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Abstract

A variety of B-diketiminato supported mononuclear dialkyl scandium compounds
have been synthesized and fully characterized in both the solid and solution states. The
4-coordinate species exhibit fluxional behaviour in solution which has been quantitatively
studied and is interpreted as a dynamic process which equilibrates two structures via a
C,y symmetric transition state. At elevated temperatures these compounds have been
determined to undergo an intramolecular metallation process with loss of RH.
Polymerization experiments revealed that several of the organoscandium complexes are
effective catalysts for the polymerization of ethylene.

The reactivity of the neutral dialkyl organoscandium species was examined
leading to the synthesis of a family of highly reactive organoscandium alkyl cations.
Deactivation pathways, most notably C¢Fs transfer to the metal centre and metallation of
an isopropyl group were observed. While C¢Fs transfer impeded subsequent reactivity
studies, metallation proceeded sufficiently slowly so as not to hinder the development of
their organometallic chemistry. Quantitative analysis of ion-pair dynamics established
that intermolecular anion exchange likely occurs by way of a highly ordered transition
state, most likely a low energy associative anion displacement by an incoming arene
molecule.

A unique class of isolable solvent separated organoscandium methyl cations was
synthesized by reaction of dialkyl scandium compounds with [CPh;][B(CsFs)s]. These
complexes have been found to be resistant to both CgFs transfer and metallation

decomposition pathways. The molecular structures show stabilization of the alkyl cations
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through n° arene binding to the metal centre. These aromatic solvent molecules are
bound sufficiently loose to permit the study of their chemistry. Quantitative kinetic
experiments for arene exchange imply a partially dissociative mechanism whereby the
rate-limiting step involves dissociation to lower hapticity. The mechanism for arene
displacement was further investigated upon exploring the reactivity of these compounds
with diphenylacetylene. In this situation it was determined that rate-limiting coordination
of the alkyne to the metal centre had a slightly higher barrier than arene ring slipping.
Preliminary work demonstrated that the B-diketiminato ancillary can also be used
to prepare organoyttrium species with potential for further derivatization to the

corresponding organoyttrium cations.
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Chapter 1:

Introduction

1.1 Historical Account of Organoscandium Chemistry and Chapter Content

The first organoscandium compound, Cps;Sc (Cp = CsHs), was reported by
Birmingham and Wilkinson in early 1956." Interestingly, this milestone was punctuated
by an opening sentence which cast doubt on the possibility of ever isolating scandium
alkyl or aryl compounds. Perhaps partially as a consequence of this statement,
organoscandium chemistry received little attention with only a handful of compounds
published through the end of the 1970’s.> Indeed, even in the 1980’s organoscandium
chemistry appeared only sparsely throughout the literature until in 1984 Bercaw et al.
reported the synthesis of Cp*,ScR (Cp* = CsMes).” This preliminary account was
followed soon thereafter by a seminal contribution which detailed the mechanistic aspects
of the reactions between Cp*,ScR and alkane/aryl C-H bonds.* From this point forward
the development of sophisticated organoscandium systems was greatly accelerated until
the present where a plethora of ancillary ligand scaffolds and synthetic strategies have
been successfully implemented.

The following chapter is not designed to be a comprehensive review of this field
(the reader is referred to several recent reviews on this subjects'g), but to chronicle
highlights so as to place the remainder of the thesis in the appropriate context with

respect to the challenges which currently face this discipline.



1.2 Scandocene Chemistry

As previously discussed, the development of complexes of the type Cp*,ScR was
important in the synthetic challenge to isolate mononuclear base free organoscandium
complexes. Unlike its smaller and more electron-deprived Cp analogue, Cp*,ScCl is
monomeric in aromatic solvents.* Although this species will coordinate THF, it was
possible to remove it by sublimation under dynamic vacuum at 120 °C or upon alkylation
with one equivalent of alkyl lithium (Scheme 1.1). The corresponding monoalkyls, upon
reaction with 4 atmospheres of H,, afforded the expected scandium hydride. Although

the nuclearity of this compound was not unambiguously established, the THF adduct is

2 LiCp* ,? ,4)7;
xylene \SC_Cl RLi \SC_R
BT é -LiCl \\<§;:§Xl

-RHjHZ
L ":;i \ C=CHR"
R'=Me Sc—CHZCH R <2ZZMR - (epr,seH],

R = Me, Ph, CH,Ph, tolyl

indeed mononuclear.

ScCl3(THF);

Scheme 1.1  Synthesis and Reactivity of Cp*,ScR

Although [Cp*,ScH], was capable of inserting ethylene, similar reactions of
Cp*2ScR with a-olefins resulted in products arising from loss of R-H and formation of

vinyl derivatives Cp*,ScCH=CHR’ (Scheme 1.2).* This unique reactivity was



thoroughly studied and dubbed “c-bond metathesis” by analogy with the common
reaction of olefins with transition metal alkylidenes. Mechanistic experiments revealed
that this pathway was operative in the reaction between Cp*ScR and alkanes, arenes,

alkynes and bulky olefins.” The transition state has been determined to be a 4-coordinate

R! +
N\ R R
H T,
Cp*;SC.5* &'H| ——= Cp*;ScC

\R ISQ_ \\/H

Cp*,Sc

Scheme 1.2 Mechanism for o-Bond Metathesis

species with partial positive charge on both the metal centre and hydrogen. There is a
strong preference for non-directional (s-character) at the B-position, and as a consequence
the hydrogen always occupies this site (Scheme 1.2). Unfortunately, this renders it
impossible to promote reactions which result in C-C bond formation.

It was speculated that c-bond metathesis (as opposed to insertion) dominates
between Cp*;ScR and a-olefins because steric interactions between R’ and Cp*

disfavour olefin approach where the m-orbital is directed towards the frontier molecular

A B

Figure 1.1  Olefin Insertion vs. o-Bond Metathesis for Cp*,ScR and Propylene



orbitals of the Cp*,ScR. An orthogonal approach, which results in 6-bond metathesis,
minimizes these repulsions, and is thus preferred (Figure 1.1).”

It was hypothesized that the inability of olefins to insert into the Sc-R bond of
Cp*:ScR could be remedied by reducing the steric bulk at the metal centre. One strategy
to accomplish this involved the mixed Cp’/Cp* (Cp’ = CsHs or 1,3,4-CsH,Mes)
derivative, Cp’Cp*ScR. This necessitated the synthesis of Cp*ScCl, which was cleverly
accomplished by reacting Sc(acac); with Cp*MgCI(THF) to afford Cp*Sc(acac),.”

Cp*Sc(acac), was then converted to the dichloride variant upon addition of 2 equivalents

Cp*MgCI(THF 2 AICI
Sc(acac); p"MgCl( )> Cp*Sc(acac), [Cp*ScCl,],
-MgCl(acac) -2 AlCl,(acac)
-LiCIlLiCp'
. MeLi, PMe;
Cp*Cp'ScMe(PMe;) = ol Cp*Cp'ScCl
-Li

Scheme 1.3  Synthesis of Cp’Cp*ScMe

of AICI;. Reaction of the oligomeric [Cp*ScCl,], with Cp’Li yielded the desired mixed
Cp’/Cp* complexes. The decreased bulk of the ancillary ligand in this system required
that the alkylations be performed in the presence of PMes so that the resultant scandocene
alkyl could be isolated as the base stabilized monomer (Scheme 1.3).> Although
hydrogenolysis of CpCp*ScMe(PMe;) afforded the expected scandium hydride, it reacted
with itself through a o-bond metathesis reaction between Sc-H and a Cp C-H bond to
yield the corresponding dinuclear complex (Scheme 1.4).

Another approach to reduce crowding at the metal centre was to tie back the Cp*
ligands with a SiMe, bridge. The resulting ansa-metallocene complex contains a

scandium centre with an enhanced coordination sphere. Through variation of the Cp



@\&\PM% 2 H, AN /@

Sc > Sc
2 ve -2CH, H, \%\H/ \ﬂ

Scheme 1.4  Reaction of CpCp*ScMe(PMes) with H,

moieties it was possible to prepare numerous scandocene complexes, however, for
simplicity most early work concentrated on two ancillaries, Op and Dp (Op =
(CsMey4),SiMe,, Dp = (CsH3;CMes;),SiMes).”  Attachment of these ligands to scandium
was straightforward (Scheme 1.5), although the Dp supported dichloride was oligomeric
and the Op analogue retained one equivalent of LiCl. Nonetheless, alkylation of both
compounds with appropriate groups (-CH,SiMe; for DpScR and -CH(SiMes), for
OpScR) afforded the desired monomeric scandocene alkyls. Hydrogenolysis gave the

corresponding scandium hydrides; DpScH was isolated as a dimer and OpScH was best

‘Bu ‘Bu
2 LiCsHsCMe; 4
2 n-BulLi Li ScCl3(THF)3 )
i — » Me,Si — | Me,Si Sc—¢Cl
MEZSIC|2 2 LiCl 2 Li 22 Licl 2
‘Bu ‘Bu
- —In

Scheme 1.5  Synthesis of [DpScCl],

prepared as the PMes; adduct. In comparison to the permethylscandocene system, these
compounds exhibited improved reactivity with a-olefins, however, the chemistry was

limited exclusively to head-to tail dimerization. These species also served as excellent



candidates to probe the mechanism of Ziegler-Natta polymerization.'’

1.3 Mixed Cp* - Amido Scandium Chemistry

The reactivity of the scandium centre towards unsaturated molecules was further
enhanced by moving to an even more sterically open Cp* — amido ancillary set. Reaction
of ScCl3(THF); with LiCp*SiMe,NRLi afforded the metal chloride as a LiCl and THF
free monomer (Scheme 1.6).2 Alkylation with LiCH(SiMe;), generated the desired alkyl

derivative, which served as a convenient starting material for the metal hydride. If the

\ \

Li SCCly(THF)3 .

ve,Si —— g Mesi_ S C
2SN 2 Licl N

NLi N

9

S
“ x“
&~

-LiCl| LICH(SiMe3),

H,, PMej

i Sc SC SiMe, ®—— Me,Si
MeZS'\N/ NN i, N

“".o ‘&‘. 5

»

SC_CH(SiMe3)2

Scheme 1.6  Synthesis of [(Cp*SiMe;N'Bu)Sc(PMes)](n-H)a

hydrogenolysis =~ was  conducted in the presence of excess PMes
[(Cp*SiMe,N'Bu)Sc(PMes)](u-H), could be isolated as a well behaved solid in 80%

yield. The solid state structure of this complex revealed a long Sc-P bond length of



almost 3 A; variable temperature NMR studies indicated a low barrier for phosphine
dissociation. As in the ansa-scandocene examples, a-olefins were coupled in a head-to-
tail fashion, however, much higher activities (€.g. polymerization of 1-butene resulted in
molecular weights of approximately 4000) were realized in these sterically less

demanding complexes.”

1.4  Non-Cp Supported Organoscandium Compounds

Although a veritable wealth of organometallic chemistry originated from the
previously discussed scandocene systems, inherent limitations in the bis-Cp ancillary set
prompted a search for new ligand environments, most notably, one which leaves at least 2
valences for reactive hydrocarbyl ligands. One successful example is the amido-
diphosphine (PNP) ligand reported by Fryzuk and co-workers. This ligand was
employed in the synthesis of the first non-Cp Group 3 dialkyl compounds.!' Reaction of
LiPNP with ScCl;(THF); at 100 °C in toluene afforded PNPScCI,(THF) in high yield.
While the dichloride complex retained one THF molecule, it was precluded upon
conversion to mononuclear dialkyl derivatives (Scheme 1.7). Unfortunately, this class of
dialkyl complexes exhibit reactivity patterns complicated by decomposition and facile
ligand loss; clean reactions were not observed with H,, CO or ethylene. In order to
increase electronic saturation at the metal centre a mixed Cp/PNP system was synthesized
through addition of NaCp to PNPScCly(THF)."> The resultant THF free monohalide
complex reacts cleanly with typical lithium reagents. PNPSc(Cp)(BH4) can be converted

to the corresponding metal hydride by employing PMe; to sequester the Lewis acidic



borane (Scheme 1.7). Unfortunately it was not possible to prepare PNPSc(Cp)(H) by

reaction of PNPSc(Cp)(Me) with H,.

'Pr,

./\P 'Pr iPr
N /NP /\p
NLi Mezsi Mezsi
I toluene \ Cl 2 RLi \ «R
/ E—— N—S'c—0<:| E—— N—sSc”
Me,Si ) CI/ -THF / | g
'Pr, Me,Si P Me,Si =}
+ iPrz iPrz
SCC|3(THF)3 R = Me, Et,
CH,SiMe,
NaCp(DME)
iPrZ iPrz iPrz
P P _ P
. . R =BH .
Me,Si | Me,Si | 4 Me,Si |
\N SC"“‘“Q RLi 2 \N s ) PMe; ? \N s o
— _— —Sc — —Sc
. | ci /R HBPMe, /| H
Me,Si P Me,Si P Me,Si P
IPrZ iPrz iPrz

R = Me, Ph, BH,
Scheme 1.7  Synthesis of PNPSc(Cp)(H)

A rather novel Cp alternative was reported by Bazan et al. where addition of
CsHsBPMe; to ScPhi(THF); affords the boratabenzene supported dialkyl complex
depicted in Scheme 1.8."°  Although this species represents a unique class of dialkyl
scandium compounds whose reactivity may prove fruitful, no such studies involving

boratabenzene stabilized scandium complexes have yet been published.

