzs), 1.98 

(3H, s, imine CTfs), 3.27-3.38 (IH, br t, cyclohexyl CH a to imine N), 6.82-6.88 

(2H, m, aromatic), 7.21 (IH, dd, aromatic), 7.31 (IH, dd, aromatic). 

^^C{'H} 6c(C6D6) 1.78 (silyl CH3S), 19.56 (imine CH3), 25.19, 25.25, 26.10, 

34.38 (cyclohexyl CHzs), 60.19 (cyclohexyl CH a to imine N), 117.22, 129.77, 

129.91, 130.68 (aromatic CHs), 130.75, 156.71 (quaternary aromatics), 170.12 

(Ar C(Me)=N(Cy)). 

5H(d^-pyridine) 0.36 (9H, s, silyl C%s), 1.10-2.00 (lOH, m, cyclohexyl 

CJ/2S), 2.23 (3H, s, imine CH3), 3.56 (IH, br t, cyclohexyl CH a to imine N), 6.45 

(IH, dt, aromatic), 7.17-7.23 (2H, m, aromatics), 7.29 (IH, dd, aromatics). 

6c(d^-pyridine) 3.90 (silyl CH3S), 20.29 (imine CH3), 26.00, 26.62, 

34.79 (cyclohexyl CHis), 61.15 (cyclohexyl CH a to imine N), 109.42, 125.92, 
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129.48, 131.39 (aromatic CHs), 131.94, 161.99 (quaternary aromatics), 168.92 

(ArC(Me)=N(Cy)). 

8u(d^-pyridine) 4.06 

Found: C, 68.5; H, 8.9; N, 12.5. CnHzvLiiNiSii requires C, 69.4; H, 9.2; N, 

9.5%. 

Figure 2.6: ORTEP representation of the crystal structure of lithium [2-(l-

cyclohexylimino-ethyl)-A'^-(trimethylsilyl)-anilide] (2.3) (50% probability thermal 

ellipsoids). Hydrogens are omitted for clarity. 

Table 2.6: Selected bond lengths (A) and angles (°) for (2.3). 

N(l)-Li(l) 1.989(8) N(l)-Li(2) 1.982(8) 
N(3).Li(l) 1.978(8) N(3)-Li(2) 1.997(8) 
N(2)-Li(l) 1.970(8) N(4)-Li(2) 1.982(8) 
Li(l)-Li(2) 2.415(9) N(l) -Si( l ) 1.703(4) 
N(l)-C(l) 1.407(5) C(l)-C(6) 1.419(5) 
C(6)-C(7) 1.491(5) C(7).N(2) 1.287(5) 
C(7).C(8) 1.517(6) N(2).C(9) 1.462(5) 
N(3).Si(2) 1.698(4) N(3)-C(18) 1.404(6) 

C(18)-C(23) 1.426(6) C(23)-C(24) 1.484(6) 
C(24)-N(4) 1.280(5) C(24)-C(25) 1.510(6) 
N(4)-C(26) 1.479(5) 

N(l)-Li(l)-N(2) 99.6(4) N(l)-Li(l)-N(3) 105.4(3) 
N(2)-Li(l)-N(3) 153.5(4) N(3)-Li(2)-N(4) 97.4(3) 
N(3)-Li(2)-N(l) 104.9(3) N(4)-Li(2)-N(l) 152.1(4) 
Li(l)-N(l)-Li(2) 74.9(3) Li(l)-N(3)-Li(2) 74.8(3) 
C(l)-N(l)-Si(l) 119.6(3) Li( l)-N(l)-C(l) 102.5(3) 
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N(l)-C(l)-C(6) 123.7(6) C(l)-C(6)-C(7) 124.3(4) 
C(6)-C(7)-N(2) 119.2(4) C(7)-N(2)-Li(l) 117.1(3) 
C(6)-C(7)-C(8) 116.5(4) C(8)-C(7)-N(2) 124.2(4) 
C(7)-N(2)-C(9) 121.0(4) C(9)-N(2)-Li(l) 119.6(4) 

C(18)-N(3)-Si(2) 123.9(3) Li(2)-N(3)-C(18) 102.5(3) 
N(3)-C(18)-C(23) 123.9(3) C(18)-C(23)-C(24) 123.2(4) 
C(23)-C(24)-N(4) 119.1(4) C(24)-N(4)-Li(2) 117.2(3) 

C(23)-C(24)-C(25) 116.5(4) C(25)-C(24)-N(4) 124.4(4) 
C(24)-N(4)-C(26) 122.7(4) C(26)-N(4)-Li(2) 117.3(3) 

2.8.4 2-(l-Cyclohexylimino-ethyl)-iV-(/ert-butyldimethyIsilyl)-aniline (2,4). 

To a cooled (-78 °C), solution of (2.1) (4.00 g, 18.5 mmol) in diethyl ether 

(150cm^), was added slowly via cannula Bu"Li (8.3cm^ of 2.45M solution in 

hexanes, 20.4 mmol). The mixture was then stirred at -78 °C for 1 h, allowed to 

reach room temperature and stirred for a further 2 h. To this, was added via 

cannula a solution of ?err-butyldimethylchlorosilane (3.07 g, 20.4 mmol) in diethyl 

ether (20 cm^) and stirring was continued for a further 15 h resulting in the 

formation of a brown solution and LiCl precipitate. The mixture was concentrated 

to ca. 50 cm^ and petroleum (150 cm^) was added to induce complete precipitation 

of LiCl. Filtration and removal of the volatiles in vacuo gave the product as a light 

brown solid. 

Yield: 4.71 g, 77%. 

6H(CDCl3) 0.29 (6H, s, silyl C/fss), 1.01 (9H, s, S i C ( C % ) , 1.2-1.9 (lOH, m, 

cyclohexyl CHzs), 2.31 (3H, s, imine CH3), 3.55 (IH, tt, cyclohexyl CH a to imine 

N), 6.64 (IH, dt, aromatic), 6.83 (IH, dd, aromatic), 7.10 ( I H , dt, aromatic), 7.50 

(IH, dd, aromatic), 9.77 (IH, br. s, N//). 

gcCCDCls) -3.31 (silyl CH3S), 16.49 (imine CH3), 18.96 

(SiC(CH3)3), 25.86, 26.52 (cyclohexyl CHzs), 27.21 (SiC(CH3)3), 35.03 

(cyclohexyl CH2), 60.52 (cyclohexyl CH a to imine N), 115.93, 118.50 (aromatic 

CHs), 123.23 quaternary aromatic), 130.15, 130.41 (aromatic CHs), 150.65 

(quaternary aromatic), 166.59 (ArC(Me)=N(Cy)). 
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2.8.5 Lithium [2-(l-cyclohexylimino-ethyI)-iV-(fert-butyldimethylsiIyl)-anilide] 

( 2 . 5 ) . 

To a cooled (-78 °C), stirred solution of (2.4) (2.74 g, 8.30 mmol) in 

petroleum (lOOcm^) was slowly added via cannula Bu"Li (3.6 cm^ of 2.45M 

solution, 8.7 mmol). The mixture was stirred at - 7 8 °C for 1 h, allowed to reach 

room temperature and stirred for 15 h. This produced a light yellow suspension. 

From this the product was isolated by filtration as a white, extremely air sensitive 

solid (1.7 g), which was dried in vacuo. The mother liquor was reduced to ca. 30 

cm^ and cooled to - 3 0 °C for 12 h giving a second crop of (2.5) (0.5 g). 

Yield 2.2 g, 79%. 

Mp: 240 °C (dec). 

8H(C6D6) -0.15 (3H, s, silyl % ) -0.08 (3H, s, silyl CH3), 0.90 (9H, s, 

SiC(C^3)3) 1.1-2.2 (lOH, m, cyclohexyl C/^zs), 1.95 (3H, s, imine % ) , 3.29 (IH, 

br t, cyclohexyl CH a to imine N), 6.77 (IH, dt, aromatic), 7.10 (IH, dd, 

aromatic), 7.18 (IH, dd, aromatic), 7.24 (Ih, dt, aromatic). 

6H(d^-pyridine) 0.36 (6H, s, silyl C^ss), 1 . 1 8 (9H, s, SiC(C^3)3), 1 . 2 - 2 . 1 

(lOH, m, cyclohexyl C%s) , 2.30 (3H, s, imine C//3), 3.62 ( IH, br t, cyclohexyl CH 

a to imine N), 6.46 (IH, t, aromatic), 7.16 (IH, dt, aromatic), 7.22-7.30 (2H, m, 

aromatics). 

"C(^H) gc(d^-pyridine) 0.23 (silyl CH3S), 20.26 (imine CH3), 21.44 

(SiC(CH3)3), 25.99,26.63 (cyclohexyl CHzs), 28.91 (SiC(CH3)3), 34.5.06 

(cyclohexyl CH2), 60.90 (cyclohexyl CH a to imine N), 110.20, 127.73, 129.21, 

130.81 (aromatic CHs), 132.92, 161.92 (quaternary aromatics), 169.24 

(ArC(Me)=N(Cy)). 

5Li(d^-pyridine) 3.92 

Found: C, 69.7; H, 9.5; N, 9.4. CaoHssLiiNaSii requires C, 71.4; H, 9.9; N, 

8.3%. 

2.8.6 2-(l-Cyclohexylimino-ethyl)-iV-(3,5-dimethylphenyl)-aniline (2.6). 

An ampoule was loaded with (2.1) (5.400 g, 25 mmol), NaOBu' (4.805 g, 

50.0 mmol), Pd(dba)2 (0.718 g, 1.25 mmol) and mc-BINAP (0.778 g, 1.25 mmol). 

Xylenes (150 ml) were added before 3,5-dimethylbromobenzene (3.5 cm^, 25.5 

mmol) was added to the resulting suspension. The ampoule was closed under 

46 



reduced pressure and the mixture was stirred at 140 °C for 5 days. After cooling, 

the xylene solution was filtered and the volatiles removed in vacuo to yield a dark 

brown residue, which was dissolved in diethyl ether (50 ml) and extracted with 

water (3 x 50 ml). The organic extract was dried with MgSO^ and the volatiles 

were removed in vacuo. The resulting dark brown residue was transferred to a 

kugelrohr and the product was distilled at 200 °C at 0.05 m m Hg to yield a bright 

yellow oil. Upon cooling to room temperature the oil solidified to yield (2.6) as a 

pale yellow solid. 

Yield: 6.581 g, 82%. 

Mp: 59-63 °C. 

6H(CDCl3) 1.00-1.95 (lOH, m, cyclohexyl C%s), 2.32 (6H, s, xylyl C^gs), 

2.34 (3H, s, imine CH^), 3.62 (IH, tt, cyclohexyl C / / a to imine N), 6.65 (IH, s, 

xylyl aromatic), 6.78 (IH, t, aromatic), 6.87 (2H, s, xylyl aromatic), 7.20 (IH, t, 

aromatic), 7.44 (IH, d, aromatic), 7.59 (IH, d, aromatic), 11.90 (IH, br. s, Ni^). 

^^C{^H} gcCCDCls) 16.59 (imine % ) , 22.12 (xylyl CHas), 25.27, 26.48, 

34.66 (cyclohexyl CH2S), 59.59 (cyclohexyl CH a to imine N), 115.82, 117.57, 

118.67 (aromatic CHs), 123.80 (quaternary aromatic), 124.09, 130.17, 130.35 

(aromatic CHs), 139.50, 142.92, 145.61 (quaternary aromatics), 165.80 

(ArC(Me)=N(Cy)). 

5h(C6D6) 1.10-1.80 (lOH, m, cyclohexyl CHzs), 1.85 (3H, s, imine CH3), 

2.13 (6H, s, xylyl CH3S), 3.35 (IH, m, cyclohexyl CH a to imine N), 6.56 (IH, s, 

xylyl aromatic), 6.72 (IH, dt, aromatic), 7.07 (2H, s, xylyl aromatics), 7.09 (IH, dt, 

aromatic), 7.40 (IH, dd, aromatic), 7.64 (IH, dd, aromatic), 12.46 (IH, s, NH). 

'^C{'H} ScCCeDe) 16.14 (imine CH3), 22.15 (xylyl CH3S), 25.40, 26.75, 

34.96 (cyclohexyl CH2S), 59.51 (cyclohexyl CH a to imine N), 116.12, 117.62, 

119.87 (aromatic CHs), 123.54 (quaternary aromatic), 124.91, 130.68, 130.89 

(aromatic CHs), 139.67, 143.54, 147.01 (quaternary aromatics), 166.16 

(ArC(Me)=N(Cy)). 

Found: C, 81.8; H, 8.6; N, 8.2. C22H28N2 requires C, 82.5; H, 8.8; N, 8.7%. 
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2.8.7 Lithium [2-(l-cyclohexyIiminolethyl)-iV-(3,5-dimethylphenyl)-anilide] 

(2.7). 

To a cooled (-78 °C), stirred solution of (2.6) (6.581 g, 20.57 mmol) in 

petroleum (100 cm^), was added slowly via cannula Bu"Li (9.3 cm^ of 2.45 M 

solution in hexanes, 22.6 mmol). The mixture was stirred at - 7 8 °C for 1 h, 

allowed to reach room temperature and stirred for 15 h. This produced an 

orange/yellow suspension. The solid was isolated by filtration and dried in vacuo 

to yield (2.7) as an orange, air sensitive solid. The mother liquor was cooled to 

-30 °C to yield a second crop of (2.7) as yellow. X-ray diffraction quality crystals. 

Yield: 5.50 g, 82%. 

Mp: 285 "C (dec). 

Major product: 

5h(C6D6) 0.65-1.75 (lOH, m, cyclohexyl CH2S), 1.86 (3H, s, imine CH3), 

2.00 (3H, s, xylyl % ) , 2.57 (3H, s, xylyl % ) , 2.85-3.05 (IH, m, cyclohexyl 

a to imine N), 6.10 (IH, d, aromatic), 6.22 (IH, s, xylyl aromatic), 6.26 (Ih, s, 

xylyl aromatic), 6.82 (IH, t, aromatic), 6.86 (IH, s, xylyl aromatic), 6.95 (IH, dt, 

aromatic), 7.04 (IH, dd, aromatic). 

^^C{̂ H} ScCCeDe) 17.83 (imine CH3), 22.34, 22.48 (xylyl CH3S), 25.71, 

26.08, 26.39, 32.92, 33.51 (cyclohexyl CH2S), 61.09 (cyclohexyl CH a to imine 

N), 112.38, 116.49,117.40,120.02,128.07, 129.04,132.03 (aromatic CHs), 

136.42, 139.93, 139.95, 152.89, 159.87 (quaternary aromatics), 169.41 

(ArC(Me)=N(Cy)). 

6Li(C6D6) 1.77. 

Minor peaks: 

6H(C6D6) 1.76 (s), 1.83 (s), 1.92 (s), 1.94 (s), 1.96 (s), 1.98 (s), 2.02 (s), 2.59 

(s, CH3S), 2.75-2.88 (m, cyclohexyl CH ato imine N), 6.12 (d), 6.19 (t), 6.37 (s), 

6.41 (s), 7.14 (t), 7.44 (m), 7.59 (t), 7.76 (d, aromatics). 

^^C{̂ H} Sc(C6D6) 18.12, 21.79,21.91,22.42 (CH3S), 26.48, 26.63, 26.70, 

31.66, 32.14, 32.83, 33.42 (cyclohexyl CHzs), 61.17, 61.27 (cyclohexyl CHs a to 

imine N), 111.68, 111.81, 113.60, 114.69,115.86,117.20, 118.03, 118.23,119.66, 

119.90,128.21, 129.44, 129.53, 129.82,130.22, 131.55,131.60 (aromatic CHs), 

136.06, 136.24, 136.63, 139.53,141.60,141.73,142.32,142.86, 157.70, 158.57, 

159.27, 169.49, 169.95, 170.08 (quaternary aromatics and ArC(Me)=N(Cy)). 
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SuCCaDe) 1.22. 

Figure 2.7: ORTEP representation of the crystal structure of lithium [2-(l-

cyclohexylimino-ethyl)-A/'-(3,5-dimethylphenyl)-anilide] (2.7) (50% probability 

thermal ellipsoids). Two cyclohexyl rings [C(55)-(58) and C(120)-(124)] and two 

3,5-dimethylphenyl groups [C(60)-(66) and C(126)-(132)] are omitted for clarity. 

Hydrogens are omitted for clarity. 

Table 2.7: Selected bond lengths (A) and angles (°) fo r (2.7). 

Li( l ) -N(l l ) 1.943(9) Li(l)-N(3) 2.042(9) 
Li(l)-N(4) 2.029(10) Li(2)-N(3) 1.942(10) 
Li(2)-N(6) 2.037(10) Li(2)-N(5) 2.037(10) 
Li(3)-N(5) 1.946(10) Li(3)-N(l l ) 2.038(9) 

Li(3)-N(12) 2.036(10) U(l)-Li(2) 3.233(12) 
Li(l)-Li(3) 3.181(12) U(2)-Li(3) 3.195(13) 
N(3)-C(37) 1.390(6) N(3)-C(23) 1.394(6) 
N(4)-C(29) 1.275(6) N(4)-C(31) 1.465(6) 
N(5)-C(59) 1.398(6) N(5)-C(45) 1.392(6) 
N(6)-C(51) 1.269(6) N(6)-C(53) 1.469(6) 

N(ll)-C(125) 1.379(6) N ( l l ) - C ( l l l ) 1.405(6) 
N(12)-C(117) 1.291(6) N(12)-C(119) 1.467(7) 
C(23)-C(28) 1.425(7) C(28)-C(29) 1.490(8) 
C(29)-C(30) 1.520(7) C(45)-C(50) 1.416(7) 
C(50)-C(51) 1.481(7) C(51)-C(52) 1.515(7) 

C(lll)-C(116) 1.419(7) C(116)-C(117) 1.492(7) 
C(117)-C(118) 1.518(7) 

N(3)-Li(l)-N(ll) 128.0(5) N(3)-Li(2)-N(5) 129.1(5) 
N(5)-Li(3)-N(ll) 130.6(5) Li(l)-N(3)-Li(2) 108.5(4) 
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Li(2)-N(5)-Li(3) 106.7(4) Li(3)-N(ll)-Li(l) 106.0(4) 
N(3)-Li(l)-N(4) 96.8(4) N(5)-Li(2)-N(6) 96.2(4) 

N(ll)-Li(3)-N(12) 94.3(4) C(37)-N(3)-C(23) 121.4(5) 
N(3)-C(23)-C(28) 125.5(5) C(23)-C(28)-C(29) 122.8(5) 
C(28)-C(29)-N(4) 119.1(5) C(28)-C(29)-C(30) 116.8(5) 
C(30)-C(29)-N(4) 124.1(5) C(29)-N(4)-Li(l) 111.2(5) 
C(29)-N(4)-C(31) 121.2(5) C(31)-N(4)-Li(l) 126.7(5) 
C(59)-N(5)-C(45) 121.1(4) N(5)-C(45)-C(50) 124.3(5) 

C(45)-C(50)-C(51) 123.3(5) C(50)-C(51)-N(6) 117.3(5) 
C(50)-C(51)-C(52) 117.6(5) C(52)-C(51)-N(6) 125.1(5) 
C(51)-N(6)-Li(2) 113.1(4) C(51)-N(6)-C(53) 121.7(4) 
C(53)-N(6)-Li(2) 123.2(4) C(125)-N(l l ) -C( l l l ) 120.5(4) 

N(l l ) -C(l l l ) -C(116) 124.7(5) C(lll)-C(116)-C(117) 122.5(5) 
C(116)'C(117)-N(12) 118.3(5) C(116)-C(117)-C(118) 116.0(5) 
C(118)-C(117)-N(12) 125.6(5) C(117)-N(12)-Li(3) 114.2(5) 
C(117)-N(12)-C(119) 122.1(5) C(119)-N(12)-Li(3) 122.9(4) 

2.8.8 2-(l-Cyclohexylimino-ethyl)-A^-(2,4,6-trimethylphenyI)-amline (2.8). 

An ampoule was loaded with (2.1) (8.600 g, 39.8 mmol), NaOBu' (5.500 g, 

57.0 mmol), Pd(dba)2 (0.172 g, 0.30 mmol), and l,3-bis-(2,6-diisopropyl-phenyl)-

imidazolinium chloride (0.256 g, 0.60 mmol). 1,4-Dioxane (75 cm^) was added 

before 2,4,6-trimethylbromobenzene (6.70 cm^, 43.8 mmol) was added to the 

resulting suspension. The ampoule was closed under reduced pressure and stirred 

at 105 °C for 3 days. After cooling, the solution was diluted with water (100 cm^) 

and extracted with diethyl ether (3 x 100 ml). The organic extracts were combined 

and washed with a saturated brine solution before being dried with MgS04. The 

volatiles were then removed in vacuo to yield a brown residue, which was 

transferred to a kugelrohr. The product was distilled at 250 °C at 0.05 mm Hg and 

(2.8) was isolated as a bright yellow oil. 

Yield: 10.99 g, 83%. 

6h(CDC13) 1.20-1.95 (lOH, m, cyclohexyl CH2S,), 2.24 (6H, s, mesityl CH^s), 

2.38 (3H, s, mesityl C%), 2.42 (3H, s, imine C%), 3.69 ( IH, tt, cyclohexyl CH a 

to imine N), 6.27 (IH, d, aromatic), 6.67 (IH, t, aromatic), 7.02 (2H, s, mesityl 

aromatics), 7.10 (IH, t, aromatic), 7.66 (IH, d, aromatic), 11.71 (IH, br. s, NE). 

ScCCDCW 15.22 (imine CH3), 18.43, 20.87 (mesityl CH3S), 24.68, 

25.78, 34.23 (cyclohexyl CH2S), 58.93 (cyclohexyl CH a to imine N), 112.28, 

114.42 (aromatic CHs), 119.82 (quaternary aromatic), 128.88, 129.36, 130.01 

(aromatic CHs), 134.82, 136.03, 136.18, 148.11 (quaternary aromatics), 165.23 

(ArC(Me)=N(Cy)). 
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SH(C6D6) 1.05-1.80 (lOH, m, cyclohexyl C%s), 1.91 (3H, s, % ) , 2.19 (3H, 

s, C//3), 2.29 (6H, s, mesityl CH3S), 3.40 (IH, tt, cyclohexyl CH a to imine N), 

6.53 (IH, dd, aromatic), 6.67 (IH, dt, aromatic), 6.88 (2H, s, mesityl aromatics), 

7.05 (IH, dt, aromatic), 7.46 (IH, dd, aromatic), 12.05 (IH, s, N//). 

6c(C6D6) 15.67 (imine CH3), 19.41,21.68 (mesityl CH3S), 25.53, 

26.66, 35.15 (cyclohexyl CH2S), 59.58 (cyclohexyl CH a to imine N), 113.45, 

115.72 (aromatic CHs), 120.96 (quaternary aromatic), 130.22, 130.68, 131.39 

(aromatic CHs), 135.70, 136.83, 137.39, 149.66 (quaternary aromatics), 166.60 

(ArC(Me)=N(Cy)). 

2.8.9 Lithium [2-(l-cyclohexyIimino-ethyl)-A^-(2,4,6-trimethylphenyl)-anilide] 

(2.9). 

To a cooled (-78 °C), stirred solution of (2.8) (5.630 g, 16.83 mmol) in 

petroleum (150 cm^) was added slowly via cannula Bu"Li (7.40 cm^ of 2.45 M 

solution in hexanes, 18.13 mmol). The mixture was stirred at -78 °C for 1 h, 

allowed to reach room temperature and stirred for 17 h. This produced a bright 

orange suspension in a bright red solution. The product was isolated by filtration, 

washed with petrol (30 cm^) and dried in vacuo to yield (2.9) as an orange, air 

sensitive solid. The mother liquor was cooled to -30 °C to yield a second crop of 

(2.9) as orange. X-ray diffraction quality crystals. 

Yield: 4.25 g, 74%. 

Mp: 167-170 °C. 

5h(C6D6) 0.80-1.65 (lOH, m, cyclohexyl C%s), 2.00 (3H, s, imine C//3), 

2.05 (6H, s, mesityl Cf t s ) , 2.24 (3H, s, mesityl CH3), 3.06 (IH, br t, cyclohexyl 

CH a to imine N), 6.48 (IH, dt, aromatic), 6.61 (IH, br d, aromatic), 6.77 (2H, s, 

mesityl aromatics), 6.96 (IH, dt, aromatic), 7.41 (IH, br d, aromatic). 

6c(C6D6) 19.31 (imine CH3), 19.83 (mesityl CH3S), 21.61 (mesityl 

CH3), 26.25, 26.33, 35.06 (cyclohexyl CH^s), 61.10 (cyclohexyl CH a to imine N), 

112.54, 120.74 (aromatic CHs), 124.74, 130.17 (quaternary aromatics), 130.72 

(aromatic CH), 131.60 (mesityl aromatic CHs), 132.50 (quaternary aromatic), 

132.90 (aromatic CH), 152.37, 159.05 (quaternary aromatics), 170.88 

(ArC(Me)=N(Cy)). 

8u(C6D6) 1.91 
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Found: C, 80.3; H, 8.6, 7.8. C23H29LiN2 requires C, 81.2; H, 8.6; N, 8.2%. 

Figure 2.8: ORTEP representation of the crystal structure of lithium [2-(l-

cyclohexyliniino-ethyl)-iV-(2,4,6-trimethylphenyl)-anilide] (2.9) (50% probability 

thermal ellipsoids). One cyclohexyl ring [C(33)-(37)] has been omitted for clarity. 

Hydrogens are omitted for clarity. 

Table 2.8: Selected bond lengths (A) and angles (°) for (2.9). 

Li(l)-N(l) 1.950(8) Li(l)-N(3) 2.071(9) 
Li(2).N(l) 2.178(9) Li(2)-N(3) 1.924(8) 
Li(l)-N(2) 1.952(8) U(2)-N(4) 1.974(9) 
Li(l)-Li(2) 2.362(11) N(l)-C(15) 1.429(5) 
N(l)-C(l) 1.389(5) N(2)-C(7) 1.306(5) 
N(2)-C(9) 1.472(5) N(3)-C(38) 1.432(5) 

N(3)-C(24) 1.371(5) N(4)-C(30) 1.293(5) 
N(4)-C(32) 1.474(5) C(l)-C(6) 1.435(6) 
C(6).C(7) 1.487(6) C(7).C(8) 1.516(6) 

C(24)-C(25) 1.428(6) C(25)-C(30) 1.493(6) 
C(30)-C(31) 1.524(6) 

N(l)-Li(l)-N(3) 102.4(4) N(l)-Li(2)-N(3) 99.5(4) 
Li(l)-N(l)-Li(2) 69.6(3) Li(l)-N(3)-Li(2) 72.4(3) 
N(l)-Li(l).N(2) 96.9(4) N(3)-U(2)-N(4) 96.4(4) 
C(15)-N(l)-C(l) 118.7(3) Li( l ) .N(l ) .C(l ) 122.6(3) 
N(l)-C(l)-C(6) 122.4(4) C(1)-C(6).C(7) 125.4(4) 
C(6)-C(7)-N(2) 122.1(4) C(6).C(7)-C(8) 115.4(4) 
C(8)-C(7)-N(2) 122.5(4) C(7)-N(2)-Li(l) 125.1(4) 
C(7)-N(2)-C(9) 118.7(4) C(9)-N(2)-Li(l) 115.7(3) 

C(38)-N(3)-C(24) 116.0(3) Li(2)-N(3)-C(24) 122.5(4) 
N(3)-C(24)-C(25) 122.8(4) C(24)-C(25)-C(30) 125.3(4) 
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C(25)-C(30)-N(4) 
C(31)-C(30)-N(4) 
C(30)-N(4)-C(32) 

121.0(4) C(25)-C(30)-C(31) 116.6(4) 
122.2(4) C(30)-N(4)-Li(2) 121.3(4) 
120.2(4) C(32)-N(4)-Li(2) 115.5(4) 

Table 2.9\ Crystallographic parameters for (2.3), (2.7) and (2.9). 

Compound (2.3) (2.7) (2.9) 

Chemical Formula C34H54Li2N4Si2 CefiHsiLisNfi C46H5gLi2N4 
Formula Weight 588.87 979.19 680.84 
Crystal System Orthorhombic Triclinic Orthorhombic 
Space Group Pna2j P-1 Pbca 

o/A 30.959(6) 13.9493(8) 14.6329(7) 
6/A 9.919(2) 19.9645(8) 17.3919(7) 
c/A 11.8838(4) 23.3181(15) 31.7930(18) 
o r 90.0 109.670(2) 90.0 

90.0 104.223(2) 90.0 

XL 90.0 90.457(4) 90.0 
WA^ 3649.4(10) 5898.2(6) 8091.1(7) 

Z 4 4 8 
77K 150 120 120 

///mm"' 0.124 0.063 0.064 
F(000) 1280 2112 2944 

No. Data collected 17720 35444 11147 
No. Unique data 4403 11225 5978 

RixA 0.1083 0.1188 0.0902 
Final ;;(|f1)for/>2(7(;) 0.0482 0.0751 0.0848 
Final R{t) for all data 0.1002 0.1793 0.1968 

2.8.10 2-(Cyclohexyliminonicthyl)-/V-(2,4,6-trimethylphenyI)-aniIine (2.10). 

An ampoule was loaded with [o-(cyclohexyl)iminomethyl]-bromobenzene 

(0.532 g, 2.0 mmol), NaOBu' (0.28 g, 3.0 mmol), Pd(dba)2 (0.057 g, 0.10 mmol), 

and l,3-bis-(2,6-diisoproply-phenyl)-imidazolinium chloride (0.085 g, 0.20 mmol). 

1,4-Dioxane (20 cm^) was added before 2,4,6-trimethylaniline (0.31 cm^, 2.2 

mmol) was added to the resulting suspension. The ampoule was closed under 

reduced pressure and stirred at 105 °C for 5 days. After cooling, the solution was 

diluted with water (20 cm^) and extracted with diethyl ether (3 x 30 ml). The 

organic extracts were combined and washed with a saturated brine solution before 

being dried with MgS04. The volatiles were then removed in vacuo to yield a 

brown residue, which was transferred to a kugelrohr. The product was distilled 

from the residue at 250 °C at 0.05 mm Hg to yield (2.10) as a dark yellow oil. 

Yield: 0.435 g, 68%. 
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5h(CDCI3) 1.1-1.9 (lOH, m, cyclohexyl C%s), 2.19 (6H, s, mesityl CHjs), 

2.35 (3H, s, mesityl C/!/]), 3.18 (IH, br t, cyclohexyl C77 a to imine N), 6.23 (IH, 

dd, aromatic), 6.67 (IH, dt, aromatic), 6.99 (2H, s, mesityl aromatics), 7.11 (IH, 

dt, aromatic), 7.27 (IH, dd, aromatic), 8.47 (IH, s, (ArC(/^)=N(Cy)), 10.70 (IH, s, 

NE). 

6c(CDCl3) 18.33, 20.91 (mesityl CHgs), 24.56, 25.74, 34.83 

(cyclohexyl CHis), 69.54 (cyclohexyl CH a to imine N), 111.38, 114.95 (aromatic 

CHs), 117.32 (quaternary aromatic), 128.93 (mesityl aromatic CHs), 130.66, 

133.32 (aromatic CHs), 135.36, 135.71, 136.28, 147.97 (quaternary aromatics), 

161.50 (ArC(H)=N(Cy). 

2.8.11 Lithium-[(2-cyclohexyIiminomethyl)-/V-(2,4,6-trimethyIphenyl)-anilide] 

(2.11). 

To a stirred, cooled (-78 °C) solution of (2.10) (0.40 g, 1.25 mmol) in 

petroleum (30 cm^) was added slowly via cannula Bu"Li (0.60 cm^ of 2.45 M 

solution in hexanes, 1.5 mmol). The mixture was stirred at - 7 8 °C for 1 h, allowed 

to reach room temperature and stirred for 17 h. This produced a yellow suspension 

that was isolated by filtration to yield (2.11) as a yellow solid. 

Yield: 0.258 g, 64%. 

5h(C6D6) 0.7-1.7 (lOH, m, cyclohexyl CHis), 2.11 (6H, s, mesityl C%s), 

2.25 (3H, s, mesityl CHs), 2.67 (IH, br t, cyclohexyl CH a to imine N), 6.35-6.55 

(2H, m, aromatics), 6.81 (2H, s, mesityl aromatics), 7.02 ( IH, t, aromatic), 7.22 

(IH, d, aromatic), 8.06 (IH, s, (ArC(E)=N(Cy)). 
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Chapter 3 

2-(l-CycIohexylimino-ethyl)W-(trialkylsiIyl)-anilide and 

Related Complexes of Zirconimn(IV) 

3.1 Introduction 

3.1.1 Amido/imino transition metal complexes 

A novel 2-(rerr-butyliminomethyl)-6-methylanilide complex of Mn(II) was 

synthesised and structurally characterised by Wilkinson and co-workers in 1995 

(Scheme 3.1)/ The structure of the complex consisted of a four-coordinate 

tetrahedral manganese atom chelated by two (Bu')N=C(H)C6H3(Me)NH- ligands. 

The complex was the unexpected product of the reaction between five equivalents 

of Li(NHC6H3Me2-2,6) and Mn(NBu')3Cl. 

5 X / \ 4- Mn(NBu')3CI 

,Bu ' 

H 
1 . N . 

Mn 

" 1 
H 

Bu ' ^ 

Scheme 3.1: Synthesis of Mn[(Bu')N=C(H)C6H3(Me)NH]2 reported by 

Wilkinson. 

Wilkinson subsequently initiated a study to seek a rational synthetic method 

for analogous metal complexes to the manganese example.^ The similar 

2-(Bu')N=C(H)C6H4NH2 ligand was synthesised and used to prepare complexes of 

the type M[2-(Bu')N=C(H)C6H4NH]2 (M = Mn, Fe, Co, Ni). These compounds 

were synthesised by interaction of two equivalents of the monolithium salt of the 

secondary amine ligand and MnBrz, FeBr;, C0CI2, and NiClzCdme), respectively. 

The Mn, Fe, and Co complexes were also obtained by interaction of 

{M[N(SiMe3)2]2}2 (M = Mn, Co) or Fe[N(SiMe3)2]2 with four and two equivalents 

of 2-(Bu')N=C(H)C6H4NH2, respectively. 
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1 
M[N(SiMe3)2]2 + 2x <*> , (B) MXj + 2x 

Scheme 3.2: Synthesis of M[(Bu')N=C(H)C6H4NH]2 complexes from the 

interaction of either: (A) the free amine with M[N(SiMe3)2]2 or (B) the lithium 

amide with MX2, reported by Wilkinson. 

When the reaction of the dimer {Mn[N(SiMe3)2]2}2 with only two 

equivalents of the 2-(B u')N=C(H)C6H4NH2 ligand was carried out,^ the product 

was the dimer {(Me3Si)2NMn[(Bu')N=C(H)C6H4NH]}2, which contained bridging 

amido nitrogens. Each Mn atom was bonded by four N atoms in a distorted 

octahedral environment so that each ligand chelated one M n and bridged to the 

other (Scheme 3.3, below). The bridges were unsymmetrical with Mn-N distances 

differing by ca. 0.075 A, with the shorter bond being contained within the chelate 

ring. 

V /C/V (MeaSijzN̂  , 
2x + (Mn[N(S!Me3)2]2}2 ^ A ^ 

^ N(SiMe3)2 

Scheme 3.3: Synthesis of the dimer {(Me3Si)2NMn[(Bu')N=C(H)C6H4NH]}2 

reported by Wilkinson. 

The ligands studied by Wilkinson did not feature a second substituent on the 

amide nitrogen, making it a primary amide. Danopoulos and co-workers 

synthesised an analogous ligand by taking the ligand studied by Wilkinson and 

substituting one of the amino protons for a trimethylsilyl group.^ This ligand was 

introduced onto a Zr(IV) centre by interaction of one equivalent of the lithium 

amido/imino species with ZrCU, and of two equivalents with ZrCl4(THT)2, to give 

both the 1:1 and the 2:1 Zr(IV) complexes. Both complexes were isolated as 
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extremely air sensitive, yellow, crystalline solids and were structurally 

characterised.^ 

MeaSr .Zr BU' 
CI t CI 

ZfCU 0.5 ZrCl4(THT)2 

MeaSi' Li "Bu' 

Bu' 

Scheme 3.4\ Synthesis of 1:1 and 2:1 2-(Bu')N=C(H)C6H4N(SiMe3) complexes of 

Zr(IV) reported by Danopoulos. 

Danopoulos also observed an unexpected ligand rearrangement in the 

reaction of one equivalent of the free amine, 2-(Bu')N=C(H)C6H4NH(SiMe3), with 

Zr(NMe2)2Cl2(THF)2 in PhMe at 95 °C? Instead of the expected LZr(NMe2)Cl2 

type complex, the resultant dimeric complex contained a diamido/monoamino, 

tridentate ligand which was formally the result of the rgrr-butylimine group 

inserting into the zirconium-dimethylamide bond. This observation demonstrates 

the "non-innocence" of the ?err-butylaldimine moiety, although the reaction 

conditions were relatively harsh. 

Zr(NMe2)2Cl2(THF)2 

NH N 
MegSi^ Bu' 

M83SI 

Scheme 3.5: Synthesis of the dimeric Zr(IV) complex involving the conversion of 

the amido/imino ligand into a diamido/monoamino ligand reported by Danopoulos. 

3.1.2 2-PyridyI-azaallyl complexes of zirconium 

Lappert and co-workers synthesised zirconium complexes'^ of the 2-pyridyl-

azaallyl ligands they had prepared/ The complexes were synthesised by reaction 

of two equivalents of the lithium 2-pyridyl-azaallyl ligand with ZrCU (Scheme 

3.6). The complexes comprise two 2-pyridyl-azaallyl groups and two chloride 
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ligands. The complexes possess distorted octahedral geometry with cis chlorides 

and trans amides. Lappert also reported a series of analogous 2-quinolyl-azaallyl 

zirconium complexes/ 

MesSi — ^N. 
Li 

(R=H, SiMes) 

ZrCL 

N —SiMes 

N — SiMeq 

Scheme 3.6: Lappert's synthesis of bis-2-pyridyl-azaallyl zirconium dichloride 

complexes. 

