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Abstract

A series of neutral and cationic group 4 and neutral group 3 model
complexes of the Me,Si(n’-CsH,)(n>-3-(CMe,)-C;H,) (tBuSp) ligand have been
prepared: tBuSpZrCl,(1), tBuSpZr(CH,SiMe;,), (8), tBuSpZrMe, (9),
[tBuSpZrH,], (10), tBuSpZrMeCl (11), tBuSpZrMe(CH,CMe;) (12),
tBuSpZrMe(CH,SiMe;) (13), tBuSpScCI(THF) (14), tBuSpScCH(SiMe,), (17),
[tBuSpScH] (18), and tBuSpTiCl, (19). The kinetically preferred isomers of 12
and 13 have been identified, and in both cases the syn isomer is preferred.
We have obtained solid state structures of [tBuSpZrH,], (10), tBuSpZrMeCl
(11), tBuSpZrMe(CH,CMe;) (12), and tBuSpScCI(THF) (14). Complexes 12
and 13 isomerize to form predominantly the thermodynamically preferred
anti isomers. The ratio of isomers observed for [tBuSpZrMe] [MeB(C,F;),]
(21) and [tBuSpZrCH,SiMe;]‘[Me B(C(F;),] (22) suggests that the tBuSp
ligand does not distinguish very well between different groups in the
metallocene wedge (AG® = 0.27-0.89 kcal/mol). The tBu group is not an
effective stereodirector in the ground state structures and the remarkable
stereodirecting capability of this ligand in propylene polymerizations must be

reconciled by its effect on transition state energies.

A series of scandocene tetramethylaluminate have been prepared,
including Ind,Sc(u-Me),AlMe, (1), Cp,Sc(u-Me),AlMe, (2), Cp*CpSc(u-
Me),AlMe, (3), and meso-DpSc(u-Me),AlMe, (4). These complexes display
characteristic terminal and bridging methyl resonances in solution at room
temperature, indicating static structures. Complexes 1-4 oligomerize 1-
pentene to form a range of oligomers. The tetramethylaluminate complexes
initiate oligomerization from a scandium-methyl species after dissociation of
AlMe;, and the primary mechanism of chain transfer is f-hydrogen
elimination. Complexes 1-4 react with L donors (L = DMAP, THF, PMe;) to
form (R,Cp),ScMe(L) compounds (5-9).
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To study the chromium-based ethylene trimerization catalyst
involving the diphosphine ligand (0-MeO-C¢H,),PN(Me)P(0-MeO-CH,),
(PNP° (1)), we have synthesized (PNP°V*-d,,)CrPh;, (11), (PNP*¥*-d,,)CrPh;,
(12), and (PNP°™*-d,,)CrPh,Cl (14) containing deuterated PNP ligands.
Activation of 11 by protonation with H"(OEt,),B[C;H,(CF,),], in the presence
of ethylene provides an active trimerization catalyst that gives similar
selectivity and activity to 1-hexene as the originally reported system and
represents the first examples of an active, well-defined trimerization catalyst
based on chromium. The trimerization of a 1:1 mixture of C,H, and C,D,
gives only C,D,,, C,.D;H,, C.D,H;, and C;H,,, the 1-hexene isotopomers
without H/D scrambling, which is consistent with a trimerization mechanism

involving metallacyclic intermediates.



Table of Contents

Acknowledgements iii
Abstract viii
Table of Contents X
List of Figures and Tables xi
Chapter 1. 1

Towards Understanding and Applying Stereocontrol in
C, Symmetric Metallocene Olefin Polymerization
Catalysts Using Group 4 and Group 3 Model Complexes

Chapter 2. 47

Investigations of the Effect of Ligand Array on
Polymer Molecular Weight Using Scandocene
Tetramethylaluminate Complexes as Models for a-
Olefin Polymerization Catalysts

Chapter 3. 84
(PNP)CrPh, and (PNP)CrPh,Cl Complexes as Well-

Defined Ethylene Trimerization Catalysts: Insights
into Mechanism and Active Species



X1

List of Figures and Tables
Chapter 1

Figure 1. Polypropylene microstructures correlate with catalyst
ligand array in a well-defined fashion.

Figure 2. Transition states for olefin insertion for C, and C,
symmetric catalysts.

Figure 3. The transition state for olefin insertion in metallocene-
catalyzed a-olefin polymerization.

Figure 4. Possible transition states for olefin insertion for the
tBuSpZrCl,/ MAO catalyst system.