X
» <—=>B-Ph
B l
-PMe
3 P~ Q
+
ScPhy(THF),

Scheme 1.8  Synthesis of (CsHsBPh)ScPh,(THF)



A more thoroughly explored monoanionic ancillary is the readily modified
tris(pyrazolyl)borate (Tp) ligand. It was established in the late 1990’s, with the report of
a variety of dialkyl scandium complexes, that these are suitable ligands for group 3
metals.'*'” Although the scandium dichloride species could be isolated, subsequent
reactions with RLi were problematic, restricting the institution of organic groups to
alkane elimination procedures (Scheme 1.9). The chemistry of the resultant dialkyls was
limited due to general unreactivity and loss of ligand under forcing conditions.
Nonetheless, the relative ease and degree to which the Tp ligand can be fine tuned render

it potentially useful for the synthesis of more reactive species.

Sc(CH,SiMe3)3(THF),

Scheme 1.9  Synthesis of TpSc(CH,SiMes),(THF),

1.5 Cationic Organoscandium Compounds

The development of non-Cp supported species permitted the generation of
cationic organoscandium compounds akin to group 4 metallocenes used in olefin

polymerization. Examples of this class of compounds are exceedingly rare, the first of
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Me
!
MeCN N S N
N, N AT e

Me” Y -THF

Me \““"‘S C ey

Cl “Cl

SCCly(THF); Cl

-3 LiCl [3 MeLi

o e a;

N N

o ~M

ESC
I MeB CeFs) Me' I Me
Me Me

Scheme 1.10  Synthesis of [(Me;[9]aneN3;)ScMe;][MeB(CsFs)s]

which was suggested in 1997 by Bercaw and colleagues.'® Reaction of 1,4,7-trimethyl-
1,4,7-triazacyclononane (Mes[9]aneNs) with ScCl;(THF); afforded the THF free trihalide
which could be cleanly alkylated with 3 equivalents of MeLi (Scheme 1.10). Although
(Mes[9]aneNs3)ScMes is relatively unreactive towards unsaturated organic substrates,
addition of B(CgFs); afforded an active ethylene polymerization catalyst. While it was
not possible to isolate the ion-pair, spectroscopic data were consistent with the proposed
compound.

A variation of the Mes[9]aneN; ligand, which incorporated a pendant phenoxide
arm, was recently communicated.® The now monoanionic ligand was successfully
i me |k®

/

. N/‘ ) /\ /\
o \ .\ __MeCN _ ’\7
Me THF o™ | “"CH,SiMes
L -~ CstlMeg

Sc(CH,SiMes)s(THF),

Scheme 1.11  Synthesis of (N;0M)Sc(CH,SiMes),
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employed in the generation of organoscandium complexes (Scheme 1.11).
Unfortunately, reaction of these compounds with Lewis acidic boranes led only to ill-
defined mixtures. Mountford and colleagues have also reported, however, neutral trialkyl
compounds supported by tris(pyrazolyl)methane ligands."” These complexes can indeed
be converted to cationic derivatives upon introduction of either B(C¢Fs); or
[CPh3][B(C¢Fs)4].

While these examples suggest cationic species are viable compounds, isolable
organoscandium cations remained virtually absent from the literature at the time the

research presented in this thesis began.

1.6 Thesis Goals

Since the late 1980’s organoscandium chemistry has blossomed, and although
elegant work has been performed, there are only a limited number of well defined
examples of mononuclear base free dialkyl scandium complexes. These species, which
necessitate alternative ancillaries to the ubiquitous Cp ligand, are often prone to
undesirable reaction pathways involving the supporting ligand itself. As a result, the
chemistry of such compounds remains relatively unexplored.

Thus, it was the goal of this research to develop and employ a synthetic strategy
towards thermally stable mononuclear dialkyl scandium compounds and subsequently
explore their reactivities. In particular, it was the objective to isolate organoscandium
cations, and examine the reactivity of this virtually unprecedented class of compounds.

The synthesis, solution and solid state structures as well as thermal stability and
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preliminary polymerization data of a family of [-diketiminato supported dialkyl
scandium compounds are described in detail in Chapter 2. The reactivity of these species
with electrophilic boranes, namely HB(C¢Fs),, B(CgFs); and (CgFs)B(Ci2Fg) comprises
Chapter 3. The dialkyl compounds introduced in Chapter 2, were reacted with
[CPh3][B(C¢Fs)4], leading to the formation of aromatic solvent separated ion-pairs. This
is a topic of acute interest because these types of compounds are often speculated to be
intermediates in olefin polymerization processes. Mechanistic studies exploring the
pathways by which unsaturated molecules react with these arene bound scandium cations
were undertaken and are summarized in Chapter 4. Finally, Chapter 5 addresses initial
results focusing on the extension of this chemistry to yttrium. Future directions for this
area are discussed in depth. More detailed introductory material is presented at the
beginning of each chapter where it was felt to be more pertinent and thereby more

beneficial to the reader.
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Chapter 2:

Synthesis, Characterization and Thermal Decomposition of Dialkylscandium

Complexes Supported by the B-Diketiminato Ancillary Ligand

2.1 Introduction — B-Diketiminato Ancillary Ligand

2.1.1 Synthesis and Structural features of the B-Diketiminato Ligand

The development of well-behaved and clearly defined diorganoscandium species
necessitates the use of a carefully designed ancillary ligand. Since scandium exists
almost exclusively in the +3 oxidation state (although several unusual examples have

recently been reported where scandium is in a lower oxidation state),”*?’

only one
valence can be used for the ancillary framework if one wishes to leave two for reactive
hydrocarbyl fragments. Thus, one must utilize a monoanionic ligand with the appropriate
steric balance to sufficiently protect the metal centre against aggregation, Lewis base
ligation and ligand redistribution reactions without completely quenching the desired
reactivity of the resultant organometallic complexes.

While a variety of non-cyclopentadienyl alternatives exist’ the B-diketiminato
ligand™ was chosen for several reasons. The nacnac® ancillary is the nitrogen analogue
to the acetylacetonato or acac ligand, which is ubiquitous throughout coordination
chemistry (Figure 2.1). Unlike the acac ligand, however, the coordination chemistry of

the B-diketiminato ancillary has remained, until recently, largely unexplored.”® Although

there are several structural similarities between the two classes of ligand, the nacnac
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framework is advantageous for use in organoscandium chemistry as the nitrogen atoms
allow the addition of readily tuned bulky substituents near the coordination sphere of the

metal. This, in combination with the ability to modify the R groups, allows

I o
Me’J\\\///L\Me R R
RI
acac nacnac
base

M

O./ \.O

l~~ ’,J
Me 2 Me

Figure 2.1  Acetylacetonato and B-Diketiminato Ligands

straightforward fine tuning of both steric and electronic ligand properties. In particular,
Coates et al. have shown that substitution at R’ has a dramatic effect on the electron
donating ability of the nacnac ligand.*'>* Furthermore, these ligands can be synthesized
on multi-gram scale in good to high yield from inexpensive commercially available

30,34-36

starting materials.”®  Although several synthetic strategies exist, the most

commonly used route involves the condensation of a primary amine with a (-diketone

M + 2 H,oNAr _H N| ||\I
R R

Scheme 2.1  Synthesis of B-Diketiminato Ligands via Condensation Route
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(Scheme 2.1). For B-diketiminato variants with bulky R groups (i.e. ‘Bu) it is not always
possible to achieve the second condensation step, forcing the use of a time demanding,

albeit more versatile convergent synthesis (Scheme 2.2).

(0] 0
)]\ + HoNAr  — )j\
R Cl R NHAr
lPCIs
CHj; Cl
/g MeLi
D
R NHAr R NHATr
n-BulLi
TMEDA
M82
N

@
R NHAT R

Scheme 2.2  Synthesis of Bulky 3-Diketiminato Ligands

Although the R group is easily modified, its proximity to the metal’s coordination
sphere is secondary to the nitrogen substituents. Nonetheless, it has a sizeable impact on

the ensuing reactivity of the metal complexes, as it forces the N-Ar groups towards the

H
Ar\N/ \N/Ar

v
'
]
<

Scheme 2.3  Observed Tautomers for the B-Diketiminato Ligand
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metal centre (vide infra).
The protio nacnac ligands can exist as a mixture of tautomers in solution; when R
= Me, form A is observed exclusively, as evidenced by an N-H resonance downfield of
11 ppm in the '"H NMR spectrum. Alternatively, if R = ‘Bu, a 1 : 4 ratio of A : B is

observed in chloroform while only B is detected in benzene (Scheme 2.3).

R

R = Me Me,,.'—"N_“\‘
Etzo '\\- "ZA[‘“.
—— - - 1
MgMe, Me N\Mg/Me
OEt,
150°C
vacuum
R = Me
toluene ME,,,’_ AT
- < Ar
MgMe; “"'N/'- Hs
Me NG C
Mgl >Mg
A IC_|: 'N___\.-‘Me
AT \
e on; 3ppe L
"\"N/H Ar” Me
R \Ar
Me,, “‘\Ar
R = Me =\
————————>» S.\
MgtBuz' Et,0 \---N/Mg .,
Me \Ar
R :tBu tB " tBu'. ““Ar
ul. .““ } "‘_-_ v
THF ,.‘--l\l'— Ar . L QU ,Mg_Me
vattez SN Bu "N
tBu \-Mg/Me Ar

Scheme 2.4  Synthesis of B-Diketiminato Magnesium Alkyl Comlexes



17

The nacnac ligand has proven successful in stabilizing extremely reactive species,
for example, Roesky and co-workers have demonstrated that when R = methyl and Ar =
2,6-'Pro-CeHs, the B-diketiminato ligand is capable of stabilizing the first reported
example of a monomeric aluminum (I) complex.”’ Similarly, a rare example of a low
valent Ga (I) compound was recently reported by Power and colleagues.”® Bailey et al.
have found that upon increasing the steric bulk of the R group from Me to ‘Bu, it is
possible to isolate a base-free monomeric magnesium methyl compound (Scheme 2.4).*
Interestingly, when R = Me only the diethylether and THF adducts could be obtained; all
attempts to remove these bases resulted in a dimeric structure.***!

Jordan and co-workers have demonstrated that the B-diketiminato framework can
be successfully implemented to synthesize well defined organoaluminum compounds.

Reaction of monomeric dialkyl aluminum nacnac compounds with [CPh3][B(C¢Fs)4] or

B(C¢Fs)s, generated a family of alkylaluminum cations.***  Although these species do

. A
» RS

““

M e,, M e'.. ““\\

—.‘---N‘_“ Ar _N A @
N [PhsCIB(CeFs)al _  Me — o B(CgFs)a
Me N~ CH2CHs -Ph3CH SAl—CH,CH;
@

CH,CHg

Scheme 2.5  Addition of Ethylene Across the Metal and Nacnac Backbone

not decompose via -elimination, they do undergo an unusual addition reaction whereby
olefins add across the nacnac backbone and metal centre (Scheme 2.5). Nonetheless,
similarities between Group 3 and 13 suggest that cationic organoscandium compounds

may be feasible targets.
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The above example illustrates that the nacnac ligand is not always an innocuous
observer in the chemical reactivity of B-diketiminato supported complexes. It has also
been shown that it is possible to deprotonate the methyl R groups in the ligand backbone.
Attempts by Smith III and co-workers to alkylate a nacnac boron difluoride compound
with 2 equivalents of LiCH,SiMe; resulted in the production of a reduced nacnac
complex (Scheme 2.6).* A one electron ligand reduction was reported by Lappert et al.

upon reaction of LyYbCI (L = Me;SiNC(Ph)CHC(Ph)NSiMes) with Li in THF.*

“\©/ Me,,. ““\\©/

Me...

ol 'l\l_.“ / N ., )
.. 2 LiCH,SiMeg __B—CH,SiMe;
NG e o N
Me B— - 2LiF, SiMe, H2C \Ar
F

Ar = 4—Me-C6H4

Scheme 2.6 Reduction of the B-Diketiminato Ligand Upon Reaction with Li

2.1.2  Electronic Features and Bonding Modes of the B-Diketiminato Ligand

From an electronic perspective, the B-diketiminato ligand is theoretically capable
of stabilizing a metal through a host of bonding modes with donation of 2 — 10 electrons;
n', k> and 1’ bonding are the most prevalent.’® Although the purely k* bonding motif,
whereby the metal resides in the plane of the nacnac ligand is rare, it predominates for
3-coordinate Group II and XII compounds. One such example was published by Roesky
and co-workers where LM®ZnCCPh, is clearly trigonal planar in the solid state.*®

Compounds of higher coordination number usually exist in a geometry where the metal is
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R
+*

Me,.. oot
=TT Ar.
\\-__N/" .

Me \"AI/Me
Me

Figure 2.2 Typical B-Diketiminato Bonding mode between «” and 0’

displaced out of the plane of the ligand by varying degrees. In these situations the
electron donation to the metal centre is considerably more ambiguous, ranging the entire
bonding spectrum from k> to m°. This intermediate bonding dominates most
B-diketiminato complexes; a typical example is reported by Smith III and is shown in
Figure 2.2.* Metals with significantly larger coordination spheres, such as the
lanthanides, are occasionally observed to lie at the latter extreme.*® Since there is no
clear cut classification established for such bonding modes a large degree of discrepancy
exists. For example, Collins and colleagues have reported several zirconium complexes
in which the metal is described to be bonded in a purely n° fashion akin to that observed
in cyclopentadienyl complexes,®-” however, careful scrutiny of the solid state metrical
parameters suggest otherwise.