In a subsequent step, one of the 2; 1 complexes was converted into the mono-

2-pyridyl-azaallyl zirconium trichloride complex by reaction with one equivalent 

of ZrCl4 (Scheme 3.7). Ethylene polymerisation catalysis studies (using MAO as 

co-catalyst) showed that the 2:1 complexes possessed no activity but the 1:1 

complex possessed moderate activity. 

Ph 

N —SiMe. 

MGgSi 

01 

N —SiMeg 

Ph 

SiMeg 

ZrCL 2x 
, Zr SiMeg 

CI t CI 
01 

Scheme 3.7: Conversion of the bis-2-pyridyl-azaallyl zirconium dichloride 

complex to the mono-2-pyridyl-azaallyl zirconium trichloride. 
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Results and Discussion 

MegSi"^ / 

NMe2 

Bu'Me2Si yW 

MegN i CI 
NMej NEtg 

(3.1) 

Bu'WegSi'̂  ^2/^ 
E%N̂  I ^01 

THF 

(3.4) 

(3.2) 

(3.7) 

(3.5) 

(3.3) 

Bu'MegSi—N N 
cŷ  \ / 

- N—""Zr—01 

SilVlegBu' 

(3.6) 

(3.8) 

Figure 3.1: Zirconium complexes (3.1)-(3.8) synthesised. 

3.2 Salt metathesis reactions between lithium silylamido/imino compounds 

and Zr(NR2)2Cl2(THF)2 complexes 

The three amido/imino zirconium complexes (3.1), (3.2) and (3.3) of the type 

LZr(NR2)2Cl were prepared via salt metathesis reactions between either 

Zr(NMe2)2Cl2(THF)2 or Zr(NEt2)2Cl2(THF)2 with the lithium silylamido/imino 

compounds (2.3) and (2.5). The complexes were synthesised in moderate to good 

yield by reaction of the lithium amido/imino compound with the zirconium starting 

material and isolated as extremely air and moisture sensitive orange or yellow 
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crystalline solids. It was necessary to purify the resultant complexes by 

recrystallisation from petroleum to remove reprotonated silylamino/imino ligand 

from the reaction products. 

Zr(NFI'2)2Cl2(THF)2 

, N N. / N . .N N 
RsSi ^ THF, -78 °C to RT THF, -78 °C to RT V 

RgN̂  I ""NRg 
CI 

SiR3=SiMe3, NR'2=NMe2 (3.1); SiR3=SiMe2Bu\ NR'2=NMe2 (32); 

SiR3=SiMe3, NR'2=NEt2 (3.3). 

Scheme 3.8: Synthesis of (3.1), (3.2) and (3.3). 

Single crystal X-ray diffraction studies on (3.2) and (3.3) showed that the 

complexes possessed distorted trigonal bipyramidal geometries about the 

zirconium centres. NMR spectroscopic studies showed that the two dialkylamido 

ligands were inequivalent in solution. 

Zr(NEt2)2Cl2(THF)2 

N 
THF, -78 °C to RT .Zr 

Scheme 3.9: Synthesis of (3.4). 

An unexpected result was obtained from an attempt to prepare the analogous 

LZr(NR2)2CI type complex from the reaction of (2.5) with Zr(NEt2)2Cl2(THF)2. 

The isolated product was complex (3.4), in which the 2-(l-cyclohexylimino-ethyl)-

A^-(terf-butyldimethylsilyl)-anilide ligand has been converted into a 2-(l-

cyclohexylamido-vinyl)-A^-(rgrr-butyldimethylsilyl)-anilide species (Scheme 3.9). 

The zirconium centre also bears one diethylamido, one chloride and one THF 

ligand. The structure of the complex was determined by a single crystal X-ray 

diffraction study and confirmed by the NMR data that was obtained (see below). 

61 



Here the ligand is acting as a chelating dianionic diamide species containing 

the unusual vinylamide donor in conjunction with the silylamide moiety. Unlike 

most conventional diamide or P-diketiminate ligands this novel diamide ligand 

contains two inequivalent amide groups giving an asymmetric diamide ligand. 

It was unclear how complex (3.4) was formed given that complexes (3.1), 

(3.2) and (3.3), the anticipated products from salt elimination reactions, were 

isolated previously. An initial hypothesis to explain the formation of (3.4) was that 

following the salt elimination reaction to give the anticipated LZr(NR2)2Cl species, 

there occurred an intermolecular deprotonation of the imine methyl group by a 

second molecule of bulky, basic lithium silylamido/imino. This step would 

resemble enolate formation in analogous enolisable ketones. Isomerisation of the 

coordinated en-iminato to the vinyl-amido species would give the observed 

product. 

Zr(NEt2)2Cl2(THF)2 
Bu'MeaSi^Q 

Li© 

Bu'MegSr \ / Cy 

LiNEtz + 

I ^NEIj CI 

.CH, 

Bu'MeaSî '̂ X 
/ \ EljN CI 

THF 

H u ® 
e -
CHj 

Cn 
Bu'MeaSî  \^/^Cy 

EtjN'' S ""NEtj CI 
NH 

Bu'MegSr Cy 

Bu'WêSi \^ / Cy 
EtjN̂  f \ l 

THF 

Scheme 3.10: Postulated mechanism for the formation of (3.4): (i) intermolecular 

deprotonation of the imine methyl group by a molecule of the lithium 

silylamido/imino compound; (ii) isomerisation and formation of (3.4). 
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This mechanistic scheme (above) appears unlikely f o r several reasons: 

(i) It seems unlikely that diethylamide would act as a leaving group to 

facilitate the migration of the negative charge and formation of the 

second amido moiety in the bidentate ligand. 

(ii) The maximum yield of (3.4) expected, based on the above model, is 

only 50% (based on zirconium) since one equivalent of the 

silylamido/imino lithium acts as a base. In fact, (3.4) was isolated in 

45% yield after recrystallisation from petroleum. Attempts were 

made to optimise the yield by altering the ratio of silylamido/imino 

lithium to zirconium to 2:1 but there was no change in the isolated 

yield of (3.4). 

(iii) Attempts were made to add a second equivalent of silylamido/imino 

lithium compound (2.5) to the preformed LZr(NEt2)2Cl complex 

(3.3) but the rearrangement to the silylamido/vinyl amido ligand was 

not observed. There is no reaction apparent by NMR 

spectroscopy and the two starting materials are the only species 

detectable by NMR spectroscopy following the reaction. 

(iv) If lithium diethylamide was formed as a byproduct of this 

mechanism it would not be unreasonable to anticipate that it would 

then react with (3.4) to substitute the chloride ligand for 

diethylamide and give lithium chloride as the by product. 

Given that this reaction has occurred when using the bulkier ligand and the 

zirconium complex with the bulkier diethylamide ligands, a release of the steric 

congestion around the zirconium centre may be the driving force for the 

transformation. It is therefore possible that steric crowding about the metal centre 

promotes the insertion of the cyclohexylimine group into a zirconium-diethylamide 

bond to give a monoamino/diamido species (Scheme 3.11, below). This species 

could then undergo an El type reaction involving the dissociation of the 

diethylamine group followed by loss of a neighbouring proton to give the olefin. In 

this case the diamide ligand is formed initially, before elimination gives the olefin 

group. The first mechanism involved a simultaneous formation of the olefin and 

the second amide group. 
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Zr(NEl2)2Cl2n-HF)2 

Bu'MegSÎ X̂, 

f . 
Bu'MagSî  \ / 

EtaN'' I Ĉl 
THF 

THF 

EtjN 1 \NEt 
Bu'MegSi^ "Cy 

^Zr 
EtjN ^Cl 

+ 

HNEts 

-Cy 

(i) 
NEt2 

CH, 

Bu'MezSî '̂ /̂ Ĉy 
EtgN̂  Ĉl 

(ii) 

Bu'MegSi'̂ '̂ ^̂ '̂̂ Ĉy 
Eww' 

Scheme 3.11: Proposed insertion and elimination mechanism for the formation of 

(3.4): (i) insertion of the cyclohexylimine group into a zirconium-diethylamide 

bond; (ii) elimination of HNEt] to give the vinylamido group. 

Evidence to support the insertion postulated in this mechanism of the 

formation of (3.4) is provided by the synthesis and characterisation of several 

similar titanium complexes (see Chapter 4) and a zirconium complex previously 

reported by the Danopoulos group. In these cases, the amido/imino ligand has been 

converted to a monoamino/diamido species similar to the one postulated in the 

formation of (3.4) (see Figure 3.2). 

A. B. 

Figure 3.2: Structures of A: complex (4.9) from Chapter 4; and B; a previously 

reported structure by Danopoulos. 

Further evidence to support the proposed mechanism is provided by the 

detection of a similar complex (4.2) as a minor product from the reaction of the 

arylamido/imino lithium (2.9) with Zr(NEt2)2Cl2(THF)2 (see Chapter 4). The major 
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product (4.1) was the anticipated amido/imino zirconium complex of the type 

LZr(NEt2)2Cl. 

When attempts were made to react Zr(NR2)2Cl2(THF)2 (R=Me, Et) with two 

equivalents of (2.3) or (2.5), it was observed that it was not possible to form a 

L2Zr(NR2)2 type complex. NMR spectroscopy showed that the product of the 

reaction was the LZr(NR2)2Cl complex and unreacted lithium amido/imino. This 

suggests that the steric demands of two silylamido/imino ligands and two 

dialkylamido groups on a zirconium(IV) centre are too great. In contrast, L2ZrCl2 

complexes with the less bulky chloride ligands have been synthesised. It is also 

notable that it is possible to synthesise L2Zr(NR2)2 type complexes using a 

phenoxy/imine ligand instead of a silylamido/imino ligand (see Chapter 5). The 

reduced steric demand of the phenoxy group, which lacks a second substituent on 

the oxygen donor atom, may be invoked to explain this difference. 

3.2.1.1 NMR spectroscopy for (3.1), (3.2) and (3.3) 

The 'H and 'H} NMR spectra of the three amido/imino zirconium 

complexes [(3.1)-(3.3)] of the type LZr(NR2)2Cl contain peaks assignable to the 

silylamido/imino ligand backbone as well as the dialkylamide ligands. The peaks 

due to the amido/imino ligand occur in similar positions to those of the 

amino/imino and the lithium amido/imino compounds (see Chapter 2), and are 

compared in Table 3.1. 
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Table 3.1: A comparison of selected 'H and NMR data for (3.1), 

(3.2) and (3.3)/ 

Compound C&l) (3.2) (3.3) 

SiC/f3 0 3 3 0.54, 0.67 0 3 5 
Si[C(C/f3)] - &76 -

Imine CE3 1.72 L82 L77 
Cycohexyl CH 3.41 145 multiplet 
N ( % ) 2 2.86, 2.97 2.67, 3.03 -

N(CH2C/f3)2 - - 0.91, 1.07 
N(C%CH3)2 - - multiplet ° 

SiCH3 3.22 -1.11,2.06 3.20 
SiLaCHa)]" - 21.37, 28.21 -

Imine CH3 2L29 2L72 2L78 
Cycohexyl CH 64J8 64 J 7 64.40 
N(CH3)2 43.67, 44.41 43.99,44.33 -

N(CH2CH3)2 - - 14.28, 14.41 
N(CH2CH3)2 - 42.70,43.06 
C=N 169T2 170.48 169^2 

^ Spectral data expressed in ppm; solvent = CeDe. 

^ The first value given is that of the tertiary carbon. 

^ It is not possible to report accurate values here because the diethylamide 

CHis and the methine cyclohexyl CH appear as an overlapping multiplet. 

The data show the dialkylamide ligands to be inequivalent in solution. The 

dimethylamide ligands of (3.1) and (3.2) appear as two singlets in both the and 

NMR spectra, each proton signal integrating as six protons. The 

diethylamide ligands of (3.3) give a more complicated pattern. They appear in the 

NMR spectrum as two signals at ca. 14 ppm assignable to the methyl 

groups and two signals at ca. 43 ppm assignable to the CH2 groups. In the NMR 

spectrum, the CH3S appear as two triplets, each integrating as six protons, at 0.91 

and 1.07 ppm, whilst the CH2S appear as four multiplets between 3.1 and 3.7 ppm, 

with a total integration of eight protons. If the complexes adopt the same distorted 

trigonal bipyramidal geometry in solution as they do in the solid state then the 

inequivalence of the dialkylamide ligands could be due to the asymmetry of the 

amido/imino ligand. This could possibly be because one dialkylamide is located 

near the trialkylsilyl group and the other is near to the cyclohexyl group. 
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3.2.1.2 NMR spectroscopy for (3.4) 

The NMR spectra of (3.4) do not contain resonances due to an imine methyl 

group as those of (3.1)-(3.3) do. The protons of the newly formed vinyl group 

appear as two singlets in the NMR spectrum at 4.24 and 4.39 ppm. These 

couple to the CHa peak at 88.36 ppm in a C-H correlation experiment. The vinyl 

carbon which links the phenyl ring and the cyclohexylamide nitrogen is now 

shifted slightly upfield [relative to the position of the imine carbon in complexes 

(3.1)-(3.3)] to 156.80 ppm. The diethylamide hgand appears in the NMR 

spectrum as a triplet at 0.76 ppm (for the two methyl groups) and two broad signals 

at 2.81 and 3.01 ppm (for the CHis), and as two signals at 14.56 and 42.79 ppm in 

the ^^C{^H} NMR spectrum. The signals due to THF appear at 1.32 and 3.69 ppm 

as broad triplets in the proton spectrum and at 25.78 and 70.25 ppm in the 

NMR spectrum. The resonances assignable to the methine CH of the cyclohexyl 

group bound to the vinylamido-nitrogen appear in very similar positions (3.40 ppm 

in the NMR spectrum and 63.58 ppm in the } N M R spectrum) to those 

due to the analogous methine CHs that are bound to an imino-nitrogen in 

complexes (3.1)-(3.3). 

3.2.2 X-ray diffraction studies of (3.2), (3.3) and (3.4) 

The structures of all three complexes show that they adopt distorted trigonal 

bipyramidal geometries. In both (3.2) and (3.3) the axial positions are occupied by 

the imine nitrogen and the chloride hgand with the three stronger 7t-donating amide 

groups in the equatorial plane. In the structure of (3.4) the axial positions are 

occupied by the vinylamide nitrogen and the molecule of THF with the silylamido 

and dialkylamide groups and the chloride hgand in the equatorial plane. 
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Table 3.2: A comparison of selected structural data for (3.2), (3.3) and (3.4)/ 

Compound (3.2) (3.3) (3.4) 

Zr-N (silyl) 2.082(7) 2.112(4) 2.052(2) 
Zr-N (cyclohexyl) 2.431(7) 2.460(4) 2.1290(19) 
N-C (imine) 1.309(11) 1.285(7) 1.392(3) 
C-C 1.519(13) 1.518(7) 1.348(3) 
N-C (cyclohexyl) 1.486(10) 1.478(7) 1.472(3) 
N-Zr-N 80.2(2) 76.61(15) 89.5(8) 

" Bond lengths in A, angles in 

The short imine bond lengths in complexes (3.2) and (3.3) [1.309(11) and 

1.285(7)A] demonstrate that the double bond nature is maintained upon 

coordination of the ligand to the zirconium centre. They contrast with the increased 

bond length between the vinyl carbon and the cyclohexylamide nitrogen in (3.4) 

[1.392(3)A], which therefore indicates the single nature of the bond in (3.4). There 

is also a pronounced difference in the C-C bond lengths between the imine carbon 

and the methyl group. The distances are typical of a C-C single bond in (3.2) and 

(3.3) [1.519(13) and 1.518(7)A], but in (3.4) the bond length of 1.348(3)A is 

typical of an olefin. The Zr-N bond lengths also support the transformation from a 

cyclohexylimine group to a vinylamide species. In (3.2) and (3.3) the zirconium-

nitrogen bond distances to the imine group [2.431(7) and 2.460(4)A] are 

significantly longer than the Zr-N bond length to the vinylamide nitrogen 

[2.1290(19)A], which is comparable to the Zr-N(amide) bond lengths reported 

here. 

3.2.2.1 X-ray diffraction study on (3.2) 

X-ray diffraction quality crystals of [2-(l-cyclohexylimino-ethyl)-A^-

(rerr-butyldimethylsilyl)-anilide] zirconium chloride bis-dimethylamide (3.2) were 

obtained by cooling a saturated petroleum solution to -30 °C to give the compound 

as yellow blocks. 
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C17 

Figure 3.3: ORTEP representation of the crystal structure of 

[2-(l-cyclohexyliniino-ethyl)-A^-(rer?-butyldimethylsilyl)-anilide] zirconium 

chloride bis-dimethylamide (3.2) (50% probability thermal ellipsoids). Hydrogens 

are omitted for clarity. 

The zirconium-amide bond length of 2.082(7)A is markedly shorter than the 

zirconium-imine bond length of 2.431(7)A. This fact coupled with the difference in 

the C-N bond lengths of N(2)-C(l) [1.422(10)A] and N(l)-C(7) [1.309(11)A] 

confirms that the anionic charge is localised on the amide. The amido/imino ligand 

possesses a bite angle of 80.2(2)° about the zirconium centre and the six-membered 

chelate ring is non-planar. This planar nature of the amide group demonstrates that 

the lone pair of the nitrogen is involved in jr-bonding to the metal. The bond 

lengths between the zirconium centre and the dimethylamide [N(3)-Zr(l) 2.039(8) 

and N(4)-Zr(l) 2.070(7)A] and chloride [Cl(l)-Zr(l) 2.500(3)A] ligands are typical 

of a zirconium(IV) complex and are comparable to the other similar complexes 

reported here. 

3.2.2.2 X-ray diffraction study on (3.3) 

X-ray diffraction quality crystals of [2-(l-cyclohexyliniino-ethyl)-iV-

(trimethylsilyl)-anilide] zirconium chloride bis-diethylamide (3.3) were obtained 

by cooling a saturated petroleum solution to -30 °C to give the compound as 

yellow cubes. 

69 



Figure 3.4: ORTEP representation of the crystal structure of 

[2-(l-cyclohexyliniino-ethyl)-A^-(trimethylsilyl)-anilide] zirconium chloride 

bis-diethylamide (3.3) (50% probability thermal ellipsoids). Hydrogens are omitted 

for clarity. 

As with the structure of (3.2), the zirconium-amide bond length [2.112(4)A] 

is much shorter than the zirconium-imine bond [2.460(4)A]. The zirconium-

nitrogen bond lengths of the amido/imino ligand are very similar to those of the 

bulkier ligand in complex (3.2), but the bite angle of the ligand is smaller, being 

76.61(15)° [compared to 80.2(2)° in (3.2)]. The geometry of the silylamide group is 

planar, suggesting that like (3.2), there is a strong Ti-bonding interaction with the 

metal. The bond lengths to the diethylamide [N(3)-Zr(l) 2.047(4) and N(4)-Zr(l) 

2.054(5)A] and chloride [Cl(l)-Zr(l) 2.5021(13)A] ligands are again typical and 

very similar to those of (3.2). 

3.2.2.3 X-ray diffraction study on (3.4) 

X-ray diffraction quality crystals of [2-(l-cyclohex.ylamido-vinyl)-iV-

(?err-butyldimethylsilyl)-anilide] zirconium chloride diethylamide tetrahydrofuran 

(3.4) were obtained by cooling a saturated petroleum solution to - 3 0 °C to give the 

compound as yellow cubes. 
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C16 

Figure 3.5: ORTEP representation of the crystal structure of 

[2-(l-cyclohexylaniido-vinyl)-A^-(rerr-butyldimethylsilyl)-anilide] zirconium 

chloride diethylamide tetrahydrofuran (3.4) (50% probability thermal ellipsoids). 

Hydrogens are omitted for clarity. 

Although the 1-cyclohexylimino-ethyl group has been converted into a 

1-cyclohexylamido-vinyl species and the zirconium-nitrogen bond is shorter 

[2.1290(19)A], it remains longer than that to the silylamido group [N(l)-Zr(l) 

2.052(2)A]. The six-membered chelate ring of the dianionic ligand is still 

puckered, but the bite angle is 89.5(8)° and is larger than in the amido/imino 

ligands of complexes (3.2) and (3.3). The Zr-Cl [2.4503(7)A] and zirconium-

diethylamide [2.019(2)A] bond lengths remain typical, and the zirconium-THF 

bond length is 2.3625(16)A. 

3.3 Synthesis of [2-(l-cyclohexylimino-ethyl)-A^-(trimethylsilyl)-anilide] 

zirconium trichloride (3.5) 

In previous work within the Danopoulos group an amido/imino complex of 

the type LZrCls had been prepared by reacting the lithium amido/imino compound 

with ZrCL*.̂  In this previous case it was an amido/aldimino ligand rather than the 

amido/ketimino ligands being studied here. 
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ZrCL 

P h M e . - 7 8 ° C t o R T W e g S I - ^ ^ 

' ' c r f ' c , 
CI 

Scheme 3.12: Synthesis of (3.5) via a salt metathesis reaction. 

This method was repeated using (2.3) (Scheme 3.12) and the product of the 

reaction was a bright orange solid. The solid was not soluble in CeDe but a 

NMR spectrum was obtained in CD2CI2 which, although it contained peaks 

assignable to the amido/imino ligand backbone, appeared to be due to a 

complicated mixture of products. It is possible that the complex is not inert to the 

CD2CI2 solvent and reacted in some way. The identification of the product as [2-

(l-cyclohexylimino-ethyl)-iV-(trimethylsilyl)-anilide] zirconium trichloride is 

therefore based on the satisfactory elemental analysis that was obtained (found; C, 

42.4; H, 6.0; N, 6.4. CuHzyNzSiClsZr requires C, 42.1; H, 5.6; N, 5.8%). 

I II + MeaSiNRa 

RaN'̂ pNRg Cl^l^CI 
CI CI 

NR2=NMe2 (3.1); NR2=NEt2 (3.3). 

Scheme 3.13: Synthesis of (3.5) by reaction of MeaSiCl with (3.1) and (3.3). 

It was also possible to replace the dimethylamido/diethylamido groups in 

complexes (3.1) and (3.3) with chlorides by reaction of each complex with 

trimethylchlorosilane (Scheme 3.13). When these reactions were performed on a 

small scale in Young's tap NMR tubes it was possible to follow the progress of the 

reaction and to witness the disappearance of the peaks due to the dialkylamide 

ligands and see the appearance of peaks due to the the product and the Me3SiNR2 

byproduct. These peaks disappeared upon removing the volatiles from the NMR 

tubes in vacuo to leave a set of peaks assignable to the product. 
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When (3.5) was formed by substitution of dialkylamide ligands for chlorides 

the product was soluble in CgDg. This suggests that it is possible that the product 

from these reactions is a monomeric species, whereas that formed by reaction of 

the lithium amido/imino compound with polymeric ZrCU gives a dimeric complex. 

3.3.1 NMR spectroscopy for (3.5) 

The method of synthesising (3.5) by substitution of the dialkylamide ligands 

of complexes (3.1) and (3.3) gave a product with the same NMR data from both 

starting materials. The NMR spectrum contains only resonances assignable to 

the amido/imino ligand backbone. The trimethylsilyl group resonates at 0.25 ppm 

and the imino-methyl resonance appears at 1.61 ppm. The methine cyclohexyl CH 

appears at a position of 3.46 ppm, which is typical when compared to complexes 

(3.1)-(3.4), and the aromatic resonances he between 6.8 and 7.3 ppm. 

3.4 Synthesis of bis-[2-(l-cyclohexylimino-ethyl)-A'^-(^er^-butyIdimethylsilyl)-

anilide] zirconium dichloride (3.6) 

Bu'MegSI \ / 
Li 

0.5 ZrCl4(THT)2 

Et20, -78 °C to RT 

Bu'MeoSi—N N 
cy. \ / 

N — Z r - C I 
y ""ci 

ŜiMegBu* 

Scheme 3.14: Synthesis of (3.6). 

A zirconium(IV) complex bearing two 2-(l-cyclohexylimino-ethyl)-7V-(rerr-

butyldimethylsilyl)-anilide ligands and two chlorides was synthesised by reaction 

of two equivalents of the lithium amido/imino (2.5) with ZrCl4(THT)2 in diethyl 

ether (Scheme 3.14, above). The crude product was recrystallised from petroleum 

to give (3.6) in moderate yield as yellow, extremely air sensitive crystals. Complex 

(3.6) was identified by analytical and spectroscopic methods and the structure 

confirmed by X-ray crystallography. This synthesis followed a procedure 
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employed in the formation of an analogous 2:1 complex by Danopoulos using the 

trimethylsilylamido/aldimino ligand (Scheme 3.15, below).^ 

0.5 ZrCl4(THT)2 

M e g S i E t 2 0 , -78 °C to RT 
Zr-CI 

Scheme 3.15: Previous synthesis of bis-[2-(ferr-butyliminomethyl)-//-

(trimethylsilyl)-anilide] zirconium dichloride within the Danopoulos group. 

3.4.1 NMR spectroscopy for (3.6) 

Complex (3.6) possessed poor solubility in CgDe and as a result a satisfactory 

carbon NMR spectrum was not recorded. The proton NMR spectrum of (3.6) 

contained broadened peaks for the imine methyl groups and the silylalkyl groups. 

This suggests that the complex contains two inequivalent amido/imino ligands, 

which is in agreement with the results of a single crystal X-ray diffraction study 

(see below). The tert-bvXyl groups appear as a broad singlet at 0.64 ppm with the 

silylmethyl groups as a very broad signal between -0.45 and 0.25 ppm. The imine 

methyl groups appear as a broad singlet between 2.0 and 2.2 ppm. 

3.4.2 X-ray diffraction study on (3.6) 

X-ray diffraction quality crystals of bis-[2-(l-cyclohexylimino-ethyl)-A^-

(ferf-butyldimethylsilyl)-anilide] zirconium dichloride (3.6) were obtained by 

cooling a saturated petroleum solution to -30 °C to give the compound as yellow 

prisms. 
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Figure 3.6: ORTEP representation of the crystal structure of bis-

[2-(l-cyclohexylamido-vinyl)-A^-(rerr-butyldimethylsilyl)-anilide] zirconium 

dichloride (3.6) (50% probability thermal ellipsoids). One cyclohexyl group is 

removed for clarity [C(10)-C(14)]. Hydrogens are omitted for clarity. 

The complex adopts a distorted octahedral geometry with cis chlorides. The 

two amido/imino ligands are inequivalent with the amide nitrogen of one trans to 

the imine nitrogen of the other. This leaves one chloride trans to an amide group, 

and the other trans to an imine group. This is the same geometry adopted by the 

analogous complex prepared previously.^ It differs from the bis-phenoxy/imine 

zirconium/titanium dichloride complexes, in which the complexes are 

Ci-symmetric with the phenoxy groups of each ligand trans to one another with cis 

chlorides and imine groups (see Chapter 5). It is possible that a Ca-symmetric 

geometry for a bis-amido/imino zirconium dichloride complex is sterically 

unfavourable due to the bulk of the silyl-substituents on the amide groups. 

The two zirconium-amide bond lengths are very similar, that of the amide 

group trans to the imine nitrogen [N(2)-Zr(l) 2.111(4)A] is slightly longer than 

that which is trans to a chloride [N(4)-Zr(l) 2.090(4)A]. There is a more 

pronounced difference between the two zirconium-imine bonds, with that of the 

imine group trans to the amide nitrogen [N(3)-Zr(l) 2.459(4)A] being ca. O.IA 

longer than that of the imine group trans to the chloride [N(l)-Zr(l) 2.366(4)A]. 

The zirconium-chloride bond lengths are typical, with that of the chloride trans to 
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the amide group [Cl(2)-Zr(I) 2.4938(13)A] slightly longer than that which is 

to the imine group [Cl(l)-Zr(l) 2.4417(13)A]. These observed bond lengths reflect 

the relative trans influence of the functional groups involved. 

The bite angles of the puckered chelate rings are 81.06(14) and 78.06(15)° 

and so remain comparable to the bite angle of 80.2(2)° observed for the same 

ligand in the mono-amido/imino zirconium complex (3.2). The imine bond lengths 

[C(7)-N(l) 1.272(6) and C(27)-N(3) 1.293(6)A] clearly show that the imine double 

bond is still present in both ligands upon complexation, and is shorter than the 

carbon-nitrogen bond between the amide nitrogen and the benzene ring [N(2)-C(l) 

1.419(6) and N(4)-C(21) 1.438(6)A]. 

The geometry adopted by the two amido/imino ligands in (3.6) differs from 

the bis-2-pyridyl-azaallyl zirconium dichloride complex reported by Lappert which 

possesses C2 symmetry with trans amides, cis pyridines and cis chlorides."^ The 

Zr-N(amide) [2.141(3)A] and Zr-Cl [2.434(1)A] bond lengths are both comparable 

to those observed in (3.6). It is interesting to note that the Zr-N(pyridine) bond 

lengths [2.354(3)A] are similar to the Zr-N(imine) bond lengths in (3.6). 

3.5 Transamination reactions between 2-(l-cyclohexylimino-ethyl)-/V-

(trimethylsilyl)-aniline (2.2) and Zr(NMe2)4 

A small scale transamination reaction between 2-(l-cyclohexylimino-ethyl)-

A^-(trimethylsilyl)-aniline (2.2) and Zr(NMe2)4 was performed in a 1:1 ratio in a 

Young's tap NMR tube in CeDe at 50 °C over three days to produce [2-(l-

cyclohexylimino-ethyl)-A^-(trimethylsilyl)-anilide] zirconium tris-dimethylamide 

( 3 . 7 ) . 

Zr(NMe2)4 

MegSi^ CgDg, 50 °C MeaSi^ 

Me2N'' 1 

Scheme 3.16: Synthesis of (3.7). 
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The reaction was followed by proton NMR spectroscopy and adjudged to be 

complete based on the disappearance of the amine proton resonance at 10.4 ppm 

and the shifting of the methyl and aryl resonances. The dimethylamide resonance 

also shifted slightly and the ratio of its integral to those of the amido/imino peaks 

also decreased, which is consistent with the loss of a dimethylamide ligand from 

the starting material. The reaction was also marked by the appearance of a doublet 

at ca. 2.1 ppm assignable to dimethylamine, which disappeared when the volatiles 

were removed in vacuo. When the reaction was scaled up in toluene the reaction 

did not appear to proceed in a clean fashion and it was impossible to isolate (3.7) 

from the reaction mixture. 

An unexpected result was obtained from an attempt to perform the 

transamination reaction between Zr(NMe2)4 and two equivalents of (2.2) in toluene 

at 100 °C. The only product that was isolated was the imido/imino zirconium dimer 

(3.8). 

MeaSi 

0.5 Zr(NMe2)4 

PhMe, 100 °C 

Me'iN 
Zr & 

I NtVleg 
NMe2 

Scheme 3.17: Synthesis of the imido/imino zirconium dimeric complex (3.8). 

The imido moiety has been formed by the loss of the trimethylsilyl-

substituent from the amide group. The most probable mechanism for the formation 

of (3.8) involves an initial transamination step to form complex (3.7), which then 

undergoes either an intermolecular or intramolecular elimination of MeaSiNMea to 

generate the imido moiety. If the elimination is intramolecular then dimerisation 

gives the observed complex (3.8). 

Following the crystallisation of the product from petroleum it was not 

possible to redissolve the crystals in inert solvents in order to obtain a proton NMR 

spectrum. 
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3.5.1 NMR spectroscopy for (3.7) 

The three dimethylamide ligands appear as one singlet with an integral ratio 

of approximately 2:1 to the trimethylsilyl resonance, which is consistent with a 

complex containing three NMe2 groups and one SiMes. The NMe2 resonance is 

shifted slightly from its position in the starting material (2.96 ppm) to 2.99 ppm. 

The fact that the three NMe] ligands appear as a single resonance suggests that 

there is fast exchange between equatorial and axial sites if the complex adopts the 

same distorted trigonal bipyramidal geometry as the LZr(NR2)2Cl type complexes 

(3.2) and (3.3). The trimethylsilyl resonance shifts slightly from 0.30 to 0.26 ppm 

but the imine methyl resonance remains in the same position. The methine 

cyclohexyl resonance is shifted from 3.35 to 3.40 ppm. There is considerable 

shifting of the aromatic peaks, which is further evidence of the reaction. 

3.5.2 X-ray diffraction study on complex (3.8) 

X-ray diffraction quality crystals of the imido/imino zirconium complex (3.8) 

were obtained by cooling a saturated petroleum solution to - 3 0 °C to give the 

compound as orange cubes. 

Figure 3.7: ORTEP representation of the crystal structure of the imido/imino 

zirconium dimer (3.8) (50% probability thermal ellipsoids). Hydrogens are omitted 

for clarity. 
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The complex is dimeric with bridging imido groups. Each zirconium centre is 

further bound by one imine nitrogen and two dimethylamide ligands giving a 

coordination number of five. The geometry about each zirconium centre is best 

described as distorted trigonal bipyramidal, with the equatorial plane consisting of 

two dimethylamide ligands and one imido nitrogen, and the axial positons 

occupied by the second imido-nitrogen and the imine nitrogen. The angle between 

the two axial groups is 158.24(5)° and shows how distorted the trigonal bipyramid 

is. The imido nitrogens do not bond symmetrically to both zirconium centres and 

one bond is ca. 0.15A longer than the other [N(2)-Zr(l*) 2.0652(14) and N(2)-

Zr(l) 2.2187(15)A]. The shorter zirconium-imido bond is contained within the 

chelate ring of the imido/imino ligand. The zirconium-imine [2.3069(14)A] and the 

zirconium-dimethylamide [N(4)-Zr(l) 2.0623(16) and N(5)-Zr(l) 2.0653(14)A] 

bond lengths are typical and are comparable to the other complexes reported here. 

It is interesting to note that the chelate ring of the imido/imino ligand is 

planar in (3.8). This contrasts with the amido/imino ligand in complexes (3.2), 

(3.3) and (3.6) and the diamido ligand in (3.4) in which the chelate rings are all 

puckered. The bite angle of the imido/imino ligand [N(2*)-Zr(l)-N(l) 80.11(5)°] 

remains very similar to those observed in the amido/imino ligands in complexes 

(3.2), (3.3) and (3.6). The carbon-nitrogen bond of 1.359(2)A between the imido-

nitrogen and the benzene ring is shorter than that between the silylamido-nitrogen 

and the benzene ring in the other complexes reported here, which is typically ca. 

1.42-1.43A. The imino bond length of 1.300(2)A shows that it retains the double 

bond character in this complex. 

3.6 Preliminary ethylene polymerisation studies 

The activity of (3.1) and (3,6) for ethylene polymerisation catalysis in the 

presence of MAO was studied following a standardised procedure.^ They display 

moderate polymerisation activity, 8.8 and 3.0 g mmol'^ bar'^ h'^ respectively, at 

room temperature. 

79 



3.7 Conclusions 

Three silylamido/imino zirconium complexes (3.1)-(3.3) of the type 

LZr(NR2)2Cl (R=Me, Et) have been prepared via salt metathesis reactions of the 

lithium amido/imino ligand (2.3) or (2.5) with Zr(NR2)2Cl2(THF)2. The complexes 

were prepared in moderate to good yields as air/moisture sensitive crystalline 

solids. 

The attempted salt metathesis reaction between (2.5) and Zr(NEt2)2Cl2(THF)2 

gave as the only product (3.4), in which the amido/imino ligand had undergone a 

rearrangement to a diamido ligand. This was the result of the 1-cyclohexyUmino-

ethyl group being converted into a 1-cyclohexylamido-vinyl group. This possibly 

involved the insertion of the cyclohexylimino group into the zirconium-

diethylamide bond to give a monoamino/diamido species, followed by elimination 

of diethylamine from the ligand backbone to generate the olefin. This demonstrates 

that the 1-cyclohexylimino-ethyl group is not inert and can undergo 

rearrangements that alter the nature of the amido/imino ligand. 

The LZrCl] complex (3.5) of the trimethylsilylamido/imino ligand was 

synthesised by both salt metathesis reaction between (2.3) and ZrCU; and by action 

of trimethylchlorosilane on the LZr(NR2)2Cl (R=Me, Et) type complexes (3.1) and 

(3.3) to substitute the dialkylamide ligands for chlorides. 

A bis-amido/imino zirconium complex (3.6), incorporating the fg/f-

butyldimethylsilylamido/imino ligand, of the type LzZrCl^ was synthesised by salt 

metathesis reaction between two equivalents of (2.5) and ZrCl4(THT)2. A 

crystallographic study of the compound showed how sterically crowded the 

coordination sphere of the zirconium centre is, and indicated why these ligands 

display a preference for mono-amido/imino complexes rather than bis-amido/imino 

complexes. 

It was possible to prepare the LZr(NMe2)3 complex (3.7) by a transamination 

reaction between the amino/imino ligand (2.2) and Zr(NMe2)4- However, an 

attempt to react two equivalents of (2.2) with Zr(NMe2)4 resulted in the isolation of 

the imido/imino dimer (3.8). A pair of imido nitrogens, generated by the loss of the 

trimethylsilyl substituents (by elimination with a dimethylamide ligand as 

MesSiNMc]), bridge the two Zr(IV) centres. This demonstrates that the amido-

silicon bond is not stable at high temperatures in the presence of dialkylamide 

ligands bound to zirconium. 
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Preliminary ethylene polymerisation studies on (3.1) and (3.6) with an excess 

of MAO showed them to act as moderate polymerisation catalysts. 
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3.8 Experimental 

The following compounds were prepared following literature methods: 

Zr(NMe2)2Cl2(THF)2/ Zr(NEt2)2Cl2(THF)2/ ZrCl4(THT)2,^ Zr(NMe2)4." 

3.8.1 [2-(l-Cyclohexylimino-ethyl)-iV-(trimethylsilyl)-anilide] zirconium 

chloride bis-dimethylamide (3.1). 

To a stirred, cooled (-78 °C) solution of Zr(NMe2)2Cl2(THF)2 (0.790 g, 2 

mmol) in THF (80 cm^), was added slowly via cannula a cooled (-78 °C) solution 

of (2.3) (0.588 g, 2 mmol) in THF (40 cm^). The light yellow mixture was stirred 

at -78 °C for 1 h, allowed to reach room temperature and stirred for 15 h to give an 

orange solution. The volatiles were removed in vacuo and the residue extracted 

into petroleum (3 x 50 cm^). Filtration through Celite, concentration of the filtrate 

to ca. 25 cm^ and cooling at - 3 0 °C for 15 h gave (3.1) as an orange solid (0.40 g). 

Further concentration of the supernatant and cooling gave further product (0.12 g). 

Yield: 0.52 g, 52%. 