Figure 5. Side and front view of the only isomer observed for
tBuSpM(styrene)(H) complexes.

Figure 6. Top view of molecular structure of [tBuSpZrH,],.
Figure 7. Side view of molecular structure of [tBuSpZrH,],.

Table 1. Zirconium-hydride bond lengths for terminal and
bridging hydrides in [tBuSpZrH,],.

Figure 8. Side and front view of molecular structure of
tBuSpZrMeCl.

Figure 9. Side and front view of molecular structure of
tBuSpZrMe(CH,C(CHy,),).

Figure 10. Molecular structure of tBuSpScCIl(THF).
Figure 11. Schematic representation of the barrier for site

epimerization in the ground state structure, the barrier for olefin
insertion on the more stereoselective side of the metallocene

wedge, and the barrier for insertion on the less stereoselective side

of the wedge for the tBuSpZrCl,/ MAO catalyst system.

Table 2. X-ray experimental data for [tBuSpZrH,],.

Table 3. X-ray experimental data for tBuSpZrMeCl.

Table 4. X-ray experimental data for tBuSpZrMe(CH,C(CH,),).

Table 5. X-ray experimental data for tBuSpScCI(THF).

10

14

14

15

17

18

20

27

40

41

44



xii

Chapter 2

Figure 1. Fundamental steps in metallocene-catalyzed a-olefin
polymerization.

Figure 2. Spaleck’s dimethylsilylbis(2-methyl-4-naphthyl-
indenyl)ZrCl, catalyst produces polypropylene of extremely high
molecular weight.

Figure 3. The 2-methyl substituents discourage 2,1-insertion of
propylene by unfavorable steric interactions.

Figure 4. The general structure of a group 3 tetramethylaluminate
complex.

Table 1. Room temperature '"H NMR chemical shifts for the
terminal and bridging methyl groups for tetramethylaluminate
complexes in benzene-d,.

Figure 5. Side and front views of meso-DpSc(u-Me),AlMe,.
Figure 6. Top view of meso-DpSc(u-Me),AlMe,.

Table 2. Selected bond distances for ansa-scandocene
tetramethylaluminate complexes 4 and (tBuThp)Sc(u-Me),AlMe,.

Figure 7. Molecular structure of meso-DpSc(u-Me),AlMe, to
illustrate s interactions between scandium and methyl C-H bonds.

Figure 8. Relative amounts of oligomers of 1-pentene formed by
Ind,Sc(u-Me),AlMe, at different time intervals.

Figure 9. Relative amounts of oligomers of 1-pentene formed by
Cp,Sc(u-Me),AlMe, at different time intervals.

Figure 10. Relative amounts of oligomers of 1-pentene formed by
Cp*CpSc(u-Me),AlMe, at different time intervals.

Figure 11. Relative amounts of oligomers of 1-pentene formed by
tetramethylaluminate catalysts after 24 hours.

50

51

51

53

57

58

58

59

60

62

64

65

65



xiii
Table 3. Room temperature '"H NMR chemical shifts for the
scandium-methyl groups for (CpR,),ScMe(B) complexes in
benzene-d,.
Table 4. Activities of tetramethylaluminate catalysts.
Table 5. Activities of tetramethylaluminate catalysts
independently, in the presence of a stoichiometric amount of
DMAP, and in the presence of catalytic amounts of DMAP.
Table 6. X-ray experimental data for meso-DpSc(u-Me),AlMe,.

Chapter 3

Figure 1. Examples of chromium-based ethylene trimerization
catalysts.

Table 1. Comparison of activity and selectivity for chromium-
based ethylene trimerization catalysts.

Figure 2. Diphosphine ligands examined by bp for ethylene
trimerization activity when combined with CrCl,(THF), and
activated with MAO in toluene.

Figure 3. Molecular structure of (PNP™-d,,)CrPh..

Figure 4. Variable temperature "H NMR spectra of (PNPVe-
d,,)CrPh, in dichloromethane.

Figure 5. Proposed exchange processes to explain the observed
variable temperature "H NMR spectra of (PNP°V*-d,,)CrPh;.

Figure 6. EPR spectrum of a glassy toluene solution of
(PNP°-d,,)CrPh, at 20 K.

Figure 7. Molecular structure of (PNP**-d,,)CrPh,.

Figure 8. Variable temperature "H NMR spectra of (PNP*™-
d,,)CrPh, in dichloromethane.