There are also a plethora of highly unusual bonding modes, such as the n'-n’-i* /
n’-k? bonding mode which has been observed for barium. In this situation one metal
centre is bound to the ligand through only one nitrogen atom. A second nacnac ligand
bonds to the metal in an 1’ fashion while a third is bound k% A second barium centre
bonds to the first ligand in an n° mode and the second in a k> motif such that the solid

state structure portrays a Ba,L; unit whereby both barium atoms are involved in multiple
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R = cyclohexyl

Figure 2.3 Numerous Bonding Modes in a Ba,L; Unit

bonding modes to different B-diketiminato ligands (Figure 2.3).”!

Although analogies between the electronics of cyclopentadienyl 1° bonding and
“out-of-the-plane” B-diketiminato structures have been made,””*">* a DFT study by
Tolman et al. suggest that this type of comparison may not be accurate.”® These
calculations, which analyze the bonding between a Cu(l) centre and a B-diketiminato
ancillary, reveal that five occupied molecular orbitals are associated with the ligand, and
as such it is possible to have a donation of 10 electrons from the ligand to the metal
centre. In reality, however, the picture is more complicated; most of the bonding
interactions take place with 5b2 and 6al which are representative of in-plane c-bonding
from the nitrogen atoms to the metal centre. The out-of-plane w orbitals, 1bl, 1a2 and
2bl, which could interact in cyclopentadienyl-like bonding play a significantly less
important role. In particular, orbitals 1b1l and 1a2 were found to lie too deep in energy to
contribute to bonding to a meaningful extent. Thus, the nacnac ligand can be envisioned

3

as a k°, 4 electron donor (20) for in-plane structures, and for the most part a >, 6

electron donor (2o, 1m) for out-of-plane structures, depending on the degree to which the
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Chart 2.1  Frontier Molecular Orbitals of the B-Diketiminato Ligand
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metal is removed from the ligand plane and the quantity of backbone puckering (Chart
2.1). It should be noted that out-of-plane structures appear to have little disruption in the
o-bonding as the ligand backbone is quite flexible, and as such the aforementioned 6
electron donation in these structures remains reasonable. It should also be pointed out
that the N-aromatic substituents lie perpendicular to the ligand plane, and therefore are
not part of the conjugated m-system. The LUMO of the nacnac ligand, 2a2, which is of
relevance in spectroscopic studies, is depicted as the m-antibonding analogy of 1a2. The
HOMO-LUMO gap was calculated to be approximately 2.3 eV. A more comprehensive
account of B-diketiminato ligand complexes and their properties can be found in a recent
review by Lappert et al.*

The structural and electronic diversities, the ability to stabilize reactive species

and an inexpensive and straightforward synthesis made the nacnac ligand an excellent

candidate as an ancillary in our quest to generate stable dialkylscandium complexes and

R
/
—C
R Cp*,S N
RCN / RCN pT2oC Me
Cp*,Sc—Me —>Cp*28c—N=C\ — \N
Me \
Nt
AN
R
_ l 5
R H /
N_
AN

Scheme 2.7 Reaction of Cp*,ScMe with RNC
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explore their reactivity and efficacy as catalysts for olefin polymerization. It is important
to point out that a B-diketiminato supported scandium species was previously reported by
Bercaw et al. upon reaction of Cp*,ScMe with 2 equivalents of isonitrile (Scheme 2.7).%
Throughout this thesis two different B-diketiminato ligands were employed: the
less bulky methyl backbone derivative, denoted as LM¢, and the more sterically

tBu

encumbered ‘Bu compound, L Both ligands incorporate the N-2,6-'Pr,-C¢Hs group,

and as such it will be abbreviated as Ar.

2.2 Results

2.2.1 Synthesis of LMeSch(THF)x

Initial results reported that reaction of ScCly(THF);, with one equivalent of LiLM®
at 100 °C in toluene for 24 hours cleanly generated the dichloride LM°ScCl,(THF),
1-CI(THF), as a crystalline white solid in high yield (80%).° This monomeric
dichloride serves as an excellent starting material that can be alkylated under mild
conditions (room temperature, 1-2 hours) with two equivalents of R’Li (R’ = CHs,
1-Me(THF), CH,SiMes, 1-CH,SiMe;, CH,CMes;, 1-CH,CMes) in aromatic solvents.’’
Although the dibenzyl compound, 1-CH,Ph, can be generated using benzyl potassium,’™
sizeable quantities of potassiated ligand, KL™®, are formed as an undesirable side
product.  The reaction proceeds more cleanly if the milder Grignard reagent,
PhCH,MgCl, is utilized. The dimethyl compound, 1-Me(THF), exists as a five
coordinate THF adduct.® Unfortunately, all attempts to remove the ligated THF,

including prolonged exposure to high vacuum and addition of Lewis acids to sequester a
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potentially labile THF were unsuccessful. Interestingly, the THF ligand can be precluded
upon alkylation if the alkyl group is sufficiently bulky; the dibenzyl, dineopentyl and
bis((trimethylsilyl)methyl) derivatives are monomeric and free of Lewis bases (Scheme

2.8).%

H

(0]
N 100°C >
| toluene p I
N N —_— > =N %
Ar? L7 Ar 24 hours Sc
; )
SCC|3(THF)3 Cl
1-CI(THF)
_ 36 hours
2RLi vacuum
or 150°C
2 PhCH,MgCI
"":: CHSI:, ,---N“‘“‘A:r
\\-_ ‘--Ny"- )
CH3 \“SC/Cl\\
CH,R" | cl Jd«x
R" = SiMe3, CMeg, Ph 1-Cl
2 MelLi
toluene
"':,. “\Ar
=N,
. o r Ha CHj,
N\'\SC_ ‘\Clu,._s
\ \EI’ "N nCH3

Scheme 2.8 Synthesis of LY*ScR, Compounds

Alternatively, in a manner similar to that reported by Bercaw for

Cp*,ScCI(THF),* heating dichloride 1-CI(THF) at 130 °C under reduced pressure for 36
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hours affords a pale yellow insoluble powder. Surprisingly, despite the almost complete
lack of solubility of this presumed oligomeric species, reaction with 2 equivalents of
MelLi in toluene proceeds smoothly to afford base-free LY°ScMe,, 1-Me, upon workup.
Although the compound exists as a dimer in the solid state (Figure 2.12), its marked
increase in solubility compared to its dichloride precursor, possibly indicates it exists as a
monomer in solution. Likewise, the 'H NMR spectrum exhibits only one Sc-Me
resonance which is due either to a monomeric structure or rapid exchange of bridging and
terminal Me groups within a dimer. Furthermore, its reactivity with Lewis acids, which
will be discussed in future chapters, also supports an accessible monomeric structure in
solution. In order to completely eliminate ambiguity regarding the nuclearity of 1-Me in

solution, however, cryoscopic measurements would need to be conducted.

2.2.2  Synthesis of L®"ScR,

In an attempt to avoid THF retention altogether, the significantly more bulky

B was employed with the idea that the ‘Bu groups would push

B-diketiminato ligand L
the aromatic substituents sufficiently forward into the coordination sphere of the
scandium centre, thus completely eliminating coordinated THF.***® The desired steric
saturation at the metal centre was indeed achieved; the dichloride, 2-Cl, even upon
exposure to excess Lewis bases, such as diethyl ether or THF remains base-free. A
further testament to the encompassing steric bulk imposed by this scaffold is the harsh

conditions required in the metathesis reaction. The reaction between ScCl;(THF); and

LiL™" proceeds to completion after three days at 100 °C in toluene whereas only one day
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is required for LM®. Another successful ligand attachment strategy involves conducting
the reaction at 180 °C which reduces the required time to an impressive 15 minutes.
Although the latter route was not quite as clean as the former (88%), at 68% the yield is
still quite good. Alkylation procedures analogous to those utilized with the smaller L™,
afforded the corresponding family of monomeric, base-free dialkyl scandium complexes
(L™'ScR,, R = Me, 2-Me, Et, 2-Et, CH,Ph, 2-CH,Ph, CH,CMe;, 2-CH,CMes3,
CH;SiMe;, 2-CH,SiMe;3) as yellow crystalline solids in good to high yield (Scheme 2.9).

Mixed alkyl derivatives can be synthesized via two separate routes. The first
involves the reaction of 2-Cl, and 2-Me, to give solution mixtures comprising of 90% the

desired methylchloro derivative, 2-Me(Cl), along with 5% of both 2-Me and 2-CL

H 2 R'Li

Bu X '‘Bu  100°C or
| toluene 2 PhCH,MgCl

Ar” LT CAr 3 days toluene

+

ScCly(THF); CH,R"
R" = H, CHs, Ph, CH,CMes,
CstiMeg

Scheme 2.9  Synthesis of L®'ScR';, Compounds

Attempts to further alter this ratio towards the mixed alkyl species were fraught with
failure, suggesting that the observed mixture is an equilibrium ratio. Likewise, attempts
to catalyze the exchange with B(Ce¢Fs); were unsuccessful. Nonetheless, addition of
LiCH,SiMe; to the mixture affords the mixed alkyl species, LtB“Sc(Me)(CHZSiMeg),
2-Me(CH;SiMes), contaminated with residual 2-Me and 2-Cl (Scheme 2.10). The
desired mixed alkyl compound could be obtained in >95% purity upon successive

recrystallizations from cold hexanes.
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A vastly improved procedure for the synthesis of mixed alkyls was established by

adding a dilute toluene solution of one equivalent of LiCH,SiMe; dropwise to a cold

LiCH,SiMe,
toluene

CH,SiMe;
2-Me(Cl) 2-Me(CH,SiMej3)
90%

Scheme 2.10  Synthesis of Mixed Alkyl 2-Me(CH,SiMe3)

(-135 °C) solution of dichloride 2-Cl at a rate of 0.11mL/minute via syringe pump
(Scheme 2.11). If the addition takes place at a faster rate or at higher temperatures, a
mixture of dialkyl, dichloride and the desired alkylchloride results. Upon complete
addition, the reaction mixture was slowly (6 hours) warmed to room temperature
whereupon workup gave pure 2-CI(CH,SiMe;), in 70% yield.  Interestingly,
2-CI(CH,SiMe3) is stable towards decomposition by redistribution to 2-Cl, and

2-CH,SiMe;. Likewise, it is not possible to generate alkylchloride 2-CI(CH,SiMe3),
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'‘Bu, 0 '‘Bu,

) ) :.:, —N R'Li “"—--N

LlCHleMe3 - toluene ‘: /
-135°C =N
_ 135 '‘Bu '‘Bu \SC’R
Isopentane
CstiM63 CstiME3
2-Cl 2'C|(CH2$|M93) R'= CH3, CH2CM83

Scheme 2.11  Synthesis of Mixed Alkyl Compounds of Form L®'Sc(CH,SiMes)(R')

through reaction of 2-CH,SiMe; and 2-Cl. Presumably, the bulkier CH,SiMes; group,
renders the likely halide/alkyl bridged transition state too high in energy (Figure 2.4).
Exploratory reactions into this phenomenon suggest that the redistribution is still viable if
R = CH,CH3;, although the equilibrium lies slightly further towards the starting materials
(10% of both the dialkyl and dichloride compounds remain). No production of mixed

alkyls was observed when R = CH,Ph or CH,CMes.

Sc

\ C
: :\9@

Figure 2.4 Proposed Transition State for Halide/Alkyl Redistribution to 2-R(Cl)

Alkylation of 2-CI(CH;SiMej3) is readily achieved in good yields (50-70%) upon
reaction with one equivalent of the appropriate alkylating reagent (MeLi, LiCH,CMes) to
give 2-Me(CH,SiMe;) and L™"Sc(CH,CMe;)(CH,SiMes), 2-CH,SiMes(CH,CMes),
respectively. Higher combined yields for the two steps responsible for alkyl group
introduction can be accomplished through a one-pot synthesis; upon allowing the crude

reaction mixture of 2-Cl and LiCH,SiMe; to gradually warm to room temperature the
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solution can be cooled back to -78 °C whereupon the second alkyllithium can be added
from a solid addition piece. Slow warming to room temperature and subsequent workup
cleanly produced the mixed alkyl compounds in >80% yield.

It is also possible to alkylate with unsaturated groups; reaction of dichloride 2-Cl
with one equivalent of C;HsMgBr cleanly installed one allyl group, producing the
allylhalide compound, L™"Sc(Br)(C;Hs), 2-Br(C;Hs). Intriguingly, there appears to be
rapid halogen exchange between L™'ScCI(C3;Hs), and the newly formed MgBrCl,
presumably due to the driving force of MgCl, formation (Scheme 2.12). It was not

possible to introduce a second allyl group, even when excess Grignard reagent was used.

‘B, ‘BU.,,
C3HsMgBr S ,Ar i MgBrcl 5 ,Ar .
“MgBrCl gy \/ “MgCl, \/
Cl Br Br
2-Cl 2-Br(C3Hs)

Scheme 2.12  Synthesis of 2-Br(C3;Hs)

The halogen exchange observed during the production of 2-Br(C3;Hs) prompted
exploratory reactions involving both scandium dichloride and mixed alkylchloride
species with Lil; these reactions showed rapid halogen exchange as the iodide was
incorporated at expense of the chloride. Since it was not possible to push the reaction
completely towards L™"Scl,, even with a large excess of Lil, it would seem that the
halogen exchange is an equilibrium process. In slightly different scandium dichloride

compounds, it may, however, be possible to drive the reaction to completion, a desirable
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transformation if one is seeking low valent Sc(I) compounds, since metal iodides are
frequently much easier to reduce than their chloride analogues.”’