6h(C6D6) 0.33 (9H, s, silyl C%s), 1.05-1.95 (lOH, m, cyclohexyl CHjs), 1.72 

(3H, s, imine % ) , 2.86 (6H, s, N ( % ) 2 ) , 2.97 (6H, s, NCC^a):), 3.41 (IH, tt, 

cyclohexyl CH a to imine N), 6.70 (IH, dt, aromatic), 7.06 (2H, m, aromatic), 7.28 

(IH, dd, aromatic). 

ScCCaDe) 3.22 (silyl CHss), 21.29 (imine CHg), 26.21, 26.41, 27.35, 

31.99, 32.85 (cyclohexyl CH2S), 43.67 (N(CH3)2), 44.41 (N(CH3)2), 64.38 

(cyclohexyl CH a to imine N), 121.86, 129.79, 131.82, 132.12 (aromatic CHs), 

133.33, 146.19 (quaternary aromatics), 169.12 (ArC(Me)=N(Cy)). 

Found: C, 49.7; H, 7.8; N, 10.0. C2iH39N4SiClZr requires C, 50.2; H, 7.8; N, 

11.2%. 

3.8.2 [2-(l-CytiohexyUmino-cthyl)-iV-(?er/-butyIdiniethyIsilyl)-aniIide] 

zirconium chloride bis-dimethylamide (3.2). 

To a stirred, cooled (-78 °C) solution of Zr(NMe2)2Cl2(THF)2 (0.198 g, 0.5 

mmol) in THF (20 cm^) was added slowly via cannula a cooled (-78 °C) solution 

of (2.5) (0.168 g, 0.5 mmol) in THF (20 cm^). The reaction mixture was stirred at 

-78 °C for 1 h before reaching room temperature and stirring for a further 15 h. 

The volatiles were removed in vacuo and the residue extracted into petroleum (100 
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cm^). Filtration through Celite, concentration of the filtrate to 10 cm^ and cooling 

at -30 °C for 15 h gave (3.2) as yellow, X-ray diffraction quality crystals (0.05 g). 

Yield: 0.05 g, 18%. 

6H(C6D6) 0.54 (3H, s, silyl C/fs), 0.67 (3H, s, silyl CA's), 0.76 (9H, s, 

SiC(CH3)3), 1.2-1.9 (lOH, m, cyclohexyl C%s), 1.82 (3H, s, imine % ) , 2.67 (6H, 

s, N(C^3)2), 3.03 (6H, s, N(CH3)2), 3.45 (IH, br t, cyclohexyl CH a to imine N), 

6.67 (IH, dt, aromatic), 6.96-7.05 (2H, m, aromatics), 7.50 (IH, dd, aromatic). 

SdQDe) -1.11 (silyl CH3), 2.06 (silyl CH3), 21.37 (SiC(CH3)3), 

21.72 (imine CH3), 26.25, 26.52,27.50 (cyclohexyl CH2S), 28.21 (SiC(CH3)3), 

32.21, 32.33 (cyclohexyl CHgs), 43.99 (N(CH3)2), 44.33 (N(CH3)2), 64.77 

(cyclohexyl CH a to imine N), 121.85, 129.76, 131.39, 131.87 (aromatic CHs), 

134.11, 146.64 (quaternary aromatics), 170.48 (ArC(Me)=N(Cy)). 

Found: C, 53.25; H, 8.57; N, 10.87. C24H45N4SiClZr requires C, 52.95; H, 

8.33; N, 10.29%. 

Figure 3.8: ORTEP representation of the crystal structure of 

[2-( 1 -cyclohexylimino-ethyl)-//-(/erf-butyldimethylsilyl)-anilide] zirconium 

chloride bis-dimethylamide (3.2) (50% probability thermal ellipsoids). Hydrogens 

are omitted for clarity. 

Table 3.3: Selected bond lengths (A) and angles (°) for (3.2). 

N(l)-Zr(l) 
N(3)-Zr(l) 

2.431(7) 
2.039(8) 

N(2)-Zr(l) 
N(4)-Zr(l) 

2.082(7) 
2.070(7) 
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Cl(l)-Zr(l) 2.500(3) N(2)-Si(l) 1.752(7) 
C(l)-N(2) 1.422(10) C(l)-C(6) 1.424(12) 
C(6)-C(7) 1.463(12) C(7)-N(l) 1.309(11) 
C(7)-C(8) 1.519(13) C(9)-N(l) 1.486(10) 

C(21)-N(3) 1.370(13) C(22)-N(3) 1.490(12) 
C(23)-N(4) 1.437(11) C(24)-N(4) 1.418(11) 

N(2)-Zr(l)-N(l) 80.2(2) N(3)-Zr(l)-N(4) 116.2(3) 
N(3)-Zr(l)-N(2) 119.9(3) N(4)-Zr(l)-N(2) 123.2(3) 
N(l)-Zr(l)-Cl(l) 172.27(17) C(l)-N(2)-Zr(l) 101.0(4) 
C(l)-N(2)-Si(l) 120.0(5) Si(l).N(2)-Zr(l) 138.4(4) 
C(6)-C(l)-N(2) 120.9(8) C(l)-C(6)-C(7) 123.8(8) 
N(l)-C(7)-C(6) 118.6(8) N(l)-C(7)-C(8) 123.3(8) 
C(6)-C(7)-C(8) 118.0(8) C(7)-N(l)-Zr(l) 117.2(6) 
C(7)-N(l)-C(9) 118.2(8) C(9)-N(l)-Zr(l) 124.6(5) 

C(21)-N(3)-Zr(l) 116.9(7) C(22)-N(3)-Zr(l) 131.1(6) 
C(21)-N(3)-C(22) 107.7(9) C(23)-N(4)-Zr(l) 113.5(6) 
C(24)-N(4)-Zr(l) 133.9(5) C(23)-N(4)-C(24) 112.6(7) 

3,8.3 [2-(l-CyclohexyIimino-ethyl)-iV-(trimethylsilyI)-anilide] zirconium 

chloride bis-diethylamide (3.3). 

To a stirred, cooled (-78 °C) solution of Zr(NEt2)2Cl2(THF)2 (0.225 g, 0.5 

mmol) in THF (20 cm^) was added slowly via cannula a cooled (-78 °C) solution 

of (2.3) (0.147 g, 0.5 mmol) in THF (20 cm^). The reaction mixture was stirred at 

-78 °C for 1 h before being allowed to reach room temperature and stirred for a 

further 15 h. The volatiles were removed in vacuo and the residue extracted into 

petroleum (100 cm^). Filtration through Celite, concentration of the filtrate to ca. 

10 cm^ and cooling at - 3 0 °C for 15 h gave (3.3) as yellow. X-ray diffraction 

quality crystals (0.150 g). 

Yield 0.150 g, 54%. 

5H(C6D6) 0.35 (9H, s, silyl % s ) , 0.8-2.2 (lOH, m, cyclohexyl C7f2s), 0.91 

(6H, t, N(CH2%)2), 1.07 (6H, t, N(CH2C^3)2), 1.77 (3H, s, imine C^s), 3.17 

(2H, br s, N(C%CH3)2), 3.3-3.7 (7H, m, cyclohexyl CH a to imine N and three 

signals for N(C%CH3)2), 6.75 (IH, dt, aromatic), 6.96-7.09 (2H, m, aromatics), 

7.31 (IH, dd, aromatic). 

ScCCeDe) 3.20 (silyl CH3S), 14.28,14.41 (N(CH2CH3)2), 21.78 

(imine CH3), 26.22, 26.57, 26.61, 32.29, 32.83 (cyclohexyl CH2S), 42.70,43.06 

(N(CH2CH3)2), 64.40 (cyclohexyl CH a to imine N), 121.92, 129.53,131.85, 
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132.53 (aromaticCHs), 134.70, 146.52 (quaternary aromatics), 169.52 

(ArC(Me)=N(Cy)). 

Found: C, 54.05; H, 8.60; N, 10.15. C25H47N4SiClZr requires C, 53.77; H, 

8.48; N, 10.03%. 

Figure 3.9: ORTEP representation of the crystal structure of 

[2-( 1 -cyclohexylimino-ethyl)-7V-(trimethylsilyl)-anilide] zirconium chloride 

bis-diethylamide (3.3) (50% probability thermal ellipsoids). Hydrogens are omitted 

for clarity. 

Table 3.4: Selected bond lengths (A) and angles (°) for (3.3). 

N(l)-Zr(l) 2.460(4) N(2)-Zr(l) 2.112(4) 
N(3)-Zr(l) 2.047(4) N(4)-Zr(l) 2.054(5) 
Cl(l).Zr(l) 2.5021(13) N(2)-Si(l) 1.724(4) 
C(l)-N(2) 1.426(7) C(l)-C(6) 1.414(7) 
C(6)-C(7) 1.494(8) C(7)-N(l) 1.285(7) 
C(7)-C(8) 1.518(7) C(9)-N(l) 1.478(7) 

C(22)-N(3) 1.473(7) C(24)-N(3) 1.464(7) 
C(19)-N(4) 1.451(7) C(20)-N(4) 1.466(7) 

N(2)-Zr(l)-N(l) 76.61(15) N(3)-Zr(l).N(2) 128.42(18) 
N(4)-Zr(l)-N(2) 119.53(17) N(3)-Zr(l)-N(4) 110.78(17) 
N(l)-Zr(l)-Cl(l) 162.13(11) Zr(l)-N(2)-C(l) 98.5(3) 
C(l)-N(2)-Si(l) 115.2(4) Si(l)-N(2)-Zr(l) 146.3(3) 
C(6)-C(l)-N(2) 121.0(5) C(1)-C(6).C(7) 121.0(5) 
N(l)-C(7)-C(6) 118.5(4) N(1).C(7).C(8) 126.2(5) 
C(6)-C(7)-C(8) 115.3(5) C(7)-N(l).Zr(l) 116.8(4) 
C(7)-N(l)-C(9) 118.8(4) C(9)-N(l)-Zr(l) 124.4(3) 

C(22)-N(3)-Zr(l) 108.7(3) C(24)-N(3)-Zr(l) 137.3(3) 
C(24)-N(3)-C(22) 113.5(4) C(19)-N(4)-Zr(l) 110.9(4) 
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C(20)-N(4)-Zr(l) 131.2(4) C(19)-N(4)-C(20) 116.1(5) 

3.8.4 [2-(l-Cyclohexylamido-vinyl)-iV-(/e/^-butyldimethylsiIyl)-anilide] 

zirconium chloride diethylamide tetrahydrofuran (3.4). 

To a cooled (-78 °C), sdrred solution of Zr(NEt2)2Cl2(THF)2 (0.225 g, 0.5 

mmol) in THF (20 cm^) was added slowly via cannula a solution of (2.5) (0.168 g, 

0.5 mmol) in THF (20 cm^). The light yellow mixture was stirred at - 7 8 °C for Ih, 

allowed to reach room temperature and stirred for 15 h giving a yellow solution. 

Removal of the THF in vacuo was followed by extraction of the residue into 

petroleum (50 cm^), The supernatant solution was then filtered and concentrated to 

ca 20 cm^ and before cooling to - 3 0 °C for 15 h gave orange, X-ray diffraction 

quality crystals. 

Yield 0.135 g, 45%. 

SyCCdDe) 0.27 (3H, s, silyl % ) , 0.44 (3H, s, silyl CH3), 0.76 (6H, t, 

N(CH2C^3)2), 1.02 (9H, s, SiC(C^3)3), 0.8-2.4 (lOH, m, cyclohexyl % s ) , 1.32 

(4H, m, THF), 2.81 (2H, br s, N(CE2CH3)2), 3.01 (2H, br s, N(CE2CH3)2), 3.40 

(IH, tt, cyclohexyl CH a to vinylamide N), 3.69 (4H, t, THF), 4.24 (IH, s, 

C = % ) , 4.39 (IH, s, € = % ) , 6.90-7.02 (2H, m, aromatics), 7.10 (IH, dt, 

aromatic), 7.67 (IH, dd, aromatic). 

'^C(^H) gc(C6D6) -1.57 (silyl % s ) , 14.56 (N(CH2CH3)2), 20.70 

(SiC(CH3)3), 25.78 (THF), 26.42,26.61 (cyclohexyl CH2S), 27.33 (SiC(CH3)3), 

32.93, 34.54 (cyclohexyl CH2S), 42.79 (N(CH2CH3)2), 63.58 (cyclohexyl CH a to 

vinylamide N), 70.25 (THF), 88.36 (ArC(N)=CH2), 124.34, 128.45, 129.14 

(aromatic CHs), 130.26 (quaternary aromatic), 131.99 (aromatic CH), 140.71 

(quaternary aromatic), 156.80 (ArC(N)=CH2). 

Found: C, 56.36; H, 8.54; N, 7.15. C28H5oN3SiOClZr requires C, 56.10; H, 

8.41; N, 7.01%. 
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Figure 3.10: ORTEP representation of the crystal structure of 

[2-(l-cyclohexylamido-vinyl)-A^-(ferr-butylciimethylsilyl)-amlide] zirconium 

chloride diethylamide tetrahydrofuran (3.4) (50% probability thermal ellipsoids). 

Hydrogens are omitted for clarity. 

Table 3.5: Selected bond lengths (A) and angles (°) for (3.4). 

N(l)-Zr(l) 2.052(2) N(2)-Zr(l) 2.1290(19) 
N(3)-Zr(l) 2.019(2) Cl(2)-Zr(l) 2.4503(7) 
Zr(l)-0(1) 2.3625(16) C( l ) -N( l ) 1.426(3) 
N(l)-Si(3) 1.755(2) C(l)-C(6) 1.416(8) 
C(6)-C(7) 1.499(4) C(7)-N(2) 1.392(3) 
C(7)-C(8) 1.348(3) C(9)-N(2) 1.472(3) 

C(17)-Si(3) 1.901(3) C(15)-Si(3) 1.866(3) 
C(16)-Si(3) 1.864(3) C(21)-N(3) 1.465(3) 
C(23)-N(3) 1.469(3) 

N(l)-Zr(l)-N(2) 89.5(8) N(3)-Zr(l)-N(l) 115.42(9) 
N(l)-Zr(l)-Cl(2) 119.55(6) N(3)-Zr(l)-Cl(2) 122.11(7) 
N(2)-Zr(l)-0(1) 174.85(7) C(1).N(1)-Zr(l) 104.00(15) 
C(1).N(1)-Si(3) 122.57(17) Si(3)-N(l)-Zr(l) 132.89(13) 
C(6).C(1)-N(1) 120.5(2) C(l)-C(6)-C(7) 123.1(2) 
N(2)-C(7)-C(6) 115.1(2) C(8)-C(7)-C(6) 117.7(3) 
C(8)-C(7)-N(2) 127.1(3) C(7)-N(2)-Zr(l) 118.02(16) 
C(7)-N(2)-C(9) 115.00(19) C(9)-N(2)-Zr(l) 126.96(16) 

C(21).N(3)-Zr(l) 133.21(17) C(23)-N(3)-Zr(l) 110.21(18) 
C(21)-N(3)-C(23) 114.4(2) 
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Table 3.6: Crystallographic parameters for (3.2), (3.3) and (3.4). 

Compound (3.2) (3.3) (3.4) 
Chemical C24H45CI iN4Si 1 Zr 1 C25H47CliN4SiiZri CasHsoCliNsOiSiiZri 
Formula 

Formula Weight 544.40 558.43 599.47 
Crystal System Triclinic Monoclinic Monoclinic 
Space Group P-1 

a/A 9.293(5) 17.2365(7) 14.4679(4) 
6/A 11.022(6) 9.3683(5) 12.2609(3) 
c/A 15.424(9) 18.9138(13) 18.0837(6) 
oT 77.235(17) 90 90.0 

87.70(2) 106.866(2) 104.3480(10) 
66.486(13) 90 90.0 

wÂ  1410.8(14) 2922.8(3) 3107.80(15) 
z 2 4 4 

77K 150(2) 150(2) 150(2) 
0.544 0.527 0.502 

F(OOO) 576 1184 1272 
No. Data 8991 9956 12852 
collected 

No. Unique data 5852 6424 7048 
^int 0.1214 0.0745 0.0506 

Final ;g(|f|) for 0.0985 0.0722 0.0419 
I>2GiI) 

Final R{F^) for 0.2069 0.2078 0.0912 
all data 

3.8.5 [2-(l-Cyclohexylimino-ethyl)-7V-(trimethylsilyI)-anilide] zirconium 

trichloride (3.5). 

To a stirred, cooled (-78 °C) suspension of ZrCU (0.233 g, 1 mmol) in 

toluene (50 cm^) was added slowly via cannula a solution of (2.3) in toluene 

(50 cm^). After completion of addition the reaction mixture was stirred at - 7 8 °C 

for 1 h, allowed to reach room temperature and the resulting yellow solution was 

stirred for 24 h after which period it turned to an orange suspension. The 

supernatant was filtered and the toluene removed in vacuo. The residue was 

washed with petroleum ( 5 x 1 0 cm^) yielding the product as an orange solid. 

Yield: 0.11 g, 23%. 

Found: C, 42.4; H, 6.0; N, 6.4. CnHavNaSiClsZr requires C, 42.1; H, 5.6; N, 

5.; 
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3.8.6 [2-(l-Cyclohexylimino-ethyl)-iY-(trimethylsilyl)-anilideJ zirconium 

trichloride (3.5). 

Complex (3.1) (0.032 g, 0.07 mmol) was dissolved in CgDg and placed in an 

NMR tube fitted with a Young's PTFE tap. Trimethylchlorosilane (8 drops) was 

added to the solution and the closed NMR tube was heated at 50 °C for 48 h. The 

volatiles were removed in vacuo to yield the product as a yellow oil. 

5h(C6D6) 0.25 (9H, s, silyl CH^s), 0.9-2.6 (lOH, m, cyclohexyl C%s), 1.61 

(3H, s, imine € % ) , 3.46 (IH, tt, cyclohexyl CH a to imine N), 6.88 (IH, dt, 

aromatic), 6.95-7.05 (2H, m, aromatics), 7.15-7.22 (IH, m, aromatic). 

3.8.7 [2-(l-Cyclohexyllmino-ethyI)-^V-(trimethylsilyl)-aniIide]-zirconium 

trichloride (3.5). 

To a solution of (3.3) (0.200 g, 0.36 mmol) in benzene at room temperature 

was added via syringe trimethylchlorosilane (0.110 g, 1.00 mmol). The bright 

yellow solution was stirred for 15 h resulting in a very pale orange solution. The 

volatiles were removed in vacuo to yield the product as pale orange powder. 

Yield: 0.165 g, 94%. 

5h(C6D6) 0.25 (9H, s, silyl CH^s), 0.9-2.6 (lOH, m, cyclohexyl C%s), 1.59 

(3H, s, imine CH3), 3.44 (IH, tt, cyclohexyl CH a to imine N), 6.85 (IH, dt, 

aromatic), 6.95-7.05 (2H, m, aromatics), 7.15-7.22 (IH, m, aromatic). 

3.8.8 Bis-[2-(l-cyclohexylamldo-vinyl)-iV-(^e/t-butyldimethyIsilyl)-anilide] 

zirconium dichloride (3.6). 

To a stirred and cooled (-78 °C) solution of ZrCl4(THT)2 (0.205 g, 0.5 mmol) 

in diethyl ether (50 cm^)was added via cannula a solution of (2.5) (0.336 g, 1 

mmol) in diethyl ether (50 cm^). The reaction was stirred at - 7 8 °C for 1 h, 

allowed to reach room temperature and then stirred for 24 h. From the pale yellow 

suspension the diethyl ether was removed in vacuo and the residue was extracted 

into petroleum {ca. 150 cm^). The extracts were filtered, concentrated to ca. 25 cm^ 

and the solution cooled to - 3 0 °C to produce pale yellow crystals. 

Yield O. l lg , 27%. 
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5H(C6D6) -0.45-0.25 (12H, br. s, silyl C/fss), 0.64 (18H, s, S iC(C%), 1.10-

1.90 (20H, m, cyclohexyl C%s), 2.00-2.20 (6H, br. s, imine CHss), 2.6-2.8 (2H, 

m, cyclohexyl CH a to imine N), 6.6-7.5 (8H, m, aroma tics). 

Found: C, 57.3; H, 8.0; N, 6.7. C4oH66N4Si2Cl2Zr requires C, 58.5; H, 8.1; N, 

6.8%. 

Figure 3.11: ORTEP representation of the crystal structure of bis-

[2-(l-cyclohexylamido-vinyl)-A^-(?er?-butyldimethylsilyl)-anilide] zirconium 

di chloride (3.6) (50% probability thermal ellipsoids). One cyclohexyl group is 

removed for clarity [C(10)-C(14)]. Hydrogens are omitted for clarity. 

Table 3.7: Selected bond lengths (A) and angles (°) for (3.6). 

N(l)-Zr(l) 2.366(4) N(2)-Zr(l) 2.111(4) 
N(3)-Zr(l) 2.459(4) N(4)-Zr(l) 2.090(4) 
Cl(l)-Zr(l) 2.4417(13) Cl(2)-Zr(l) 2.4938(13) 
N(2)-Si(l) 1.763(4) N(2)-C(l) 1.419(6) 
C(l)-C(6) 1.405(7) C(6)-C(7) 1.495(7) 
C(7)-N(l) 1.272(6) C(7)-C(8) 1.522(7) 
N(l)-C(9) 1.496(6) N(4)-Si(2) 1.766(4) 

N(4)-C(21) 1.438(6) C(21)-C(26) 1.394(8) 
C(26)-C(27) 1.474(7) C(27)-N(3) 1.293(6) 
C(27)-C(28) 1.516(7) N(3)-C(29) 1.485(6) 

N(l)-Zr(l)-N(2) 81.06(14) N(3)-Zr(l)-N(4) 78.06(15) 
N(2)-Zr(l)-N(3) 174.70(13) N(l)-Zr(l)-Cl(l) 171.78(10) 
N(4)-Zr(l)-Cl(2) 158.10(11) Cl(l)-Zr(l)-Cl(2) 90.23(5) 
Zr(l)-N(2)-C(l) 112.0(3) Si(l)-N(2)-C(l) 118.3(3) 
Si(l)-N(2)-Zr(l) 129.6(2) N(2)-C(l)-C(6) 123.0(5) 
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C(l)-C(6)-C(7) 123.9(5) C(6)-C(7)-N(l) 119.9(4) 
C(8)-C(7)-N(l) 125.8(5) C(6)-C(7)-C(8) 114.3(5) 
C(7).N(1)-Zr(l) 123.0(3) C(7)-N(l)-C(9) 122.0(4) 
C(9)-N(l)-Zr(l) 114.9(3) Zr(l)-N(4)-C(21) 115.6(3) 
Zr(l)-N(4)-Si(2) 127.6(2) Si(2)-N(4)-C(21) 116.7(3) 

N(4)-C(21)-C(26) 122.3(5) C(21)-C(26)-C(27) 123.2(5) 
C(26)-C(27)-N(3) 120.0(5) C(28)-C(27)-N(3) 124.1(5) 
C(26)-C(27)-C(28) 115.9(4) C(27)-N(3)-Zr(l) 123.8(3) 
C(29)-N(3)-Zr(l) 113.1(3) C(27).N(3)-C(29) 122.4(4) 

3.8.9 [2-(l-Cyclohexylimino-ethyl)-/Y-(trimethylsilyl)-anilide] zirconium tris-

dimethylamide (3.7). 

Zr(NMe2)4 (0.067 g, 0.25 mmol) and (2.2) (0.072 g, 0.25 mmol) were 

dissolved in CeDe and were placed in an NMR tube fitted with a Young's PTFE tap 

The tube was heated at 50 °C for 72 h during which period the progress of the 

reaction was monitored by NMR. After completion of the reaction the volatiles 

were removed in vacuo and the product was obtained as an orange oil which was 

characterised by NMR after redissolving in CgDg. 

SHCCeDe) 0.26 (9H, s, silyl % s ) , 1.00-1.80 (lOH, m, cyclohexyl % s ) , 1.84 

(3H, s, imine % ) , 2.99 (18H, s, N(C7f3)2), 3.40 (IH, tt, cyclohexyl C/f a to imine 

N), 6.72 (IH, dt, aromatic), 7.05-7.12 (2H, m, aromatic), 7.25 (IH, dd, aromatic). 

3.8.10 Imido/imino zirconium dlmeric complex (3.8). 

Zr(NMe2)4 (0.134 g, 0.5 mmol) was dissolved in toluene (15 cm^) and added 

via cannula to an ampoule containing (2.2) (0.288 g, 1.0 mmol). The reaction was 

heated at 100 °C for 24 hours and the toluene removed in vacuo. X-ray diffraction 

quality crystals were grown from a saturated petroleum solution. Once the crystals 

were formed it was not possible to dissolve them in inert deuterated solvents in 

order to obtain spectroscopic data. 
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C17 

Figure 3.12: ORTEP representation of the crystal structure of the imido/imino 

zirconium dimer (3.8) (50% probability thermal ellipsoids). Hydrogens are omitted 

for clarity. 

Table 3.8: Selected bond lengths (A) and angles (°) for (3.8). 

N(2)-Zr(l*) 2.0652(14) N(2)-Zr(l) :L2187(15) 
N(l)-Zr(l) 2.3069(14) N(4)-Zr(l) 2.0623(16) 
N(5)-Zr(l) 2.0653(14) C(l)-N(2) 1.359(2) 
C(l)-C(6) 1.439(2) C(6).C(7) 1.469(2) 

N(l)-C(7*) 1.300(2) N(l)-C(9) 1.489(2) 
C(15)-N(4) 1.448(3) C(16)-N(4) 1.455(3) 
C(17)-N(5) 1.446(2) C(18)-N(5) 1.449(2) 

Zr(l)-Zr(l*) 3.3262(3) 

N(2*)-Zr(l)-N(l) 80.11(5) N(2)-Zr(l)-N(l) 158.24(5) 
N(4)-Zr(l)-N(2*) 119.77(6) N(2*).Zr(l)-N(5) 117.18(6) 
N(4)-Zr(l)-N(5) 122.57(6) Zr(l*)-N(2)-Z:r(l) 101.81(6) 
C(l)-N(2)-Zr(l*) 134.29(12) C(l).N(2).Zr(l) 122.50(11) 
N(2).C(1)-C(6) 125.(MK15) C(1)-C(6).C(7) 123.59(15) 

N(l*)-C(7)-C(6) 120.98(16) N(l*)-C(7)-C(8) 122.66(16) 
C(6)-C(7)-C(8) 116.34(15) C(7*)-N(l)-Zr(l) 133.18(12) 

C(7*)-N(l)-C(9) 123.32(15) C(9).N(1)-Zr(l) 103.47(10) 
C(15)-N(4)-Zr(l) 132.96(15) C(16)-N(4)-Zr(l) 115.43(13) 
C(15)-N(4)-C(16) 111.59(18) C(17)-N(5)-Zr(l) 130.40(13) 
C(18)-N(5)-Zr(l) 117.79(11) C(17)-N(5)-C(18) 111.:%I(15) 
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Table 3.9: Crystallographic parameters for (3.6) and (3.8). 

Compound (3.6) (3.8) 

Chemical Formula C4oH66Cl2N4Si2Zri Ci8H3oN4Zri 
Formula Weight 821.27 39168 
Crystal System Monoclinic Monoclinic 
Space Group 

o/A 10.494(2) 8.7107(2) 
6/A 31.860(6) 18.7443(4) 
c/A 14.365(3) 11.8704(2) 

90.0 9&0 
106.39(3) 103.130(1) 

yr 9010 90.0 
wA^ 4607X%16) 1187.48(7) 

z 4 4 
T/K 150(2) 150^0 

(1436 &588 
F(000) 1744 824 

No. Data collected 45007 27335 
No. Unique data 9212 4320 

^int 0J^28 01896 
Final a(|f1)for7>2(7(7) 0.0667 0.0269 

a i 6 8 5 0.0834 

3.8.11 Ethylene polymerisation catalysis. 

Complex (3.1) (0.050 g, 0.09 mmol) was dissolved in toluene (100 ml) in a 

glass pressure bottle. MAO (10% weight in toluene) (66.3 ml, 100 mmol) was 

added to the solution of (3.1). This was stirred for 30 minutes at room temperature. 

The toluene solution was then saturated with ethylene at a pressure of 7 bar for 2 

hours. A white solid was formed in the toluene solution during the catalytic run. 

After 2 hours the ethylene was blown off the system and the polymerization 

quenched by the addition of ethanol (5 ml). The polymeric solid that was produced 

was filtered away from the toluene solution and stirred over night in a 20 vol.-% 

ethanolic hydrochloric acid solution, then washed with water and ethanol and dried 

in vacuo. 

Average yield of polyethylene produced: 9.068 g. This corresponds to a 

catalyst activity of ca. 8.8 g/mmol/bar/h. The melting point of the polyethylene 

was 210-220 °C. 
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This procedure was followed for (3.6) but on half the scale. The yield of 

polyethylene was 2.114 g. This corresponds to a catalyst activity of 3.02 

g/mmol/bar/h. The melting point of the polyethylene was 217-230 °C. 
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Chapter 4 

2-(l-Cyclohexylimino-ethyl)-A^-(aryl)-anilide and Related 

Complexes of Titanium(IV) and Zirconium(IV) 

4.1 Introduction 

4.1.1 A^^-diaryl-p-diketiminate metal complexes 

There has been a great interest in the study of p-diketiminate ligands in 

which the nitrogens are substituted with aryl groups. A series of different types of 

p-diketiminate complexes are depicted below (Scheme 4.1). The ligand syntheses 

often involve the condensation of a carbonyl with the appropriate aniline, and so 

the phenyl substituent can easily be introduced into the ligand framework.' This 

ease of synthesis allows for the phenyl group to be readily altered and thus steric 

effects can be studied. 

R Ar Ar R 

Ar Ar R 

B 

Scheme 4.]: The diaryl-substituted p-diketiminate ligand and three classes of 

Group 4 Metal complexes. 

Three mono p-diketiminate complexes of the type LMCl2(THF)2 (M=Ti, V, 

Cr) utilising the (Ph)2nacnac ligand [(Ph)2nacnac = A^,iV-diphenyl-2,4-

pentanediimine anion] were reported by Theopold and co-workers.^ All three 

complexes were shown to be active ethylene polymerisation catalysts when 

activated with MAO. Similar work was reported by Budzelaar and co-workers 
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where a series of six A^,iV-diphenyl-p-diketiminate ligands were used to make 

LMX2 (M=Ti, V; X=C1, Me) type complexes/ In all of the cases studied it was 

possible to convert the LVCI2 complexes to the LVMci complexes by use of a 

suitable alkylating agent. The LTiMe2 complexes were only stable if the //-phenyl 

group was 2,6-disubstituted. When cationic complexes were generated from the 

LMMez species it was only the titanium complexes that were active for the 

polymerisation of a-olefins. 

A series of mono #,vV-diphenyl-P-diketiminate complexes of the type LMX3 

(M=Ti, Zr) have been prepared by Smith'*'̂  utilising the (o-MeC6H4)2nacnac and 

the (2,6-Me2C6H3)2nacnac ligands. The other ligands in these complexes include 

chlorides, dimethylamides and a mixture of the two. A zirconium complex bearing 

three benzyl groups was observed to undergo loss of toluene upon thermolysis to 

give a complex in which one of the A^-phenyl groups has undergone 

orthometalation.^ 

Smith'* and Collins® both reported a series of bis A^,A^-diphenyl-P-diketiminate 

complexes of the type L2MX2 (M=Ti, Zr; X=C1, NMe:). Structurally characterised 

examples showed that the (3-diketiminate ligands did not possess equal bonds 

between the nitrogens and the metal. The geometry of the complexes placed two 

nitrogens trans to one another and the other two trans to the X ligands. The M-N 

bonds to the nitrogens trans to the X ligands were longer than those to the other 

nitrogens by ca 0.05-0.1 A. 

4.1.2 2-(l-Aryliminomethyl)-A^-(aryl)-anilide cationic yttrium complexes 

Recent work reported by Piers concerns the synthesis of organoyttrium 

complexes of the 2-(l-aryliminomethyl)-7V-(aryl)-anilide ligand (see Introduction, 

Chapter 2)J The ligand is shown to be capable of stabilising bis-alkyl yttrium 

complexes which act as precursors to cationic organoyttrium complexes. As yet, no 

catalytic data is reported. As mentioned previously, Piers' ligand is extremely 

similar to the arylamido/imino ligands reported in this thesis. 
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Results and Discussion 

CI'' r̂ NEW 
NEI; 

(4.1) 

o' |w%l I 
THF 

(4.2) 

cr I CI 

(4.3) 

(4.4) 

I HzNEtg 

(4.5) (4.6) 

(4.8) 

(4.9) (4.10) 

Figure 4.1: Zirconium (4.1)-(4.6) and titanium complexes (4.7)-(4.10) synthesised. 

4.2 Synthesis of mono-arylamido/imino and related zirconiuni(IV) complexes 

The salt elimination reaction between lithium [2-(l-cyclohexylimino-ethyl)-

A^-(2,4,6-trimethylphenyl)-anilide] (2.9) and Zr(NEt2)2Cl2(THF)2 afforded the 

[2-(l-cyclohexylimino-ethyl)-iV-(2,4,6-trimethylphenyl)-anilide] zirconium 

chloride bis-diethylamide complex (4.1) in good yield. The addition was 

performed at -78 °C and the reaction allowed to reach RT. After stirring overnight 

the volatiles were removed and the bright orange residue extracted into petroleum. 
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Following a filtration through Celite to remove lithium chloride, the orange filtrate 

was concentrated and cooled to -30 °C to yield (4,1) as orange/yellow crystals. 

Zr(NEt2)2Cl2(THF)2 

THF ,N 

-78°CtoRT EtgN 1 NEtg 
CI 

Scheme 4.2: Synthesis of (4.1). 

It was essential to purify the compound by crystallisation due to the 

seemingly unavoidable presence of protonated amino/imino ligand (2.8) in the 

reaction mixture. In addition, the product was sometimes contaminated by the 

presence of a species that was identified as the arylamido/(cyclohexylamido)vinyl 

containing complex (4.2). This complex (4.2) was analogous to (3.4)/ and because 

this was the second time we had observed this type of complex a concerted effort 

was made in order to understand the mechanism of its formation. Three main 

possibilities seemed apparent to us: 

1. There was a small amount of a di-lithiated species present in the 

lithium amido/imino compound, which would then coordinate to the 

zirconium centre via a salt elimination reaction. 

2. Upon coordination to the zirconium centre, the methyl group was 

undergoing deprotonation by a molecule of lithium amido/imino 

followed by a rearrangement to give the observed product. 

3. The coordination of the ligand to the metal would occur, followed by 

an insertion of the cyclohexylimine group into a zirconium-

diethylamide bond and elimination of one molecule of diethylamine 

across the carbon-carbon bond to give the vinylamide species. 

The first possibility was discounted based on the^H, ^H} and ^Li NMR 

spectra of the lithium arylamido/imino compound (2.9), which showed no evidence 

of the presence of a second lithium species. 
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To test the second postulate the salt elimination reaction was performed 

using two equivalents of the lithium amido/imino hgand. This resulted in no more 

of the vinylamide containing complex being formed than in the 1:1 reactions. The 

NMR spectrum of the reaction mixture showed that the major species was still 

the 1:1 complex (4.1) and some unreacted lithium amido/imino (2.9). 

Impure samples of the complex (4.2) were obtained in varying quantities 

from the reaction of (2.9) with Zr(NEt2)2Cl2(THF)2, following the removal from 

the system of the majority of (4.1) by crystallisation from petroleum. This enabled 

and 'H} NMR spectra to be recorded for samples which were ca. 80% 

(4.2), but analytical data could not be obtained. 

NEta 

Cy Mes'^ Cy )Zr^ ^Cy 
EtpN 1 NEtg EIgN I THF EtoN I THF 

CI 01 01 

(4.1) (4.2) 

Scheme 4.3: Proposed insertion-elimination mechanism for the conversion of (4.1) 

into (4.2). 

The proposed mechanism for the formation of (4.2) is analogous to that 

discussed earlier for (3.4) (Chapter 3). It is highly plausible that following the 

formation of (4.1) there is a relatively low energy barrier to the formation of (4.2) 

via the insertion of the cyclohexylimine group into the zirconium-diethylamide 

bond. Since the insertion observed in (3.4) occurs when the bulkier terl-

butyldimethylsilyl (rather than trimethylsilyl) and diethylamide (rather than 

dimethylamide) groups are employed it is reasonable to assume that the insertion is 

favoured because it reduces steric crowding about the zirconium centre. 

Further indirect evidence for the existence of the diamido/amine containing 

intermediate is provided by the isolation of the 2-(l-cyclohexylamido-l-

dimethylamino-ethyl)-//-(aryl)-anilide tripodal complexes (most likely formed by 

the insertion of the cyclohexylimino group into a titanium-dimethylamide bond) in 

(4.7), (4.8), (4.9) and (4.10) as discussed below. The facility of this transformation 

in the titanium system is possibly due to the smaller size of the metal center. Scott 
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reports an analogous migration of a benzyl group from a titanium and zirconium 

centre to the imine carbon of a linked bis-phenoxyimine l igand/ 'Pie rs observes 

similar behaviour in phenoxyimine complexes of scandium and yttrium where 

alkyls^ '̂̂ ^ and a hydride^^ are observed to migrate. 

All attempts to introduce the arylamido/imino ligand onto a titanium(IV) or 

zirconium(IV) centre by transamination reactions between the amino/imino species 

[(2.6) or (2.8)] with M(NR2)4 or M(NR2)2Cl2 starting materials (M=Ti, Zr, R= Me, 

Et) repeatedly failed. Despite performing the reactions in many different solvents 

at different temperatures the NMR spectra of the reactions always showed the 

presence of unreacted starting materials. The reason for this lack of reactivity of 

the amino/imino ligand is not clear and ensured that salt elimination reactions were 

the only route available to us to access arylamido/imino metal complexes. 

It was possible to convert complex (4.1) into the [2-(l-cyclohexylimino-

ethyl)-A^-(2,4,6-trimethylphenyl)-anilide] zirconium trichloride complex (4.3) by 

reaction with an excess of trimethylchlorosilane in benzene. The product was 

obtained as an air and moisture sensitive bright yellow solid in high yield. It had 

very low solubility in benzene and other non-polar solvents and precipitated out of 

the reaction mixture as it was formed. The product was soluble in donor solvents 

allowing the NMR spectra to be recorded in <^-THF. In addition to peaks 

assignable to (4.3), there were a series of minor peaks due to the free amino/imino 

ligand as well as benzene. Placing ca. 200 mg of (4.3) on a filter frit and washing it 

with ca. 200 cm^ of petroleum failed to remove these impurities. This suggests that 

the impurities are trapped within the solid product and are only released upon 

dissolution of (4.3). 