Figure 9. EPR spectrum of a glassy toluene solution of
(PNP*V*-d,,)CrPh; at 20 K.

Figure 10. Molecular structure of (PNP°*-d,,)CrPh,X (X = Cl, Br).

Figure 11. Molecular structure of [(PNP°*-d,,)CrPhCl],**/2 AICI,.

Figure 12. Molecular structure of [(PNP°*),Cr,Me,Cl,]"/ AICl,.

70

71

73

81

86

87

88

94

95

96

97

98

99

100

102

104

105



Xiv
Figure 13. Molecular structure of (PNP°*-d,,)CrPh,Cl.

Figure 14. Room temperature “H NMR spectrum of
(PNP*™e_d,,)CrPh,Cl in dichloromethane.

Figure 15. Proposed exchange mechanism for methoxy groups to
form different isomers of (PNP°-d,,)CrPh,Cl.

Figure 16. Proposed exchange processes to explain the
observation of 2 distinct coalescence points for (PNPM-
d,,)CrPhCl,.

Table 2. Comparisons between selected bond lengths and angles
for [(PNP)Cr] phenyl and halide complexes.

Table 3. Comparisons between coalescence temperatures for
complexes 11, 12, 14, 17, and 18.

Figure 17. Plot of biphenyl loss by (PNP°**-d,,)CrPh, and
(PNP°e-4,,)CrPh,Cl in toluene solution over time.

Figure 18. EPR spectrum of (PNP™*-d,,)CrPh, and
H*(OEt,),B[C,H,(CF;),], in diethyl ether and dichloromethane at
15 K.

Figure 19. Ethylene consumption over time for 2 trimerizations
catalyzed by (PNP°V*-d,,)CrPh, activated with
H*(OEt,),B[CH,(CF,),], in toluene.

Figure 20. Plot of the natural log of ethylene consumption over
time versus time for trimerization catalyzed by (PNP°V*-d,,)CrPh;
activated with H*(OEt,),B[C,H,(CF,),], in toluene.

Figure 21. Ethylene consumption over time for trimerization
catalyzed by (PNP°V*-d,,)CrPh; activated with
H*(OEt,),B[C,H;(CF;),], in diethyl ether and toluene.

Figure 22. Ethylene consumption over time for trimerization
catalyzed by (PNP°V*-d,,)CrPh; activated with
H*(OEt,),B[C,H;(CF;),], in diethyl ether and toluene.

Figure 23. Ethylene consumption over time for trimerization
catalyzed by (PNP°V*-d,,)CrPh; activated with
H*(OEt,),B[C,H;(CF,),],” with diethyl ether in chlorobenzene.

Figure 24. Ethylene consumption over time for trimerization
catalyzed by (PNP°*-d,,)CrPh; activated with Me,PhANH'B[C,F;],
with diethyl ether in toluene.

106

107

108

109

110

111

112

114

118

120

121

122

123

124



XV

Figure 25. Ethylene consumption over time for (PNPV*-d,,)CrPh,
activated with MAO in toluene.

Figure 26. Production of 1-hexene by (PNP°*-d,,)CrPh,Cl
activated with Na"B[C,H,(CF,),],” in chlorobenzene for
trimerizations of different times.

Figure 27. Ethylene consumption over time for catalysts generated
from a mixture of PNP*™ and CrCl,(THF), activated by MAQO in
toluene.

Figure 28. Plot of the natural log of ethylene consumption over
time versus time for trimerization catalyzed by PNP™* and
CrCl,(THF), activated by MAO in toluene.

Figure 29. GC trace of the hexene region of a trimerization of a 1:1
mixture of C,H, and C,D, catalyzed by (PNP°**-d,,)CrPh, activated
with H'(OEt,),B[C,H;(CF,),l,.

Figure 30. MS trace of the hexene region of a trimerization of a 1:1

mixture of C,H, and C,D, catalyzed by (PNP°**-d,,)CrPh, activated
with H*(OEt,),B[C.H,(CF,),],"

Table 4. X-ray experimental data for (PNP°**-d,,)CrPh..
Table 5. X-ray experimental data for (PNP°**-d,,)CrPh,X.
Table 6. X-ray experimental data for (PNP°*-d,,)CrPh,Cl.

Table 7. X-ray experimental data for [(PNP°*-d,,)CrPhCl],** /2
AICI,.

125

126

128

129

131

132

145

146

147

149