All of the compounds vary little in colour ranging from white to pale yellow with
intense ligand to metal charge transfer (LMCT) absorptions occurring in the UV region
of the UV-visible spectra recorded in hexane. The 5-coordinate compounds exhibit
maximum absorptions at shorter wavelength (higher energy) than their 4-coordinate
congeners due to the different geometry and greater degree of electronic saturation at the
metal. Likewise, 4-coordinate dialkyl compounds supported by LM® afforded absorptions

tBu

10-15 nm lower than their L™" stabilized counterparts (Table 2.1).

Table 2.1 UV-Vis Data for Scandium Nacnac Compounds

Compound A € Compound A €
1-CI(THF) 322 3800 2-Cl 358 10800
1-Me(THF) 318 20600 2-Me 366 11000
1-CH,Ph 348 4300 2-Et 366 20800
1-CH,CMe; 346 28900 2-CH,Ph 366 11300
1-CH,SiMe; 344 19400 2-CH,CMe; 367 22100

2-CH,SiMe; 370 22200

*), = wavelength (nm); & = molar absorptivity (M"'cm™); solvent = hexane

2.2.3 X-ray Crystal Structures

A number of solid state structures have been determined for the previously
discussed nacnac supported complexes and are presented in the following section.
Several important features will be addressed including the effects of substitution in the
ligand backbone and the degree to which the scandium centre is displaced from the plane
made by the B-diketiminato framework. The fact that the metal centre does not lie in the

plane of the ligand renders the two alkyl sites inequivalent. The differences between
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these positions and the rationale for site preference will be addressed. Finally, the

observation of a localized ligand backbone structure will be elaborated upon

Cl6 C26
T Ll C28,, /
/C15 ’(;27
Cl2—
Cl{ C8§N1\ /E/ NZ—_Cio \023
C18 Cc29»C30
/™ El
cig Cl7 C31

Figure 2.5 Numbering Scheme of Sc-nacnac Framework

The pB-diketiminato framework has proven useful in its ability to impart

crystallinity in the scandium complexes, and as such, a variety of X-ray quality crystals

,C16 C26

C14

C11

Figure 2.6  X-ray Molecular Structure of 1-Me(THF). Thermal ellipsoids are drawn at
the 30% probability level. Hydrogen atoms omitted for clarity
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Table 2.2 Selected Metrical Data for LV*ScE,(THF), Compounds: 1-Cl(THF)56,
1-Me(THF), and [1-Me],
Parameter” 1-CI(THF) 1-Me(THF) [1-Me],
Bond Distances (A)
Sc-N(1) 2.175(4) 2.201(6) 2.2230(15)
Sc-N(2) 2.107(4) 2.190(7) 2.2230(16)
Sc-O(1) 2.203(4) 2.228(5) N/A
Sc-E(1) 2.3556(17) 2.21009) 2.208(2)
Sc-E(2) 2.3795(18) 2.24509) 2.303(5)
2.364(10)
Sc-C(4) 3.066(5) 3.116(9) 3.123(2)
Sc-C(5) 3.327(6) 3.383(9) 3.382(2)
Sc-C(6) 3.062(6) 3.098(9) 3.126(2)
Sc-N,C; plane 0.694(6) 0.815(9) 0.879(2)
Bond Angles (°)
E(1)-Sc-E(2) 131.47(8) 123.8(4) 99.9(5)
116.7(3)
N(1)-Sc-E(1) 94.85(13) 96.4(3) 100.63(8)
N(1)-Sc-E(2) 92.33(12) 93.1(3) 90.4(2)
86.3(2)
N(2)-Sc-E(1) 104.53(11) 105.9(3) 101.10(8)
N(2)-Sc-E(2) 123.79(13) 130.1(3) 159.0(5)
142.2(3)
N(1)-Sc-N(2) 86.77(17) 85.2(3) 85.46(6)
N(1)-Sc-O(1) 175.31(16) 175.5(3) N/A
N(2)-Sc-O(1) 95.82(16) 93.7(2) N/A
Sc-N(1)-C(4) 121.1(4) 121.5(8) 120.40(12)
N(1)-C(4)-C(5) 123.5(5) 124.0(8) 124.57(17)
C(4)-C(5)-C(6) 130.4(5) 129.3(8) 129.96(17)
C(5)-C(6)-N(2) 122.9(5) 124.7(8) 124.57(17)
C(6)-N(2)-Sc 122.4(3) 122.6(6) 120.67(12)

°E = ClI for 1-CI(THF) and Me for 1-Me(THF) and [1-Me],
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were grown from cold hydrocarbon mixtures. A number of representative solid state
structures are presented in Figures 2.6 — 2.12 with a selection of relevant metrical data in
Tables 2.2 — 2.4. The numbering of the ligand framework is held consistent throughout
this thesis with E1 and E2 being reserved for alkyl groups bonded to scandium, C3 — C7
representing the ligand backbone core, which is in common to both nacnac variants, and
C8 — C19 and C20 — C31 numbering the diisopropylphenyl moieties (Figure 2.5).

The structures of the 5-coordinate THF ligated compounds 1-CI(THF) and
1-Me(THF) are quite similar with the metal centre exhibiting distorted trigonal
bipyramidal geometry. N1 and Ol occupy the apical sites with N1-Sc-O1 bond angles
just shy of linear at approximately 175 °. The equatorial sites are occupied by N2,
CI1(Cll) and C2(CI2) with angles ranging from 104 — 131 °. The scandium centre is
symmetrically bound to the nacnac ligand with typical Sc-N bond distances of 2.107(4) —
2.201(6) A.” Likewise, the Sc-Cl and Sc-C bond lengths are unremarkable, ranging from
2.3556(17) — 2.3795(18) A for the former and 2.210(9) — 2.245(9) A for the latter.®
Although the metal is displaced from the plane of the ligand (0.694 — 0.815 A) it is not
sufficiently great to suspect significant m-donation from the 2bl orbital. Indeed, the
distances of 3.062(6) — 3.383(9) A between C4, C5 and C6 and Sc, coupled with the lack
of puckering of these atoms towards the metal (the five atoms within the ligand backbone
are virtually coplanar with a maximum standard deviation of 0.064(8) A from planarity),
suggest these complexes are best described as having a 2o, 4 electron donation from the
nitrogens of the nacnac ligand to the scandium centre. The torsion angles about the N-

Caryl bonds are in good agreement with the calculations reported by Tolman et al.;>* the
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aromatic rings lie almost completely perpendicular to the plane of the ligand with torsion
angles approaching 90° in all cases.

The structures of the 4-coordinate complexes are the first reported for the L™
ancillary and are quite symmetrical with the metal centre adopting a slightly distorted
tetrahedral geometry; the N1-Sc-N2 bond angles deviate from ideality with values
ranging from 92 - 96° for the L™" derivatives and approximately 91° for the LM*

compounds.”” This marked increase in the angle for the bulkier L™" species is likely due

Cc26

Cc28

)C23

Exo

/C39

Figure 2.7 X-ray Molecular Structure of 2-Et. Thermal Ellipsoids are drawn at the
30% probability level. Front aryl group and hydrogen atoms are removed for clarity.
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Figure 2.8 X-ray Molecular Structure of 2-CH,Ph. Thermal Ellisoids are drawn at the
30% probability level. Front aryl group and hydrogen atoms are removed for clarity.

to increased steric interactions between the aromatic groups and substituents attached to
scandium. The increased steric crowding at the metal centre is also obvious upon perusal
of the C4-N1-C8 and C6-N2-C20 angles which have been forced open by an additional 5
— 6° in comparison to their LM® analogues. Although the Sc-C and Sc-N bond distances
remain within normal ranges® the scandium is forced significantly further from the plane
of the ligand with values up to 1.295(6) A (cf. 0.694(6) — 0.879(2) A for five-coordinate

LM structures). As a result, the structures exhibit C; symmetry with a mirror plane
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Table 2.3  Selected Metrical Data for L™"ScE, Compounds: 2-Cl, 2-Me, 2-Et,
2-CH,Ph, and 2-CH,SiMe;"
Parameter 2-Cl1 2-Me 2-Et 2-CH,Ph 2-TMS
Bond Distances (A)
Sc-N(1) 2.046(6)  2.1029(10)  2.125(5) 2.091(5) 2.091(5)
Sc-N(2) 2.099(6)  2.1451(10)  2.118(5) 2.118(5) 2.144(5)
Sc-E(1) 2.352(3)  2.2197(15)  2.244(6) 2.265(6) 2.229(7)
Sc-E(2) 2.326(3)  2.2219(16)  2.204(6) 2.203(7) 2.202(7)
Sc-C(4) 2.628(7)  2.7289(12)  2.777(7) 2.722(7) 2.808(7)
Sc-C(5) 2.700(7)  2.8775(12)  2.832(6) 2.796(7) 2.934(7)
Sc-C(6) 2.738(7)  2.8770(12)  2.767(7) 2.796(7) 2.890(7)
Sc-N,C; plane 1.295(6) 1.2621(21)  1.240(5) 1.244(4) 1.146(6)
Bond Angles (°)

E(1)-Sc-E(2) 115.00(12)  109.46(6) 117.6(3) 114.4(3) 109.4(3)
N(1)-Sc-E(1) 113.5(2) 110.80(5) 111.42) 109.7(2) 119.3(2)
N(1)-Sc-E(2) 112.2(2) 123.27(6) 109.2(2) 105.7(3) 105.3(3)
N(2)-Sc-E(1) 116.0(2) 112.64(5) 113.2(2) 123.9(2) 120.2(2)
N(2)-Sc-E(2) 102.2(2) 107.17(5) 108.9(2) 105.6(3) 107.3(2)
N(1)-Sc-N(2) 95.9(2) 92.20(4) 94.00(16) 94.7(2)  93.5(2)

Sc-N(1)-C(4) 100.0(5) 101.77(7) 105.1(3) 102.0(4) 107.4(4)
N(1)-C(4)-C(3) 126.4(8) 124.60(10)  126.8(5) 125.2(6) 124.6(6)
N(1)-C(4)-C(5) 120.0(8) 121.33(11)  121.2(5) 120.3(6) 120.9(6)
C(3)-C(4)-C(5) 113.0(8) 113.71(10)  111.9(5) 114.2(6) 114.2(6)
C(4)-C(5)-C(6) 134.8(8) 133.43(11)  136.4(5) 136.1(7) 134.7(6)
C(5)-C(6)-C(7) 112.6(7) 113.28(10)  113.4(5) 112.6(6) 112.0(6)
C(5)-C(6)-N(2) 119.7(8) 119.23(10)  120.5(5) 120.0(6) 120.2(6)
C(7)-C(6)-N(2) 127.7(8) 127.50(10)  125.9(5) 127.4(6) 127.8(6)
C(6)-N(2)-Sc 104.2(5) 110.28(8) 104.1(3) 106.3(4) 110.6(4)

Torsion Angles (°)

C(6)-N(2)-C(20)-C(25) 95(0) 98.31(15) 89.3(7) 98.2(8)  94.2(8)

C(6)-N(2)-C(20)-C(21)  -92.0(10)  -87.90(15)  -95.4(7) -88.8(9) -91.5(9)
C(4)-N(1)-C(8)-C(9) 115.1(9) 124.69(13)  104.1(7) 110.7(8) 105.7(7)
C(4)-N(1)-C(8)-C(13) -69.6(11)  -59.56(16)  -80.8(7) -74.3(9) -82.0(8)
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reflecting the right and left sides of the complexes; consequently, the two alkyl or
chloride substituents are inequivalent. The chemical difference between the two
environments is important and throughout this thesis the substituent which occupies the
site pointing “out and away” from the ligand is denoted as the exo position while the site
“below” the nacnac plane is distinguished as the endo position (Figure 2.7). It appears
that the isopropyl aryl groups tilt away from the endo position to alleviate steric strain. In
this case the isopropyl groups above the exo position are forced close together while the

isopropyls in closer proximity to the endo substituents are allowed to bend away (Figure

Figure 2.9 X-ray Molecular Structure of 2-Br(C3;Hs). Thermal Ellipsoids are Drawn
at the 30% probability level. Hydrogen atoms are removed for clarity.



38

2.10). This steric relief becomes more important the further the metal is out of the ligand
plane and is likely not possible to the same extent for the 5-coordinate structures because
the “top” aryl groups, upon bending towards one another, would encounter the fifth metal

substituent.

Interestingly, the diethyl derivative, 2-Et, has large Sc-C1-C38 and Sc-C2-C39
values of 119.4(5) and 129.0(5) ° which argue against [-agostic interactions like that
found in Cp*,ScEt.* This feature is likely due to the steric crowding at the metal centre.
In agreement with this finding, L™"ScEt, was not found to decompose via B-H
elimination, whereas the less crowded L“°ScEt, rapidly decomposes upon initial
formation to a variety of uncharacterized products. Similarly, the dibenzyl complex,
2-CH,Ph, has normal Sc-C1-C38 and Sc-C2-C44 angles of 127.0(4) and 115.3(5) °
which argue against any n> bonding interactions (Figure 2.8).