100 



TMSCI 
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Scheme 4.4: Conversion of (4.1) into (4.3). 

Repeated attempts to grow single crystals for an X-ray diffraction study of 

(4.3) finally yielded the anionic zirconium(IV) complex (4.4). A small crop of 

crystals was grown by slow diffusion of petroleum into a THF solution of (4.3). 

The six-coordinate zirconium complex is bound to one amido/imino ligand and 

four chloride ligands and the counter ion is a diethylammonium cation. We are not 

certain on how (4.4) was formed (especially the source of the cation). One 

explanation may involve partial decomposition (hydrolysis) of Me3SiNEt2 possibly 

trapped within the solid product during the long crystallisation. 

Repeated attempts to react (4.3) with alkyl lithium reagents such as methyl 

lithium, neopentyl lithium, phenyl lithium and benzyl lithium as well as LiNHBu' 

yielded only complex reaction mixtures. Given the fact that several instances have 

been observed where the cyclohexylimino group has inserted into metal-amide 

bonds it is not inconceivable that a similar insertion is occurring if any metal-alkyl 

complexes are formed. The NMR spectra of these reactions were too complicated 

to identify any of the products and no crystals were grown suitable for a single 

crystal X-ray diffraction study. 

4.2.1 NMR spectroscopy for compounds (4.1) and (4.2) 

The NMR spectra of (4.1) are consistent with the trigonal bipyramidal 

geometry that is maintained in the solid state as shown by a single crystal X-ray 

diffraction study. As in the NMR spectra of the lithium amide (2.9), the methyls 

the 2- and 6-positions and the aromatic CHs in the 3- and 5-positions each appear 

as singlets in both the proton and carbon NMR spectra. The cyclohexyl group 

again appears as four peaks in the NMR spectrum. The four CH2 groups 

of the diethylamide ligands appear as one peak in the ^H} NMR spectrum but 

as two overlapping multiplets in the 'H NMR spectrum. The four CH3 groups of 

the diethylamide ligands appear as one peak in the '^C{^H) NMR spectrum and 
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one triplet in the NMR spectrum. This is different from the analogous N-silyl 

substituted LZr(NEt2)2Cl complex (3.3) which had two signals for the four CH3 

groups of the diethylamide ligands in both the 'H and } NMR spectra. The 

positions of the other peaks due to the ligand backbone are all comparable to the 

silylamido/imino zirconium complexes bearing two dialkylamides and a chloride 

ligand described in the previous chapter. 

The NMR spectrum of (4.2) contains three methyl resonances in the ratio 

of 1:1:1, all assignable to the mesityl group. In contrast to (4.1), in this complex 

the two sides of the mesityl group are inequivalent, giving rise to six aromatic 

signals in the ^^C{'H} NMR spectrum assignable to the mesityl ring. There is no 

resonance for an imino methyl group but instead two singlets at 4.52 and 4.96 

ppm, which integrate as one proton each. These are assignable to the two vinyl 

protons and appear in similar positions to those of (3.4). In a C-H NMR correlation 

experiment both signals are coupled to a CHa carbon signal at 102.77 ppm. The 

latter is shifted downfield relative to the corresponding signal of (3.4) which 

appears at 88.7 ppm. The methine cyclohexyl carbon appears at 61.06 ppm and is 

shifted slightly upfield relative to (4.1). 

The diasterotopic protons of the CH2 segments of the diethylamide ligand 

appear as two broadened multiplets at ca. 2.9 and 3.4 ppm and one carbon signal at 

41.26 ppm. The methyl groups appear as a triplet at 0.90 ppm in the NMR 

spectrum and a signal at 13.14 ppm in the NMR spectrum. The 

coordinated THF appears in the NMR spectrum at 3.78 and 1.26 ppm, and in 

the NMR spectrum at 25.98 and 71.75 ppm. 

4.2.2 X-ray diffraction study on (4.1) 

X-ray diffraction quality crystals of (4.1) were grown by cooling a saturated 

petroleum solution to -30 °C to give the product as yellow blocks. 
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Figure 4.2: ORTEP representation of the crystal structure of 

[2-(l-cyclohexylimino-ethyl)-A^-(2,4,6-trimethylphenyl)-anilide] zirconium 

chloride bis-diethylamide (4.1) (50% probability thermal ellipsoids). Hydrogens 

are omitted for clarity. 

The molecule adopts a distorted trigonal bipyramidal geometry similar to the 

analogous LZr(NR2)2Cl type complexes (3.2) and (3.3) synthesised using the 

silylamido/imino ligands. The structure of complex (4.1) differs from those of (3.2) 

and (3.3) in the way the donor atoms are arranged in the distorted trigonal 

bipyramid. In the structures of (3.2) and (3.3) the equatorial plane consists of the 

silylamide nitrogen and the two dialkylamides, with the imine nitrogen and the 

chloride occupying the axial sites. In the structure of (4.1) the equatorial sites are 

occupied by the two dialkylamides and the imine nitrogen leaving the chloride and 

arylamide nitrogen in the axial sites. The zirconium-arylamide [2.180(2)A] and the 

zirconium-imine [2.315(2)A] bond distances are comparable to those of (3.2) and 

(3.3). The bite angle of the amido/imino ligand [75.51(8)°] is comparable to that of 

the ligand in (3.3) [76.61(15)°], but ca. 5° more acute than that of the bulkier ligand 

in complex (3.2). The planarity of the arylamide group indicates a strong 

TT-bonding interaction with zirconium. The C(7)-N(2) bond length of 1.300(3)A 

and the C(7)-C(8) distance of 1.500(4)A shows that the imine bond is maintained 

in this complex. The zirconium-diethylamide bond distances [Zr(l)-N(3) 2.027(2); 
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Zr(l)-N(4) 1.999(2)A] and the zirconium-chloride bond length [2.5228(9)A] are 

typical. 

The trigonal bipyramidal structure of (4.1) differs f rom the square pyramidal 

structure of an analogous p-diketiminate zirconium(IV) complex of the type 

LZr(NMe2)2Cl reported by Smith."^ The apical position is occupied by a 

dimethylamide and the |3-diketiminate ligand bonds to the metal centre in a more 

symmetric manner [Zr-N 2.249(2), 2.319(2)A] than the amido/imino ligand in 

(4.1). It is interesting to note that the bond lengths to the p-diketiminate ligand are 

closer in magnitude to the imine in (4.1) than the amide. 

4.2.3 NMR spectroscopy for complex (4.3) 

The conversion of (4.1) to (4.3) by reaction with trimethylchlorosilane'*'''^ 

was first carried out as an NMR scale reaction in CeDe- This resulted in the 

precipitation of (4.3) as a bright yellow solid within the NMR tube. When the 

reaction was scaled up, the 'H and NMR spectra of (4.3) were recorded in 

<i^-THF. The four methyl groups of the ligand appear as three signals in the ratio 

2:1:1 with the methyl groups in the 2- and 6-positions of the mesityl ring being 

equivalent. The cyclohexyl CH which is a to the imine nitrogen is greatly shifted 

downfield in the NMR spectrum relative to the other compounds reported here 

and appears at 5.08 ppm. The carbon resonance appears at a fairly typical position 

of 66.17 ppm and their correlation was confirmed by a C-H correlation experiment. 

4.2.4 X-ray diffraction study on (4.4) 

X-ray diffraction quality crystals of [2-(l-cyclohexylimino-ethyl)-iV-

(2,4,6-trimethylphenyl)-anilide] zirconium tetrachloride diethylammonium salt 

(4.4) were obtained by layering a THF solution of (4.1) with petroleum. Slow 

diffusion of the petroleum layer into the THF solution afforded (4.4) as yellow 

blocks. 
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Figure 4.3: ORTEP representation of the crystal structure of the anion from the 

[2-( 1 -cyclohexylimino-ethyl)-A'^-(2,4,6-trimethylphenyl)-anilide] zirconium 

tetrachloride diethylammonium salt (4.4) (50% probability thermal ellipsoids). 

Hydrogens are removed for clarity. 

The structure consists of one [2-(l-cyclohexylimino-ethyl)-A^-

(2,4,6-trimethylphenyl)-anilide] ligand and four chlorides bound to a 

zirconium(IV) centre. This means that the complex is monoanionic and this charge 

is balanced by a diethylammonium cation. The unit cell also contains two 

molecules of THF. The coordination geometry of the anion is distorted octahedral 

with a bite angle for the amido/imino ligand of 79.85(13)°. The zirconium-amide 

[2.1 18(4)A] and zirconium-imine [2.289(3)A] bond lengths are similar to those in 

(4.1). The zirconium-chloride bond lengths are within the typical range. The imine 

bond length of 1.293(5)A is comparable to those found in the other complexes 

reported here. 

4.3 X-ray diffraction studies on bis-(arylamido/imino) and related 

zirconium(IV) complexes 

The X-ray crystal structures of two zirconium complexes each containing 

two amido/imino or related ligands were recorded. The crystals of complex (4.5), a 

bis-amido/imino zirconium dichloride species, were obtained from a reaction 

between one equivalent of lithium amido/imino (2.7) and CpZrCls in very low 
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yield as part of a complicated mixture. The NMR spectrum of a reaction aliquot 

was also complicated, and the crystals isolated were only used for structure 

determination. The crystal structure that is included here provides useful 

comparison to the analogous rerr-butyldimethylsilyl-substituted complex (3.6). 

Surprisingly, repeated attempts to synthesise (4.5) by using a rational 

methodology, i.e. reaction of two equivalents of (2.7) with ZrCl4(THT)2, were 

unsuccessful. 

Complex (4.6) contains one amido/imino ligand, one arylamido/vinylamido 

ligand, and one chloride. The arylamido/vinylamido ligand is the 3,5-xylyl 

substituted analogue of the silylamido/vinylamido ligand observed in complex 

(3.4) and the mesitylamido/vinylamido ligand postulated in complex (4.2). As with 

complex (4.5), only the crystal structure of (4.6) was obtained. This was because 

only a small crop of crystals could be isolated from a petroleum solution of the 

reaction products and therefore there was not enough material to record the NMR 

spectra. The crystals were obtained from a reaction that was thought to be between 

one equivalent of (2.7) and Zr(NMe2)2Cl2(THF)2, but subsequently it was found 

that the zirconium starting material had undergone decomposition in the glove box. 

Therefore the structure is only included here due to its novelty since it represents 

the only example in which the 2-( 1 -cyclohexylimino-ethyl)-N-(3,5-

dimethylphenyl)-anilide and 2-(l-cyclohexylamido-vinyl)-A^-(aryl)-anilide ligands 

coexist on the same metal centre. 

4.3.1 X-ray diffraction study on (4.5) 

X-ray diffraction quality crystals of (4.5) were grown by cooling a saturated 

petroleum solution to -30 °C to give the product as orange plates. 
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Figure 4.4: ORTEP representation of the crystal structure of isomer A of bis-

[2-(l-cyclohexylimino-ethyl)-7V-(2,4,6-trimethylphenyl)-anilide] zirconium 

dichloride (4.5A) (50% probability thermal ellipsoids). Hydrogens are omitted for 

clarity. 

The unit cell of (4.5) contained two different coordination isomers of the 

complex. In isomer A (4.5A) (Figure 4.4, above) the two amido/imino ligands are 

arranged such that the two imine groups are trans to each other and the two cis 

amides are each trans to a chloride ligand. This means that the geometry of the 

complex is distorted octahedral with cis chlorides. In isomer B (4.5B) (Figure 4.5, 

below) the amido/imino ligands are arranged such that the imine group of one 

ligand is trans to the amide group of the other ligand. The two cis chlorides are 

trans to the remaining amide and the imine groups. Despite the different 

coordination geometry the complex remains distorted octahedral with cis chlorides. 
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Figure 4.5: ORTEP representation of the crystal structure of isomer B of bis-

[2-(l-cyclohexylimino-ethyl)-#-(2,4,6-trimethylphenyl)-anilide] zirconium 

dichloride (4.5B) (50% probability thermal ellipsoids). Hydrogens are omitted for 

clarity. 

The average bite angle of the amido/imino ligand in each isomer is very 

similar [(4.5A) 77.7(6)°; (4.5B) 76.7(6)°]. The Cl-Zr-Cl angle is larger in (4.5A) 

than in (4.5B) [(4.5A) 94.91(12)°; (4.5B) 91.65(12)°]. This is possibly because 

with the lower symmetry geometry of (4.5B), the xylyl and cyclohexyl rings are 

placed in closer proximity to one another. They would therefore repel each other 

more and result in the amido/imino ligands forcing the chlorides closer together. 

The more symmetrical geometry of (4.5A) results in those rings being further away 

from one another and so the chloride ligands are not forced closer together. In 

comparison, the analogous LzZrClz complex (3.6), featuring the bulkier tert-

butyldimethylsilyl substituted amido/imino ligand, adopts the coordination 

geometry displayed by (4.5B). The larger bite angle of the ligand in (3.6) 

[79.56(21)°] and corresponding smaller Cl-Zr-Cl angle [90.23(5)°] suggest that as 

the steric bulk of the amido-substituent is increased the cis chlorides are forced 

closer together. The same arrangement is adopted in the bis-[2-

cyclohexyliminomethyl-A/^-(trimethylsilyl)-anilide] zirconium dichloride complex 

prepared previously within the Danopoulos group,^ suggesting that this geometry 

is favoured over the C2 symmetric geometry of (4.5A) in amido/imino 'LiLxQlj 
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complexes despite the steric constraints. The same geometry as (4.5A) is almost 

universally adopted by the many isoelectronic phenoxy/imine LaZrCla complexes 

reported in both this thesis (Chapter 5) and the literature/^'^®'^^ 

The zirconium-amide and zirconium-imine bond lengths are similar in both 

isomers [(4.5A) Zr-N(amide) 2.117(14)A, Zr-N(imine) 2.253(15)A; (4.5B) Zr-

N(amide) 2.100(16)A, Zr-N(imine) 2.308(15)A] and the zirconium-chloride bond 

lengths lie within the typical range. The planar nature of the amide groups again 

implies that they are acting as strong TC-donors. The carbon-nitrogen bond lengths 

of the imine group [(4.5A) 1.304(23); (4.5B) 1.305(22)A] are typical of C=N 

double bond and show that the imine moiety is still present in all four ligands in 

both isomers, and has not undergone any of the rearrangement reactions observed 

in here. 

4.3.2 X-ray diffraction study on (4.6) 

X-ray diffraction quality crystals of (4.6) were grown by cooling a saturated 

petroleum solution to -30 °C to give the product as orange needles. 

0 ' 

C30 

Figure 4.6: ORTEP representation of the crystal structure of [2-(l-

cyclohexylimino-ethyl)-A^-(3,5-dimethylphenyl)-anilide] [2-( 1 -cyclohexylamido-

vinyl)-7V-(3,5-dimethylphenyl)-anilide] zirconium chloride (4.6) (50% probability 

thermal ellipsoids). Hydrogens are omitted for clarity. 
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The structure of (4.6) consists of a regular amido/imino ligand, an 

arylamido/vinylamido ligand, and one chloride about a zirconium(IV) centre. The 

increased C(7)-N(2) bond length [1.416(8)A] shows that there is no imine group 

present in the diamide ligand. This contrasts with the imine bond length [C(29)-

N(4) 1.296(7)A] in the amido/imino ligand. The difference in the carbon-carbon 

bond lengths of the diamide ligand [C(7)-C(8) 1.329(8)A] and the amido/imino 

ligand [C(29)-C(30) 1.510(7)A] is also strong evidence of the fact that there is an 

olefin present in the diamide ligand. The olefin bond length and the C(vinyl)-

N(amide) bond lengths of (4.6) are very similar to those observed in complex (3.4). 

The bite angle of the arylamido/vinylamido ligand [N(l)-Zr(l)-N(2) 84.01(18)°] is 

larger than that of the amido/imino ligand [N(3)-Zr(l)-N(4) 80.04(18)°]. The three 

zirconium-amide bond lengths [Zr(l)-N(l) 2.172(4)A; Zr(l)-N(2) 2.054(5)A; 

Zr(l)-N(3) 2.122(5)A] are similar and are significantly shorter than the zirconium-

imine bond length [Zr(l)-N(4) 2.356(5)A]. As in the other complexes reported here 

in which the cyclohexylimine group is converted into an amide group, the Zr-N 

bond length is shorter than that of the aryl or silyl substituted amide. 

4.4 Formation of a 2-(l-cyclohexylamido-l-dimethylamino-ethyl)-A^-(aryl)-

anilide tripodal ligand via reaction of (2.7) and (2.9) with Ti(NMe2)2Cl2 

An unexpected result was obtained when reacting the amido/imino lithium 

compounds (2.7) and (2.9) with Ti(NMe2)2Cl2. The amido/imino ligand was 

converted to a diamido/amino species and acted as a tridentate donor to the 

titanium(IV) centre. This ligand is dianionic and formally a ten electron donor. 

The reaction of (2.7) or (2.9) with Ti(NMe2)2Cl2 produced a mixture of two 

products. One product was identified as containing the diamido/amino ligand, a 

dimethylamide and a chloride, whilst the second product contained the 

diamido/amino ligand and two chlorides. The dimethylamide containing complex 

is the major product in both reactions (>5:1). 
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Ar^ \ , y 

Ti(NMe2)2Cl2 

THF 

-78 °C to RT 

(4.7) Ar = xylyl, X = NMea; (4.8) Ar = xylyl, X = CI. 

(4.9) Ar = mesityl, X= NMcz; (4.10) Ar = mesityl, X = CI. 

Scheme 4.5: Reactions between the lithium-amido/imino compounds (2.7) and 

(2.9) with Ti(NMe2)2Cl2 to give (4.7), (4.8), (4.9) and (4.10). 

The most likely mechanism for the formation of the tripodal ligand involves 

the insertion of the cyclohexylimine group into the titanium-dimethylamide bond. 

In the case of (4.7) and (4.9), the first step of the mechanism would be the salt 

metathesis reaction between the lithium amido/imino species and Ti(NMe2)2Cl2. 

This would eliminate lithium chloride and give the anticipated LTi(NMe2)2Cl type 

complex. The insertion of the cyclohexylimine group into the titanium-

dimethylamide bond would then occur to give (4.7) and (4.9). 

Ti(NMe2)2Cl2 
• MejN'' 1 Ĉl 

NMeg 
+ 

LiCI 

Insertion 

MejN \ i 

Scheme 4.6\ Proposed mechanism for the formation of (4.7) and (4.9). 

The salt metathesis mechanism does not appear to account for the presence of 

the minor, dichloride complexes (4.8) and (4.10). These complexes are very similar 

to a zirconium complex prepared previously in the Danopoulos group.^ In this case 

the generation of a tripodal ligand was the result of a transamination reaction 

between 2-(r^rr-butyliminomethyl)-A^-(trimethylsilyl)-aniline and 

Zr(NMe2)2Cl2(THF)2 performed at 100 °C in toluene. The dimeric dichloride 

species was isolated in low yield and identified as one part of a complicated 

111 



reaction mixture. It is likely in this case that the ligand is coordinated to the 

zirconium centre after the transamination reaction and the fgrr-butylimino group 

then rapidly inserts into the zirconium-nitrogen bond of the remaining 

dimethylamide ligand. 

MesSi 
NH N 

Zr(NMe2)2Cl2(THF)2 

PhMe, 100 °C MsoSi 
c / \ l 

Scheme 4.7: Preparation of a complex containing a similar tripodal ligand within 

the Danopoulos group. 

It seemed possible that (4.8) and (4.10) are formed by the same insertion 

mechanism as (4.7) and (4.9) after a small amount of the lithium amido/imino 

ligand is reprotonated in the reaction vessel, before performing a transamination 

reaction with Ti(NMe2)2Cl2. To test this hypothesis, transamination reactions were 

attempted between (2.6) and (2.8) with Ti(NMe2)2Cl2 in THF, toluene, ^/-toluene 

and (f -benzene. When performed at the same temperature as the salt metathesis 

reactions there were no transamination reactions observed for either ligand in any 

of the solvents. When the temperature of the reactions was increased incrementally 

no reaction could be observed until the temperature was raised above 100 °C when 

the reaction would darken considerably and the resultant NMR spectra were 

extremely broad and did not match the NMR spectra of any of the identified 

products. This suggests that it is unlikely that a transamination reaction occurs at 

RT in the reaction vessel between Ti(NMe2)2Cl2 and some regenerated 

amino/imino ligand. Another possibility is that in the salt metathesis reaction a 

small proportion of lithium dimethylamide is eliminated instead of lithium 

chloride. This appears unlikely and it remains unclear how (4.8) and (4.10) are 

formed. 
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4.4.1 X-ray diffraction study on (4.8) 

X-ray diffraction quality crystals of (4.8) were grown by cooling a saturated 

petroleum solution to -30 °C to give the product as red blocks. 

Figure 4.7: ORTEP representation of the crystal structure of [2-(l-

cyclohexylamido-l-dimethylamino-ethyl)-A''-(3,5-dimethylphenyl)-anilide] 

titanium dichloride (4.8) (50% probability thermal ellipsoids). Hydrogens are 

omitted for clarity. 

Compound (4.8) is a centrosymmetric dimer with bridging chlorides. The 

titanium centres are formally six-coordinate with distorted octahedral geometry. 

The tripodal ligand occupies one face of the distorted octahedron. The titanium-

nitrogen bond lengths support the presence of two anionic amide groups and one 

neutral amine group [Ti(l)-N(l) 1.954(3); Ti(l)-N(2) 1.890(3); Ti(l)-N(3) 

2.224(3)A]. This is also supported by the absence of the imine double bond 

[C(15)-N(2) 1.470(4)A] and the bond angles about the dative amine. With the 

cyclohexylamide group separated from the dative amine group by one carbon, a 

highly strained four membered metallocycle is formed with a chelate angle of 

65.64(11)°. Despite the strain present at the cyclohexylamide group it remains 

essentially planar, as does the xylylamide group. The three bite angles of the 

tripodal ligand [N(l)-Ti(l)-N(2) 90.11(12)°; N(2)-Ti(l)-N(3) 65.64(11)°; N(l)-
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Ti(l)-N(3) 87.35(11)°] are comparable to the analogous zirconium complex 

synthesised previously. 

4.4.2 X-ray diffraction study on (4.9) 

X-ray diffraction quality crystals of (4.9) were grown by cooling a saturated 

petroleum solution to -30 °C to give (4.9) as orange plates. 

Figure 4.8: ORTEP representation of the crystal structure of [2-(l-

cyclohexylamido-l-dimethylamino-ethyl)-A^-(2,4,6-trimethylphenyl)-anilide] 

titanium chloride dimethylamide (4.9) (50% probability thermal ellipsoids). 

Hydrogens are omitted for clarity. 

The structure of complex (4.9) is monomeric with a five coordinate titanium 

centre. The geometry about titanium is best described as distorted trigonal 

bipyramidal with the two amide nitrogens and the chloride ligand in the equatorial 

plane [N(2)-Ti(l)-N(3) 95.19(16)°; N(2)-Ti(l)-Cl(l) 132.94(13)°; N(3)-Ti(l)-Cl(l) 

118.74(12)°] and with the dimethylamide and the amine nitrogens occupying the 

axial positions [N(l)-Ti(l)-N(4) 159.36(17)°]. As with the structure of (4.8), the 

different nature of the nitrogen atoms is clearly demonstrated by the titanium-

nitrogen bond lengths with the three amide bonds [N(3)-Ti(l) 1.934(4); N(2)-Ti(l) 

1.914(4); N(4)-Ti(l) 1.918(4)A] being shorter than the Ti-N(amine) bond [N(l)-

Ti(l) 2.291(4)A]. The two amide groups are planar. The C(l)-N(2) bond length of 
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1.480(6)A again demonstrates the absence of the imine moiety. The bite angles of 

the tripodal ligand [N(3)-Ti(l)-N(2) 95.19(16)°; N(2).Ti(l)-N(l) 64.95(15)°; N(l)-

Ti(l)-N(3) 87.04(16)°] are comparable to those of the analogous ligand in complex 

(4.8). 

4.4.3 NMR spectroscopy for compounds (4.7), (4.8), (4.9) and (4.10) 

The newly generated chiral carbon in the tripodal ligands appears in the 

'^C{ ̂ H} NMR spectra at ca. 86 ppm. It is sp^ hybridized but it is a to both the 

cyclohexylamide group and the dimethylamine group. The methyl group located 

on this carbon atom is shifted upfield relative to the amido/imino ligand and now 

appears between 1.25 and 1.50 ppm. The two methyl groups of the amine moiety 

are diastereotopic and are separated by 0.3-0.6 ppm in the NMR spectra, 

appearing between 1.78 and 2.51 ppm. The two amine methyl groups appear as 

two signals between 39.5 and 43.5 ppm in the 'H} NMR spectra. The 

dimethylamide group of (4.7) and (4.9) appears as a singlet at ca. 3.15 ppm and is 

typical of a dimethylamide ligand bound to titanium(IV). The methyls of the xylyl 

group in (4.7) and (4.8) are equivalent and appear as one signal in both the 'H and 

'^C{ NMR spectra, whilst the xylyl ring appears as four aromatic signals in the 

NMR spectrum. This contrasts with the mesityl group of (4.9) and (4.10), 

of which the three methyl groups are all inequivalent and appear as three signals. 

The six aromatic carbons of the mesityl ring are all inequivalent and appear as six 

signals in the NMR spectrum. Although the methyl groups situated in the 

2 and 6 position of the mesityl ring are inequivalent, the two aromatic protons in 

the 3 and 5 positions appear as a broad singlet that is coupled to two separate 

aromatic carbons in a CH correlation experiment. 

4.5 Preliminary ethylene polymerisation catalysis studies 

The catalytic activity of (4.1) and (4.3) for the polymerisation of ethylene in 

the presence of MAO was studied under standardised conditions.'^ They display 

moderate polymerisation activity, 2.7 and 4.1 g mmol ' bar"^ h"̂  respectively, at 

room temperature. These values are both inferior compared to the activity of the 

silylamido/imino zirconium complex (3.1). 
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4.6 Conclusions 

The zirconium(IV) complex of the type LZr(NEt2)2Cl (4.1) was synthesised 

in good yield by salt metathesis reaction between the lithium amido/imino ligand 

(2.9) and Zr(NEt2)2Cl2(THF)2. The arylamido/vinylamido complex (4.2) was also 

detected in this reaction in variable quantities, suggesting that the olefin might be 

formed by migration of a diethylamide to the imine carbon followed by elimination 

of diethylamine across the carbon-carbon bond. It is possible that this 

rearrangement reduces steric clash about the zirconium centre. The amido/imino 

zirconium trichloride complex (4.3) was synthesised by action of 

trimethylchlorosilane on (4.1), which upon standing in a THF/petroleum mix gave 

the anionic amido/imino zirconium tetrachloride complex (4.4). 

The X-ray crystal structures of two zirconium complexes each bearing two 

amido/imino or related ligands were recorded. Complex (4.5) was the LzZrClz type 

complex of the 3,5-xylylamido/imino ligand and the unit cell contained two 

different coordination isomers. Complex (4.6) was of the type LL'ZrCl where 

L=amido/imino and L'=amido/vinylamido and illustrated another case where the 

amido/imino ligand was converted into the dianionic, olefin containing species. 

Two titanium(IV) complexes (4.7) and (4.9) were synthesised from salt 

metathesis reactions between Ti(NMe2)Cl2 and the lithium amido/imino ligands 

(2.7) and (2.9). In these complexes the amido/imino ligand had been converted into 

a diamido/amino tripodal ligand, apparently by a migration of dimethylamide to 

the imine carbon. This type of ligand is possibly an intermediate in the formation 

of the amido/vinylamido type ligand observed in complexes (3.4), (4.2) and (4.6). 

Preliminary ethylene polymerisation studies on (4.1) and (4.3) with an excess 

of MAO showed them to act as moderate polymerisation catalysts. 
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4.7 Experimental 

The following compounds were prepared following literature methods: 

Zr(NEt2)2Cl2(THF)2/^ Ti(NMe2)2Cl2/° 

4,7.1 [2-(l-Cyclohexylimlno-ethyl)-i\-(2,4,6-trimethylphenyl)-anilide] 

zirconium chloride bis-diethylamide (4.1). 

To a stirred and cooled (-78 °C) solution of Zr(NEt2)2Cl2(THF)2 (1.35 g, 3.0 

mmol) in THF (50 cm^) was added slowly via cannula a cooled (-78 °C) solution 

of (2.9) (1.02 g, 3.0 mmol) in THF (50 cm^). The reaction was stirred at -78 °C for 

1 h, allowed to reach room temperature and then stirred for 18 h. From the bright 

orange solution the volatiles were removed in vacuo and the residue extracted into 

petroleum (ca. 100 cm^) and filtered through Celite. The bright orange filtrate was 

concentrated to ca. 15 cm^ and cooled to - 3 0 °C overnight to produce yellow, 

X-ray diffraction quality crystals. 

Yield: 0.900 g, 50%. 

SHCCeDe) 0.84 (12H, t, N(CH2C%)2), 1.10-2.80 (lOH, m, cyclohexyl C%s), 

2.02 (3H, s, imine CH3), 2.15 (6H, s, mesityl C%s), 2.24 (3H, s, mesityl C%), 

3.16-3.38 (8H, m, N(C%CH3)2), 3.74 (IH, br t, cyclohexyl a to imine N), 6.53 

(IH, dt, aromatic), 6.62 (IH, d, aromatic), 6.86-6.95 (3H, m, mesityl aroma tics and 

one aromatic), 7.24 (IH, dd, aromatic). 

6c(C6D6) 13.25 (N(CH2CH3)2), 20.25 (mesityl CH3S), 21.62 (mesityl 

CH3), 23.75 (imine CH3), 26.24,27.02, 32.35 (cyclohexyl CH2S), 41.48 

(N(CH2CH3)2), 65.85 (cyclohexyl CH cc to imine N), 117.42, 120.50 (aromatic 

CHs), 122.86, 129.07 (quaternary aromatics), 130.32, 131.77, 133.25 (aromatic 

CHs), 134.19, 135.61, 150.71 (quaternary aromatics), 169.75 (ArC(Me)=N(Cy)). 

(Found: C, 61.3; H, 8.3; N, 9.3. C3iH49ClN4Zr requires C, 61.6; H, 8.2; N, 

9.3%). 
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Figure 4.9: ORTEP representation of the crystal structure of 

[2-( 1 -cyclohexylimino-ethyl)-A^-(2,4,6-trimethylphenyl)-anilide] zirconium 

chloride bis-diethylamide (4.1) (50% probability thermal ellipsoids). Hydrogens 

are omitted for clarity. 

Table 4.1: Selected bond lengths (A) and angles (°) for (4.1). 

N(l)-Zr(l) 2.180(2) N(2)-Zr(l) 2.315(2) 
N(3)-Zr(l) 2.027(2) N(4)-Zr(l) 1.999(2) 
Cl(l)-Zr(l) 2.5228(9) N(l)-C(15) 1.443(3) 
N(l)-C(l) 1.377(3) C(l)-C(6) 1.424(4) 
C(6)-C(7) 1.474(4) C(7)-C(8) 1.500(4) 
N(2).C(7) 1.300(3) N(2)-C(9) 1.503(3) 

N(3).C(25) 1.452(4) N(3)-C(24) 1.459(4) 
N(4)-C(29) 1.467(3) N(4)-C(28) 1.468(4) 

N(l)-Zr(l)-Cl(l) 156.71(6) N(l)-Zr(l)-N(2) 75.51(8) 
N(2).Zr(l)-N(3) 129.04(9) N(3)-Zr(l)-N(4) 110.35(10) 
N(4)-Zr(l).N(2) 120.58(9) C(l)-N(l)-Zr(l) 112.18(16) 
C(l)-N(l)-C(15) 115.2(2) C(15)-N(l)-Zr(l) 131.22(17) 
C(7)-N(2)-C(9) 117.9(2) C(9)-N(2)-Zr(l) 123.39(17) 
C(7).N(2)-Zr(l) 118.69(17) N(l)-C(l)-C(6) 122.1(2) 
C(l)-C(6)-C(7) 120.3(2) C(6)-C(7).N(2) 120.7(2) 
C(6).C(7)-C(8) 114.3(2) C(8)-C(7)-N(2) 124.7(2) 

C(24)-N(3)-Zr(l) 131.42(19) C(25)-N(3)-Zr(l) 113.03(18) 
C(24)-N(3)-C(25) 114.3(2) C(29)-N(4)-Zr(l) 131.60(19) 
C(28)-N(4)-Zr(l) 113.35(17) C(28)-N(4)-C(29) 114.6(2) 
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4.7.2 [2-{l-Cyclohexylamido-vinyl)-iY-(2,4,6-trimethylphenyl)-anilide] 

zirconium chloride diethylamide tetrahydrofuran (4.2). 

Crystallising two crops of crystalline (4.1) from the mother liquor of the 

above reaction gave samples that were predominantly (4.2). 

6H(C6D6) 0.75-1.80 (lOH, cyclohexyl C^zs), 0.90 (6H, t, N(CH2C^3)2). 1-26 

(4H, br t, THF), 2.19 (3H, s, mesityl % ) , 2.27 (3H, s, mesityl % ) , 2.56 (3H, s, 

mesityl C//3), 2.85-3.0 (2H, m, N(C%CH3)2), 3.10-3.25 (IH, m, cyclohexyl CH a 

to cyclohexylamide N), 3.35-3.55 (2H, m, N(C//2CH3)2), 3.78 (4H, br t, THF), 

4.52 (IH, s, C=C%), 4.96 (IH, s, € = % ) , 6.11 (IH, d, aromatic), 6.76 (IH, t, 

aromatic), 6.90-7.05 (3H, m, aromatics), 7.41 (IH, d, aromatic). 

^^C{̂ H} 8c(C6D6) 13.14 (N(CH2CH3)2), 19.37,19.74, 21.80 (mesityl CH3S), 

25.98 (THF), 26.24, 26.97, 35.18, 36.91, 37.12 (cyclohexyl CH2S), 41.26 

(N(CH2CH3)2), 61.06 (cyclohexyl CH a to cyclohexylamide N), 71.75 (THF), 

102.77 (ArC(NCy)=CH2), 112.87 (aromatic CH), 113.48 (quaternary aromatic), 

117.51, 128.08 (aromatic CHs), 129.80 (quaternary aromatic), 130.25, 131.12, 

131.25 (aromatic CHs), 135.14, 142.61, 152.84, 155.92 (quaternary aromatics), 

171.71 (ArC(NCy)=CH2). 

4.7.3 [2-(l-Cyclohexylimino-ethyl)-/V-(2,4,6-trimethyIphenyl)-aniIide] 

zirconium trichloride (4.3). 

To a stirred solution of (4.1) (0.80 g, 1.33 mmol) in benzene (20 cm^) was 

added trimethylchlorosilane (0.7 cm^, 5.5 mmol). Upon addition of the 

trimethylchlorosilane the benzene solution remained a bright orange colour, but 

after stirring for 30 minutes a bright yellow precipitate was produced. The reaction 

was stirred for a total of 3 h before the product was collected by filtration and 

washed with petrol {ca. 50 cm^) before drying in vacuo to yield a yellow solid. 

Yield: 0.590 g, 84%. 

6H(c^-THF) 1.30-2.20 (lOH, m, cyclohexyl C%s), 2.26 (6H, s, mesityl 

% s ) , 2.39 (3H, s, % ) , 2.97 (3H, s, % ) , 5.08 (IH, br t, cyclohexyl C/f a to 

imine N), 6.41 (IH, d, aromatic), 6.97-7.05 (3H, m, aromatic), 8.03 (IH, d, 

aromatic). 

'^C{'H} 6c((^-THF) 21.24 (mesityl CH3S), 22.26, 26.56 (CH3S). 27.79, 

28.70, 28.89, 32.18, 36.40 (cyclohexyl CH2S) 66.17 (cyclohexyl CH a to imine N), 
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119.90, 121.35(aromadc CHs), 130.50 (quaternary aromatic), 131.53,132.85, 

134.39 (aromatic CHs), 137.70, 137.86, 139.00, 151.54 (quaternary aromatics), 

177.48 (ArC(Me)=N(Cy)). 

4.7.4 [2-(l-cyclohexyliinino-ethyl)-iV-(2,4,6-triniethylphenyl)-anilide] 

zirconium tetrachloride diethylammonium salt (4.4). 

Complex (4.3) {ca. 0.10 g) was dissolved in THF {ca. 10 cm^) and layered 

with petroleum {ca. 10 cm^) in a Schlenk tube. The tube was left to stand for ca. 

one week and afforded a small crop of yellow crystals of (4.4) as well as non-

crystalline yellow solid. 

CG 

Figure 4.10: ORTEP representation of the crystal structure of the anion from the 

[2-( 1 -cyclohexylimino-ethyl)-//-(2,4,6-trimethylphenyl)-anilide] zirconium 

tetrachloride diethylammonium salt (4.4) (50% probability thermal ellipsoids). 

Hydrogens are removed for clarity. 

Table 4.2: Selected bond lengths (A) and angles (°) for (4.4). 

N(l)-Zr(l) 
Cl(l)-Zr(l) 
Cl(3)-Zr(l) 
N(l)-C(15) 
C(l)-C(6) 
C(7)-C(8) 
C(9)-N(2) 

2.118(4) 
2.4779(13) 
2.4611(13) 

1.447(6) 
1.419(6) 
1.521(6) 
1.514(5) 

N(2)-Zr(l) 
Cl(2)-Zr(l) 
Cl(4).Zr(l) 
N(l)-C(l) 
C(6)-C(7) 
C(7)-N(2) 

2.289(3) 
2.5716(13) 
2.4577(12) 

1.389(5) 
1.495(6) 
1.293(5) 
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N(l)-Zr(l)-Cl(2) 169.51(10) N(2).Zr(l)-Cl(4) 178.27(9) 
Cl(l)-Zr(l)-Cl(3) 173.20(5) N(l)-Zr(l)-N(2) 79.85(13) 
C(l5)-N(l)-Zr(l) 117.7(3) C(15)-N(l)-C(l) 116.6(4) 
Zr(l)-N(l)-C(l) 125.3(3) N(1).C(1)-C(6) 121.5(4) 
C(l)-C(6)-C(7) 123.9(4) C(6)-C(7)-C(8) 114.1(4) 
C(8)-C(7)-N(2) 123.6(4) C(6).C(7)-N(2) 122.3(4) 
C(7)-N(2)-Zr(l) 125.7(3) C(7)-N(2)-C(9) 122.2(4) 
Zr(l)-N(2)-C(9) 112.1(3) 

4.7.5 bis-[2-(l-Cyclohexylimino-ethyI)-iV-(3,5-dimethyIphenyI)-aniIide] 

zirconium dichloride (4.5). 