The X-ray crystal structures have also been determined for the mixed alkylhalide
compounds 2-Br(C3Hs), and 2-CI(CH;SiMe;). The former compound adopts a structure
akin to the various 4-coordinate dialkyl species, with the allyl functionality symmetrically
bound with Sc-C1A and Sc-C1C bond distances of 2.414(3) and 2.437(3) A respectively
(Figure 2.9). The allyl resides in the exo site in a vertical arrangement, that is, the C3 unit
lies in a plane parallel to the aromatic rings. It appears that the exo position is less
sterically demanding, thus it is not surprising the bulky C;Hs substituent is found in this
location. The solid state structure of 2-CI(CH,SiMes), however, appears to contradict

1,62
6162 Nonetheless,

this trend; it has been shown that n-donors appear to favour the exo site.
the structure for LtBuSC(CH2CMeg)(CH28iMe3) lends support to the concept with the

bulky neopentyl group lying exclusively in the exo site (Figure 2.11). In this situation the
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Figure 2.10 X-ray Molecular Structure of 2-CI(CH,SiMes;). Thermal ellipsoids are
drawn at the 30% probability level. Hydrogen atoms are removed for clarity.
longer C-Si bond length of 1.848(6)A in comparison to the C-C bond distance of
1.516(5)A within the neopentyl group results in the bulk of the CH,SiMe; group
being further removed from the metal centre. The non-bonding distances between
scandium and the B-C and B-Si of 3.314(3) and 3.763(2)A respectively, illustrate this

fact.
The solid state structure of the THF free complex [1-Me],, has been determined

as a dimer with the two bridging methyl groups having rather long Sc-C distances of
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C43 ’
Cc41

c1

Figure 2.11 X-ray Molecular Structure of 2-CH,SiMe3(CH,CMe3). Thermal ellipsoids
are drawn at the 30% probability level. Hydrogen atoms are removed for clarity.

2.372(12) and 2.303(11) A and 2 terminal methyls with a typical Sc-C distance of
2.208(2) A. Although the metal centre is 5 coordinate and the structure can be viewed as
a rather distorted trigonal bipyramid with C2’ and N2 in the apical positions (C2’-Sc-N2
=159.03(20)°) and the equatorial plane comprised of C1, C2 and N1 (with angles ranging
from 100.63(8) - 151.4(25) °), it can also be viewed as a slightly skewed tetrahedron with
the bridging methyl groups together representing one vertex of the tetrahedron (Figure
2.12). In this scenario, with an imaginary atom placed between the two bridging methyl
groups, the angles about the tetrahedron range from 100.63(8) — 128.07(4) °. In view of
the previous discussion, it is not surprising that the bridging methyls (and remainder of

the dimer) are located in the exo site with the terminal methyl in the endo position.
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Table 2.4  Selected Metrical Data for Mixed Alkyl and Alkylhalide Compounds:
2-C1(CH,SiMej3), 2-CH,SiMe;(CH,CMe;) and 2-Br(C;Hs)

Parameter 2-CI(CH,SiMe3) 2-CH,SiMe3(CH,CMes)  2-Br(C;Hs)
Bond Distances (A)
Sc-N(1) 2.0747(12) 2.144(3) 2.0965(19)
Sc-N(2) 2.1435(12) 2.126(3) 2.1081(18)
Sc-E(1) 2.2098(16) 2.239(3) 2.437(3)
2.381(3)
2.414(3)
Sc-E(2) 2.3493(5)" 2.234(4) 2.5524(5)
Sc-C(4) 2.6528(14) 2.939(3) 2.765(2)
Sc-C(5) 2.7695(15) 3.036(3) 2.867(2)
Sc-C(6) 2.8262(14) 2.903(3) 2.831(2)
Sc-N,C; plane 1.328(1) 1.031(3) 1.164(2)
Bond Angles (°)
E(1)-Sc-E(2) 111.90(5)° 113.28(14) 91.28(9)°
N(1)-Sc-E(1) 118.75(6) 109.11(12) 132.70(9)*
N(1)-Sc-E(2) 116.32(4)" 115.18(13) 105.02(5)
N(2)-Sc-E(1) 111.00(6) 103.58(11) 121.82(9)*
N(2)-Sc-E(2) 103.22(4)" 120.17(13) 107.97(5)
N(1)-Sc-N(2) 92.49(5) 93.32(10) 95.23(7)
Sc-N(1)-C(4) 98.63(9) 113.2(2) 104.42(15
N(1)-C(4)-C(5) 120.35(12) 120.8(3) 121.5(2)
C(4)-C(5)-C(6) 132.71(13) 135.7(3) 136.6(2)
C(5)-C(6)-N(2) 118.60(13) 121.2(3) 119.8(2)
C(7)-C(6)-N(2) 127.69(13) 125.4(3) 127.42(19)
C(6)-N(2)-Sc 107.40(9) 11.56(19) 108.51(13)
Torsion Angles (°)
C(6)-N(2)-C(20)-C(25) 98.05(19) 79.59(42) -90.10(28)
C(6)-N(2)-C(20)-C(21) -90.24(19) -105.85(38) 96.38(27)
C(4)-N(1)-C(8)-C(9) 123.71(16) 82.56(39) -69.43(31)
C(4)-N(1)-C(8)-C(13) -60.31(20) -93.72(39) 115.72(26)

*Whenever E1 is listed, C1B, the central carbon of the symmetrically bound allyl group is
used to determine the angle; "E2 = CI
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Figure 2.12  X-ray Molecular Structure of [1-Me],. Thermal ellipsoids are drawn at
the 30% probability level. Hydrogen atoms and aryl groups are removed for clarity.

While it appears that the metal sits significantly out of the plane mainly due to
steric interactions between the aryl isopropyl groups and the metal substituents, potential
electronic stabilization through donation from the 2b1 orbital must also be considered. In
contrast to the five coordinate structures, the metal is further from the ligand plane and

there is significant puckering of the ligand, most notably C4 and C5. Both of these
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factors result in the scandium centre lying dramatically closer to the ligand backbone,
thus allowing for greater orbital overlap and more donation from a filled 2b1 orbital into
a metal orbital of appropriate symmetry. Indeed, with distances as low as 2.628(7) and
2.700(7) A between Sc and C4 and C5 respectively, the bonding should be considered to
incorporate a degree of m donation to the metal. Another argument which suggests that
the metal’s residence out of the plane is partially electronic is the fact that the most
pronounced metal — backbone interactions are observed for 2-Me, the complex with the
smallest metal substituents. In fact, the degree to which the metal is displaced from the
plane correlates reasonably well with the electron donating ability of the metal’s
substituents; the less the metal is electronically stabilized by its alkyl groups, the more it
is out of the plane, and hence the greater degree of electronic stabilization available from
interaction with the 2b1 ligand orbital.

Conversely, the bulkier the alkyl group, the less the metal is out of the plane.
Although this may seem counterintuitive, more sterically encumbered groups may render
the metal incapable of further displacement due to growing unfavourable interactions
with the aryl isopropyl moieties. The energetic benefits achieved by dipping out of the
plane gradually diminish as steric interactions between the exo substituent and the lower
aryl isopropyl group increases (Figure 2.7).

Thus, while it appears that displacement from the plane of the ligand alleviates
steric interactions between the metal substituents and the aryl isopropyl groups, the
degree to which this stabilization can occur would seem to be a fine balance between
energy gained by dipping from the plane and growing destabilization occurring between

the exo substituent and the lower isopropyl groups; as such this process is highly
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dependent upon the size of the exo group. Hence, despite the fact that the exo position is
believed to be more sterically accessible, it becomes less so the more the metal is
displaced from the plane, and for this reason, smaller exo groups permit larger deviation

from planarity. This phenomenon is shown pictorially by a qualitative energy profile in

Figure 2.13.
t nme
Bug,, N ,-R B, Nt
"‘ =N; (111 \ 2._ ‘:ﬁ- _= Ar
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Figure 2.13  Proposed Qualitative Energy Profile for Scandium Deviatiating From
Planarity: Differences Invoked as a Result of the Size of the Metal Substituents
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In the case of mixed alkylchloride 2-CI(CH,SiMes), it would appear that
substantial energetic benefits result from the metal dipping out of the nacnac plane.
Meanwhile negligible interactions result between the exo Cl and the lower iSopropyl
groups because the steric bulk associated with the chloride is small and not sufficiently
removed from the metal centre to significantly interact with the lower isopropyl aryl
moieties. The net result is a scandium species whereby at 1.328(1) A, the metal is the
furthest from the B-diketiminato plane of all structurally characterized compounds in this
family.

A careful analysis of the metrical parameters associated with the ligand backbone
exposes a partially localized ligand backbone structure, resulting from an amido-imine

resonance contribution, Table 2.5. The bond lengths for several of the dialkyl structures

R C5. _R R C5.  _R
vt -~ ~ Vv
SeANCE e ce
|l|i i1112 - ILl L':z
Ar/ \Sc/ Sar Ar/ \Sc/ Sar

Figure 2.14  Potential B-diketiminato Resonance Structures

suggest the bonding is not completely symmetrical, most notably L™"ScMe,, which also
has the largest deviation from planarity in the ligand plane; C6 is 0.321 A from the plane
made by the other four atoms. The Sc-N1, N2-C6 and C4-C5 lengths are somewhat
shorter than Sc-N2, N1-C4 and C5-C6 indicating a partially alternating series of bond
lengths and localized electron distribution (Figure 2.14). It is difficult to say how
important this resonance structure is as there does not appear to be a clear correlation

between the sterics or electronics of the alkyl group and the severity of perturbation from



46

Table 2.5 Comparison of Ligand Bond Distances in Complexes of form L™"ScR;
Parameter 2-Me 2-CH,Ph 2-Et 2-CH,SiMe;”  2-CH,SiMes
CH2CMe3
Bond Distances (A)
Sc-N(1) 2.1029(10)  2.091(5)  2.125(5) 2.091(5) 2.144(3)
Sc-N(2) 2.1451(10)  2.118(5)  2.118(5) 2.144(5) 2.126(3)
A 0.0422 0.027 -0.007 0.053 -0.018
NM-CE)  13622(15)  1.361(8)  1.318(6) 1.349(8) 1.332(4)
N(2)-C(6) 1.3127(15)  1.325(8)  1.338(7) 1.325(7) 1.345(4)
A 0.0495 0.036 -0.02 0.024 -0.013
C(4)-C(5) 1.3962(16)  1.399(8)  1.418(7) 1.400(9) 1.422(4)
C(5)-C(6) 1.4475(16)  1.431(9)  1.423(7) 1.447(8) 1.413(4)
A 0.0513 0.032 0.005 0.047 -0.009
EA 0.143 0.095 -0.022 0.124 0.040
Sc-C(4) 2.7289(12)  2.722(7)  2.777(7) 2.808(7) 2.939(3)
Sc-C(6) 2.8770(12)  2.796(7)  2.767(7) 2.890(7) 2.903(3)
A 0.1481 0.074 -0.01 0.082 -0.036
Sc Out of 1.2621(12)  1.244(4)  1.240(5) 1.146(6) 1.031(3)
Plane

a delocalised symmetric structure. For example, 2-Et, is the most symmetrical
compound. There is likely to be a very low energy difference between the two structures.

In conclusion to this section, straightforward routes have been developed for the
preparation of base-free dialkyl scandium compounds on a multi-gram scale. A variety

of dialkyl and mixed alkyl halide synthetic strategies have proven successful and a

number of these compounds have been characterized by X-ray crystallography. The solid
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state structures exhibit C; symmetry with two distinct metal substituent enviroments
denoted exo for the position out and away from the metal, and endo for the more
sterically encumbered site beneath the ancillary framework. The mixed alkyl and alkyl
halide complexes generally adopt a geometry which places the largest group in the exo

position; exceptions to this rule are limited.®"%*

Finally, it appears that while steric
interactions between the metal substituents and the aryl isopropyl moieties force the

metal out of the plane of the ligand, the degree to which this is possible is dictated by the

size of the metal bound groups.

2.2.4 Solution Structures and Dynamic Behaviour

The solution NMR spectra of the 5-coordinate compounds at room temperature
display higher symmetry than observed in the solid state structures, exhibiting only one
isopropyl methine resonance, two isopropyl methyl resonances, and one scandium alkyl
resonance. Evidently the compounds are fluxional at room temperature, likely as a
consequence of THF lability or Berry pseudorotation. This is a low energy process as no
changes were observed in the NMR spectra upon cooling the samples to 200K.