To a cooled (-78 °C), stirred solution of CpZrCl] (0.131 g, 0.50 mmol) in 

toluene (15 cm^) was added via cannula a cooled (-78 °C) solution of (2.7) 

(0.163 g, 0.50 mmol) in toluene (10 cm^). The reaction was stirred at -78 °C for 

1 h before being allowed to reach RT and stirring for 15 h. This gave a yellow 

solution with a colourless precipitate that was removed by filtration through Celite. 

The volatiles were removed in vacuo and the residue dissolved in petrol (20 cm^), 

which was concentrated to ca. 10 cm^ and cooled to -30 °C to yield (4.5) as a small 

crop of X-ray diffraction quality, orange crystals. 

Figure 4.11: ORTEP representation of the crystal structure of isomer A of bis-

[2-(l-cyclohexylimino-ethyl)-A^-(2,4,6-trimethylphenyl)-anilide] zirconium 

dichloride (4.5A) (50% probability thermal ellipsoids). Hydrogens are omitted for 

clarity. 
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Table 4.3: Selected bond lengths (A) and angles (°) for (4.5A). 

Zr(l)-N(l) 2.260(10) Zr(l)-N(2) 2.108(10) 
Zr(l)-N(3) 2.126(10) Zr(l)-N(4) 2.246(11) 
Zr(l)-Cl(l) 2.476(4) Zr(l)-Cl(2) 2.447(4) 
N(l)-C(5) 1.493(16) N(l)-C(7) 1.307(16) 

N(2)-C(14) 1.390(15) N(2)-C(15) 1.435(15) 
N(4)-C(23) 1.478(17) N(4).C(29) 1.300(16) 
N(3)-C(36) 1.392(15) N(3)-C(37) 1.436(15) 
C(7)-C(8) 1.484(17) C(7).C(9) 1.474(18) 

C(9)-C(14) 1.421(16) C(29)-C(30) 1.545(17) 
C(29)-C(31) 1.429(18) C(31)-C(36) 1.403(17) 

N(l)-Zr(l)-N(2) 78.5(4) N(3)-Zr(l)-N(4) 7&80n 
Cl(l)-Zr(l)-Cl(2) 94.91(12) N(2)-Zr(l)-N(3) 90.90^ 
N(l)-Zr(l)-N(4) 174.5(4) N(2)-Zr(l)-Cl(l) 168.8(3) 
N(3)-Zr(l)-Cl(2) 164.5(3) Zr(l)-N(l)-C(5) 112.4(8) 
C(5)-N(l)-C(7) 123.5(11) C(7).N(1)-Zr(l) 124.0(8) 

Zr(l)-N(2)-C(14) 119.0(7) C(14)-N(2)-C(15) 112.7(10) 
C(15)-N(2)-Zr(l) 128.(%8) C(23)-N(4)-C(29) 123.1(12) 
C(29)-N(4)-Zr(l) 123.4(9) Zr(l)-N(4)-C(23) 113.6(8) 
C(36)-N(3)-C(37) 117.0(10) C(37)-N(3)-Zr(l) 123.7(8) 
Zr(l)-N(3)-C(36) 119.3(8) N(2)-C(14)-C(9) 121.0(11) 
C(14)-C(9)-C(7) 123.9(12) C(9)-C(7)-C(8) 116.5(13) 
C(8)-C(7)-N(l) 124.9(13) C(9)-C(7)-N(l) 118.5(12) 

N(3)-C(36)-C(31) 121.0(12) C(36)-C(31)-C(29) 123.(%13) 
C(31)-C(29)-N(4) 120.8(12) C(31)-C(29)-C(30) 116.(%12) 
C(30)-C(29)-N(4) 123.1(13) 
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^ CSS 

Figure 4.12: ORTEP representation of the crystal structure of isomer B of bis-

[2-(l-cyclohexylimino-ethyl)-#-(2,4,6-trimethylphenyl)-anilide] zirconium 

dichloride (4.5B) (50% probability thermal ellipsoids). Hydrogens are omitted for 

clarity. 

Table 4.4: Selected bond lengths (A) and angles (°) for (4.5B). 

Zr(2)-N(5) 2.320(10) Zr(2)-N(6) 2.075(12) 
Zr(2)-N(7) 2.124(10) Zr(2)-N(8) 2.296(11) 
Zr(2)-Cl(3) ' 2.456(3) Zr(2)-Cl(4) 2.434(4) 
N(5)-C(45) 1.490(15) N(5)-C(51) 1.292(15) 
N(6)-C(58) 1.423(16) N(6)-C(59) 1.437(17) 
N(8)-C(72) 1.503(16) N(8)-C(73) 1.317(16) 
N(7)-C(80) 1.393(17) N(7)-C(81) 1.441(16) 
C(58).C(53) 1.441(18) C(53)-C(51) 1.453(18) 
C(51)-C(52) 1.513(18) C(80)-C(78) 1.407(18) 
C(78)-C(73) 1.475(18) C(73)-C(74) 1.489(18) 

N(5)-Zr(2).N(6) 77.7(4) N(7)-Zr(2)-N(8) 75.6(4) 
Cl(3)-Zr(2)-Cl(4) 91.65(12) N(6)-Zr(2)-N(8) 160.4(4) 
N(5)-Zr(2)-Cl(4) 178.7(3) N(7)-Zr(2)-Cl(3) 165.2(3) 
Zr(2)-N(5)-C(45) 116.1(7) Zr(2)-N(5)-C(51) 120.9(8) 
C(45).N(5)-C(51) 122.9(10) Zr(2)-N(6)-C(59) 127.3(8) 
Zr(2).N(6).C(58) 119.4(9) C(58)-N(6)-C(59) 113.2(11) 
Zr(2)-N(8)-C(72) 109.4(9) Zr(2)-N(8)-C(73) 128.8(9) 
C(72)-N(8)-C(73) 121.3(11) Zr(2)-N(7)-C(80) 119.6(8) 
Zr(2)-N(7)-C(81) 125.0(9) C(80)-N(7)-C(81) 115.3(11) 
N(6)-C(58)-C(53) 119.6(12) C(58)-C(53)-C(51) 122.4(12) 
C(53)-C(51)-N(5) 122.3(12) C(53)-C(51)-C(52) 114.5(12) 
C(52)-C(51)-N(5) 123.2(12) N(7)-C(80)-C(78) 124.7(11) 
C(80)-C(78)-C(73) 121.5(12) C(78)-C(73)-N(8) 117.1(12) 
C(78)-C(73)-C(74) 116.8(13) C(74)-C(73)-N(8) 126.0(13) 
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Table 4.5: Crystallographic parameters for (4.1), (4.4) and (4.5). 

Compound (4.1) (4.4) (4.5) 
Chemical Formula C3iH49CliN4Zri C27H4iCl4N3Zri C92H11 gCUNgO iZr2 
Formula Weight 604.41 640.65 1676.18 
Crystal System Monoclinic Monoclinic Triclinic 

Space Group f2i/c f2i/c f -1 
a/A 17.199(7) 19.245(3) 14.1489(10) 
6/A 12.774(5) 11.4615(19) 18.9314(16) 
c/A 14.655(4) 17.391(3) 19.1389(18) 
ccT 90 90 104.905(5) 

98.410(10) 112.964(4) 98.766(6) 
90 90 111.332(3) 

3185(2) 3532.0(10) 4439.0(6) 
Z 4 4 2 

77K 120 120 120 
/ / /mm' 0.454 0.632 0.404 
F(000) 1280 1328 1764 

No. Data collected 13616 31784 14178 
No. Unique data 7191 5670 8244 

0.0479 0.0853 0.1230 
Final ;((|f1)for/>2(7(/) 0.0456 0.0528 0.0844 
Final R(F^) for all data 0.0952 0.1360 0.2084 

4.7.6 [2-(l-Cyclohexylimino-ethyI)-A^-(3,5-dimethylphenyl)-amlide] [2-(l-

cyclohexylaniido-vinyl)-iV-(3,5-diniethylphenyl)-anilide] zirconium chloride 

(4.6). 

C30 

Figure 4.13: ORTEP representation of the crystal structure of [2-(l-

cyclohexylimino-ethyl)-A^-(3,5-dimethylphenyl)-anilide] [2-(l-cyclohexylamido-

vinyl)-A^-(3,5-dimethylphenyl)-anilide] zirconium chloride (4.6) (50% probability 

thermal ellipsoids). Hydrogens are omitted for clarity. 
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Selected bond lengths (A) and angles (°) for (4.6). 

Zr(l).N(l) 2.172(4) Zr(l)-N(2) 2.054(5) 
Zr(l)-N(3) 2.122(5) Zr(l)-N(4) 2.356(5) 
Zr(l)-C(7) 2.506(6) Zr(l).C(8) 2.856(6) 
Zr(l)-Cl(l) 2.3947(17) N(l)-C(15) 1.431(7) 
N(l)-C(l) 1.390(7) C(l)-C(6) 1.417(8) 
C(6)-C(7) 1.492(8) C(7).N(2) 1.416(8) 
N(2)-C(9) 1.479(7) C(7).C(8) 1.329(8) 

N(3)-C(37) 1.440(8) N(3)-C(23) 1.403(8) 
C(23)-C(24) 1.409(8) C(24)-C(29) 1.484(8) 
C(29)-N(4) 1.296(7) N(4)-C(31) 1.502(7) 

C(29)-C(30) 1.510(7) 

N(2)-Zr(l)-N(3) 129.9(2) N(3)-Zr(l)-Cl(l) 119.94(15) 
Cl(l)-Zr(l)-N(2) 110.03(14) N(l)-Zr(l)-N(4) 172.69(19) 
Cl(l)-Zr(l)-C(8) 164.53(13) Cl(l).Zr(l)-C(7) 139.20(15) 
N(2)-Zr(l)-C(8) 54.54(18) N(2)-Zr(l)-C(7) 34.41(19) 
N(l)-Zf(l)-N(2) 84.01(18) Zr(l)-N(l)-C(15) 117.4(4) 
Zr(l).N(l).C(l) 124.9(4) C(15)-N(l)-C(l) 117.4(5) 
N(l)-C(l)-C(6) 116.9(5) C(l)-C(6)-C(7) 117.2(5) 
C(6)-C(7)-N(2) 116.7(5) C(7)-N(2)-Zr(l) 90.5(3) 
C(6)-C(7)-C(8) 123.0(6) C(8)-C(7)-N(2) 118.5(6) 
C(7)-N(2)-C(9) 115.3(5) C(9)-N(2)-Zr(l) 136.8(4) 
N(3)-Zr(l)-N(4) 80.04(18) Zr(l)-N(3)-C(37) 134.7(4) 
Zr(l)-N(3)-C(23) 107.5(4) C(23)-N(3)-C(37) 114.9(5) 
N(3)-C(23).C(24) 121.2(6) C(23)-C(24)-C(29) 125.1(6) 
C(24)-C(29)-N(4) 120.7(5) C(29)-N(4)-Zr(l) 114.7(4) 
C(24)-C(29)-C(30) 115.9(5) C(30)-C(29)-N(4) 123.4(6) 
C(29)-N(4)-C(31) 117.7(5) C(31)-N(4)-Zr(l) 126.4(4) 

4.7.7 [2-(l-Cyclohexylamido-l-dimethyIamino-ethyl)-iV-(3,5-dimethyIphenyl)-

anilide] titanium chloride dimethylamide (4.7) and [2-(l-cyclohexylamido-l-

dimethylamino-ethyl)-iV-(3,5-dimethylphenyl)-anilide] titanium dichloride 

(4.8). 

To a stirred, cooled (-78 °C) solution of Ti(NMe2)2Cl2 (0.104 g, 0.5 mmol) in 

THF (15 cm^) was added slowly a solution of (2.7) (0.163 g, 0.5 mmol) in THF (15 

cm^). The dark red solution was allowed to reach room temperature over ca. 15 h 

before stirring for a further 2 h. Volatiles were removed in vacuo and the residue 

extracted into petroleum (2 x 30 cm^) and filtered through Celite. The bright red 

solution was concentrated to ca. 20 cm^ and cooled at -30 °C for 48 h to give an 

orange/red solid. A saturated petroleum solution was cooled to -30 °C to give 

X-ray diffraction quaUty crystals of (4.8). 
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Major product (4.7): 

SHCCeDg) 0.80-1.80 (lOH, m, cyclohexyl CE^s), 1.40 (3H, s, 

ArC(NMe2)(NCy)CH3), 1.94 (3H, s, amine % ) , 2.18 (6H, s, xylyl CE3S), 2.51 

(3H, s, amine CH3), 3.17 (6H, s, dimethylamide CH^s), 3.30-3.50 (IH, m, 

cyclohexyl CH a to cyclohexylamide N), 6.73 (IH, s, xylyl aromatic), 6.77-6.86 

(2H, m, aromatics), 7.01 (IH, dt, aromatic), 7.13 (IH, dd, aromatic), 7.24 (2H, 

xylyl aromatics). 

Minor product (4.8): 

6H(C6D6) 0.70-2.70 (lOH, m, cyclohexyl % s ) , 1.26 (3H, s, 

ArC(NMe2)(NCy)CH3), 1.92 (3H, amine C%). 2.13 (6H, s, xylyl C%s), 2.25 (3H, 

s, amine CHj), 2.40-2.60 (IH, m, cyclohexyl CH a to cyclohexylamide N), 6.35 

(IH, dd, aromatic), 6.70 (2H, s, xylyl aromatics), 6.79 (IH, dt, aromatic), 6.87 (IH, 

dt, aromatic), 6.99 (IH, dd, aromatic), 7.15 (IH, s, xylyl aromatic). 

ScCCeDe) 16.26 (ArC(NMe2)(NCy)CH3), 21.90 (xylyl CH3S), 26.30, 

27.05, 27.30, 35.07, 37.19 (cyclohexyl CH2S), 40.52, 43.24 (amine CHgs), 67.30 

(cyclohexyl CH a to cyclohexylamide N), 86.12 (ArC(NMe2)(NCy)CH3), 112.47, 

123.64, 128.03, 129.00 (aromatic CHs), 129.68 (quaternary aromatic), 129.84, 

130.46 (aromatic CHs), 140.75, 144.90, 151.56 (quaternary aromatics). 

Figure 4.14\ ORTEP representation of the crystal structure of [2-(l-

cyclohexylamido-l-dimethylamino-ethyl)-//-(3,5-dimethylphenyl)-aniHde] 

titanium dichloride (4.8) (50% probability thermal ellipsoids). Hydrogens are 

omitted for clarity. 
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Table 4.7; Selected bond lengths (A) and angles (°) for (4.8). 

Ti(l)-N(l) 1.954(3) Ti(l)-N(2) 1.890(3) 
Ti(l)-N(3) 2.224(3) Ti(l)-Cl(l) 2.3185(11) 
Ti(l)-Cl(2) 2.4968(11) Ti(l)-Cl(2*) 2.5349(11) 
N(l)-C(7) 1.440(5) N(l)-C(6) 1.415(5) 
C(6)-C(l) 1.417(5) C(l)-C(15) 1.514(5) 

C(15)-N(2) 1.470(4) N(2).C(16) 1.476(4) 
C(15)-C(22) 1.526(5) C(15)-N(3) 1.535(4) 
N(3)-C(23) 1.470(4) N(3)-C(24) 1.479(4) 

N(l)-Ti(l)-N(2) 90.11(12) N(2)-Ti(l)-N(3) 65.64(11) 
N(l)-Ti(l).N(3) 87.35(11) Cl(2)-Ti(l)-Cl(2*) 77.47(3) 
Cl(l)-Ti(l)-Cl(2) 105.93(4) Cl(l)-Ti(l)-Cl(2*) 84.69(3) 
N(l)-Ti(l)-Cl(2*) 165.27(9) N(2)-Ti(l)-Cl(2) 153.93(9) 
N(3)-Ti(l)-Cl(l) 163.93(8) Ti(l)-N(l)-C(6) 123.0(2) 
N(l)-C(6)-C(l) 120.3(3) C(6)-C(l)-C(15) 119.8(3) 
C(l)-C(15)-N(2) 109.2(3) C(15).N(2)-Ti(l) 101.54(19) 
N(2)-C(15)-N(3) 96.8(2) C(15)-N(3)-Ti(l) 86.17(18) 
Ti(l)-N(l)-C(7) 120.5(2) C(7)-N(l)-C(6) 115.8(3) 

C(16)-N(2)-C(15) 118.7(3) C(16).N(2)-Ti(l) 136.7(2) 
C(23)-N(3)-C(24) 107.6(3) 

4.7.8 [2- (1 - Cyclohexylamido- 1-dimethylamino-ethyl) -N-

(2,4,6-trimethyIphenyl)-anilide] titanium chloride dimethylamide (4.9) and 

[2-(l-cyclohexylamido-l-dimethylamino-ethyl)-A^-(2,4,6-trimethylphenyI)-

anilide] titanium dichloride (4,10). 

To a stirred, cooled (-78 °C) solution of Ti(NMe2)2Cl2 (0.104 g, 0.5 mmol) in 

THF (15 cm^) was added slowly a solution of (2.9) (0.170 g, 0.5 mmol) in THF (15 

cm^). The dark red solution was allowed to reach room temperature over ca. 15 h 

before stirring for a further 2 h. Volatiles were removed in vacuo and the residue 

extracted into petroleum (60 cm^ then 2 x 30 cm^) and filtered through Celite. The 

bright red solution was concentrated to ca. 20 cm^ and cooled at -30 °C for 48 h to 

give an orange/red solid. A saturated petroleum solution was cooled to -30 °C to 

give X-ray diffraction quality crystals of (4.9). 

Major product (4.9); 

8H(C6D6) 0.80-1.65 (lOH, m, cyclohexyl CHzs), 1.47 (3H, s, 

ArC(NMe2)(NCy)Cff3), 1.96 (3H, s, amine % ) , 2.12 (3H, s, mesityl C^s), 2.22 

(3H, s, mesityl € % ) , 2.46 (3H, s, mesityl CH^), 2.49 (3H, s, amine CH^), 3.13 (6H, 

s, dimethylamide CHjs), 3.27 (IH, tt, cyclohexyl CH a to cyclohexylamide N), 
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6.08 (IH, dd, aromatic), 6.81 (IH, dt, aromatic), 6.87-6.98 (3H, m, mesityl 

aromatics and one aromatic), 7.13 (Ih, dd, aromatic). 

6c(C6D6) 17.87 (ArC(NMe2)(NCy)CH3), 19.88, 20.34, 21.70 

(mesityl CH3S), 27.02, 27.33, 27.60, 36.34, 37.66 (cyclohexyl CH2S), 39.58, 42.56 

(amine CH3S), 46.46 (dimethylamide CHgs), 66.66 (cyclohexyl CH a to 

cyclohexylamideN), 86.59 (ArC(NMe2)(NCy)CH3), 110.91, 121.34,128.00, 

129.53 (aromatic CHs), 129.74 (quaternary aromatic), 130.50, 131.89 (aromatic 

CHs), 135.69, 137.36, 138.17, 140.24, 148.71 (quaternary aromatics). 

Minor product (4.10): 

6H(C6D6) 0.80-2.00 (lOH, m, cyclohexyl CE2S), 1.29 (3H, s, 

ArC(NMe2)(NCy)C;^3), 1.78 (3H, s, amine % ) , 2.13 (3H, s, mesityl % ) . 2.19 

(3H, s, mesityl C//3), 2.25 (3H, s, mesityl CH^), 2.28 (3H, s, amine CH3), 3.05 (IH, 

tt, cyclohexyl CH a to cyclohexylamide N), 6.00 (IH, dd, aromatic), 6.75-6.90 

(4H, m, mesityl aromatics and two aromatics), 7.01 (IH, dd, aromatics). 

Figure 4.15: ORTEP representation of the crystal structure of [2-(l-

cyclohexylarmdo-l-dimethylarnino-ethyl)-7V-(2,4,6-trirnethylphenyl)-anilide] 

titanium chloride diethylamide (4.9) (50% probability thermal ellipsoids). 

Hydrogens are omitted for clarity. 
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Table 4.8: Selected bond lengths (A) and angles (°) for (4.9). 

N(3)-Ti(l) 1.934(4) N(2)-Ti(l) 1.914(4) 
N(l)-Ti(l) 2.291(4) N(4)-Ti(l) 1.918(4) 
Cl(l)-Ti(l) 2.3757(15) C(10)-N(3) 1.444(6) 
C(9).N(3) 1.414(5) C(8).C(9) 1.416(6) 
(:(l)-(:(8) 1.544(7) C(l)-N(2) 1.480(6) 

C(l)-C(23) 1.534(6) C(l)-N(l) 1.5:»4(6) 
N(2).C(2) 1.462(6) r4(l)-(:(24) 1.476(6) 

N(l)-C(25) 1.469(6) N(4)-C(26) 1.415(6) 
N(4)-C(27) 1.462(6) 

N(2)-Ti(l)-N(3) 95.19(16) N(l)-Ti(l)-N(3) 87.04(16) 
N(l)-Ti(l)-N(2) 64.95(15) N(3)-Ti(l)-Cl(l) 118.74(12) 
N(2)-Ti(l)-Cl(l) 132/%K13) N(l)-Ti(l)-N(4) 159.36(17) 
Ti(l)-N(3)-C(10) 121.4(3) C(9)-N(3)-C(10) 116.5(4) 
C(9)-N(3)-Ti(l) 122.1(3) N(3)-C(9)-C(8) 120.5(4) 
(:(9)-(:(8)-(:(i) 12LO0% C(8)-C(l)-N(2) 109.7(4) 
}f(i)-(:(i)-ff(2) 98.8(3) C(1).N(2)-Ti(l) 100.0(3) 
(:(i)-rf(2).(:(2) 117.9(4) Ti(l)-N(2)-C(2) 1/10.1(3) 
C(l)-N(l)-Ti(l) 84.0(2) Ti(l).N(4)-C(26) 132.4(4) 

Ti(l)-N(4)-C(27) 115.7(3) C(26)-N(4)-C(27) 110.3(4) 

Table 4.9: Crystallographic parameters for compounds (4.6), (4.8) and (4.9). 

Compound 0L6) (4.8) (4.9) 
Chemical Formula C44H53CliN4Zri C48H66Cl4N6Ti2 C27H4lCliN4Tii 
Formula Weight 764^7 964.67 504.99 
Crystal System Monoclinic Triclinic Monoclinic 
Space Group f2i/c f - 1 f2i/c 

o/A 15j#7K7) 8.6874(12) 14.891(2) 
6/A 14.0906(8) 11.0077(15) 19.812(3) 
c/A 18.9208(11) 15.197(2) 9.1479(7) 
al° 90 96.648(3) 90 

114.233(3) 98.9870% 100.210(8) 
90 10833400 90 

3862.4(4) 1341.3(3) 2656.1(6) 
z 4 1 4 

77K 120 120 120 
&390 (1533 0^45 

fXOOO) 1608 508 1080 
No. Data collected 26129 7610 13708 

No. Unique data 8748 2271 4295 
•̂ int (11939 0.0376 &1296 

Final ;;(|;1)for7>2(;(/) 
Final R{F ) for all data 

0.0861 0IG37 0XM28 Final ;;(|;1)for7>2(;(/) 
Final R{F ) for all data &1611 0IW37 &1496 
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4.7.9 Ethylene polymerisation catalysis. 

Complex (4.1) (0.060 g, 0.10 mmol) was dissolved in toluene (100 cm^) in a 

glass pressure bottle. MAO (10% weight in toluene) (66.3 ml, 100 mmol) was 

added to the solution of (4.1). This was stirred for 30 minutes at room temperature. 

The toluene solution was then saturated with ethylene at a pressure of 7 bar for 2 h. 

A white solid was formed in the toluene solution during the catalysis run. After 2 h 

the ethylene was blown off the system and the polymerization quenched by the 

addition of ethanol (5 ml). The polymeric solid that was produced was filtered 

away from the toluene solution and stirred overnight in a 20 vol% ethanolic 

hydrochloric acid solution, then washed with water and ethanol and dried in vacuo. 

Average yield of polyethylene produced: 3.81 g. This corresponds to a 

catalyst activity of 2.7 g mmol"^ bar ' h"'. 

This procedure was followed for (4.3) and the yield of polyethylene was 

5.70 g. This corresponds to a catalyst activity of 4.1 g mmol'^ bar'' h ' \ 
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Chapter 5 

]P1bw;ii(K3ryT]naiunie aind Itelaited (Ocimpilescas ()f l itziiiiiiErifl Sf), 

]%i r c€wiHi rn{ I^ f )2LndrWio tHwio i ( ) / ) 

5.1 Introduction 

The salicylaldiminato or phenoxyimine class of ligands has been the subject 

of intense study in recent years. They are monoanionic ligands combining the hard 

phenoxide group with the neutral, softer imine moiety. The ligands offer ready 

accessibility and their steric and electronic properties are readily modified by 

altering the substituents R^-R^ (Figure 5.2). These factors have lead to a huge 

interest in the study of phenoxyimine complexes as olefin polymerisation 

catalysts.^ 

§ 

Figure 5.1; General structure of the phenoxyimine ligand. 

The main area of study has focused on bis-phenoxyimine titanium and 

zirconium complexes (Figure 5.2). Fujita and co-workers at Mitsui Chemicals have 

reported a large volume of work concerned with the polymerisation behaviour of 

this class of complexes. This class of titanium complexes was found to be 

highly active catalysts for the polymerisation of ethylene. Fujita claimed that the 

electrophilicity of the titanium centre plays a dominant role in determining the 

catalytic activity for bis-phenoxyimine ligands. Complexes where the imine 

substituent is a fluorinated aryl group show very high ethylene polymerisation 

ac t iv i t i e s .One bis-phenoxyimine titanium complex in which the imine bears a 

fluorinated aryl group displayed living polymerisation activity when activated with 

MAO even at high temperatures."^ On the basis of DFT calculations it has been 

suggested that an ortho fluorine atom of the //-aryl group of the phenoxyimine 
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ligand interacts with the |3-H of the growing polymer chain. This prevents P-H 

elimination by the titanium centre and results in living behaviour at high 

temperature. 2,4 

Figure 5.2\ Bis-phenoxyimine titanium complexes studied by Fujita. 

Coates reported a similar bis-phenoxyimine titanium complex that when 

activated with MAO displayed highly syndiospecific living olefin polymerisation.^ 

The catalyst was used to produce syndiotactic polypropylene as well as block 

copolymers from ethylene and propylene. 

OH N . 
•Ph 

TiCI, 

R = Me, Et, Ph, CFg 

Scheme 5.1: A series of ketiminophenol ligands and bis-phenoxyketimine titanium 

complexes reported by Coates. 

The phenoxyimine ligands that are usually studied contain an aldimine group. 

Coates has synthesised a range of phenoxyimine ligands that contain the ketimine 

moiety and used them to synthesis bis-phenoxyimine titanium complexes.® The 

rationale behind the choice of the ketimine group was that it might better resist 

insertion into a Ti-alkyl bond. The ligands were synthesised via Friedel-Crafts 

reactions from 2,4-di-tert-butylphenol with the corresponding imidoyl chlorides. 

The four bis-phenoxyketimine titanium complexes synthesised were all found to be 

active ethylene polymerisation catalysts when activated with MAO. A comparison 

133 



with the bis-phenoxyaldimine titanium complex showed the ketimine complexes to 

have inferior catalyst activities. 

Although most of the complexes synthesised and studied contain two 

phenoxyimine ligands, a smaller number of reports have been concerned with 

mono-phenoxyimine complexes. Work reported by Ladipo included a mono-

phenoxyimine titanium trichloride and a mono-phenoxyimine titanium tris-

dimethylamide complex.^ Both complexes were tested for ethylene polymerisation 

activity and were found to be about 30-60 times less active than Cp2ZrCl2. 

X = CI, NIVIeg 

Figure 5.3: Mono-phenoxyimine titanium complexes reported by Ladipo. 

Bochmann reported work focusing on titanium and zirconium complexes 

containing a phenoxyimine ligand as well as a cyclopentadienyl ligand.^ The 

complexes were all found to be active for the polymerisation of ethylene but were 

between 10-1000 times less active than Cp2TiCl2 and Cp2ZrCl2. 

M = Ti, Zr; R = 2,4,6-tnmethylphenyl, 
pentafluorophenyl, cyclohexyl 

Figure 5.4: Monocyclopentadienyl phenoxyimine complexes reported by 

Bochmann. 
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The phenoxyimine ligand can be incorporated into larger ligand architectures 

through the imine substituent. One example of this is a diphenoxy-monoimine 

ligand reported by Ladipo in which the imine substituent is an o-phenol7 A more 

common example of the versatility of the phenoxyimine group is a di-

phenoxyimine ligand generated by linking two phenoxyimine groups through the 

imine nitrogens. Examples of the different linking groups that have been utilised 

are; a cyclohexyl group/ ferrocene/" and a biaryl group. 
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Results and Discussion 

(5.1) 

T i - C I 

Bu' Bu' 

C I " / \ CI 
MegN NHMe2 

(5.2) 

MegN THF 

(5 .3) 

Bu' 

-Ti—NEt; 
/ \ 

NEt, 

Z r - C I 

Bu' Bu' 

Cy \ / " - C y 
,N— Ẑr—NEt2 

NEtg 

.0 

'Bu' 

(5.5) 

Bu' 

(5 .6 ) 

Bu' 

Bu' 

(5.7) (5 .8) 

Figure 5.5; Lithium phenoxyimine (5.1), titanium complexes (5.2)-(5.5), 

zirconium complexes (5.6)-(5.7), and niobium complex (5.8) synthesised. 

5.2 Ligand Synthesis 

The 2-rer?-butyl-6-cyclohexyliminomethyl-phenol ligand was synthesised by 

reaction of 3-rgrf-butyl-2-hydroxybenzaldehyde with cyclohexylamine in toluene 

using p-toluenesulfonic acid monohydrate as a catalyst. The synthesis was 

essentially identical to that reported by Bochmann. 14 
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HgNCy Bu"Li 

B u ' ^ y ^ B u ' ^ Y B u " 

OH O Toluene, 120 °C oH N. Petroleum,-78 °C to RT 

Scheme 5.2: Synthesis of 2-rerf-butyl-6-cyclohexyliminomethyl-phenol and 

lithium 2-ferr-butyl-6-cyclohexyliminomethyl-phenoxide (5.1). 

The iminophenol ligand was deprotonated by reaction with Bu"Li in 

petroleum to give the lithium phenoxyimine ligand (5.1). The extremely air and 

moisture sensitive white solid was isolated in good yield by filtration. Despite this 

the product has partial solubility in petroleum and a second crop of product was 

obtained by concentrating and cooling the supernatant solution to - 3 0 °C. Despite 

the air and moisture sensitivity of the compound, as with the lithium amido/imino 

ligands (Chapter 2), it can be stored indefinitely under Ni in a glovebox. 

5.2.1 NMR spectroscopy for (5.1) 

The absence of a peak in the 'H NMR spectrum above 10 ppm demonstrates 

that the iminophenol ligand has been deprotonated by the Bu"Li to give the lithium 

phenoxyimine species. The furthest downfield peak is due to the imine proton, 

which is further downfield than the aromatics and appears at 7.96 ppm. The 

phenoxy-bearing carbon is shifted to 169.05 ppm in the NMR spectrum, 

making it further downfield than the imine carbon (166.55 ppm). The cyclohexyl 

group now appears as six signals in the NMR spectrum, unlike in the 

starting material, where it appeared as four signals. The methine cyclohexyl CH is 

shifted downfield to 72.35 ppm in the '^C{H} NMR spectrum and upfield to ca. 

2.6 ppm in the NMR spectrum. The tert-hutyl resonances appear at 

approximately the same positions as in the iminophenol ligand. 
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5.3 Titanium complexes bearing one phenoxyimine ligand 

The first step in the study of reactions of the phenoxyimine ligand with 

titanium and zirconium complexes bearing dialkylamide ligands was to react one 

equivalent of the lithium phenoxyimine (5.1) with Ti(NMe2)2Cl2. The result was 

complex (5.2). It is a titanium(IV) complex consisting of one phenoxyimine ligand, 

two chlorides, one dimethylamide ligand and a dimethlyamine. The complex was 

characterised by NMR spectroscopy and a single crystal X-ray diffraction study, 

but the mechanism of its formation is unclear. It appeared possible that the lithium 

phenoxyimine ligand had been reprotonated before reacting with the Ti(NMe2)2Cl2 

and eliminating a molecule of dimethylamine, which then coordinated to the 

titanium complex. 

Ti(NMe2)2Cl2 

THF, -78 °C to RT 

Me2N NHMej 

Scheme 5.3: Synthesis of (5.2). 

To test this hypothesis the reaction between the neutral iminophenol ligand 

and one equivalent of Ti(NMe2)2Cl2 was performed. The result of the reaction was 

complex (5.3), as identified by NMR spectroscopy. As with (5.2), the complex 

bears one phenoxyimine ligand, two chlorides and one dimethylamide ligand. But 

a molecule of THF completes the coordination sphere instead of a dimethylamine 

ligand. 

Ti(NM62)2Cl2 

THF, -78 °C to RT 
c i ^ h c i cy 

MegN THF 

Scheme 5.4: Synthesis of (5.3). 
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Given that the protonolysis reaction of the iminophenol ligand with 

Ti(NMe2)2Cl2 eliminates one equivalent of dimethylamine and the complex 

favours the coordination of a THF molecule, it is unlikely that the formation of 

(5.2) occurs by a simple reprotonation of the lithium phenoxyimine ligand 

followed by dimethylamine elimination. As such the mechanism of formation of 

(5.2) remains unclear and requires further study. Similar reactions could be carried 

out with other Ti(NR2)2Cl2 complexes or analogous zirconium complexes, which 

might offer some insight into the formation of (5.2). 

The isolation of (5.2) and (5.3) shows that it is possible to synthesise mono-

phenoxyimine LTi(NMe2)Cl2L' type complexes (where L=phenoxyimine; 

L'=NHMe2, THF). The phenoxyimine ligand does not undergo the rearrangement 

observed in the titanium complexes (4.7), (4.8), (4.9) and (4.10). With the reduced 

steric demands of the phenoxyimine ligand compared to the arylamido/imino 

ligands, it is possible that a reduction of steric crowding about the titanium centre 

is the driving force for the rearrangement to a tripodal ligand in (4.7), (4.8), (4.9) 

and (4.10). The evidence here suggests that a reduction of the steric crowding is 

not necessary for the less sterically demanding phenoxyimine ligand. It is also 

possible that better 7r-donation by the arylamido ligand may make a dialkylamide 

ligand more nucleophilic and therefore more prone to migration. 

5.3.1 NMR spectroscopy for (5.2) and (5.3) 

The resonances due to the phenoxyimine ligand in both (5.2) and (5.3) appear 

in very similar positions (see Table 5.1). The dimethylamide resonances appear in 

the same region in both complexes [(5.2) 'H 3.56, 54.06; (5.3) 3.54, 

^H} 53.48 ppm]. The peaks are located further downfield than those of the Ti-

NMez groups in complexes (4.7) and (4.9) which appear in the proton spectra at ca. 

3.1 ppm and in the carbon NMR spectra at ca. 46 ppm. The methyls of the 

dimethylamine group in (5.2) resonate at 1.84 (^H) and 40.35 (^^C{^Hj) ppm and 

the N / / appears as a signal at 7.16 ppm. The imine group is identifiable by the 

downfield resonances at ca. 8.3 in the and 164.5 in the NMR spectra. 

The NMR spectra of (5.2) and (5.3) are similar to the mono-phenoxyimine 

titanium tris-dimethylamide and mono-phenoxyimine titanium trichloride 

complexes reported by Ladipo.^ 
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Table 5.1: A comparison of selected and 'H} NMR data for (5.2) and 

(5.3).' 

Compound (5.2) (&3) 
Imine H &25 &30 

Cy CH a to N 4.55-4.70 4.40-4.60 
C(C^3)3 1.55 1.57 

Ti-N(CH3)2 3 ^ 6 1 5 4 
Imine C 164.62 1&L51 

Cy CH a to N &A61 67.24 
C(CH3)3 b 30.63, 34.86 30.55, 35.92 

Ti-N(CH3)2 54.06 5348 

^ Spectral data expressed in ppm; solvent = CgDg. 

^ The first value given is that of the methyl carbons, followed by the tertiary 

carbon. 

5.3.2 X-ray diffraction study on (5.2) 

X-ray diffraction quality crystals of (5.2) were grown by cooling a saturated 

toluene solution to -30 °C to give the product as dark red blocks. 
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C20 

Figure 5.6: ORTEP representation of the crystal structure of (2-ferr-butyl-6-

cyclohexyliminomethyl-phenoxy) titanium dimethylamide dichloride 

dimethylamine (5.2) (50% probability thermal ellipsoids). Hydrogens are omitted 

for clarity. 

The six-coordinate complex (5.2) adopts a distorted octahedral geometry. 