The solution 'H NMR spectra of the various 4-coordinate dialkyls also indicate a
more symmetric, in-plane structure than that observed in the solid state. If the solution
structure mimicked that observed in the solid state, the NMR spectra would be expected
to indicate Cs; symmetry, with the only symmetry element being a plane bisecting the
nacnac ligand. There would be two distinct iSopropyl groups on each aromatic ring as

rotation about the N-aryl groups is inhibited due to the steric properties of the ligand. As
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such, there should be right — left symmetry, but top — bottom asymmetry resulting in 2
distinct resonances in the 'H NMR attributable to the isopropyl methines and 4 signals for
the corresponding methyls (Figure 2.15). The actual spectra, however, are reflective of

an in-plane or time averaged structure of C,, symmetry, whereby only one isopropyl
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Figure 2.15  Top: Mirror Plane Reflecting Right and Left Sides of LScE,; Bottom:
Mirror Plane Reflecting Top and Bottom of LScE,
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Compound” T (K) Hpaekeone  CH-iPr CH;-iPr  Sc-CH,R  Sc-CH,R
2-Cl 298 6.01 3.10 1.26, 1.43
2-Me 298 5.77 3.52 1.41,1.47 0.00
2-Et 298 5.70 3.38 1.43,1.50 0.32 1.25
1-CH,Ph 298 5.01 3.08 1.06, 1.22 2.10 6.70-7.16
2-CH,Ph 298 5.62 2.50-3.65 1.18-1.23 2.12 6.70-7.20
1-CH,CMe; 298 5.00 3.47 1.17, 1.47 0.87 1.03
2-CH,CMe; 242 5.58 2.86,4.12 123,123, 0.75,0.78 1.35
1.46, 1.74
1-CH,SiMe; 298 5.00 3.31 1.16, 1.44 0,18 0.08
2-CH,SiMe; 298 5.68 2.70-3.95 1.20-1.75 0.00 0.13
2-Me(CD) 298 5.87 3.15,343 1.27,1.37, 0.16
1.37, 1.46
2-Cl 298 5.84 3.04,3.60 1.22,1.29, 0.23 -0.04
CH,SiMe; 1.32,1.54
2-CH,SiMe; 298 5.64 2.88,3.85 1.25,1.34, 0.26,0.72 0.11,1.26
CH,CMe; 1.47,1.72
2-Me 298 5.73 3.12,3.55 1.27,1.30, -0.08, 0.00
CH,SiMe; 1.32,1.48 -0.09
endowe-2-Me 200 569  2.87,391 1.18,138, 0.03,0.12  0.09
CH,SiMe; 1.73,1.74
exome2-Me 200 574 273,379 1.18,1.34, 001,0.12  0.50
CH,SiMe; 1.46, 1.69

methine and 2 methyls, integrating as 4H and 24H respectively, are observed (Figure
2.16). Likewise, the two separate signals expected for the exo and endo positions are not
realized. The selected 'H and °C NMR data acquired in C¢Ds, (Tables 2.6 and 2.7),
shows that most of the data is consistent with this, however, the room temperature 'H

NMR spectrum of 2-CH,SiMes, is broad and featureless, indicative of dynamic
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Table 2.7  Selected *C NMR Data of 4-Coordinate Compounds

Compound® T (K) 'Pr Sc-CH,R Sc-CH,R
2-Cl1 298 244,269,299
2-Me 298  24.5,26.9,29.7 27.6
2-Et 298  26.6,26.7,29.2 40.8 13.2
1-CH,Ph 208 248,249,288 61.6 120.3, 124.9, 129.6, 149.3
2-CH,Ph 265 24.6,25.3,26.2, 57.5,643 119.7,119.8,125.2,126.0
27.0, 28.9, 29.8 128.5, 128.7, 149.0, 151.6
1-CH,CMe; 298  25.0,25.3,28.8 72.3 349,354
2-CH,CMe; 242 25.1,25.6,26.7, 69.9,75.5 35.3,35.6
27.5,28.8,29.9
1-CH;SiMe; 298  24.9,25.7,28.6 44.9 34
2-CH,SiMe; 233 24.7,25.4,26.5, 41.8,48.7 34,47
28.4,28.8,29.4
2-Me(CD) 298  24.0,24.1, 26.3, 25.8
26.6,29.1, 29.7
2-CI(CH,SiMe;) 298  24.0,24.2,24.3, 47.8 33
26.0,28.9, 31.8
2-CH,SiMe; 218  24.1,24.2,25.0, 408,47.3, 2.9,4.2,34.7,35.2,35.2,
CH,CMe; 25.1,26.0,26.3, 69.5,75.5 35.9
27.2,27.6, 28.1,
28.3,28.6,29.4
2-Me 298  24.4,24.6,25.1, 27.3,45.5 39
CH,SiMe; 26.6,27.0,29.6

behaviour near its coalescence temperature. Indeed, upon cooling the sample, a spectrum
reflective of the Cs symmetric solid state structure is observed. This corroborates the
notion of a low energy exchange process which equilibrates two out-of-plane C;
symmetric structures via an in-plane, C,, symmetric transition state (Scheme 2.13). As

such, a complete variable-temperature study was conducted on all the 4-coordinate
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Figure 2.16  Variable Temperature '"H NMR Spectra of 2-Et in dg-toluene

compounds, a representative series of spectra using 2-Et is shown in Figure 2.16. At
room temperature all four methine protons are equivalent and appear as a septet at
approximately 3.4 ppm. Likewise, two corresponding isopropyl methyls are seen in the

aliphatic region and both scandium ethyl groups are equivalent. As in the solid state
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structure, there is no evidence of p-H agostic interactions, a typical C-H coupling ('Jc.y=
122 Hz) is observed. As the temperature is lowered the spectrum becomes increasingly
broad until at 240 K the coalescence temperature is reached. Further cooling slows the
exchange process to below that of the NMR timescale resulting in a freezing out of the C
symmetric out-of-plane structure. Two inequivalent ethyl groups have now emerged
along with the expected number of isopropyl resonances.

The energy barrier for this process was calculated according to Equation 2.1, and
found to be quite low with AGH = 10.6(5) kcal mol™. This equation, reported by
Sandstrem et al., contains two experimental variables, the temperature of coalescence,
and the maximum separation, in Hertz, of the two equilibrating signals.” A complete list
of the barriers for all 4-coordinate compounds at their coalescence temperature are

reported in Table 2.8. A close inspection of the energy barrier associated with

“ligand flipping” reveals a general correlation with the size of alkyl group; the

[endo | CH, |
R

Scheme 2.13  Proposed Mechanism of "Ligand Flip" for 4-Coordinate Compounds

larger the steric bulk, the higher the barrier. This supports the previously discussed idea
that the metal centre is displaced from the plane of the ligand due to steric interactions
between the metal substituents and the aryl isopropyl moieties. It should be noted,

however, that several of the values lie in contrast to this trend, specifically those for 2-Cl,
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and 1-CH,Ph.

T
1.914 x107* (T, )[9.972 + 1ogA°—°a']

AG * coal (kcal mol ™) = PRTY L (2.1)

Teoal = coalescence temperature (K)

Av = maximum peak separation (Hz)

Table 2.8 Free Energies of "Ligand Flip" in 4-Coordinate Compounds

Compund Teoa1 (K) AGiTcoal (kcal mol'l)
1-CH,Ph 187 8.2(5)
1-CH,CMe; 275 12.3(6)
1-CH,SiMe; 210 9.5(5)
2-Cl 263 12.3(6)
2-Me 213 9.6(5)
2-Et 240 10.6(5)
2-CH,Ph 298 13.4(6)
2-CH,CMe; 242 10.7(5)
2-CH,SiMes 303 13.7(6)

®This is an estimated value due to inability to achieve full separation of peaks

The NMR spectra for the mixed alkyl complexes exhibited the expected patterns
with a loss of top — bottom symmetry even in the fast exchange regime. As the samples
are cooled, however, a different dynamic process, one which exchanges structural
isomers, as opposed to equivalent structures, is frozen out (Scheme 2.14). In the case of
2-Me(CH,SiMej3), the coalescence temperature is observed at 255 K with a complete set
of isomer resonances emerging at 210 K. The two isomers are present in a 2.8 : 1 ratio; a

2D NMR ROESY spectrum permitted the assignment of endoy. as the major isomer with
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Scheme 2.14  Fluxional Process Exchanging Structural Isomers

observed crosspeaks between the methyl group and the lower isopropyl methine. In light
of the various solid state structures of other mixed substituent compounds, which favour
the large group in the exo position (vide supra), the prevalence of this isomer is not
surprising. Most of the other mixed substituent compounds have similar isomeric ratios
with 2-CI(CH,SiMe;), having the most extreme preference of 4 : 1 (Table 2.9).
Interestingly, the presence of two isomers was not observed for 2-Br(Cs;Hs), even at
temperatures which approach the freezing point of dg-toluene (-95 °C). In addition, the
"H NMR spectrum of 2-Br(C3Hs) exhibits only two resonances at 3.4 and 5.7 ppm (in an
1

AX, splitting pattern) attributable to the allyl group, suggesting rapid n' — n° — 1

fluxionality.** The barriers for such exchange mechanisms are likely to be quite low in

Table 2.9  Isomeric Ratios of Mixed Substituent Compounds

Compound Teoar (K) Isomeric Ratio

2-Me(Cl) 250 23:1
2-CI(CH,SiMe3) 263 4:1
2-Me(CH;SiMe3) 260 2.8:1

2-CH,SiMe;3(CH,CMes) 292 1.9:1
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energy as it was not possible to distinguish between the 4 methylene protons at low
temperature.
Additional energetic information regarding the fluxional process within the

4-coordinate dialkyl species can be garnered utilizing the 2D EXSY technique.” It is

kzLxln(rJrl)
T (r=1

m

2.2)

Tm = mixing time

- Ut le)
(IAB+IBA)

Iaa & Igg = Intensity of Diagonal Peaks

Iag & lga = Intensity of Cross-peaks

possible to use this approach to determine accurate rates of exchange, according to
Equation 2.2. In order to obtain definitive values it is necessary to have two exchanging
resonances which are baseline resolved both from each other and any other signals; in

this case, the isopropyl methines were used. The rate of the ligand flip process

Table 2.10 Rate Data for Ligand Flip within 2-CH,SiMe;

Compund T(K) Kexp (s™)
2-CH,SiMe; 2473 10.0(3)
2-CH,SiMe; 235.0 2.58(3)
2-CH,SiMe; 235.0 2.59(3)
2-CH,SiMe; 235.0 2.56(3)
2-CH,SiMe; 235.0 2.62(3)
2-CH,SiMe; 228.0 0.95(3)

2-CH,SiMe; 214.1 0.15(2)
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was quantitatively determined for 2-CH,SiMe; (Table 2.10), at various temperatures and
an Eyring plot which showed an excellent fit, allowed the extraction of the activation
parameters AH* = 12.9(2) kcal mol™ and AS* = -1.6(5) e.u. (Figure 2.17). Calculation of
AGH agreed within experimental error to that obtained at Ty, using Sandstrem’s method.
Given the unimolecular nature of the process it is not surprising that it is essentially

entropically neutral.

74 AS* =-1.6(5) e.u.
AH* =12.9(2) kcal mol™

y = 6476.2X - 22.993
R? =0.9991

In (k/T)

4.5 1

3 L) Ll Ll Ll Ll Ll

0.00403 0.00413 0.00423 0.00433 0.00443 0.00453 0.00463
1T (K)

Figure 2.17  Eyring Plot for Ligand Flip Within 2-CH,SiMej;

2.2.5 Reaction of L®"ScR, with H,

In an effort to generate a monomeric Group III dihydride, the reactivity of the
4-coordinate dialkyl compounds with H, was explored.®® Upon introduction of 1

atmosphere of dihydrogen gas into a cooled (-196 °C) NMR tube charged with L™®"ScR,
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in dg-toluene, the tube was sealed and allowed to gradually warm to room temperature
(See Section 6.1.5 for complete experimental details) creating an H, pressure of
approximately 4 atmospheres. Monitoring of the reaction over the course of several days
showed evidence for loss of RH, presumably by a o-bond metathesis reaction,” however,

various aspects of the '"H NMR spectrum did not agree with production of the anticipated

tBU \\“
==
\.---Ny'._ w H2
% _—
R

R = Me, Et, CH,Ph, CH,CMes, CH,SiMe,

Scheme 2.15  Synthetic Strategy for Production of a Monomeric Scandium Dihydride

product (Scheme 2.15). Since the experiment progressed most cleanly when
2-CH;SiMe; was utilized, the reaction was scaled up under similar conditions to produce
the unidentified product as a red oil. Repeated washing with hexamethyldisiloxane and
recrystallization afforded a bright orange solid which was characterized by a host of 2D
and multinuclear NMR techniques.

A close examination of the '"H NMR spectrum, which did not show evidence of
fluxional behaviour upon a variable temperature study, showed loss of right — left
symmetry within the B-diketiminato framework, as evidenced by 2 inequivalent ‘Bu
signals. Additional conflicting evidence was observed between 5 and 6 ppm, the region
of the spectrum where the diagnostic singlet from the backbone proton usually appears,

where 2 doublets, with a very large coupling constant of 16.4 Hz, were observed.
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Although initial speculation involved a process whereby the desired dihydride species
formed and subsequently decomposed via hydride attack at the imine carbon, as seen for
salicylaldimine scandium complexes,®’ the downfield chemical shift reflective of olefinic
protons and the large coupling constant indicative of trans coupling, negate this product.
Although selective irradiation of one of the doublets confirmed the two
resonances were coupled to each other, it did not authenticate the origin of either proton.
In order to determine if these resonances could be attributed to the original H, unit a
deuterium labelling experiment was performed whereby the analogous procedure was
repeated using D, gas. Indeed, the 'H NMR spectrum revealed a 1:1:1 triplet at 5.7 ppm
with a coupling constant of 2.7 Hz verifying that a deuterium had been installed adjacent
to the original backbone proton. Interestingly, however, this 1:1:1 triplet had not
completely replaced the original signals, but rather, was overlapping with it. The 'H
NMR spectrum was acquired numerous times over the course of 24 hours unveiling a
characteristic 1:1:1 triplet (Ju.o = 44 Hz) at 4.50 ppm attributable to significant H-D
production. Further monitoring of the reaction showed the eventual growth of a singlet

due to H, generation (Figure 2.18). The “H NMR spectrum for the same reaction mixture

H-D 3D
coupling

S E—

L LA T T T L T LA LA L L L L I B B
590 585 580 575 570 5.65 480 470 4.60 4.50 4.40 430 4.20

Figure 2.18 L™"ScR; + D,; Left: H-D Coupling in Backbone Region. Right:
Production of H-D and H»
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exhibited the expected resonances at 5.8 and 0.0 ppm for the backbone and Me;SiCH;D,
respectively, as well as a signal at 4.54 ppm for H-D and signs of significant deuterium
incorporation into both the isopropyl methine and methyl resonances. These results can
be explained by a competing reversible metallation mechanism as depicted in Scheme

2.16. Although the majority of isopropyl labelling occurs in the methine position in the

",

+ D-H

-D-H

‘Bu

-H-D

+H-D

Scheme 2.16  Representative Series of Reversible Metallation Processes

scandium nacnac compounds, significant incorporation into the methyl substituents
suggests that either metallation is competitive at both sites or that upon reaction at one
position, an isomerization results. Alternatively, metallation in conjunction with a

reversible B-Hydride elimination process, as observed by Goldberg et al. for nacnac
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supported platinum compounds, would also explain the labelling of the isopropyl groups
and production of H-D and H, (Scheme 2.17).°*% Presumably repeated replenishment of
D, over time would lead to complete labelling of the isopropyl groups similar to the

facile deuteration of the Cp* methyls in decamethyl scandocene compounds.”