The phenoxyimine ligand occupies two cis sites with a bite angle of 82.6(2)°. The 

two chloride ligands occupy mutually cis sites and are separated by an angle of 

91.74(8)°. The remaining dimethylamide and dimethylamine ligands are located 

trans to one another. The bonds between the metal centre and the phenoxyimine 

ligand [Ti(l)-0(1) 1.871(5); Ti(l)-N(l) 2.170(6)A] are typical o f the 

phenoxyimine complexes reported here and in the literature.'^'^'^^ The titanium-

imine bond length lies approximately half way between the Ti-dimethylamide 

[Ti(l)-N(2) 1.885(6)A] and the Ti-dimethylamine bond lengths [Ti(l)-N(3) 

2.404(6)A]. The dimethylamine ligand is clearly identifiable due to the increased 

length of the Ti-N bond compared to the dimethylamide ligand, and the pyramidal 

geometry of the amine nitrogen. The two Ti-Cl bond lengths are equal [Ti(l)-Cl(l) 

2.371(2); Ti(l)-Cl(2) 2.383(2)A] despite one chloride being trans to the phenoxide 

and the other trans to the imine. The imine bond length of 1.292(8)A is typical and 

comparable to that of the amido/imino ligands in the complexes reported in 

Chapters 3 and 4. 
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5.4 Titanium and zirconium complexes bearing two phenoxyimine ligands 

Four bis-phenoxyimine complexes of titanium and zirconium were 

synthesised by reaction of two equivalents of the 2-tert-h\xty\-6-

cyclohexyliminomethyl-phenol ligand with Ti(NEt2)2Cl2, Ti(NEt2)4, 

Zr(NEt2)2Cl2(THF)2, and Zr(NEt2)4 to give compounds (5.4), (5.5), (5.6) and (5.7) 

respectively (Scheme 5.5). In each case, two equivalents of diethylamine were 

cleaved off the metal centre. 

The additions were all carried out in THE at -78 °C before rising quickly to 

RT and stirring overnight. The resultant complexes were readily crystallised by 

cooling saturated toluene or petroleum solutions to - 3 0 °C to give the compounds 

as crystalline solids in 39-60% yield. This is quite low given that the proton NMR 

spectra of aliquots from these reactions showed them to be essentially quantitative. 

Bû  

\ y 0.5 M(NR2)2Cl2 B"' 
N—«-M—CI ^ 

/ CI 
o 

0.5 M(NEt2)4 

Bu' 

cy, \ / " c y 
N—^ M—NEt2 

/ NEt2 
O 

M = Ti, (5.4) 
M = Zr, (5.6) 

M = Ti, (5.5) 
M = 2r,(5.7) 

Scheme 5.5: Synthesis of (5.4), (5.5), (5.6) and (5.7). 

The formation of these four complexes showed that it was possible to have 

this phenoxyimine ligand bound to titanium and zirconium centres bearing the 

bulky diethylamide ligand without promoting the migration of the dimethylamide 

to the imine carbon to generate a new ligand architecture. This shows that the 

process is more common with the more sterically demanding amido/imino ligands 

and their complexes reported in Chapters 3 and 4. 

Complexes (5.4) and (5.6) have previously been reported by Fujita and 

c o - w o r k e r s . B o t h complexes were synthesised by a different method and only 

their NMR data were reported due to the focus of the report being their 

behaviour as polymerisation catalysts. 
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5.4.1 X-ray diffraction studies on (5.4), (5.5) and (5.7) 

The three complexes all adopt the same distorted octahedral geometry with 

the two oxygen atoms mutually trans to one another and the imine nitrogens 

occupying mutually cis sites. The two remaining donor atoms (chlorides or amide 

nitrogens) are thus arranged trans to the imine nitrogens and cis to each other. This 

geometry makes the complexes Cz-symmetric. 

Table 5.2: A comparison of selected structural data between (5.4), (5.5) 

(]V[=:Ti) an(i (5.7) (A/b=2:r).* 

Compound (5.40 (5.5) (5.7) 

M - 0 1.863(4) 1.963(4) 2.050(4) 
M-N'' 2.189(6) 2.286(4) 2.411(6) 
M - X ' 2.3091(20) 1.939(4) 2.072(5) 
C=N 1.287(8) 1.290(7) 1.283(8) 

O-M-0 172.06(14) 1()3.[K)(11) 157.22(12) 
N-M-N 80.19(13) 82.70(11) 81.17(13) 
0-M-N ^ 81.90(19) 81.50(16) 77.06(18) 
X-M-X = 100.09(6) 97.93(13) 99.41(15) 

145.00^ 141.9(3) 145.1(4) 

" Mean bond lengths in A, angles in °. 

^ Imine nitrogen. 

" (5.4) (X=C1);(5.5), (5.7) (X=NEt2). 

A comparison of the bis-phenoxyimine titanium dichloride complex (5.4) and 

the bis-phenoxyimine titanium bis-diethylamide complex (5.5) shows that the 

bonds between the phenoxyimine ligand and the metal are ca. 0.1 A longer in (5.5). 

Despite this the bite angle of the ligand is essentially the same in both complexes. 

The bonds are a further ca. 0.1 A longer to zirconium in (5.7) than they are in (5.5). 

Complex (5.4) adopts the geometry that is closest to octahedral with a O-Ti-0 

angle of 172.06(14)°. When the ligands are changed from chlorides to bulkier 

diethylamides in (5.5), the O-Ti-0 angle is 163.00(11)° and the complex adopts a 

more distorted octahedral geometry. The combination of diethylamide ligands with 

a larger metal centre of zirconium in (5.7) results in a greater distortion of the 
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octahedral geometry, with a O-Zr-0 angle of 157.22(12)°. The bite angle of the 

ligand in (5.7) is ca. 4-5° smaller than in the titanium complexes. 

5.4.1.1 X-ray diffraction study on compound (5.4) 

X-ray diffraction quality crystals of (5.4) were grown by cooling a saturated 

toluene solution to -30 °C to give the product as dark red blocks. 

Figure 5.7: ORTEP representation of the crystal structure of his-(2-tert-

butyl-6-cyclohexyliminomethyl-phenoxy) titanium dichloride (5.4) (50% 

probability thermal ellipsoids). Hydrogens are omitted for clarity. 

Compound (5.4) crystallizes as a monomer with two molecules in the 

asymmetric unit as well as four molecules of toluene. The complex possesses C2-

symmetry and the geometry about the titanium centre is distorted octahedral. As 

with the majority of bis-phenoxyimine L2MCI2 type complexes, the coordination 

geometry consists of trans oxygens, cis imine nitrogens and cis chlorides. The 

mean phenoxyimine bite angle is 81.90(19)° and the mean Ti-O bond length is 

1.863(4)A. The mean Ti-N(imine) bond length is 2.189(6)A and the N-Ti-N angle 

is 80.19(13)°. The mean imine bond length is 1.287(8)A and the geometry about 

the imine bond is planar. The Cl-Ti-Cl angle is 100.09(5)° with a mean Ti-Cl bond 

length of 2.3091(20)A. The data is agreeable with bis-phenoxyimine L2TiCl2 type 

complexes reported in the literature. 
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5.4.1.2 X-ray diffraction study on compound (5.5) 

X-ray diffraction quality crystals of (5.5) were grown by cooling a saturated 

petroleum solution to -30 °C to give the product as orange plates. 

Figure 5.8: ORTEP representation of the crystal structure of bis-(2-?err-butyl-6-

cyclohexyliminomethyl-phenoxy) titanium bis-diethylamide (5.5) (50% probability 

thermal ellipsoids). Hydrogens are omitted for clarity. 

Compound (5.5) is distorted octahedral and adopts the same geometry about 

the titanium centre as (5.4) but with cis diethylamides instead of cis chlorides. The 

phenoxy-oxygens are again located trans to one another. The mean phenoxyimine 

bite angle is 81.50(16)° with a mean Ti-0 bond length of 1.963(4)A, whilst the 

mean titanium-nitrogen bond length to the imine is 2.286(4)A. The mean imine 

bond length is 1.290(7)A and the imine group possesses the same planar geometry 

as in (5.4). The mean titanium-diethylamide bond length is 1.939(4)A and the N-

Ti-N angle between the two diethylamide groups is 97.93(13)°. 
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5.4.1.3 X-ray diffraction study on compound (5.7) 

X-ray diffraction quality crystals of (5.7) were grown by cooling a saturated 

toluene solution to -30 °C to give the product as bright yellow plates. 

Figure 5.9\ ORTEP representation of the crystal structure of bis-(2-rerr-

butyl-6-cyclohexyliminomethyl-phenoxy) zirconium bis-diethylamide (5.7) (50% 

probability thermal ellipsoids). Hydrogens are omitted for clarity. 

The complex possesses a distorted octahedral geometry about the zirconium 

centre similar to that adopted by the two titanium complexes (5.4) and (5.5). It also 

adopts the same coordination geometry of trans phenoxy groups, cis imine 

nitrogens, and cis diethylamide ligands. The mean Zr-O bond length of 2.050(4)A 

is longer than the Ti-O distances observed in (5.4) and (5.5). The O-Zr-0 angle of 

157.22(12)° shows greater distortion from the ideal octahedral geometry than is 

displayed in (5.4) and (5.5). The mean zirconium-nitrogen bond length to the imine 

[2.411 (6)A] is also longer than in the titanium analogues. The mean bite angle of 

the phenoxyimine ligand is 77.06(18)° and the imine bond length remains the same 

as in the titanium examples [1.283(8)A]. The mean zirconium-diethylamide 

distance is 2.072(5)A and so is longer than the titanium-diethylamide distances of 

(5.5) [1.939(4)A]. 

The structural data of (5.7) is very similar to that of two di-phenoxyimine 

zirconium bis-dimethylamide complexes reported by Erker.^^ The ligands 
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employed are 2-alkyliminomethyl-phenoxide groups and so there is no second 

substituent ortho to the phenoxy group. The lack of this substituent would make 

the ligands less sterically demanding than the fg/Y-butyl substituted ligand studied 

here. However, all the major bond lengths and angles of these two complexes are 

comparable to those of (5.7) and the two phenoxyimine ligands adopt the same 

fran^-phenoxides and cw-imines geometry as (5.7). 

The Zr-0 bond lengths in (5.7) are ca. 0.1 A longer than those in two bis-

phenoxyimine zirconium dichloride complexes reported in the literature.^'^® This is 

most likely due to the stronger electron donating nature of the diethylamide ligands 

of (5.7) compared to the chlorides of the literature examples. 

5.4.2 NMR spectroscopy for (5.4), (5.5), (5.6) and (5.7) 

The most indicative aspect of the NMR spectra of the reaction aliquots 

that suggests that the reactions have occurred is the disappearance of the phenolic 

OH resonance. For complexes (5.5) and (5.7) the CH2 resonance of the 

diethylamide groups changes from a simple quartet in the starting material to a 

more complex pattern in the product. 
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Table 5.3: A comparison of selected and N M R data of (5.4), 

(5.5) (M = Ti) and (5.6), (5.7) (M = Zr)/ 

Compound (5.4) (5.5) (5.6) (5.7) 

Imine H 7.82 8.01 7.89 8.02 
Cy CH a to N 4.06 3.68 4.00 3.82 

C(C#3)3 L79 L80 L72 1.77 
M-NXC/fzCZHj); - 4.00,4.20 - 3.65-3.85 
M-N(CH2C;f3)2 - 1.07 - 1.17 

Imine C 163.89 164.44 16%52 166.19 
Cy CH a to N 67 6L89 6168 6226 

C(CH3)3" 30.86, 36.20 31.34, 36.26 30.72, 36.10 31.07, 36.21 
M-N(CH2CH3)2 - 4&43 - 43J4 
M-N(CH2CH3)2 - 15J^ - 15.66 

^ Spectral data expressed in ppm; solvent = CeDg. 

^ The first value given is that of the methyl carbons, followed by the tertiary 

carbon. 

The position of the imine proton resonance does not vary significantly 

between the different complexes and is typical of phenoxyimine complexes of 

titanium and zirconium. It appears at a slightly higher frequency when the other 

ligands in the coordination sphere are diethylamides rather than chlorides. The 

diethylamide groups appear as two resonances in the NMR spectra with 

the methyl groups appearing at ca. 15 ppm and the methylene groups at ca. 50 

ppm. Whilst the methyl groups appear as a single triplet in the NMR spectra 

(ca. 1.1 ppm), the methylene groups are seen as two resonances. In the titanium 

complex (5.5) the four methylene groups appear as two sextets at 4.00 and 4.20 

ppm and the zirconium complex (5.7) has two overlapping multiplets between 3.55 

and 3.95 ppm also overlapping with the resonance of the methine cyclohexyl CH. 

The NMR data suggests that the complexes all adopt the same Ci-symmetric 

distorted octahedral geometry that they possess in the solid state. There was no 

evidence of other isomers present in solution. 
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5.4.3 Decomposition studies of complexes (5.5) and (5.7) 

Solutions of (5.5) and (5.7) in J®-toluene were heated in Young's tap NMR 

tubes in order to see if the phenoxyimine ligand would undergo a migratory 

insertion of a diethylamide group under more forceful conditions. The samples 

were heated to 100 °C for 48 h with no changes in the NMR spectra. 

5.5 Formation and characterisation of a niobium(V) complex of the type 

[Nb^ LL'(NEt2)] from Nb(NEt2)4 

An attempt was made to synthesise a L2Nb(NEt2)2 type complex of the 

Group 5 metal niobium in its +4 oxidation state using the 2-tert-b\xty\-6-

cyclohexyliminomethyl-phenol ligand. Using [Nb(NEt2)4] as the starting material 

it was anticipated that the reaction would proceed in the same way as that used to 

form the analogous zirconium complex (5.7). However, the product isolated from 

this reaction was a niobium(V) complex bearing one phenoxyimine ligand (L), one 

diethylamide and a novel tridentate phenoxy-diamide ligand (L ' ) (Scheme 5.6). 

The new ligand (L') consists of the phenoxyimine ligand linked to a diethylamide 

group through a new carbon-carbon bond. The bond links the imine carbon to a 

methylene carbon of the diethylamide ligand. This has resulted in the conversion of 

the imine double bond into a single bond and the neutral imine nitrogen into an 

amide group. 

OH N 

1/2 Nb(NEt2)4 

THF -78 °C to RT 

Bu' 

Bu' 

Scheme 5.6: Formation of (5.8) 

(5.8) 
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5.5.1 X-ray diffraction study of compound (5.8) 

X-ray diffraction quality crystals of (5.8) were grown by cooling a saturated 

petroleum solution to -30 °C to give the product as as orange blocks. 

C3 C10 C13 

Figure 5.10: ORTEP representation of the crystal structure of (2-?ert-butyl-6-

cyclohexyliminomethyl-phenoxy) [2-rerr-butyl-6-( 1 -cyclohexylamido-2-

ethylaniido-propyl)-phenoxy] niobium diethylamide (5.8) (50% probability 

thermal ellipsoids). Hydrogens are omitted for clarity. 

The complex possesses a distorted octahedral geometry about the niobium(V) 

centre with the tridentate ligand adopting a fac conformation. The two phenoxy 

groups are trans to one another as in the complexes (5.4), (5.5) and (5.7). The O-

Nb-O angle is 165.99° and the two Nb-0 distances are very similar [(L'): 0(1)-

Nb(l) 2.019(3)A; (L): 0(2)-Nb(l) 2.051(3)A]. The cyclohexylamide nitrogen of 

(L') is trans to the remaining diethylamide [N(l)-Nb(l)-N(4) 177.58(13)°]. The 

ethylamide nitrogen of (L') is thus trans to the imine group of L [N(2)-Nb(l)-N(3) 

172.15(12)°]. The three niobium-amide bond lengths [N(l)-Nb(l) 2.002(3)A; 

N(2)-Nb(l) 1.986(3)A; N(4)-Nb(l) 2.027(3)A] are significantly shorter than the 

niobium-imine distance [N(3)-Nb(l) 2.336(3)A]. The new carbon-carbon bond 

between C(7) and C(18) is a typical C-C single bond [C(7)-C(18) 1.529(6)A]. The 

conversion in (L') of the imine to an amide has resulted in the C-N bond length 

increasing to 1.488(5)A compared to the normal imine bond length [N(3)-C(28) 
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1.298(5)A] observed for the intact imine moiety of (L). 

The tridentate ligand (L') binds to the niobium centre forming a six-

membered chelate ring [through 0(1) and N(l)] and a five-membered chelate ring 

[through N(l) and N(2)]. These two chelate rings are fused along the C(7)-N(l) 

bond. The three bite angles of (L') are: N(l)-Nb(l)-0(1) 87.80(11)°; N(2)-Nb(l)-

0(1) 92.17(12)° and N(2)-Nb(l)-N(l) 81.65(13)°. The bite angle between the two 

amide nitrogens is the smallest of the three due to them being part of the five-

membered chelate ring. Both of the amide groups are planar [sum of the angles 

about the nitrogen atom; N(l) 360°; N(2) 359.7°]. 

5.5.2 NMR spectroscopy for (5.8) 

The and NMR spectra of (5.8) were more complicated compared 

to those of the di-phenoxyimine L2MX2 type complexes due to (5.8) containing 

two different ligands based on the same framework. The aryl regions of both the 

and NMR spectra are quite simple. There is only one resonance in both 

spectra for the imine group. This is because C(7) of L' is no longer sp^ hybridised 

and so appears much further upfield. C(7) appears at 72.54 p p m in the ^H} 

NMR spectrum (^^-toluene) with C(18) at 74.86 ppm. The proton of C(7) appears 

as a singlet at 4.42 ppm in the NMR spectrum. It should be coupled to the 

proton of C(18) but with the geometry adopted by (L') the dihedral angle H-C(7)-

C(18)-H is close to 90°. From the Karplus relationship this gives the minimum 

theoretical value of the coupling constant J. This could then make the resonance of 

C(7) appear as a broad singlet instead of a doublet. C(18) appears at ca. 4.2 ppm as 

multiplet. 

The methine cyclohexyl carbon of (L') [C(12)] bonded to the amide nitrogen 

appears at 63.50 ppm. This is further downfield than the corresponding carbon in 

(L) (60.87 ppm), which is bonded to a neutral nitrogen atom. The remaining CH2 

[C(20)] group of the "diethylamide section" of (L') appears at 51.40 ppm, further 

downfield than the CH2S of the diethylamide ligand (45.13). The two protons on 

C(20) are diastereotopic, appearing at 3.37 and 3.99 ppm. The CH2S of the 

diethylamide are also diastereotopic, appearing at ca. 4.1 and 4.5 ppm. The 

resonances of the two methyl groups of (L'), C(19) and C(21), are quite separated 

in both the and NMR spectra. C(19) appears as a doublet at 1.35 ppm 

in the NMR spectrum and a peak at 20.55 ppm in the ^H} NMR spectrum. 
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C(21) appears as a triplet at 0.96 ppm in the proton NMR spectrum and a signal at 

15.90 ppm in the NMR spectrum. The methyl groups of the diethylamide 

ligand appear at ca. 0.80 ppm (^H) and 14.10 ppm (^^C{^H}). 

5.5.3 Formation of (5.8) 

The fact that the niobium atom in (5.8) has undergone a one electron 

oxidation from Nb(IV) to Nb(V) suggests that a radical mechanism is involved in 

the formation of the new ligand (L'). A very similar niobium(V) complex to (5.8), 

arising from the reaction between a linked bis-phenoxyimine ligand with 

Nb(NEt2)4 has been reported by Scott. The complex contains a tetradentate ligand 

in which one half is an intact phenoxyimine group and the other half is a 

phenoxyamide group. The coordination sphere is completed by two diethylamide 

ligands. The bis-phenoxyimine ligand has become fused with a diethylamine group 

through one of the imine carbons and a CHa of the diethylamine. This has resulted 

in the formation of a tetradentate trianionic ligand because the pendant 

"diethylamine" group is non-coordinating. This ligand is clearly analogous to the 

coupling of the phenoxyimine and the phenoxydiamide ligands in (5.8). 

Scott also reports the identification of a second niobium complex from the 

same reaction. This contains the intact bis-phenoxyimine ligand, one diethylamide 

ligand and an ethylimido ligand. He proposed that the ligand would initially react 

with Nb(NEt2)4 to form the LNb(NEt2)2 niobium(IV) complex and two equivalents 

of diethylamine. An ethyl radical is then lost from a diethylamide group to yield 

the imide and to oxidise the niobium centre. This ethyl radical is then quenched by 

a molecule of diethylamine to form the more stable l-ethylaminoethyl radical. This 

radical then reacts with further LNb(NEt2)2 and adds to the imine group to give the 

niobium(V) species and the "diethylamine-part" of the new ligand. 
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1/2 NbfNEtg), 
2HNEb 

ÊNH 

HNEb 

NEk P 

Scheme 5.7: Possible mechanism for the formation of (5.8). 

Based on this mechanism, it is possible that the formation of (5.8) follows the 

same mechanism but then contains an extra step. Because Scott 's ligand has two 

linked phenoxyimine groups, the geometry of the donor atoms is more rigidly 

enforced than in the case of (5.8), where there were probably two separate 

phenoxyimine ligands coordinating the niobium centre. With more flexibility it is 

plausible that the diethylamine group that is fused to the phenoxyamide ligand 

could perform an intramolecular diethylamine elimination of one of the two 

diethylamide ligands. This elimination would be driven by the chelate effect and 

result in the formation of complex (5.8). 

There was no evidence of the presence of the proposed imido complex in the 

material crystallised from petroleum that yielded the X-ray crystal structure and 

NMR spectra of (5.8). The mother liquor that yielded the crystals of (5.8) was not 

subjected to NMR analysis so it is unknown whether or not the imido complex was 

produced by the reaction. In light of the proposed mechanism the reaction requires 

further study to try and detect the imido compound. If the complex was detected it 
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would provide strong evidence to support the proposed mechanism. Regardless of 

whether Scott's proposed mechanism is correct it is apparent that his complex and 

(5.8) were formed by a common mechanism and that (5.8) was possibly formed by 

a further elimination of diethylamine by the "dangling diethylamine" moiety to 

yield the trianionic ligand. 

5.5.4 Formation of complex (5.8) by reaction of one equivalent of 

phenoxyimine ligand with Nb(NEt2)4 

The reaction of one equivalent of 2-rerr-butyl-6-cyclohexyliminomethyl-

phenol with Nb(NEt2)4 was also attempted. It was anticipated that a (phenoxy-

imine)Nb(NEt2)3 complex would be formed. Crystals suitable for X-ray diffraction 

were again grown from a petroleum solution of the reaction mixture, but proved to 

be complex (5.8) again. The fact that this complex was formed in preference to the 

anticipated 1:1 complex suggests that complex (5.8) is very thermodynamically 

stable. 

5.6 Conclusions 

The lithium salt of 2-fer?-butyl-6-cyclohexyliminomethyl-phenol was 

synthesised by reaction of the iminophenol ligand with Bu"Li to give (5.1) as a 

colourless solid. The lithium phenoxyimine was thermally stable and could be 

stored under N2 indefinitely. The result of a salt metathesis reaction between (5.1) 

and Ti(NMe2)2Cl2 was the mono-phenoxyimine titanium dimethylamide dichloride 

dimethylamine complex (5.2). The similar mono-phenoxyimine titanium 

dimethylamide dichloride tetrahydrofuran complex (5.3) was prepared by a 

protonolysis reaction between 2-rerf-butyl-6-cyclohexyliminomethyl-phenol and 

Ti(NMe2)2Cl2. Neither complex displayed any evidence of an insertion of the 

imine double bond into a titanium-dimethylamide bond, as observed with the 

amido/imino ligands and Ti(NMe2)2Cl2 [complexes (4.7), (4.8), (4.9) and (4.10), 

Chapter 4], This suggests that the increased steric bulk of the amido/imino ligand 

may be the reason for the rearrangements observed in (4.7), (4.8), (4.9) and (4.10). 

The mechanism that lead to the formation of (5.2) is unclear, but the formation of 

(5.3) via the protonolysis reaction suggests that (5.2) is not the result of 

reprotonated iminophenol ligand performing a protonolysis reaction with 

Ti(NMe2)2Cl2. 
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The formation of the bis-phenoxyimine titanium dichloride and bis-

phenoxyimine zirconium dichloride complexes (5.4) and (5.6) demonstrate that the 

L2MCI2 type complexes are accessible by reaction of two equivalents of 

iminophenol ligand with M(NR2)2Cl2 starting materials. This route to bis-

phenoxyimine metal complexes is an alternative to the established salt metathesis 

methodology employing metal tetrachlorides as starting materials. 

Two bis-phenoxyimine complexes of titanium (5.5) and zirconium (5.7) 

bearing two diethylamide ligands were synthesised by reacting two equivalents of 

the iminophenol ligand with Ti(NEt2)4 and Zr(NEt2)4 respectively. The isolation of 

these complexes demonstrated that the phenoxyimine ligands are stable to insertion 

of the imine double bond into the metal-diethylamide bond even when there are 

two phenoxyimine ligands on the metal centre. 

When an attempt was made to synthesise an analogous bis-phenoxyimine 

niobium(IV) bis-diethylamide complex the unusual phenoxyimine 

phenoxydiamido niobium diethylamide complex (5.8) was isolated. The niobium 

centre had been oxidised to niobium(V) and one phenoxyimine ligand had been 

fused to a diethylamide ligand through the imine carbon and a methine carbon of 

the diethylamide. This resulted in the conversion of the imine group to an amido 

group. The mechanism of the formation of (5.8) is currently unclear, but the single 

electron oxidation is suggestive of a radical process. 
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5.7 Experimental 

The following compounds were prepared following literature methods: 2-

rer?-butyl-6-cyclohexyliminomethyl-phenol, Ti(NMe2)2Cl2, 

Zr(NEt2)2Cl2(THF)2/° Ti(NEt2)4/^ Ti(NEt2)2Cl2,^^ Nb(NEt2)4/^ 

5.7.1 Lithium 2-?grt-butyl-6-cyclohexyliminomethyl-phenoxide (5.1). 

A 2-neck 100 ml RB flask was charged with 2-tert-h\xty\-6-

cyclohexyliminomethyl-phenol (2.57 g, 9.91 mmol) and petroleum (30 cm^). The 

bright yellow solution was cooled to -78 °C and Bu"Li (4.5 cm^ of 2.45 M solution 

in hexanes, 10.90 mmol) was added slowly via cannula to the stirred solution. 

Immediately upon complete addition of the Bu"Li solution, the bright yellow 

reaction became colourless. The reaction was stirred at -78 °C for 1 h before being 

allowed to reach room temperature and then stirred for a further 16 h. This 

afforded the crude product as a white suspension. The supernatant was removed by 

filtration and the resultant solid washed with petroleum (10 cm^), to yield the 

product as a white, extremely air and moisture sensitive solid (1.90 g). The mother 

liquor was cooled to -30 °C to yield a second crop of (5.1) (0.30 g). 

Yield: 2.20 g, 84%. 

Mp: 145 °C (dec). 

SHCCgDe) 0.60-1.80 (lOH, m, cyclohexyl C%s), 1.58 (9H, s, ArC(C%)3), 

2.55-2.70 (IH, m, cyclohexyl C / / a to imine N), 6.67 (IH, t, aromatic), 7.08 (IH, 

dd, aromatic), 7.41 (IH, dd, aromatic), 7.96 (IH, s, ArC(//)=NCy). 

6c(C6D6) 25.76, 25.89, 25.94 (cyclohexyl CHzs), 31.76 

(ArC(CH3)3), 34.67 (cyclohexyl % ) , 35.41 (ArC(CH3)3), 35.70 (cyclohexyl 

CH2), 72.35 (cyclohexyl CH a to imine N), 114.60 (aromatic CH), 125.05 

(quaternary aromatic), 131.11, 134.49 (aromatic CHs), 141.89 (quaternary 

aromatic), 166.55 (ArC(H)=NCy), 169.05 (quaternary aromatic). 

5.7.2 (2-ter/-Butyl-6-cycIohexyIiminomethyl-phenoxy) titanium dimethylamide 

dichloride dimethylamine (5.2). 

An ampoule was charged with Ti(NMe2)2Cl2 (0.104 g, 0.5 mmol) and THF 

(15 cm^) and cooled to -78 °C. To this was added slowly via cannula a cooled 

(-78 °C) solution of lithium (5.1) (0.133 g, 0.5 mmol) in THF (15 cm^). The 
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resultant dark red solution was allowed to reach room temperature over ca. 15 h 

before stirring for a further 2 h. This produced a yellow/orange solution with a fine 

precipitate. Volatiles were removed in vacuo and the residue extracted into toluene 

(40 cm^) and filtered through Celite. The solution was concentrated to ca. 10 cm^ 

and cooled at -30 °C for 48 h to give the product as dark red. X-ray diffraction 

quality crystals. 

Yield: 0.050 g, 21%. 

5h(C6D6) 0.80-1.80 (lOH, m, cyclohexyl C%s), 1.55 (9H, s, ArC(C%)3), 

1.84 (6H, br. s, HN(C^3)2), 3.56 (6H, s, N(C^3)2), 4.55-4.70 (IH, m, cyclohexyl 

CH a to imine N), 6.79 (IH, t, aromatic), 7.04 (IH, dd, aromatic), 7.16 (IH, s, 

mi(CH3)2), 7.41 (IH, dd, aromatic), 8.25 (IH, s, ArC(^=NCy). 

^^C{̂ H} 8c(C6D6) 26.63, 26.83 (cyclohexyl CHgs), 30.63 (ArC(CH3)3), 31.01 

(cyclohexyl CH2), 34.86 (ArC(CH3)3), 35.90, 36.05 (cyclohexyl CH2S), 40.35 

(HN(CH3)2), 54.06 (N(CH3)2), 67.61(cyclohexyl CH a to imine N), 121.01, 

126.34, 129.98, 132.95,133.39,160.51 (aromatics), 164.62 (ArC(H)=NCy). 

Figure 5.11: ORTEP representation of the crystal structure of (2-tert-hulyl-6-

cyclohexyliminomethyl-phenoxy) titanium dimethylamide dichloride 

dimethylamine (5.2) (50% probability thermal ellipsoids). Hydrogens are omitted 

for clarity. 
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Table 5.4: Selected bond lengths (A) and angles (") for (5.2). 

Ti(l)-0(1) 1.871(5) Ti(l)-N(l) 2.170(6) 
Ti(l)-N(2) 1.885(6) Ti(l)-N(3) 2.404(6) 
Ti(l)-Cl(l) 2.371(2) Ti(l)-Cl(2) 2.383(2) 
0(1)-C(1) 1.332(7) C(l)-C(2) 1.426(9) 
C(2)-C(3) 1.442(9) N(l)-C(3) 1.292(8) 
N(l)-C(4) 1.498(8) 

0(l) .Ti(l)-N(l) 82.6(2) Cl(l)-Ti(l)-Cl(2) 91.74(8) 
0(1)-Ti(l)-Cl(l) 163.34(16) N(l)-Ti(l)-Cl(2) 172.68(17) 
N(2)-Ti(l)-N(3) 177.3(2) C(l)-0(1)-Ti(l) 138.9(4) 
0(1)-C(1)-C(2) 117.6(6) C(l)-C(2)-C(3) 121.8(6) 
C(3)-N(l)-Ti(l) 123.5(5) C(3)-N(l)-C(4) 116.8(6) 
C(4)-N(l)-Ti(l) 119.7(4) C(18)-N(2)-C(19) 111.1(6) 

C(18)-N(2)-Ti(l) 124.1(5) C(19)-N(2)-Ti(l) 124.6(5) 
C(20)-N(3)-C(21) 110.2(6) C(20)-N(3)-Ti(l) 117.2(4) 
C(21)-N(3)-Ti(l) 119.7(4) 

5.7.3 (2-/^/-/-Butyl-6-cyclohexyliminoniethyl-phenoxy) titanium dimethylamide 

dichloride tetrahydrofuran (5.3). 

An ampoule was charged with Ti(NMe2)2Cl2 (0.060 g, 0.28 mmol) and THF 

(5 cm^) and cooled to -78 °C. To this was added slowly via cannula a cooled 

(-78 °C) solution of 2-rer?-butyl-6-cyclohexyliminomethyl-phenol (0.072 g, 

0.28 mmol) in THF (5 cm^). The ampoule was closed under reduced pressure and 

the reaction was allowed to quickly reach room temperature and stirred for 16 h to 

give a dark red solution. The volatiles were removed in vacuo and the residue 

extracted into petroleum (40 cm^). The solution was concentrated to ca. 10 cm^ 

before cooling to -30 °C for 24 h to yield the product as an orange powder 

(0.063 g) which was isolated by filtration and dried in vacuo. 

Yield: 0.063 g, 46%. 

8H(C6D6) 0.80-1.90 (lOH, m, cyclohexyl % s ) , 1.28 (4H, t, THF), 1.57 (9H, 

s, ArC(CH3)3), 3.54 (6H, s, N(%)2) , 3.61 (4H, t, THF), 4.40-4.60 (IH, m, 

cyclohexyl CH a to imine N), 6.83 (IH, t, aromatic), 7.11 ( IH, dd, aromatic), 7.42 

(IH, dd, aromatic) 8.30 (IH, s, ArC(i^)=NCy). 

6c(C6D6) 26.31,26.58, 26.85 (cyclohexyl CH2S), 30.55 

(ArC(CH3)3), 34.82 (THF), 35.92 (ArC(CH3)3), 53.48 (N(CH3)2), 67.24 

(cyclohexyl CH a to imine N), 69.35 (THF), 121.22 (aromatic CH), 125.65 

(quaternary aromatic), 132.78, 133.22 (aromatic CHs), 139.13, 161.08 (quaternary 
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aromatics), 164.51 (ArC(H)=NCy). 

5.7.4 Bis-(2-^ert-butyl-6-cyclohexyliminomethyl-phenoxy) titanium dicliloride 

(5.4). 

An ampoule was charged with Ti(NMe2)2Cl2 (0.071 g, 0.35 mmol) and THF 

(5 cm^) and cooled to -78 °C. To this was added slowly via cannula a cooled 

(-78 °C) solution of 2-/er?-butyl-6-cyclohexyliminomethyl-phenol (0.179 g, 

0.70 mmol) in THF (10 cm^). The ampoule was closed under reduced pressure and 

the reaction was allowed to quickly reach room temperature and stirred for 16 h to 

give a dark red solution. The volatiles were removed in vacuo and the residue 

extracted into hot toluene (20 cm^) which was allowed to cool to room temperature 

before cooling to -30 °C for 24 h. This yielded the product as a dark orange 

powder (0.080 g) that was isolated by filtration. The mother liquor was again 

cooled to -30 °C for 48 h to yield a second crop of (5.4) as dark red, X-ray 

diffraction quality crystals (0.030 g). 

Yield: 0.110 g, 49%. 

^HCCgDe) 0.50-2.35 (20H, m, cyclohexyl CTfzs), 1.79 (18H, s, ArC(C773)3), 

4.00-4.12 (2H, m, cyclohexyl CH a to imine N), 6.72 (2H, t, aromatic), 6.84 (2H, 

dd, aromatic), 7.43 (2H, dd, aromatic) 7.82 (2H, s, ArC(7f)=NCy). 

SdCeDg) 26.32, 26.66, 26.72 (cyclohexyl CHzs), 30.86 

(AiC(CH3)3), 34.82, 35.15 (cyclohexyl CHgs), 36.20 (ArC(CH3)3), 67.24 

(cyclohexyl CH a to imine N), 121.66,126.43, 132.92,134.04, 140.37,161.40 

(aromatics), 163.89 (ArC(H)=NCy). 

159 



Figure 5.12\ ORTEP representation of the crystal structure of bis-(2-rerr-butyl-6-

cyclohexyliminomethyl-phenoxy) titanium dichloride (5.4) (50% probability 

thermal ellipsoids). Hydrogens are omitted for clarity. 

Table 5.5: Selected bond lengths (A) and angles (°) for (5.4). 

0(1)-Ti(l) 1.858(3) 0(2)-Ti(l) 1.867(3) 
N(l)-Ti(l) 2.186(4) N(2)-Ti(l) 2.191(4) 
Cl(l)-Ti(l) 2.3211(14) Cl(2)-Ti(l) 2.2971(14) 
C(l)-0(1) 1.327(5) C(l)-C(2) 1.407(6) 
C(7)-N(2) 1.296(6) C(2)-C(7) 1.453(6) 
C(8)-N(2) 1.495(5) 

0(1)-Ti(l)-N(2) 81.78(13) 0(2)-Ti(l)-N(l) 82.01(14) 
0(l)-Ti(l)-0(2) 172.06(14) N(l)-Ti(l)-N(2) 80.19(13) 

Cl(l)-Ti(l)-Cl(2) 100.09(5) N(l)-Ti(l)-Cl(l) 165.87(11) 
N(2)-Ti(l)-Cl(2) 169.68(11) C(l)-0(1)-Ti(l) 145.0(3) 
0(1)-C(1)-C(2) 117.6(4) C(l)-C(2)-C(7) 121.8(4) 
C(2)-C(7)-N(2) 127.4(5) C(7)-N(2)-Ti(l) 125.4(3) 
C(8)-N(2)-Ti(l) 119.7(3) C(7)-N(2)-C(8) 115.0(4) 

5.7.5 Bis-(2-^er^-butyI-6-cyclohexyIiminomethyl-phenoxy) titanium bis-

dicthylamide (5.5). 

An ampoule was charged with Ti(NEt2)4 (0.113 g, 0.334 mmol) and THF 

(5 cm^) and cooled to -78 °C. To this was added slowly via cannula a cooled 

(-78 °C) solution of 2-terr-butyl-6-cyclohexyUminomethyl-phenol (0.174 g, 

0.67 mmol) in THF (10 cm^). The ampoule was closed under reduced pressure and 

the reaction was allowed to quickly reach room temperature and stirred for 16 h to 
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give a red solution. The volatiles were removed in vacuo and the residue extracted 

into toluene (20 cm^), filtered and concentrated to ca. 5 cm^. The solution was 

cooled to -30 °C for 24 h to yield the product as orange. X-ray diffraction quality 

crystals (0.093 g) 

Yield: 0.093 g, 39%. 

6H(C6D6) 0.45-1.78 (20H, m, cyclohexyl C^zs), 107 (12H, t, N(CH2CH3)2), 

1.80 (18H, s, ArC(C;f3)3), 3.68 (2H, tt, cyclohexyl C/f a to imine N), 4.00 (4H, 

sextet, N(C/^2CH3)2), 4.20 (4H, sextet, N(C%CH3)2), 6.80 (2H, t, aromatic), 7.07 

(2H, dd, aromatic), 7.55 (2H, dd, aromatic), 8.01 (2H, s, ArC(//)=NCy). 

4(C6D6) 15.19 (N(CH2CH3)2), 26.53, 26.67, 26.73 (cyclohexyl 

CHzs), 31.34 (AiC(CH3)3), 34.28, 35.56 (cyclohexyl CH2S), 36.26 ((ArC(CH3)3), 

48.43 (N(CH2CH3)2), 61.89 (cyclohexyl CH a to imino N), 117.63, (aromatic CH), 

125.13 (quaternary aromatic), 131.97, 133.98 (aromatic CHs), 139.79, 163.47 

(quaternary aromatics), 164.44 (ArC(H)=NCy). 