-H-D

|

+H-D

B-H Elimination

Scheme 2.17  Deuterium Labelling of Isopropyl Groups via Reversible 3-H
Elimination
The reaction of H, with 2-CI(CH,SiMes), was explored in hopes that a mixed
hydride/halide compound, akin to Schwartz’s reagent’” would be more stable towards
decomposition. In this case, a 1 : 1 ratio of 2-Cl, and the unidentified product resulted,

likely through initial formation of the desired L™"ScH(CI), followed by redistribution to
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an equilibrium mixture of 2-Cl and the putative L™"ScH,. From this point L™"ScH,
rapidly and irreversibly decomposes in a similar fashion to that observed for the dialkyls
(Scheme 2.18). In light of the precedent for equilibrium mixtures for mixed alkyl/halide
compounds (vide supra), this reactivity is not surprising.

A combination of these facts led to the proposal of a novel bridging imido
scandium hydride dimer depicted in Scheme 2.19. This highly unusual species would
likely form by hydride attack at the imine carbon, followed by carbon nitrogen cleavage
to yield an imido — hydride species which is likely to dimerize immediately upon
formation. Although repeated attempts to grow crystals suitable for a single crystal X-ray
diffraction study were unsuccessful, Mindiola and co-workers recently reported a similar

C-N cleavage within a titanium -diketiminato derivative yielding a compound supported

CH,SiMe;
2-CI(CH,SiMes)

Product

Scheme 2.18 Reaction Pathway of 2-CI(CH,SiMej3), with H,
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by comparable nacnac remnants.”' The reported spectroscopic data is in excellent

agreement with that observed for this compound.

i tBu,“ “‘\Ar
Hydride SN,
Migration A _Sc—H
-, X2
Bu™s Nar

H»
2RH -
H
R= Me, Et, CH,Ph, C-N Cleavage
CH,CMes, CH,SiMe;
' ¥
IBU /N\ \\\Nl, tBu / \ /
\( """" ‘“H'-. -------- Sc)\ Dlmerlzatuon Sﬁ
N
'BU I Bu
Ar

Scheme 2.19  Proposed Mechanism of Formation of Scandium Imido Hydride

The final experiment responsible for the confirmation of the proposed compound
involves hydrolysis of the organometallic species, followed by an organic work-up to
isolate a mixture of the associated organic compounds. Analysis by GC-MS showed
peaks corresponding to ArNH, and ArN=C(‘Bu)CH=CH('Bu) with molecular masses of
177 and 327 g/mol respectively, as the only high weight species. In order to ensure the
observed signals were not artefacts from residual proteo nacnac, it too was analyzed by

GC-MS with no sign of peaks at either 177 or 327 g/mol.
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2.2.6 Thermal Decomposition via Metallation of Aryl Isopropyl Group

The possibilty of metallation (vide supra) prompted the examination of the
thermal decomposition of the 4-coordinate dialkyl compounds. Indeed, at elevated
temperatures in aromatic solvent a metallation process involving one of the C-H bonds of
an aryl isopropyl group and loss of R-H was observed. Interestingly, no intermolecular
o-bond metathesis reactions were observed with the solvent. While the L™" stabilized
dialkyl complexes decompose cleanly to the metallated product (R = CHs, 3-Me,
CH,CHj3, 3-Et, CH,Ph, 3-CH;Ph, CH,CMe;, 3-CH,CMes, CH,SiMe;, 3-CH,SiMes3),
those supported by LM have a more complicated decomposition which is plagued by
further ill-defined processes. This additional deleterious reactivity is likely due to the
greater thermal stability, and thus higher temperatures and longer reaction times which
must be used to induce metallation.

The 'H NMR spectra of the L™ metallated compounds are quite diagnostic with
loss of both right — left and top — bottom symmetry; seven doublets for the isopropyl
methyls and four multiplets for the methines are exhibited, suggesting the end product
involves bond formation between scandium and a former isopropyl methyl carbon
(Scheme 2.20). Compounds with alkyl groups of the form CH,R, where R # H exhibit 2
doublets upfield of 0 ppm for the now diastereotopic CH; protons of the remaining alkyl
moiety. The solid state structure of the metallated product starting from 2-CH,SiMe3,
was determined by X-ray crystallography and confirmed its identity as

i>-[AINC("Bu)CHC('Bu)N-iPr- C¢H3]ScCH,SiMes, 3-CH,SiMes, with scandium bound
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Scheme 2.20 Metallation of 2-CH,SiMe;3

to a former isopropyl methyl carbon (Figure 2.19). The Sc-C bond distances of
2.26(2) and 2263(3) A agree well with other Sc-C bonds within this
family of compounds. The metal centre is significantly closer to the plane of the
ligand (0.540(5) A) than that observed in other structures, however, this is

expected as the constraints imposed by bonding to the isopropyl group

cza‘

Figure 2.19  X-ray Crystal Structure of 3-CH,SiMe;. Thermal ellipsoids drawn at the
30% probability level. Hydrogen atoms and rear aryl group are removed for clarity.
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Table 2.11 Selected Metrical Data for 3-CH,SiMe;

Atoms Bond Lengths (&) Atoms Bond Angles (°)
Sc-N(1) 2.126(3) N(1)-Sc-N(2) 82.84(12)
Sc-N(2) 2.136(3) C(1)-Sc-C(2) 117.4(6)
Sc-C(1) 2.26(2) N(1)-Sc-C(1) 118.5(6)
Sc-C(2) 2.263(9) N(1)-Sc-C(2) 122.02)
Sc-C(4) 3.154(4) N(2)-Sc-C(1) 114.5(5)
Sc-C(5) 3.454(4) N(2)-Sc-C(2) 87.8(3)
Sc-C(6) 3.141(4) Sc-N(1)-C(4) 130.5(2)
Sc-N,C; Plane 0.540(5) C(3)-C(4)-N(1) 125.7(3)

Atoms Torsion Angles (°) | N(1)-C(4)-C(5) 120.2(3)
C(6)-N(2)-C(20)-C(25) 95.09(44) C(4)-C(5)-C(6) 130.8(4)
C(6)-N(2)-C(20)-C(21) -93.90(45) C(5)-C(6)-N(2) 120.1(3)
C(4)-N(1)-C(8)-C(9) 109.45(46) C(7)-C(6)-N(2) 125.8(3)
C(4)-N(1)-C(8)-C(13) -82.42(53) C(6)-N(2)-Sc 128.6(2)

prevent further deviation from planarity (Table 2.11).

The metallation process was quantitatively monitored for 2-CH,SiMe; using 'H
NMR spectroscopy (Figure 2.20); concentration dependence studies found the reaction to
be first order in metal complex, indicative of an intramolecular pathway. Upon following
the reaction at a variety of temperatures an Eyring plot was constructed which permitted
the extraction of the activation parameters AH¥ = 19.7(6) kcal mol and AS* = -17(2) e.u.
(Figure 2.21). The negative entropy of activation is expected for the highly ordered o-
bond metathesis transition state, although the magnitude is perhaps greater than expected;
Bercaw and co-workers reported AS* = -23(2) e.u. for the intermolecular reaction
between dso-Cp*,ScCH3, and C¢Hg.* It may be possible that the fluxionality of the ligand
is contributing to the negative activation entropy. The AH* agrees well with the reported

value of -18.9(2) kcal mol™ for the metallocene.
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Figure 2.20 Serles of '"H NMR Spectra Acqulred in dg-toluene at 333 K Monitoring
the Thermal Decomposition of 2-CH,SiMe;
In order to obtain comparative values to draw meaningful trends between
metallation rates and compound structure, a kinetic investigation was conducted (Table

2.12). Monitoring the metallation of some L™°ScR, species was complicated by

competing reactions and as such the values should be considered semiquantitative
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Figure 2.21 Top: Metallation of 2-CH,SiMej;, Monitored Quantitatively at Various

Temperatures; Bottom: Eyring Plot of Metallation of 2-CH,SiMe;

estimates at best. They are, however, sufficiently reliable to establish that L™ supported

compounds are drastically more metallation resistant than their L™ counterparts. This
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Table 2.12  Half Lives and ke, for Metallation Reactions

Compound T (K) t15 (h) Kexp (57)
1-CH,Ph 360 7.2 2.68(5)x 107
1-CH,CMe; 360 0.37 5.32(3) x 10
1-CH,SiMe; 360 3.8 5.09(6) x 107
2-CH,SiMe; 360 0.13 1.47(2) x 107
2-Me 333 0.53 3.59(3) x 10
2-Et 333 0.15 1.34(2) x 107
2-CH,Ph 333 11.7 1.65(4) x 10”
2-CH,CMe; 333 0.33 5.86(3) x 10™
2-CH,SiMe; 333 1.6 1.22(3) x 10™
2-CH,SiMe; 333 1.6 1.253) x 10™
2-CH,SiMe; 333 1.6 1.193) x 10™
2-CH,SiMe; 333 1.6 1.17(2) x 10™
2-CH,SiMe; 303 29.5 6.52(6) x 10°°
2-CH,SiMe; 328 2.36 8.16(5) x 10™
2-CH,SiMe; 338 0.90 2.15(4) x 10™
2-CH,SiMe; 343 0.58 3.34(4)x 10™

fact is best illustrated by comparison of 1-CH,SiMes, and 2-CH,SiMes, which at 360K
were found to have metallation half-lives of 3.8 hours and 8 minutes respectively. This

B ys. LM compounds is presumably because the ‘Bu

decreased stability observed for L
groups within the nacnac framework force the isopropyl aryl groups significantly closer
to the metal centre. Unfortunately, it is difficult to draw conclusions regarding the nature
of the alkyl group and its effect on metallation, as there appear to be no consistent trends;
evidently, the steric and electronic factors involved in the c-bond metathesis transition
state are complex in these systems.

It is well established that metallation processes occur much more readily in

7273 Since the endo position is thought to be more

sterically crowded environments.
sterically demanding and there is little to no correlation between rate of metallation and

the barrier to exo/endo exchange, it was anticipated that metallation does not take place

from an in-plane structure, but rather, from the out-of-plane structure with loss of the



69

endo substituent. Thus, it was not surprising that the solid state structure confirmed this;
the metallated compound clearly showed loss of the endo substituent. This was
corroborated by the fact that heating of 2-Me(CH,SiMes), showed preferential loss of
CH,4 over SiMe, in an 8 : 1 ratio which correlated well since the major isomer has been
assigned to have the methyl group in the endo position. Metallation at the endo site was
further supported upon comparing non-bonding distances in the 2-CH,SiMe; starting
material; the exo CH,SiMe;s lies significantly further from the isopropyl groups involved
in the metallation process with an average distance of 4.54 A from the bottom isopropyl
methines. The more crowded endo CH,SiMe; group is substantially closer, at only 3.83
A5

As the only compound with B-hydrogens, 2-Et, was of interest as additional
decomposition pathways, namely those involving B-hydride elimination’ or B-hydrogen

abstraction,”* can also be envisioned. Although these processes could combine with

“,,

'Bu., -
. Z===N
Metallation ,
—_— =N CD,CD
- HCD,CD, 'Bu \S,C/” 2~H3
ArC
H,
ds-3-Et

Scheme 2.21 Direct Metallation of dip-2-Et.

metallation yielding the same net result, it appears that a direct o-bond metathesis
reaction is operative. This was proven by monitoring metallation of djo-2-Et, which had
fully deuterated ethyl groups (Scheme 2.21). The only product observed from

metallation was d5—K3—[AI'NC(tBu)CHC(tBu)N—iPI'—C(,H3]SCCDzCD3, ds-3-Et, as indicated
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by two resonances appearing at 0.6 and -0.6 ppm integrating in a 3 : 2 ratio, in the *H
NMR spectrum. The only alkane liberated was CD3;CD,H, whereas production of C,Ds
and ds-°-[ArNC('Bu)CHC('Bu)N-iPr-C¢H;]ScEt, ds-3-Et would be observed if the
mechanism first proceeded via B-deuteride elimination to generate a scandacyclopropane,
followed by subsequent ring opening by metallation of an isopropyl moiety (Scheme
2.22). It is intriguing that the only other reported LSc(CH,CHj3), is also immune to

B-hydride elimination processes.''

w~CH, B-D Elimination

""N\S 1 _co,coH

t
N5~CD2CD;™ -CD4CD; Bu /
Ar
CD,CDs4
dqo-2-Et d,-3-Et

Scheme 2.22  [3-Deuteride Elimination/Metallation Mechanism

Although thermolysis of the mixed alkyl halide compounds was attempted, it was
discovered that under reasonable experimental conditions metallation does not occur.
Perhaps the halide increases stability through m-electron donation into empty metal

. 61,62
orbitals.”™

It is also noteworthy that base-free 1-Me, is quite metallation resistant with
no signs of metallation after 12 hours at 100 °C. Monitoring over prolonged periods at
100 °C yielded a variety of unidentifiable products.