Figures. 13: ORTEP representation of the crystal structure of bis-(2-?erf-butyl-6-

cyclohexyliminomethyl-phenoxy) titanium bis-diethylamide (5.5) (50% probability 

thermal ellipsoids). Hydrogens are omitted for clarity. 
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Table 5.6: Selected bond lengths (A) and angles (°) for (5.5). 

Ti(l)-0(1) 1.961(3) Ti(l)-0(2) 1.964(3) 
Ti(l)-N(l) 2.300(3) Ti(l)-N(2) 2.272(3) 
Ti(l)-N(3) 1.936(3) Ti(l)-N(4) 1.9'H(3) 

C)(l)-C(l) 1.329(4) c:(i)-(:(:2) 1.426(5) 
C(2)-C(3) 1.444(6) tr(i)-(:(:3) 1.290(5) 
N(l)-C(4) 1.488(5) 

0(1)-Ti(l)-N(l) 81.30(11) 0(2)-Ti(l)-N(2) 81.70(11) 
0(l)-Ti(l)-0(2) 163.00(11) N(3)-Ti(l)-N(2) 173.78(12) 
N(4)-Ti(l)-N(l) 170.76(12) N(2)-Ti(l)-N(l) 82.70(11) 
N(3)-Ti(l)-N(4) 97.93(13) C(l)-0(1)-Ti(l) 142.2(2) 
0(1).C(1)-C(2) 119.1(3) C(l)-C(2)-C(3) 123.4(3) 
C(2)-C(3)-N(l) 128.8(3) (:(3)-N(l)-Ti(l) 124.1(3) 
C(3).N(1)-C(4) 114.2(3) C(4)-N(l)-Ti(l) 12L7C0 

C(35)-N(3)-Ti(l) 123.5(2) C(37)-N(3)-Ti(l) 123.9(2) 
C(35)-N(3)-C(37) 112.5(3) C(39)-N(4)-Ti(l) 12L5C0 
C(41)-N(4)-Ti(l) 124.7(2) C(39)-N(4)-C(41) 113.8(3) 

Table 5.7: Crystallographic parameters for (5.2), (5.4) and (5.5). 

Compound (&2) (5.4) (5.5) 

Chemical Formula (:2iH37(:i2r43()iTrii C^gH^CbNgOzTi 1 C42H68N402Tii 
Formula Weight 46634 819.81 708.90 
Crystal System Monoclinic Tetragonal Monoclinic 
Space Group f2 i / c f - 4 P2\ln 

o/A 7.4024(3) 25.2383(6) 10.8799(3) 
b/A 41.996(2) 25.2383(6) 24.4770(8) 
c/A 8.8849(4) 14.3015(5) 15.2713(4) 

90 90 90 
118.350(3) 90 92.0460(10) 

90 90 90 
2430.79(19) 9109.7(4) 4064.3(2) 

Z 4 8 4 
77K 120 120 120 

0,588 0344 0.249 
fXOOO) 992 3504 1544 

No. Data collected 8820 40737 58361 
No. Unique data 3773 18675 7146 

•̂ int &1103 0XK26 0.2782 
IFiniU j?(|jGl) for 0.0869 0X#80 0.0801 

I>2a{I) 
Final R(J^) for all a i 7 1 6 &1435 a i 7 9 3 

data 
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5.7.6 Bis-(2-/ff/t-butyl-6-cyclohexyliminomethyl-phenoxy) zirconium 

dichloride (5.6). 

An ampoule was charged with Zr(NEt2)2Cl2(THF)2 (0.123 g, 0.27 mmol) and 

THF (5 cm^) and cooled to -78 °C. To this was added slowly via cannula a cooled 

(-78 °C) solution of 2-z'er?-butyl-6-cyclohexyliminomethyl-phenol (0.142 g, 

0.55 mmol) in THF (10 cm^). The ampoule was closed under reduced pressure and 

the reaction was allowed to quickly reach room temperature and stirred for 16 h to 

give a yellow solution. The volatiles were removed in vacuo and the residue 

extracted into toluene ( 3 x 1 0 cm^) and filtered. The solution was concentrated to 

10 cm^ before cooling to -30 °C for 24 h. This yielded the product as a bright 

yellow solid (0.080 g) that was isolated by filtration. 

Yield: 0.080 g, 43%. 

8H(C6D6) 0.40-2.30 (20H, m, cyclohexyl C^zs), 1.72 (18H, s, ArC(C/f3)3), 

4.00 (2H, br t, cyclohexyl CH a to imine N), 6.71 (2H, t, aromatic), 6.81 (2H, dd, 

aromatic), 7.43 (2H, dd, aromatic), 7.89 (2H, s, ArC(//)=NCy). 

ScCCeDg) 26.20, 26.40, 26.55 (cyclohexyl CHzs), 30.72 

(ArC(CH3)3), 34.41, 34.59 (cyclohexyl CHzs), 36.10 (ArWH])] ) , 63.68 

(cyclohexyl CH a to imine N), 120.61 (aromatic CH), 124.99 (quaternary 

aromatic), 133.52, 134.29 (aromatic CHs), 141.28, 160.07 (quaternary aromatics), 

167.52 (ArC(H)=NCy). 

5.7.7 Bis-(2-?er^-butyl-6-cyclohexyIiminomethyl-phenoxy) zirconium bis-

diethylamide (5.7). 

An ampoule was charged with Zr(NEt2)4 (0.098 g, 0.26 mmol) and THF 

(5 cm^) and cooled to -78 °C. To this was added slowly via cannula a cooled 

(-78 °C) solution of 2-fgrr-butyl-6-cyclohexyliminomethyl-phenol (0.134 g, 

0.52 mmol) in THF (10 cm^). The ampoule was closed under reduced pressure and 

the reaction was allowed to quickly reach room temperature and stirred for 16 h to 

give a yellow solution. The volatiles were removed in vacuo and the residue 

extracted into toluene (20 cm^), filtered and concentrated to ca. 5 cm^. The solution 

was cooled to -30 °C for 24 h to yield the product as yellow, X-ray diffraction 

quality crystals (0.113 g) 

Yield: 0.113 g, 58%. 
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6H(C6D6) 0.35-1.95 (20H, m, cyclohexyl % s ) , 1.17 (12H, t, N(CH2C^3)2), 

1.77 (18H, s, ArC(C%)3), 3.55-3.95 (lOH, m, NEtz and cyclohexyl CH a to imlne 

N), 6.77 (2H, t, aromatic), 7.02 (2H, dd, aromatic), 7.51 (2H, dd, aromatic), 8.02 

(2H, s, ArC(^=NCy). 

6c(C6D6) 15.66 (NCCHzCHs);), 26.46, 26.54, 26.70 (cyclohexyl 

CHzs), 31.07 (ArC(CH3)3), 34.04, 35.03 (cyclohexyl CH2S), 36.21 (ArC(CH3)3), 

43.74 (N(CH2CH3)2), 62.26 (cyclohexyl CH a to imino N), 118.07 (aromatic CH), 

125.17 (quaternary aromatic), 132.44, 134.23 (aromatic CHs), 140.68, 162.15 

(quaternary aromatics), 166.19 (ArC(H)=NCy). 

Figure 5.14: ORTEP representation of the crystal structure of bis-(2-rerf-butyl-6-

cyclohexyliminomethyl-phenoxy) zirconium bis-diethylamide (5.7) (50% 

probability thermal ellipsoids). Hydrogens are omitted for clarity. 

Table 5.8: Selected bond lengths (A) and angles (°) for (5.7). 

0(1)-Zr(l) 2.046(3) 0(2)-Zr(l) 2.053(3) 
N(l)-Zr(l) 2.429(4) N(2)-Zr(l) 2.392(4) 
N(3)-Zr(l) 2.066(4) N(4)-Zr(l) 2.078(3) 
C(l)-0(1) 1.336(5) C(l)-C(6) 1.423(7) 
C(6)-C(7) 1.436(7) C(7)-N(l) 1.274(6) 

C(12)-N(l) 1.497(6) 

0(1)-Zr(l)-N(l) 76.87(13) 0(2)-Zr(l)-N(2) 77.25(12) 
0(l)-Zr(l)-0(2) 157.22(12) N(2)-Zr(l)-N(4) 172.49(15) 
N(l).Zr(l)-N(3) 169.08(14) N(l)-Zr(l)-N(2) 81.17(13) 
N(3)-Zr(l)-N(4) 99.41(15) C(l ) .0( l ) .Zr( l ) 145.3(3) 
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0(1)-C(1)-C(6) 118.2(4) C(l)-C(6)-C(7) 124.5(5) 
C(6)-C(7)-N(l) 129.3(5) C(7)-N(l)-Zr(l) 125.2(3) 

C(7)-N(l)-C(12) 115.2(4) C(12)-N(l)-Zr(l) 119.5(3) 
C(35).N(3)-Zr(l) 121.8(3) C(36)-N(3)-Zr(l) 125.2(3) 
C(35)-N(3)-C(36) 112.9(4) C(39)-N(4)-Zr(l) 122.7(3) 
C(40)-N(4)-Zr(l) 124.1(3) C(39)-N(3)-C(40) 113.1(4) 

5.7.8 (2-?ert-Butyl-6-cyclohexyIiminomethyl-phenoxy) [2-/er/-butyl-6-(l-

cyclohexylamido-2-ethylamido-propyl)-phenoxy] niobium diethylamide (5.8). 

5.7.8.1 1:1 Reaction. 

An ampoule was charged with Nb(NEt2)4 (0.296 g, 0.78 mmol) and THF 

(8 cm^) and cooled to -78 °C. To this was added slowly via cannula a cooled 

(-78 °C) solution of 2-rerr-butyl-6-cyclohexyliminomethyl-phenol (0.201 g, 

0.78 mmol) in THF (8 cm^). The ampoule was closed under reduced pressure and 

the reaction was allowed to quickly reach room temperature and stirred for 16 h to 

give a dark orange/brown solution. The volatiles were removed in vacuo and the 

residue extracted into petroleum (10 cm^). The solution was concentrated to ca. 5 

cm^ and cooled to -30 °C to yield (5.8) as orange, X-ray diffraction quality crystals 

(0.052 g). 

Yield (0.052 g, 9%). 

5.7.8.2 2:1 Reaction. 

An ampoule was charged with Nb(NEt2)4 (0.199 g, 0.52 mmol) and THF 

(10 cm^) and cooled to -78 °C. To this was added slowly via cannula a cooled 

(-78 °C) solution of 2-?er?-butyl-6-cyclohexyliminomethyl-phenol (0.270 g, 

1.04 mmol) in THF (10 cm^). The ampoule was closed under reduced pressure and 

the reaction was allowed to quickly reach room temperature and stirred for 16 h to 

give a dark orange/brown solution. The volatiles were removed in vacuo and the 

residue extracted into petroleum (10 cm^). The solution was left to stand at RT to 

yield (5.8) as orange, X-ray diffraction quality crystals (0.085 g). 

Yield: (0.085 g, 22%). 

6H(C6D6) 0.72-2.15 (20H, m, cyclohexyl C/f2s), 0.82 (6H, t, N(CH2C^3)2), 

0.98 (3H, t, ArCH(NCy)CH(CH3)NCH2C773), 1.34 (3H, d, 

ArCH(NCy)CH(CH3)NCH2CH3), 1.62 (9H, s, ArC(CB3)3), 1.76 (9H, s, 

ArC(C^3)3), 3.41 (IH, m, ArCH(NCy)CH(CH3)NC^2CH3), 3.55-3.78 (3H, m. 
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cyclohexyl CH a to amide N and N(C%CH3)2), 4.01 (IH, sextet, 

ArCH(NCy)CH(CH3)NC%CH3), 4.10-4.24 (2H, m, cyclohexyl CH a to imine N 

and ArCH(NCy)CWH3)NCH2CH3), 4.38-4.60 (2H, br s, N(C;f2CH3)2), 4.45 (IH, 

s, ArCH(NCy)CH(CH3)NCH2CH3),6.72 (IH, t, aromaUc), 6.89 (IH, t, aromatic), 

6.98-7.05 (2H, m, aromatics), 7.40-7.52, (2H, m, aromatics), 8.20 (IH, s, 

ArC(/0=NCy). 

'^C{^H) 6c(C6D6) 14.81 (N(CH2CH3)2), 16.60 

(ArCH(NCy)CH(CH3)NCH2CH3), 21.25 (ArCH(NCy)CH(CH3)NCH2CH3), 26.27, 

26.55, 26.88, 27.15, 27.37 (cyclohexyl CH2S), 31.52, 32.19 (ArC(CH3)3s), 34.33, 

34.42, 35.22, 35.84 (cyclohexyl CH2S), 36.06, 36.12, (ArC(CH3)3s), 45.84 

(N(CH2CH3)2), 52.17 (ArCH(NCy)CH(CH3)NCH2CH3), 61.55 (cyclohexyl CH a 

to imine N), 64.17 (cyclohexyl CH a to amide N), 73.21 

(ArCH(NCy)CH(CH3)NCH2CH3), 75.43 (ArCH(NCy)CH(CH3)NCH2CH3), 

117.68, 119.27 (aromatic CHs), 124.24 (quaternary aromatic), 126,57, 128.21, 

132.89, 133.74 (aromatic CHs), 138.16, 140.20, 162.64, 164.09 (quaternary 

aromatics), 166.78 (ArC(H)=NCy). 

8H(C6D5CD3) 0.75-2.15 (20H, m, cyclohexyl Cff2s), 0.82 (6H, t, 

N(CH2C^3)2), 0.96 (3H, t, ArCH(NCy)CH(CH3)NCH2C/f3), 135 (3H, d, 

ArCH(NCy)CH(%)NCH2CH3), 1.60 (9H, s, 'Bu RC(CH3)3s), 1.74 (9H, s, 'Bu 

RC(CH3)s), 3.37 (IH, sextet, ArCH(NCy)CH(CH3)NC%CH3), 3.55-3.70 (3H, m, 

cyclohexyl CH a to amide N and N(C%CH3)2), 3.99 (IH, sextet, 

ArCH(NCy)CH(CH3)NC%CH3), 4.07-4.20 (2H, m, cyclohexyl C7f a to imine N 

and ArCH(NCy)C^(CH3)NCH2CH3), 4.37-4.55 (2H, br s, N(C^2CH3)2), 4.42 (IH, 

s, ArC/f(NCy)CH(CH3)NCH2CH3), 6.70 (IH, t, aromatic), 6.83 (aromatic), 6.96 

(IH, dd, aromatic), 6.99 (IH, dd, aromatic), 7.37 (IH, dd, aromatic), 7.44 (IH, dd, 

aromatic), 8.20 (IH, s, ArC(//)=NCy). 

'^C{^H} 8c(C6D5CD3) 14.10 (N(CH2CH3)2), 15.90 

(ArCH(NCy)CH(CH3)NCH2CH3), 20.55 (ArCH(NCy)CH(CH3)NCH2CH3), 25.69, 

25.98, 26.24, 26.51, 26.68 (cyclohexyl CH2S), 30.82, 31.50 (ArC(CH3)3s), 33.68, 

33.89, 34.56, 35.15 (cyclohexyl CH2S), 35.39, 35.43 (ArC(CH3)3s), 45.13 

(N(CH2CH3)2), 51.40 (ArCH(NCy)CH(CH3)NCH2CH3), 60.87 (cyclohexyl CH a 

to imine N), 63.50 (cyclohexyl CH a to amide N), 72.54 

(ArCH(NCy)CH(CH3)NCH2CH3), 74.86 (ArCH(NCy)CH(CH3)NCH2CH3), 
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117.01, 118.64 (aromatic CHs), 123.58 (quaternary aromatic), 125.83, 127.50 

(aromatic CHs), 132.02 (quaternary aromatic), 132.14, 133.07 (aromatic CHs), 

139.51, 161.92, 163.46 (quaternary aromatics), 166.14 (ArC(H)=NCy). 

C3 CIO r;i3 

Figure 5.15: ORTEP representation of the crystal structure of {2-tert-h\xiy\-6-

cyclohexyliminomethyl-phenoxy) [2-tert-b\xty\-6-{ 1 -cyclohexylamido-2-

ethylamido-propyl)-phenoxy] niobium diethylamide (5.8) (50% probability 

thermal ellipsoids). Hydrogens are omitted for clarity. 

Table 5.9: Selected bond lengths (A) and angles (°) for (5.8). 

0(1)-Nb(l) 2.019(3) 0(2)-Nb(l) 2.051(3) 
N(l)-Nb(l) 2.002(3) N(2)-Nb(l) 1.987(3) 
N(3)-Nb(l) 2.336(3) N(4)-Nb(l) 2.027(3) 
C(l)-0(1) 1.359(4) C(l)-C(2) 1.413(5) 
C(2)-C(3) 1.519(5) C(3).N(1) 1.488(5) 
C(4)-N(l) 1.460(5) C(3)-C(10) 1.530(6) 

C(10)-N(2) 1.484(5) C(10)-C(13) 1.520(5) 
C(ll)-N(2) 1.453(5) C(ll)-C(12) 1.525(6) 
C(22)-0(2) 1.320(5) C(22)-C(23) 1.412(5) 

C(23)-C(24) 1.440(5) C(24)-N(3) 1.298(5) 
C(25)-N(3) 1.486(5) C(39)-N(4) 1.480(5) 
C(41)-N(4) 1.469(5) C(39)-C(40) 1.520(6) 

C(41)-C(42) 1.529(6) 

N(2).Nb(l)-N(l) 81.65(13) N(2)-Nb(l)-0(1) 92.18(12) 
N(l)-Nb(l)-0(1) 87.79(11) C(l)-0(1)-Nb(l) 125.7(2) 
C(3).N(1)-C(4) 117.3(3) C(4)-N(l)-Nb(l) 135.6(2) 

C(3)-N(l).Nb(l) 107.2(2) C(10)-N(2)-C(ll) 114.2(3) 
C(ll)-N(2)-Nb(l) 130.6(3) C(10)-N(2)-Nb(l) 114.9(2) 
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N(l)-C(3)-C(2) 113.0(3) N(l)-C(3)-C(10) 106.1(3) 
C(2)-C(3)-C(10) 111.7(3) N(2)-C(10)-C(13) 111.2(3) 
N(2)-C(10)-C(3) 106.0(3) C(13)-C(10)-C(3) 114.2(3) 
c)(i)-(:(i)-(:(2) 121.5(3) C(l)-C(2)-C(3) 123.8(4) 

C(22)-0(2)-Nb(l) 134.0(2) C(24)-N(3)-Nb(l) 120.6(2) 
C(24)-N(3)-C(25) 116.2(3) C(25)-N(3)-Nb(l) 122.8(2) 
0(2)-C(22)-C(23) 119.5(4) C(22)-C(23)-C(24) 122.6(4) 
N(3)-C(24)-C(23) 128.9(4) C(39)-N(4)-C(41) 112.5(3) 
C(39)-N(4)-Nb(l) 126.2(3) C(41)-N(4)-Nb(l) 121.2(3) 
N(l)-Nb(l)-N(4) 177.59(13) 0( l ) -Nb(l ) -0(2) 165.97(10) 
N(2)-Nb(l)-N(3) 172.15(12) 

Table 5.10: Crystallographic parameters for (5.7) and (5.8). 

Compound C&7) (5.8) 

Chemical Formula C42H6gN402Zri C42H67N4Nbi02 
Formula Weight 75Z22 752.91 
Crystal System Monoclinic Monoclinic 
Space Group f2i/M f2 i /» 

a/A 11.0808(9) 13.0405(6) 
6/A 24.488(2) 14.3836(5) 
c/A 15.3939(12) 21.5695(11) 

90 90 
92399 100.335(2) 

90 90 
4173.5(6) 3980.1(3) 

Z 4 4 
77K 120 120 

(1301 &342 
F(000) 1616 1616 

No. Data collected 44564 24410 
No. Unique data 8885 8968 

0.2474 0.1175 
]3naia!(p^)fbr/>2eOO 0.0663 0.0587 
Final R{F^) for all data 0J356 (11157 
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Chapter 6 

Synthesis of Dianionic Tridentate Diamidoxanthene and 

Diamidodibenzofuran "NON-Ligands" and Their 

Titanium Complexes 

6.1 Introduction 

The work reported here represents the beginning of a program to investigate 

the use of rigid, tridentate diamide ligands in early transition metal chemistry. The 

ligands studied thus far are based on 4,5-diamidoxanthene (A) and 4,5-

diamidodibenzofuran (B) architectures (Scheme 6.1) which were anticipated to 

bind to the metal through the two amide nitrogens and the neutral oxygen atom. 

The fact that the ligand backbones are two phenyl rings linked in two places will 

ensure their rigidity and ensure that the ligand should bind metal centres in a mer 

fashion. In analogous ligands that feature three donor atoms but with a more 

flexible backbone the ligand can bind either in a mer or a / a c fashion. 

B 

Scheme 6.1: 4,5-diamidoxanthene (A) and 4,5-diamidodibenzofuran (B) based 

ligands studied. 

These ligand designs were chosen because they offer the opportunity to study 

the effect of the bite angle of the different ligands on metal centres and catalytic 

reactions. The dibenzofuran-based ligands should locate the amide groups further 

apart from each other than in the xanthene-based ligands. This is due to the 

constrained nature of the central furan. This difference in the distance between the 

two donor-nitrogens should result in differences in the properties of metal 

complexes upon coordination. As well as a difference in the N-M-N angle and the 
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M - 0 distance there might be increased strain in complexes of the dibenzofuran-

based ligands. Suitable complexes of each ligand type could be tested for 

polymerisation catalytic activity to test if there are significant differences due to 

the bite angle of the ligand. 

The 4,5-diamidoxanthene and 4,5-diamidodibenzofuran ligands are similar to 

a class of tridentate diamido ligands studied by Schrock/"^ These ligands feature 

two anilide donors linked by an ortho-oxyl ether moiety (Scheme 6.2). 

F|1 = = C(CD3)2CH3 
= r 2 = /-Pr 

R^ = = Cy 

R̂  = R^ = SilVles 
=: = 0.5 Me2SiCH2CH2SiMB2 

R̂  = R^ = 2,4,6-Me3C6H2 

2 -Scheme 6.2: Series of tridentate diamido ligands of the type [(RN-o-C6H4)20] 

prepared by Schrock. 

The ligands of Scheme 6.2 were used to form complexes of Ti, Zr and Hf 

that were studied for a-olefin polymerisation activity. The typical method of 

preparation of the metal complexes involves reaction of the diamine ligand with a 

M(NMe2)4 complex to give the (NON)M(NMe2)2 species. The dimethylamide 

ligands remaining on the metal centre are then substituted for halides (by reaction 

with trimethylchlorosilane) before reaction with methyl-Grignard to give the 

dimethyl complexes. Schrock reports that whether the tridentate ligands adopt a 

mer oxfac geometry depends on the steric interaction between the amide 

substituent and other co-ligands. It is thought that the mer structure is preferred for 

steric reasons up to the point where steric clash between the amide substituents and 

the R' ligands becomes significant. Crystallographic data suggests that these 

complexes prefer to adopt the/ac structure but the NMR data suggests that the two 

inequivalent R' ligands rapidly exchange on the NMR time scale in solution via a 

mer structure. Cationic species are then formed from (N0N)MR'2 by alkyl 

abstraction with B(C6F5)3, [Ph3C][B(C6F5)4] or [PhNMe2H][B(C6F5)4]. These 

cationic species are generally unstable in solution and decompose in hours at room 

temperature but are stable at - 3 0 °C. 
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Schrock and co-workers have also reported similar tridentate dianionic 

"NON-ligands" with an aliphatic backbone. One type is the [(ArylNCH2CH2)20]"' 

ligand [(A), Scheme 6.3] / which was used to synthesise zirconium complexes of 

the same type as discussed above. Crystallographic data showed this class of 

(N0N)MR2 complexes adopt a mer structure, most probably due to the planar 

nature of the aryl amide substituents resulting in lower steric clash than with the 

tetrahedral alkyl and silyl groups. 

Ar^ /-s. , 0 ^ / A r 
N N 
e 0 sy 

(A) (B) 

Ar = 2,6-M82C6H3 Ar = Ar" = 2,6-M82CgH3 
Ar = 2,6-Et2C6H3 = 2.6-M82C6H3, Ar* =2,6-f-Pr2C6H3 
Ar = 2,6-APr2CgH3 

Scheme 6.3: Two types of tridentate dianionic "NON-ligands" reported by 

Schrock. 

The second type of ligand was a tridentate diamido "NON-ligand" with 

restricted geometry [(B), Scheme 6.3]/° This cz5-2,5-bis-((arylamido)methyl)-

tetrahydrofuran ligand could be prepared either with symmetrical (R = R' = 2,6-

MezCgHs) or unsymmetrical (R = 2,6-Me2C6H3, R' = 2,6-/-PrC6H3) TV-substitution. 

This ligand was used to prepare a zirconium complex of the type (N0N)ZrMe2 in 

which the "NON-ligand" was shown to occupy the mer sites. Cationic species 

derived from (N0N)ZrMe2 were shown to be active for the polymerisation of 

propylene and 1-hexene. 

NPhg NPhg 

Figure 6.1: Diaminoxanthene-based ligand reported by van Leeuwen. 
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A similar Hgand (Figure 6.1) to the diamidoxanthene-based Hgand reported 

here has been employed by van Leeuwen and co-workers in the study of palladium 

catalysed allylic alkylation^^ and rhodium catalysed hydroformylation.'^ The 

nitrogen atoms each bear two phenyl groups and the Hgand is thus used as a neutral 

diamine Hgand. 

NH NH NH NH 
T r \ / "Tr \ / 

TiL4 L,Ti TiL4 L,TI 

NH NH 
\ / "n 

TiL4 Î Ti 

Scheme 6.4: Series of titanium complexes utilising NON-Hgands reported by 

Maruoka and co-workers (Tr = trityl). 

A series of NON-Hgands (Scheme 6.4) including diaminodibenzofuran and 

diaminoxanthene have been employed by Maruoka and co-workers to support 

titanium(IV) oxide complexes .The trityl-substituted secondary amino moieties 

bridge between two titanium centres. These complexes are used as catalysts for the 

asymmetric allylation of aldehydes and aryl ketones. 

" NMes MegN 

R = H, Me 

Figure 6.2: Dibenzofuran-bridged bis-diamine Hgands studied by Hagadom. 

A pair of Hgands featuring two diamine groups located on a dibenzofuran 

backbone have been synthesised by Hagadom and co-workers (Figure 6.2).^^ The 

Hgand containing the secondary amine groups (R = H) was deprotonated to yield a 

dianionic bis-amidoamine coordinating to two lithium atoms. It was also 

coordinated to Zn and A1 centres, bridging between two metal centres in each case. 
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Results and Discussion 

Bu' 

NH HN 

(6.1) (6.2) 

(6.3) 

HN NH 

(6.4) 

(6.5) 

N ^ _ I _^N 

MegN NMe; 

(6.6) 

Bu' 

(6.7) 

Figure 6.3: Diaminoxanthene ligands (6.1) and (6.2), diaminodibenzofuran ligand 

(6.3), dilithium diamidodibenzofuran complex (6.4), and diamidoxanthene 

titanium complexes (6.5)-(6.7) synthesised. 
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6.2 Synthesis of diaminoxanthene and diani inodibenzofuran ligands 

The two diaminoxanthene compounds (6.1) and (6.2) were synthesised via a 

palladium catalysed coupling reaction between 4,5-dibromo-2,7-di-ferr-butyl-9,9-

dimethyl-xanthene and a primary amine. The catalytic procedure followed was that 

used to couple o-(l-cyclohexylimino-ethyl)-aniline with bromomesitylene (see 

Chapter 2) and so employed a palladium(O) carbene complex as catalyst. The 

reaction was performed in 1,4-dioxane and the palladium(O) carbene complex was 

generated from Pd(dba)2, l,3-bis-(2,6-diisopropylphenyl)imidazolinium chloride 

and base (NaOBu'). The catalytic loading was 3% Pd (based on 4,5-dibromo-2,7-

di-fer?-butyl-9,9-dimethyl-xanthene) for (6.1) and 5% Pd for (6.2). The reactions 

were followed by NMR spectroscopy and appeared to show quantitative 

conversion after ca. 3 days at 100 °C. 

The amine used to synthesise compound (6.1) was cyclohexylamine. This 

gave the 4,5-dicyclohexylamino-2,7-di-ferr-butyl-9,9-dimethyl-xanthene product in 

76% yield as a pale yellow solid following recrystallisation from petroleum. 

2x 

NaOBu 

Pd(dba)2 

Pr' Pr' 

1,4-Dioxane 

CI0 

Scheme 6.5: Synthesis of (6.1). 

The analogous reaction between 4,5-dibromo-2,7-di-?er?-butyl-9,9-dimethyl-

xanthene and mesitylaniline gave 4,5-di-(2,4,6-trimethylanilino)-2,7-di-fer?-butyl-

9,9-dimethyl-xanthene (6.2) in 69% yield as a white solid following 

recrystallisation from ethanol. 
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NaOBu' 

Pd(dba)2 

Pr' cie 

1,4-Dioxane 

Bu' Bu' 

HN NH 

Scheme 6.6\ Synthesis of (6.2). 

The 4,5-di-(2,4,6-trimethylanilino)-dibenzofuran (6.3) ligand was 

synthesised using the same catalytic system as (6.1) and (6.2) employing 5% Pd. 

The ligand was prepared as a white solid from 4,5-dibromo-dibenzofuran and 

mesitylaniline. The yield was 61% following recrystallisation from ethanol. 

+ 

2 x 

NaOBu' 

Pd(dba)2 

Pr' 
I ^ r ^ 616 

1,4-Dioxane 

HN NH 

Scheme 6.7: Synthesis of (6.3). 

6.2.1 N M R spectroscopy for (6.1), (6.2) and (6.3) 

The NMR data of the two diaminoxanthene ligands (6.1) and (6.2) are very 

similar. The NMR spectra of both compounds contains two aromatic signals as 

singlets between ca. 6-7 ppm due to the xanthene backbone. The tert-butyl methyl 

groups appear at ca. 1.3-1.4 ppm in the proton spectra and at ca. 32 ppm in the 

carbon NMR spectra. The methyls of the xanthene backbone resonate at 1.62 ppm 

in the NMR spectrum of (6.1) and at 1.89 ppm for (6.2) whilst appearing in a 

similar position to the fer^-butyl methyls in the NMR spectra of both 

compounds (ca. 32 ppm). The position of the resonance of the amine proton is 
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sensitive to the nature of the amino substituent. The resonance of the alkyl-

substituted amine proton of (6.1) appears at 4.03 ppm in the proton NMR spectrum 

whilst that of the aryl-substituted amine of (6.2) appears at 5.73 ppm. The NH 

resonance of (6.1) appears as a doublet due to coupling to the methine CH of the 

cyclohexyl group. The cyclohexyl groups of (6.1) appear as several multiplets in 

the proton NMR spectrum but the fact that they appear as only four signals in the 

^H} NMR spectrum shows that they are flipping fast in than the NMR 

timescale. Similarly, the NMR data for (6.2) of only one signal for the mesityl 

aromatic CHs and two signals in a 2:1 ratio for the mesityl methyl groups shows 

that the mesityl rings are freely rotating about the C-N bond. 

Table 6.1: A comparison of selected and NMR data for (6.1) and 

(6.2)." 

Compound (6.1) (6.2) 
XantheneCHas 1.62 1.89 

XantheneC(C/f3)3S 1.35 1 .39 
fW? 4.03 5 ^ 3 

Xanthene CH3S 32.25 32.15 
Xanthene C(CH3)3S 32.32 3 2 . 2 0 

Spectral data expressed in ppm; solvent = CDCI3. 

The aromatic protons of the dibenzofuran backbone of (6.3) appear in the 

NMR spectrum as two doublets at 6.28 and 7.33 ppm and a triplet at 7.09 ppm 

whilst the amine NH resonance appears at 5.69 ppm. This position of the NH is 

almost identical to that for (6.2), which essentially features the same substitution of 

the amine moiety. The resonances due to the mesityl groups of (6.3) are located in 

practically identical positions to those of (6.2) in both the proton and carbon NMR 

spectra (see Table 6.2). 
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(6.3). 

Table 6.2\ A comparison of selected 'H and NMR data for (6.2) and 

Compound (6.2) (6.3) 
Mesityl C//3S 2.38, 2.44 2.28, 2.36 

Mesityl aromatic CHs 7.09 7.01 
5.73 5.69 

Mesityl CH3S 18.98,21.55 18 .94 ,21 .64 
Mesityl aromatic CHs 129.86 129.98 

^ Spectral data expressed in ppm; solvent = CDCI3. 

6.3 Synthesis of dil ithium 4,5-di-(2,4,6-trimethylanilido)-dibenzofuraii (6.4) 

It was possible to deprotonate (6.3) with n-butyllithium to give the dilithium 

4,5-di-(2,4,6-trimethylamlido)-dibenzofuran (6.4) species. The reaction was 

performed in petroleum (40/60) with the addition of n-butyllithium to (6.3) at 

-78 °C. After allowing to reach RT and stirring for 15 h the product was formed as 

a white solid that was isolated by filtration in 85% yield. The compound was 

extremely air and moisture sensitive but could be stored indefinitely under N2 in a 

glovebox. 

HN NH 
Petrol -78 °C to RT 

Scheme 6.8: Synthesis of (6.4). 

6.3.1 N M R spectroscopy for (6.4) 

The absence of a peak assignable to the amine Ni^ in the NMR spectrum 

of (6.4) was strong evidence that deprotonation of both amine groups of (6.3) had 

occurred. The aromatic protons of the dibenzofuran backbone appear as a doublet 

at 6.32 ppm and two overlapping signals centred at ca. 1 ppm integrating as four 

protons. The mesityl aromatic CHs appear as a singlet at 6.63 ppm in the NMR 

spectrum and one signal at 131.27 ppm in the NMR spectrum. The 
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mesityl methyls appear as two signals in a 2:1 ratio in the NMR spectrum and 

as two signals in the NMR spectrum which indicates that the mesityl rings 

are freely rotating about the C-N bonds in (6.4) as they were in the neutral diamine 

precursor (6.3). 

6.4 Synthes is of 4,5-dicyclohexylamido-2,7-( l i -^err-butyl-9,9-dimethyl-xanthene 

t i tanium dibenzyl (6.5) 

A small scale reaction was conducted between 4,5-dicyclohexylamino-2,7-di-

/err-butyl-9,9-dimethyl-xanthene (6.1) and titanium tetrabenzyl. The reaction was 

performed in the absence of light in a Young's tap NMR tube in (f^-PhMe. After 

leaving the NMR tube at RT overnight the proton NMR spectrum showed evidence 

of reaction based on the appearance of peaks not assignable to starting materials. 

Heating the NMR tube at 80 °C for three hours resulted in the disappearance of the 

peaks due to the starting materials in the proton NMR spectrum. The spectrum now 

contained peaks assignable to 4,5-dicyclohexylamido-2,7-di-rerr-butyl-9,9-

dimethyl-xanthene titanium dibenzyl (6.5) as well as free toluene as a result of 

protonolysis of two of the benzyl groups on each titanium centre. Removal of the 

volatiles from this sample in vacuo and redissolving the residue in c^-PhMe gave a 

dark red solution. Proton and carbon NMR supported the identification of the 

species as 4,5-dicyclohexylaniido-2,7-di-?er/-butyl-9,9-dimethyl-xanthene titanium 

dibenzyl. Attempts to scale up this reaction and isolate the product were 

unfortunately unsuccessful. Proton NMR analysis of the reactions revealed that a 

mixture of unidentified species and (6.5) was obtained. 

Ti(benzyl)4 

-PhMe 80 °C 

Scheme 6.9: Synthesis of (6.5). 
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6.4.1 N M R spectroscopy for (6.5) 

The proton NMR spectrum of (6.5) does not contain a resonance assignable 

to the amino protons of the ligand. The CHis of the two benzyl groups appear as a 

singlet at 2.92 ppm in the NMR spectrum and one peak at 84.53 ppm in the 

'H} NMR spectrum. The tert-buiyl and methyl groups of the xanthene 

backbone each give rise to one set of peaks in the NMR spectra. The two 

cyclohexyl groups appear as six peaks in the NMR spectrum. These 

observations suggest that the complex possesses Cg symmetry. The aromatic 

protons of the complex give rise to three multiplets due to overlapping signals with 

a total integral of fourteen. The NMR spectrum allows for more detailed 

assignment of the aromatics as it shows signals due to five aromatic CHs and five 

quaternary carbons. The symmetric diamidoxanthene ligand gives rise to two 

aromatic CHs and four quaternary aromatics and the benzyl ligands are observed 

as three aromatic CHs and one quaternary aromatic. 

6,5 Synthes is of 4 ,5 -d iamidoxanthcne t i tanium b i s -d i ine thy lamide complexes 

Attempts to synthesise titanium complexes of the 4,5-diamidoxanthene 

ligands followed the strategy shown below (Scheme 6.10). It involved in situ 

double deprotonation of the 4,5-diaminoxanthene precursor followed by reaction 

of the resultant dilithium-diamide species with Ti(NMe2)2Cl2. This would then 

give the 4,5-diamidoxanthene titanium bis-dimethylamide species as well as LiCl. 

i) 2 X Bu"Li 

ii) Ti(NMe2)2Cl2 

EtgO " " 
. U i . 

MGgN NMG2 

Scheme 6.10: Synthesis of (6.6) (R=cyclohexyl) and (6.7) (R=mesityl). 

There were great problems involved in the isolation of (6.6) which contained 

the cyclohexylamide groups. NMR analysis of the reaction mixture showed it to be 

a mixture of the free ligand (6.1) and other species containing dimethylamide 

groups. It did not prove possible to isolate the desired product in large amounts due 
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to the extremely high solubility of both (6.1) and (6.6) in petroleum, diethyl ether 

and toluene. Solutions of ca. 1 cm^ precipitated no solid when cooled to -30 °C. A 

very small crop of crystals suitable for X-ray diffraction studies was obtained from 

a very small amount of diethyl ether, however it was such a small amount that all 

were taken out of the Schlenk tube to obtain the crystal structure. As a result of this 

failure to isolate the pure product, satisfactory NMR spectra were not recorded for 

complex (6.6). The small crop of crystals obtained from diethyl ether did yield the 

crystal structure of (6.6). 

The mesitylamide containing complex (6.7) was obtained pure in good yield 

by crystallisation from petroleum to give the product as an orange solid. 

6.5.1 N M R spectroscopy for (6.7) 

The proton NMR spectrum does not contain a peak assignable to an amino 

proton. The complex appears to have C2-symmetry similar to (6.5) with the two 

tert-huiyl and two methyl groups of the xanthene backbone each giving rise to one 

set of peaks in the and ^H} NMR spectra. The mesityl methyl groups 

appear as two signals in both of the and 'H} NMR spectra with the 

integrals of the two peaks in the proton spectrum having the ratio of 2:1. The two 

dimethylamide groups appear as one signal in each of the and NMR 

spectra. 

6.5.2 X-ray diffraction study on compound (6.6) 

X-ray diffraction quality crystals of (6.6) were grown by cooling a saturated 

diethyl ether solution to - 3 0 °C to give the product as red blocks. One of the tert-

butyl groups of the xanthene backbone was disordered and was modelled as two 

staggered rgrf-butyl groups sharing one tertiary carbon. The structure also features 

a highly disordered molecule of diethyl ether in the unit cell. 
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CIO 
C33a 

Figure 6.4: ORTEP representation of the crystal structure of 4,5-di-

cyclohexylamicio-2,7-di-rerr-butyl-9,9-dimethyl-xanthene titanium bis-

dimethylamide (6.6) (50% probability thermal ellipsoids). A disordered molecule 

of diethyl ether is removed for clarity. Hydrogens are omitted for clarity. 

The geometry of the complex is best described as distorted trigonal 

bipyramidal with the dimethylamide nitrogens and the xanthene oxygen occupying 

the equatorial positions with the nitrogens of the diamidoxanthene ligand in the 

apical sites. The angles between the equatorial atoms [N(3)-Ti(l)-0(1) 99.88°; 

N(4) -Ti ( l ) -0 (1 ) 154.75(16)°; N(3)-Ti( l )-N(4) 105.30(19)°] and the angle between 

the apical nitrogens [N(l)-Ti(l)-N(2) 139.01(16)°] show how distorted from the 

ideal trigonal bipyramidal geometry the complex is. The diamidoxanthene ligand 

coordinates in a mer fashion as anticipated. The nitrogen-titanium bond lengths of 

the ligand [Ti(l)-N(l) 2.056(4)A; Ti(l)-N(2) 2.039(4)A] are significantly longer 

than those to the dimethylamide groups [Ti(l)-N(3) 1.888(4)A; Ti(l)-N(2) 

1.892(4)A]. The bond between the metal and the xanthene oxygen [Ti(l)-0(1) 

2.131(3)A] is longer than the titanium-xantheneamide bonds. The two bite angles 

of the bidentate ligand are the same [N(l)-Ti(l)-0(1) 73.66(13)°; N(2)-Ti(l)-0(1) 

73.73(13)°]. The planar geometry about the nitrogens of the diamidoxanthene 

ligands indicates a high degree of it-donation to the metal. 

The Ti-N bond lengths of the diamidoxanthene ligand here are shown to be 

long when compared to analogous titanium alkyl complexes reported by Schrock. 

183 



In the [t-BuN0N]TiMe2 complex^ [t-BuNON = ((t-BuN-o-C6H4)20)^'] the NON-

ligand adopts a fac geometry and the Ti-N bonds [Ti-N(l) 1.944(4)A; Ti-N(2) 

1.936(4)A] are shorter than in (6.6). The bond between the metal and the ether 

oxygen is much longer in Schrock's complex [Ti-0 2.402(4)A] than in (6.6). 

Schrock reports a structure for a titanium alkyl complex of a similar ligand.'^ In the 

[;-PrN0N]Ti(CH2CHMe2)2 [z-PrNON = ((:-PrN-o-C6H4)20)^-] complex the NON 

ligand adopts a mer geometry and the Ti -0 distance is 2.149(3)A, very similar to 

that of (6.6). The Ti-N bond lengths to the NON ligand [Ti -N( l ) 1.993(3)A; Ti-

N(2) 1.993(3)A] are very similar to those of the previous complex reported by 

Schrock in which the ligand adopted the fac conformation. 

6.6 Conclusions 

The work reported in this chapter represents the beginning of a study of the 

conformationally restricted 4,5-diamidoxanthene and 4,5-diamidodibenzofuran 

ligands. The 4,5-dicyclohexylamino-2,7-di-rerr-butyl-9,9-dimethyl-xanthene (6.1), 

4,5-di-(2,4,6-trimethylanilino)-2,7-di-Z'err-butyl-9,9-dimethyl-xanthene (6.2) and 

4,5-di-(2,4,6-trimethylaniUno)-dibenzofuran (6.3) compounds have been prepared 

in high yields by palladium catalysed amination of the appropriate 

dibromoxanthene or dibromodibenzofuran starting materials. 

4,5-Di-(2,4,6-trimethylanilino)-dibenzofuran (6.3) was doubly deprotonated 

with Bu"Li to give dilithium 4,5-di-(2,4,6-trimethylanilido)-dibenzofuran (6.4) as 

an extremely air and moisture sensitive white solid. A N M R reaction between 

4,5-dicyclohexylamino-2,7-di-rerf-butyl-9,9-dimethyl-xanthene (6.1) and titanium 

tetrabenzyl gave the titanium alkyl complex 4,5-dicyclohexylamido-2,7-di-^err-

butyl-9,9-dimethyl-xanthene titanium dibenzyl (6.5). 

In situ deprotonation of both (6.1) and (6.2) followed by reaction with 

Ti(NMe2)2Cl2 gave 4,5-di-cyclohexylamido-2,7-di-?er?-butyl-9,9-dimethyl-

xanthene titanium bis-dimethylamide (6.6) and 4,5-di-(2,4,6-trimethylanilido)-2,7-

di-/err-butyl-9,9-dimethyl-xanthene titanium bis-dimethylamide (6.7) respectively. 

There were difficulties in isolating pure (6.6) in reasonable quantities, so it was 

only analysed by single crystal X-ray diffraction. Complex (6.7) was isolated in 

good yield as an orange solid. 
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6.7 Experimental 

The following compounds were prepared following literature methods; 4,5-

dibromo-2,7-di-rerr-butyl-9,9-dimethyl-xanthene/^ 4,5-dibromo-dibenzofuran/® 

Ti(benzyl)4/^ Ti(NMe2)2Cl2/^ 

6.7.1 4,5-Dicyclohexylamino-2,7-di-^er/-butyl-9,9-dimethyI-xanthene (6.1). 

An ampoule was charged with 4,5-dibromo-2,7-di-rerf-butyl-9,9-dimethyl-

xanthene (2.80 g, 5.83 mmol), sodium rerr-butoxide (1.70 g, 17.5 mmol), Pd(dba)2 

(0.10 g, 0.175 mmol), l,3-bis-(2,6-diisopropylphenyl)imidazolinium chloride (0.15 

g, 0.35 mmol) and 1,4-dioxane (40 cm^). To this was added cyclohexylamine (1.27 

g, 12.83 mmol) and the ampoule was closed under reduced pressure and heated at 

100 °C for 60 h. The reaction was allowed to cool and water (40 cm^) was added 

before extracting the reaction into diethyl ether (2 x 100 cm^ then 50 cm^). The 

organic extracts were combined, filtered through Celite and dried with MgS04. 

Volatiles were removed in vacuo to yield a pale yellow solid that was recrystallised 

from boiling petroleum (60/80) to give (6.1) as a pale yellow solid. 

Yield: 2.29 g, 76%. 

Mp: 190-195 °C. 

gH(CDCl3) 1.20-2.15 (20H, m, cyclohexyl C/fzs) , 1.35 (18H, s, C(C^3)3s), 

1.62 (6H, s, xanthene 3.40-3.50 (2H, m, cyclohexyl CH a to amine N), 4.03 

(2H, d, NH), 6.62 (2H, s, aromatics), 6.77 (2H, s, aromatics). 

ScCCDCls) 25.30, 26.75 (cyclohexyl CH2S), 32.25 (xanthene CH3S), 

32.32 (C(CH3)3s), 34.07 (cyclohexyl CHas), 35.30, 35.58 (tertiary carbons), 52.04 

(cyclohexyl CH a to amine N), 107.61, 110.58 (aromatic CHs), 130.12, 135.59, 

137.36, 146.13 (quaternary aromatics). 

6.7.2 4,5-Di-(2,4,6-trimethylanilino)-2,7-di-^ert-butyI-9,9-dimethyl-xanthene 

(6.2). 

An ampoule was charged with 4,5-dibromo-2,7-di-Z-er?-butyl-9,9-dimethyl-

xanthene (3.00 g, 6.25 mmol), sodium ren-butoxide (1.80 g, 18.75 mmol), 

Pd(dba)2 (0.18 g, 0.3 mmol), l,3-bis-(2,6-diisopropylphenyl)imidazolinium 

chloride (0.26 g, 0.6 mmol) and 1,4-dioxane (60 cm^). To this was added 2,4,6-

trimethylaniline (1.86 g, 13.74 mmol) and the ampoule was closed under reduced 
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pressure and heated at 105 °C for 4 days. The reaction was allowed to cool and 

water (40 cm^) was added before extracting the reaction into diethyl ether (3 x 100 

cm^). The organic extracts were combined, filtered through Celite and dried with 

MgS04. Volatiles were removed in vacuo and the residue recrystallised from 

boiling ethanol to yield the product as a cream coloured solid. 

Yield: 2.53 g, 69%. 

Mp: 193-196 °C. 

6H(CDCl3) 1.39 (18H, s, C(C//3)3s), 1.89 (6H, s, xanthene C%s), 2.38 (12H, 

s, mesityl CH^s), 2.44 (6H, s, mesityl CHjs), 5.73 (2H, s, NH), 6.37 (2H, s, 

xanthene aromatics), 7.03 (2H, s, xanthene aromatics), 7.09 (4H, s, mesityl 

aromatics). 

ScCCDCla) 18.98, 21.55 (mesityl CH3S), 32.15 (xanthene CH3S), 

32.20 (C(CH3)3s), 35.18, 35.67 (tertiary carbons), 108.34, 111.49 (xanthene 

aromatic CHs), 129.86 (mesityl aromatic CHs), 130.35, 134.60, 135.43, 135.77, 

136.45, 137.55, 146.11 (quaternary aromatics). 

6.7.3 4,5-Di-(2,4,6-trimethylanilino)-dibenzofuran (6.3). 

An ampoule was charged with 4,5-dibromo-dibenzofuran (1.00 g, 3.1 mmol), 

sodium rerr-butoxide (0.88 g, 9.2 mmol), Pd(dba)2 (0.18 g, 0.3 mmol), 1,3-bis-

(2,6-diisopropylphenyl)imidazolinium chloride (0.26 g, 0.6 mmol) and 1,4-dioxane 

(20 cm^). To this was added 2,4,6-trimethylaniline (0.99 g, 7.3 mmol) and the 

ampoule was closed under reduced pressure and heated at 105 °C for 18 h. The 

reaction was allowed to cool and water (100 cm^) was added before extracting the 

reaction into diethyl ether (3 x 100 cm^). The organic extracts were combined, 

filtered through Celite and dried with MgS04. Volatiles were removed in vacuo 

and the residue recrystallised from boiling ethanol to yield the product as a 

colourless soUd. 

Yield: 0.82 g, 61%. 

Mp: 162-165 °C. 

8H(CDCl3) 2.28 (12H, s, mesityl Cffas), 2.36 (6H, s, mesityl CH3S), 5.69 (2H, 

s, NH), 6.28 (2H, d, dibenzofuran aromatics), 7.01 (4H, s, mesityl aromatics), 7.09 

(2H, t, dibenzofuran aromatics), 7.33 (2H, d, dibenzofuran aromatics). 
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6c(CDCl3) 18.94, 21.64 (mesityl CH3S), 109.86, 110 .46 ,124 .27 

(dibenzofuran aromatic CHs), 125.85 (quaternary aromatic), 129.98 (mesityl 

aromatic CHs), 133.23, 135.55, 136.43, 136.79, 145.01 (quaternary aromatics). 

6.7.4 Di l i th ium 4,5-di - (2 ,4 ,6- tr imethylani l ido)-dibenzofuran (6.4). 

To a stirred, cooled (-78 °C) solution of (6.3) (0.22 g, 0.5 mmol) in petroleum 

(20 cm^), was added slowly via cannula Bu"Li (0.4 cm^ of 2.45 M solution in 

hexanes, 1.0 mmol). The mixture was stirred at -78 °C for 1 h, allowed to reach 

room temperature and stirred for 15 h. This gave a colourless precipitate that was 

isolated by filtration and dried in vacuo to yield (6.4) as a white solid. 

Yield: 0 .190 g, 85%. 

SHCCeDg) 1.65 (12H, s, mesityl C^ss) , 2 .09 (6H, s, mesityl C//3S), 6.32 (2H, 

d, dibenzofuran aromatics), 6.63 (4H, s, mesityl aromatics), 6.90-7.05 (4H, m, 

dibenzofuran aromatics). 

ScCCeDe) 19.70, 21.33 (mesityl CH3S), 1 0 7 . 2 7 , 1 1 2 . 1 5 (dibenzoAiran 

aromatic CHs), 126.94 (quaternary aromatics), 127.84 (dibenzofuran aromatic 

CHs), 131.27 (mesityl aromatic CHs), 1 3 1 . 9 4 , 1 3 2 . 1 2 , 1 4 2 . 2 5 , 1 4 5 . 4 9 , 1 4 6 . 4 0 

(quaternary aromatics). 

6.7.5 4 ,5-Di-cyclohexylamido-2,7-di- fer?-butyl-9 ,9-dimethyl-xanthene t i tanium 

dibenzyl (6.5). 

In reduced light, a Young's tap NMR tube wrapped in foil was charged with a 

CeDe solution of (6.1) (0.020 g, 0.039 mmol) and Ti(Bz)4 (0.016 g, 0.039 mmol). 

The sample was left at RT for ca. 15 h before the before being heated at 80 °C for 

3 h. The volatiles were removed in vacuo and the dark red residue redissolved in 

CeDe to obtain the spectra of (6.5). 

6H(C6D6) 1.10-2.65 (20H, m, cyclohexyl % s ) , 1 .35 (18H, s, C(C;f3)3s), 

1.57 (6H, s, xanthene CH^s), 2.92 (4H, s, benzyl CHzs), 5.78 (2H, br m, cyclohexyl 

CH a to amide N), 6.70-6.85 (4H, m, aromatics), 6.95-7.05 (6H, m, aromatics), 

7.10-7.20 (4H, m, aromatics). 

" C ( ' H } 8c(C6DG) 27.57, 28.24, 29.86 (cyclohexyl CH2S), 32.57 (C(CH3)3s), 

33.05 (xanthene CH3S), 35.02, 35.74 (cyclohexyl CHis), 38.56, 38.86 (tertiary 

carbons), 60.57 (cyclohexyl CH a to amide N), 84.53 (benzyl CH2S), 107.85, 
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111.75 ,123.50 (aromatic CHs), 127.94 (quaternary aromatic), 128.02,129.16 

(aromatic CHs), 142.32, 143.74, 148.52, 149.01 (quaternary aromatics). 

6.7.6 4,5-Di-cyclohexyIamido-2,7-di-te/t-butyl-9,9-dimethyl-xanthene titanium 

bis-dimethylamlde (6.6). 

To a stirred, cooled (-78 °C) solution of (6.1) (0.180 g, 0.35 mmol) in diethyl 

ether (40 cm^), was added slowly via cannula Bu"Li (0.29 cm^ of 2.45 M solution 

in hexanes, 0.70 mmol). The mixture was stirred at -78 °C for 1 h, allowed to 

reach room temperature and stirred for a further hour to give an orange solution 

with a colourless precipitate. The mixture was cooled to - 2 5 °C and a cooled 

(-25 °C) solution of Ti(NMe2)2Cl2 (0.072 g, 0.35 mmol) in diethyl ether (10 cm^) 

was added slowly via cannula. The reaction was slowly allowed to reach RT and 

stirred for ca. 15 h to give a dark red solution and grey precipitate. The volatiles 

were removed in vacuo and the residue extracted into petroleum (20 cm^) and 

filtered through Celite. The petroleum was removed in vacuo, the residue dissolved 

in diethyl ether (5 cm^) and cooled to -30 °C to give (6.6) as a small crop of red X-

ray diffraction quality crystals. 

Figure 6.5: ORTEP representation of the crystal structure of 4,5-di-

cyclohexylamido-2,7-di-?err-butyl-9,9-dimethyl-xanthene titanium bis-

dimethylamide (6.6) (50% probability thermal ellipsoids). Hydrogens are omitted 

for clarity. 
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Table 6.3: Selected bond lengths (A) and angles (°) for (6.6). 

T i ( l ) - N ( l ) 2.056(4) T i ( l ) . N ( 2 ) 2.039(4) 
T i ( l ) - 0 ( 1 ) 2.131(3) T i ( l ) . N ( 3 ) L8880n 
Ti( l ) -N(4) 1.892(4) N( l ) -C(3 ) 1.477(6) 
N( l ) -C(2) 1.399(6) C(2) -C( l ) 1.390(6) 
( : ( i ) -c ) ( i ) 1.406(5) 0 (1 ) -C(15) 1.403(5) 

C(15)-C(16) 1.383(6) C(16)-N(2) 1.403(6) 
N(2)-C(17) 1.475(6) N(3)-C(36) 1.473(7) 
N(3)-C(37) 1.454(6) N(4)-C(38) 1.447(7) 

N(4)-C(39) 1.465(7) 

N( l ) -Ti ( l ) -N(2) 139.01(16) N ( l ) - T i ( l ) - 0 ( 1 ) 73.66(13) 
N(2) -Ti ( l ) -0 (1 ) 73.73(13) N(3 ) -T i ( l ) -0 (1 ) 99.88(16) 
N(4) -Ti ( l ) -0 (1 ) 154.75(16) N(3)-Ti( l ) -N(4) 105.30(19) 
N(3)-Ti( l ) -N(2) 103.91(17) N(4)-Ti( l ) -N(2) 101.57(17) 

N(3) -Ti ( l ) -N( l ) 105.55(17) N(4 ) -T i ( l ) -N( l ) 97.44(17) 

C(3) -N( l ) -Ti ( l ) 119.2(3) C(3)-N(1).C(2) 119^0% 
C(2)-N( l ) -Ti ( l ) 120.5(3) N( l ) -C(2 ) -C( l ) 114J0% 
C(2) -C( l ) -0 (1 ) 11240% (:( l ) - ( ) ( l ) . ( : ( l :5) 116.3(3) 

0(1)-C(15)-C(16) 112.60% C(15)-C(16)-N(2) 11440% 
C(16)-N(2)-Ti(l) 120.3(3) C(16)-N(2)-C(17) 114J0% 
C(17)-N(2)-Ti(l) 125.0(3) Ti( l ) -N(3)-C(36) 123.2(3) 
Ti( l)-N(3)-C(37) 123.8(3) C(36)-N(3)-C(37) 11L20% 
Ti(l)-N(4)-C(38) 11&400 Ti( l ) -N(4)-C(39) 130.4(4) 
C(38)-N(4)-C(39) 110.1(5) 

Table 6.4: Crystallographic parameters for (6.6). 

Compound (6.6) 

Chemical Formula C43H72N402Til 
Formula Weight 724.95 
Crystal System Triclinic 
Space Group P - 1 

a/A 1(X2581(4) 
6/A 12.2629(6) 
c/A 18.6460(11) 
ar 94.693(2) 

95 .234(3) 

XL 107.671(2) 
2210.69(19) 

Z 2 
77K 150(2) 

0 .230 
fXOOO) 792 

No. Data collected 2 3 3 0 0 
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No. Unique data 
Rint 

Final ;g(|f1)for/>2o(7) 
Final i?(F^) for all data 

7739 
0.0981 
0.0955 
&1547 

6.7.7 4,5-Di-(2,4,6-trimethylaniIido)-2,7-di-fert-butyl-9,9-dimethyl-xanthene 

titanium bis-dimethylamide (6.7). 

To a stirred, cooled (-78 °C) solution of (6.2) (0.24 g, 0.41 mmol) in diethyl 

ether (10 cm^), was added slowly via cannula Bu"Li (0.34 cm^ of 2.45 M solution 

in hexanes, 0.81 mmol). The mixture was stirred at -78 °C for 1 h, allowed to 

reach room temperature and stirred for a further hour to give an orange solution 

with a colourless precipitate. The mixture was cooled to —25 °C and a cooled (-25 

°C) solution of Ti(NMe2)2Cl2 (0.085 g, 0.41 mmol) in diethyl ether (7 cm^) was 

added slowly via cannula. The reaction was slowly allowed to reach RT and stirred 

for ca. 15 h to give a red solution and grey precipitate. The volatiles were removed 

in vacuo and the residue extracted into petroleum (20 cm^) and filtered through 

Celite. The petroleum solution was concentrated and cooled to - 3 0 °C to give (6.7) 

as an orange solid. 

Yield: 0.157 g, 53%. 

6H(C6D6) 1.23 (18H, s, C(C/f3)3s), 1.74 (6H, s, xanthene CHss), 2.17 (6H, s, 

mesityl Ci/ss), 2.22 (12H, s, mesityl CH^s), 2.83 (12H, s, N(Ci73)2s), 6.26 (2H, s, 

xanthene aromatics), 6.80-7.00 (6H, m, aromatics). 

ScCCeDe) 19.92, 21.64 (mesityl CHas), 29.20 (xanthene CHss), 32.64 

(C(CH3)3S), 35.76, 37.38 (tertiary carbons), 45.99 (N(CH3)2s), 108.18, 109.01 

(xanthene aromatic CHs), 129.79 (mesityl aromatic CHs), 132.04, 133.66, 134.23, 

142.57, 147.73, 148.01, 149.39 (quaternary aromatics). 
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Chapter 7 

Conclusions 

7.1 Amido/ imino complexes of zirconium and t i tanium 

This work demonstrates the practical and high yielding syntheses of four 

different aniUno/ketimino ligands based on a 2-(l-cyclohexylimino-ethyl)-aniline 

framework as well as their respective lithium amido/imino derivatives. Two of 

these ligands, 2-(l-cyclohexylimino-ethyl)-A^-(trimethylsilyl)-aniline (2.2) and 2-

(l-cyclohexylimino-ethyl)-A^-(?err-butyldimethylsilyl)-aniline (2.4), feature a 

trialkylsilyl group as the second substituent of the secondary anilino nitrogen and 

demonstrate how the steric properties of the ligand can readily be varied. It was 

possible to deprotonate the secondary silyl-amino nitrogen of these two 

compounds to give the respective hthium-[2-(l-cyclohexylimino-ethyl)-//-

(trimethylsilyl)-anilide] (2.3) and lithium-[2-(l-cyclohexylimino-ethyl)-//-(rer?-

butyldimethylsilyl)-anilide] (2.5), as isolable extremely air and moisture sensitive 

white solids. 

The second two anilino/ketimino ligands featured the same 2-(l-

cyclohexylimino-ethyl)-aniline framework but possessed an aryl group as the 

second substituent on the anilino nitrogen. This aryl ring was introduced onto the 

nitrogen via a palladium catalysed arylation of the aniline with an arylbromide. 

Employing 3,5-dimethylbromobenzene and 2,4,6-trimethylbromobenzene as the 

arylbromides, 2-(l-cyclohexylimino-ethyl)-iV-(3,5-dimethylphenyl)-aniline (2.6) 

and 2-(l-cyclohexylimino-ethyl)-A^-(2,4,6-trimethylphenyl)-aniline (2.8) were 

obtained as products, respectively. Both (2.6) and (2.8) were deprotonated to give 

lithium-[2-( 1 -cyclohexylimino-ethyl)-A^-(3,5-dimethylphenyl)-anilide] (2.7) and 

lithium-[2-(l-cyclohexylimino-ethyl)-/*/-(2,4,6-trimethylphenyl)-anilide] (2.9) as 

bright yellow and bright orange solids, respectively. The structural data obtained 

for the lithium amides show that the adopted structures are dependant on the steric 

characteristics of the ligand. Bulkier //-groups give rise to structures of lower 

aggregation. 

An attempt to synthesise an analogous anilino/aldimino ligand based on a 2-

cyclohexyliminomethyl-aniline framework, bearing an aryl group on the anilino 

nitrogen, by the palladium catalysed arylation of the 2-cyclohexyliminomethyl-
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aniline with 2,4,6-trimethylbromobenzene however, did not work. Slow coupling 

to form 2-(cyclohexyliminomethyl)-//-(2,4,6-trimethylphenyl)-aniline was realised 

by performing a palladium catalysed amination of 2-cyclohexyliminomethyl-

bromobenzene with 2,4,6-trimethylaniline. The reaction proceeded very slowly to 

give the desired product (2.10) in moderate yield on a small scale. These findings 

demonstrate the subtle electronic and steric factors that are involved in palladium-

catalysed aminations. 

The lithium amido/imino complexes (2.3), (2.5) and (2.9) were used to 

synthesise zirconium complexes of the type LZr(NR2)2Cl in which L = 

amido/imino ligand and NR] = dimethylamide or diethylamide. These complexes 

were [2-(l-cyclohexylimino-ethyl)-A^-(trimethylsilyl)-anilide] zirconium chloride 

bis-dimethylamide (3.1); [2-(l-cyclohexylimino-ethyl)-/»/-(rerr-butyldimethylsilyl)-

anilide] zirconium chloride bis-dimethylamide (3.2); [2-( 1 -cyclohexylimino-ethyl)-

N-(trimethylsilyl)-anilide] zirconium chloride bis-diethylamide (3.3); and 

[2-( 1 -cyclohexylimino-ethyl)-//-(2,4,6-trimethylphenyl)-anilide] zirconium 

chloride bis-diethylamide (4.1). They were obtained in moderate to good yield as 

yellow or orange crystalline soHds and identified by a combination of NMR 

spectroscopy, single crystal X-ray diffraction and analytical methods. The 

amido/imino ligand seemed to place large steric demands on the metal centre and it 

was not possible to introduce a second amido/imino ligand via a salt metathesis 

reaction to give the L2Zr(NR2)2 type complexes. 

It was possible to convert several of these LZr(NR2)2Cl type complexes to 

the corresponding amido/imino zirconium trichloride complexes of the type LZrCls 

by reaction with chlorotrimethylsilane. Repeated attempts to react these LZrCls 

complexes with alkylating agents gave only intractable mixtures. 

It appears that the steric bulk of the ligand is the driving force behind the 

rearrangement observed in two complexes giving rise to [2-(l-cyclohexylamido-

vinyl)-A^-(rer?-butyldimethylsilyl)-anilide] zirconium chloride diethylamide 

tetrahydrofuran (3.4) and [2-(l-cyclohexylamido-vinyl)-A^-(2,4,6-trimethylphenyl)-

anilide] zirconium chloride diethylamide tetrahydrofuran (4.2). The amido/imino 

ligand has been converted into a dianionic arylamido/vinylamido ligand. We 

propose that this occurs via the insertion of the cyclohexylimino group into a 

zirconium-diethylamide bond to convert the imine nitrogen into an amide. 
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followed by elimination of diethylamine to give the vinyl group via an El type 

mechanism. 

A similar argument can be invoked to explain the results of salt metathesis 

reactions of the lithium arylamido/imino complexes with Ti(NMe2)2Cl2. In this 

case, the resultant complexes that were isolated featured a dianionic arylamido/ 

cyclohexylamido/dimethylamino pseudo tripodal tridentate ligand of the type 2-(l-

cyclohexylamido-l-dimethylamino-ethyl)-A^-(aryl)-anilide (aryl = 3,5-

dimethylphenyl and 2,4,6-trimethylphenyl). The ligand formally originates by 

insertion of the imine group into a titanium-dimethylamide bond. Two examples of 

this type of species were characterised crystallographically. When attempts were 

made to react the free amino/imino ligands (2.6) and (2.8) with Ti(NMe2)2Cl2, no 

reactions were observed. Despite this the ligand may have interesting properties 

and warrants further study. It would be interesting to investigate whether a rational 

synthesis for the free ligand could be found or whether it is only obtainable via a 

titanium based rearrangement. 

Although no transamination reactions were achieved with the free 

arylamino/imino ligands (2.6) and (2.8), one example in which the trimethylsilyl-

substituted ligand (2.2) was introduced onto zirconium via a transamination 

reaction with Zr(NMe2)4 was studied by NMR spectroscopy to give [2-(l-

cyclohexylimino-ethyl)-7V-(trimethylsilyl)-anilide] zirconium tris-dimethylamide 

(3.7). When the reaction was attempted with two equivalents of (2.2) under more 

forcing conditions an imido/imino zirconium bis-dimethylamide complex (3.8) 

was isolated and characterised crystallographically. The trimethylsilyl-substituent 

had been eliminated from the ligand and demonstrates a potential decomposition 

route of the trialkylsilyl-substituted amido/imino ligands. 

Despite the large steric bulk of the ligands, a bis-amido/imino zirconium 

complex was isolated in low yield as bis-[2-(l-cyclohexylamido-vinyl)-A^-

(ter?-butyldimethylsilyl)-anilide] zirconium dichloride (3.6) following reaction of 

two equivalents of (2.4) with ZrCl4(THT)2. 

Several of the amido/imino zirconium complexes were tested for their 

activity as catalysts for the polymerisation of ethylene when activated with an 

excess of MAO. The complexes (3.1), (3.6), (4.1) and (4.3) all had low to moderate 

activity under the polymerisation conditions employed. 
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Given the wide variety of ligand rearrangements observed for these 

amido/imino ligands their coordination chemistry is worthy of further study. As 

they stand the ligands are probably too reactive and prone to rearrangements to act 

as effective supporting ligands for single-site polymerisation of olefins. If the 

imine group can be stabilised towards the insertion reaction they may prove more 

viable supporting ligands. Given that these rearrangement reactions are occurring 

under relatively mild conditions it is highly likely that similar reactions are 

occurring under the harsher conditions of polymerisation catalysis. It is also 

possible that the vinyl-containing diamido ligands and the tripodal 

diamido/monoamino ligands may prove suitable supporting ligands and they too 

warrant further study. 

7.2 Salicylaldiminato complexes of zirconium and t i tan ium and a related 

complex of niobium 

Following the instances in which the imine group of the amido/imino ligand 

inserted into a metal-dialkylamide bond an effort was undertaken to investigate 

whether the analogous salicylaldiminato ligand would undergo similar 

rearrangements when bound to titanium and zirconium centres bearing 

dialkylamide ligands. Initial efforts focused on mono-salicylaldiminato complexes 

of titanium(IV). The reaction of lithium 2-rgrr-butyl-6-cyclohexyliminomethyl-

phenoxide (5.1) with Ti(NMe2)2Cl2 gave (2-terr-butyl-6-cyclohexyliminomethyl-

phenoxy) titanium dimethylamide dichloride dimethylamine (5.2) as the product. 

Whilst it is unclear how (5.2) was formed, given that it is not the anticipated 

LTi(NMe2)2Cl type complex, the product contained the intact salicylaldiminato 

ligand with no evidence of any insertion of the imine group into a titanium-

dimethylamide bond. When a reaction between the neutral salicylaldimine and 

Ti(NMe2)2Cl2 was performed in THF the product was {2-tert-b\xiy\-6-

cyclohexyliminomethyl-phenoxy) titanium dimethylamide dichloride 

tetrahydrofuran (5.3) following a protonolysis reaction to eliminate one equivalent 

of dimethylamine. 

To investigate whether increasing the steric crowding around the metal centre 

could induce the insertion of the imine group into the metal-amide bond, reactions 

were attempted between two equivalents of the neutral salicylaldimine with 

zirconium and titanium complexes bearing bulkier diethylamide ligands. The 
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reactions with Ti(NEt2)2Cl2 and Zr(NEt2)2Cl2(THF)2 gave the bis-salicylaldiminato 

metal dichloride complexes bis-(2-rerr-butyl-6-cyclohexyliminomethyl-phenoxy) 

titanium dichloride (5.4) and bis-(2-rerr-butyl-6-cyclohexyliminomethyl-phenoxy) 

zirconium dichloride (5,6) with no evidence of the insertion reaction. Reaction of 

two equivalents of the neutral salicylaldimine with Ti(NEt2)4 and Zr(NEt2)4 gave 

bis-(2-rerf-butyl-6-cyclohexyliminomethyl-phenoxy) titanium bis-diethylamide 

(5.5) and bis-(2-rerr-butyl-6-cyclohexyliminomethyl-phenoxy) zirconium bis-

diethylamide (5.7). Again there was no evidence of the insertion reaction, even 

when these two complexes were heated to 100 °C in ^f^-PhMe. 

These results show that salicylaldiminato ligand is not prone to the insertion 

of the imine group into a Group(IV) metal-dialkylamide bond whilst the 

amido/imino ligands studied here, are. It seems possible that this is due to the 

increased steric demands of the amido/imino ligand due to the presence of a second 

substituent on the amide nitrogen, which is not present on the phenoxide oxygen of 

the salicylaldiminato ligand. 

A rearrangement involving the imine group of the salicylaldiminato ligand 

was observed following the reaction of two equivalents of the neutral 

salicylaldimine with the niobium(IV) complex Nb(NEt2)4. The niobium(V) 

complex (2-rerf-butyl-6-cyclohexyliminomethyl-phenoxy) [2-ferf-butyl-6-( 1 -

cyclohexylamido-2-ethylamido-propyl)-phenoxy] niobium diethylamide (5.8) was 

isolated from the reaction in good yield and identified by both single crystal X-ray 

crystallography and NMR spectroscopy. The complex contains one intact 

salicylaldiminato ligand and one that has been fused with a diethylamide ligand 

through the imine carbon of the salicylaldiminato and one of the methylene 

carbons of the diethylamide group. This has resulted in the conversion of the imine 

group to an amide giving a trianionic phenoxide/diamide ligand. Given the single 

electron oxidation of Nb(IV) to Nb(V) it is most likely that the mechanism of 

formation of the new ligand is radical based. 

7.3 Diamidoxanthene and diamidodibenzofuran l igands a n d their t i tanium 

complexes 

The synthesis of two 4,5-diaminoxanthene molecules was achieved using 

palladium-catalysed amination reactions of 4,5-dibromo-2,7-di-rerr-butyl-9,9-

dimethyl-xanthene. The two compounds were 4,5-dicyclohexylamino-2,7-di-rer?-
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butyl-9,9-dimethyl-xanthene (6.1) and 4,5-di-(2,4,6-trimethylanilino)-2,7-di-fert-

butyl-9,9-dimethyl-xanthene (6.2). An analogous dibenzofuran-based ligand was 

synthesised using the same palladium catalysis method but with 4,5-dibromo-

dibenzofuran to give 4,5-di-(2,4,6-trimethylanilino)-dibenzofuran (6.3). These 

three complexes were synthesised in good yields. The rationale behind the 

synthesis of the xanthene and the dibenzofuran based ligands is that they will offer 

different bite angles when coordinated to metals and so have differing influences 

on the other ligands bound to the metal centre. 

The dilithium 4,5-di-(2,4,6-trimethylanilido)-dibenzofuran (6.4) complex 

was synthesised by reaction of two equivalents of Bu"Li with (6.3). An NMR scale 

reaction between (6.1) and titanium tetrabenzyl yielded the diamido titanium 

dibenzyl complex 4,5-dicyclohexylamido-2,7-di-ter?-butyl-9,9-dimethyl-xanthene 

titanium dibenzyl (6.5). Another two titanium complexes were synthesised by in 

situ formation of dilithium diamide species from (6.1) and (6.2) and subsequent 

reaction with one equivalent of Ti(NMe2)2Cl2. The two complexes 4,5-di-

cyclohexylamido)-2,7-di-?erf-butyl-9,9-dimethyl-xanthene titanium bis-

dimethylamide (6.6) and 4,5-di-(2,4,6-trimethylanihdo)-2,7-di-terr-butyl-9,9-

dimethyl-xanthene titanium bis-dimethylamide (6.7) were identified through a 

combination of single crystal X-ray crystallography and NMR spectroscopy. 

The work reported here on these diamidoxanthene and diamidodibenzofuran 

ligands represents the beginning of an investigation into their coordination 

behaviour and the ability of their metal complexes to act as single-site 

polymerisation catalysts. They require and warrant further study. 
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Appendix 

Experimental Techniques and Instrumentation 

Experimental Techniques 

Unless otherwise stated, experiments were performed under dry dinitrogen 

using standard Schlenk line techniques or in an inert atmosphere dry box (Braun 

UNILAB) containing dry dinitrogen, constantly monitoring oxygen levels. 

Glassware was pre-dried before use. Solvents were dried and then distilled from 

sodium benzophenone ketyl [light petroleum ether (bp 40-60 °C), E^O and THF], 

from sodium (toluene, xylenes, 1,4-dioxane) or from calcium hydride 

(dichloromethane), under a slow continuous stream of dinitrogen. Solvents were 

thoroughly degassed by purging with dinitrogen prior to use. Deuterated solvents 

were dried (d®-benzene and d^-toluene over sodium/potassium alloy; d^-THF over 

potassium; d^-dichloromethane over calcium hydride; and d^-chloroform over 

molecular sieves), distilled and degassed by freeze-pump-thaw cycles prior to use. 

Unless otherwise stated, commercial reagents and solvents were used as received 

from Acros, Aldrich, and Avocado. 

Instrumentation 

NMR experiments were performed on Bruker 300 and 400 MHz 

spectrometers. The spectra were referenced internally using the signal from the 

residual protio-solvent (^H) or the signal from the solvent (^^C{ 'H}), or externally 

relative to Li CI in DgO (^Li). 

Gas chromatographic mass spectra were recorded on a Thermoquest 

TraceMS machine from dried dichloromethane solutions. 

Elemental analyses were carried out by the University College London 

Microanalytical Laboratory. 

Crystallography 

All data sets were collected on a Enraf Nonius Kappa CCD area detector 

diffractometer with rotating anode FR591 and an Oxford Cryosystems low-

temperature device, operating in omega scanning mode with phi scans to fill the 

Ewald sphere. The crystals were isolated under dinitrogen, covered with Fomblin 
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vacuum oil and mounted on a glass fibre with silicon grease. Structures were 

solved and refined using SHELX^ and WinGX^ software packages. Non-hydrogen 

atoms were refined with anisotropic thermal parameters. Compound (4.4) 

crystallises with one molecule of THF and compound (4.8) crystallises with one 

molecule of diethyl ether per dimer, in both cases, these were highly disordered 

and were handled using the PLATON SQUEEZE procedure.^ 
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