In interest of harvesting information regarding whether or not similar metallation

processes occur in the solid state a variety of the dialkyl compounds were examined using

TGA. The solid samples were sealed in aluminum pans in the glovebox and pierced with
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Figure 2.22 Top: TGA Trace for Thermal Decompositon of Solid 2-CH,SiMe3;
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a small bore needle under a flow of N, immediately prior to insertion into the instrument.
The samples were then heated at a rate of 10 °C/minute and the mass loss recorded to the
nearest microgram. In all cases a sharp mass loss was observed at low temperatures,
between 100 and 150 °C, which corresponded to loss of one or two equivalents of RH,
followed by complete ligand decomposition beginning at approximately 200 °C. For
example, the thermogram of 2-CH,SiMe; shows two overlapping peaks which
correspond to a loss of 22.1% of the mass of the starting material; loss of SiMe, through
metallation would result in a mass decrease of 12.1% (Figure 2.22). Although it is
impossible to confirm the operative mechanism of decomposition, these findings support
sequential loss of both alkyl groups as RH, potentially by a metallation pathway. The
thermogram of 2-Et, is more diagnostic with two distinctly separated processes giving
rise to mass losses of 5.2 and 4.5%. Each of these quantities corresponds excellently with

the theoretical value of 5.0% for ethane.

2.2.7 Ethylene Polymerization Data for LM‘ScCL(THF), L‘ScMe,(THF),

L®UScCl, and L®"ScMe,

The development of well defined dialkyl scandium species provided a variety of
compounds which had potential to be effective catalysts for ethylene polymerization. In
a quest to gain insight into the relationship between catalyst structure and polymerization
activity, four nacnac supported scandium complexes were tested as ethylene

polymerization catalysts (Figure 2.23). In order to determine their activities under
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1-Me(THF)

2-Cl

Figure 2.23  Scandium Complexes Tested for Ethylene Polymerization Activity

industrially relevant conditions, NOVA Chemicals Ltd. (Calgary, AB) performed the
experiments using a small scale SBR (slurry batch reactory). All polymerizations were
conducted at 50 °C with 300 psi ethylene pressure in a cyclohexane/toluene
mixture.Stirring was at a rate of 2000 rpm and a catalyst concentration of 300 uM was

used. The results are displayed in Table 2.13.

Table 2.13  Ethylene Polymerization Data for B-Diketiminato Scandium Complexes

Catalyst Co-catalyst Activity” M,, (K) M,/M,
1-CI(THF)" PMAO-IP 4.7 x 10° 973 3.18
1-Me(THF)" PMAO-IP 1.2 x 10 711 6.53
2-CI° PMAO-IP 9.9 x 10* 1357 2.20
2-Me none 4.6x10° 1039 1.68
2-Me" PMAO-IP 1.2 x 10° 1866 1.98
2-Me B(CFs)s 3.0x10° 1051 1.70
2-Me [CPh3][B(CgFs)s 48 x10° 851 2.48

“Activity in g polyethylene mol Sc™ h™ atm™, *Al/Sc = 20.
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Polymerization activities are significant for all 4 compounds, with 2-Me being the
most active. Relatively high molecular weights and low polydispersities, consistent with
a single site catalysis model, are observed. The lower activities for the dichlorides, upon
MAO activation, may indicate that alkylation of the scandium centre by organoaluminum
species is relatively slow. The high polydispersities for the THF ligated complexes
suggest that the Lewis base is interfering with the polymerization process. Perhaps the
THF is in equilibrium between the scandium and aluminum centres thus providing
two or more different scandium species responsible for polymerization.
Nonetheless, the activities are generally promising as they approach that reported
for metallocenes and other group 4 catalysts under similar conditions.>'*>"

Interestingly, these activities were measured in the presence of the potentially

coordinating toluene.

23 Proposed Directions for the Acquisition of Organoscandium Catalyzed

Ethylene Polymerization Data

While the preliminary polymerization results suggest B-diketiminato supported
scandium compounds have potential as industrially applicable ethylene polymerization
catalysts, a number of experiments could provide the necessary understanding to further
enhance catalytic activity.

Although THF ligation appears to hamper polymerization activity in these

systems no direct comparisons have yet been conducted. The ability to remove THF
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from 1-CI(THF) provides the opportunity to test 2 sets of compounds (1-Cl/1-CI(THF)
and 1-Me/1-Me(THF)) which differ only by their nuclearity and the presence of 1
molecule of THF. The enhanced thermal stability of 1-Me, in comparison to its L™"
analogue 2-Me, will also supply information regarding the effects of metallation on
polymerization activity.

No polymerization testing has yet been conducted on the SSIPs described in
Chapter 4. These compounds are particularly interesting because mechanistic studies
suggest that the arenes are easily displaced by arenes and acetylenes. These species
exhibit significant thermal stability and will allow the direct comparison of isostructural
contact ion-pairs (CIPs) and solvent separated ion-pairs (SSIPs). In light of the arene
exchange studies on these complexes the presence of a vast excess of a more coordinating
solvent (i.e. toluene) is expected to have a dramatic effect on polymerization activity. As
such, it will be informative to obtain polymerization data in a variety of solvents ranging
from cyclohexane to bromobenzene to toluene. It is plausible that the high pressures of
ethylene may be sufficient to displace toluene. Such experiments should make it possible
to draw correlations between the mechanistic studies described in Chapter 4 and
polymerization activity, thus providing direction for future structural improvements.

Perhaps the most intriguing set of compounds to study in an industrial setting is
the series of CIPs described in Chapter 3. Although the activity of 2-Me has already
been investigated, the ability to generate isolable pre-activated catalysts ensures that the
observed polymerization activity is a result of the intended organoscandium cations. This
will alleviate uncertainties about incomplete activation as well as solubility issues which

may arise if the dialkyl species is activated in situ. For example, if significant quantities
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of insoluble dimers formed, the observed catalyst activity would be significantly skewed
as only a small percentage of the scandium catalyst would be available for ethylene
polymerization. In short, preformed ion-pairs will essentially eliminate ambiguity that
the intended catalyst is indeed what is being studied.

Upon amassing sufficient data, it may be possible to draw correlations between
the energetics of intermolecular anion exchange and polymerization activity. It will also
be possible to compare activity data for various alkyl substituents (e.g. 10-Me and
10-CH,SiMe,CH,SiMe;) to determine if increased steric bulk at the metal centre results
in longer initiation periods. Finally, the broad range of well defined CIPs will also allow
investigation into differences arising from B(CgFs); vs. (CeFs5)B(Ci2Fs) activated

complexes.

24 Conclusions

In summary, facile routes have been established to previously elusive base-free dialkyl
scandium compounds, opening up opportunities to investigate the organometallic
chemistry of this family of compounds in detail. A variety of dialkyl and mixed
alkyl/halide synthetic strategies have been developed and several of the derivatives have
been structurally characterized by X-ray crystallography. The 4-coordinate species
exhibit fluxional behaviour in solution which has been quantitatively studied and is
interpreted as a dynamic process which equilibrates two out-of-plane structures via a Cay
symmetric in-plane transition state. The thermal stability of these compounds has been

thoroughly explored and although they undergo an intramolecular metallation process
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with loss of RH, the reactions are sufficiently slow on the chemical timescale to not
effectively compete with their desired reactivities. For example, reaction with H, gas has
yielded a highly unusual imido hydride via a complicated rearrangement mechanism;
future studies involving this species are currently underway. The details of the rich
organometallic chemistry of this novel group of compounds, namely their reactivity with
Lewis acids to enhance their efficacy as olefin polymerization catalysts, will unfold in the

remaining chapters of this dissertation.
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Chapter 3:

Activation of Neutral Organoscandium Complexes with Borane-Based Lewis Acids

3.1 Introduction

This chapter focuses upon the reactivity of neutral dialkyl scandium compounds
(see Chapter 2) with electrophilic boranes and the subsequent reactivities therein. Since
both B(CeFs); and HB(C¢Fs), are integral reagents in this chapter their synthesis and
chemistry is introduced according to the chronology in which it was developed. Due to
the more in depth studies pursued with B(CgFs);, however, their reactivities with neutral
scandium complexes will be addressed in the opposite order, so as to improve the overall

flow of the discussion.

3.1.1 Triarylborane Lewis Acid Activation of Metallocenes

It was well established in the 1980’s that the olefin polymerization activity of
group 4 catalysts could be greatly enhanced upon the addition of methylaluminoxane
(MAO) as a co-catalyst.” MAO, which is synthesized by the controlled hydrolysis of

trimethylaluminum, was serendipitously discovered to aid in the polymerization process

in 1980 upon reaction of a transition metal water adduct with trimethylaluminum.”

80-86 87-89

Although there have since been a plethora of synthetic and computational studies

undertaken to determine the exact mechanism by which this co-catalyst activates a
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metallocene complex, its heterogeneity renders this task exceedingly difficult.* This is
further complicated by the fact that only a small percentage of the MAO is capable of
functioning as an activator, thus necessitating the addition of vast excesses of MAO
(measured by the Al : transition metal ratio), often greater than 1000 equivalents.go’86
This ill-defined mixture is also difficult to systematically synthesize, requiring the careful
characterization of each batch to determine the percentage of aluminum — slight
variations from batch to batch can have drastic and deleterious effects on the resultant
polymerization activity.” Nonetheless, it is generally accepted that MAO acts both as an
alkylating agent and a Lewis acid which abstracts a methyl group from the metal centre
to generate the active catalyst.”

It was in this context that several research groups sought the development of a
new co-catalyst system involving a Lewis acid which could be utilized to
stoichiometrically activate dialkyl metallocenes in a well defined manner. In 1991,
Marks,” Ewen’' and Turner’® reported that tris(pentafluorophenyl)borane, B(CsFs)s, was
a useful reagent for this purpose. Although the synthesis of B(C¢Fs); was originally

published by Massey, Park and Stone in the early 1960’s,”***

it had received little
attention until its applicability towards olefin polymerization was demonstrated. Since
these original papers B(CgFs); has received wide appeal within the chemical community
through a breadth of studies concerning the mechanism by which this Lewis acid
activates dialkyl metallocenes and the dynamics of the ensuing ion-pair.”

Reaction of B(C¢Fs); with dialkyl metallocenes results in a “tug-of-war” between

the metal centre and borane for the abstracted methyl group (Scheme 3.1). The resultant
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Scheme 3.1  Activation of Cp,ZrMe, with B(C¢Fs)3

zwitterionic species has an extremely elongated Zr-C bond as the methyl group is usually
more strongly associated with the boron atom.”® This institutes a partial positive charge
upon the metal centre and a partial negative charge on boron. The effect on the metal is
two-fold as it becomes significantly more electron deficient, and thus reactive, while at
the same time a vacant coordination site, necessary for alkene coordination, the first step
of the well established Cossee polymerization mechanism,”’ is partially formed. As one
might expect, the degree to which the alkyl group is abstracted, plays a significant role in
dictating the polymerization activity of the ion-pair. A number of strategies can be
exploited for probing this phenomenon, with the most obvious being X-ray
crystallography. Most solid state structures exhibit similar features with elongated Zr-C
distances ranging from approximately 2.4 — 2.7 A and Zr-C-B angles approaching
linearity with typical values between 160 — 180 °.”>%%

It is possible to examine the nature of the cation — anion interactions in solution
using multinuclear NMR techniques. The degree to which the methide is abstracted can
be measured by both '°F and ''B NMR spectroscopy: the difference between the para and
meta resonances (Admp) In the F NMR spectrum is inversely dependent on negative

charge at the boron (i.e. greater degree of methide abstraction). A gap greater than 12

ppm is common for 3-coordinate boranes (B(CsFs); has a Admp = 18 ppm in non-
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coordinating solvents), 4 — 8 ppm is indicative of 4-coordinate neutral species and a
difference of 2.5 ppm is reflective of a 4-coordinate anionic borate, or in respect to this
system, a fully separated ion-pair.”” Although it is possible to invoke resonance effects to
explain the '’F NMR spectra, the complete picture is significantly more complicated; it is
usually treated simply as an empirical tool to help classify ion-pair separation. Likewise,
""B NMR chemical shifts provide information about the boron environment: 3 coordinate
boranes have positive chemical shifts while anionic 4-coordinate borates generally appear
upfield of 0 ppm.”

Deck and Marks have developed an elegant zirconocene system to provide insight
into the nature of the cation — anion interaction and have shown that methide abstraction
from metallocenes is usually reversible. As such, two dynamic processes exist that
exchange the =zirconium methyls, the first of which involves B(C¢Fs);
dissociation/reabstraction.”® 1In this case the borane relinquishes its hold on the methyl
group, whereby it is then free to abstract either of the two, now equivalent, methyl
groups. The second process, referred to by Marks as “ion-pair symmetrization” involves
dissociation of the entire borate anion into a solvent separated ion-pair (SSIP), followed
by recombination on the other side of the zirconocene wedge (Scheme 3.2). Since the
latter pathway is speculated to proceed via a solvent stabilized transition state, it is not

100 Marks has demonstrated

surprising that it is significantly accelerated in polar solvents.
that it is possible to distinguish between these competing exchange mechanisms using
[1,2-Me,CsHs),ZrMe][MeB(CgFs)3], since ion-pair symmetrization only exchanges the

diastereotopic metallocene methyl groups while B(C¢Fs); dissociation/reabstraction

exchanges both the ring substituents and the Zr methyls (Scheme 3.2). Ion-pair
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symmetrization was found to dominate for zirconocene compounds, while
dissociation/reabstraction governs if the metal is replaced with hafnium.'®’

It was realized that it should be possible to quantitatively evaluate the
coordinative ability of the anion by measuring the energetics of structural reorganization,
namely ion-pair symmetrization. It is likely that the activation barrier for this
rearrangement is essentially that required for complete ion-pair dissociation (presumably
within a solvent cage). The study of anion dissociation is pertinent to olefin
polymerization because it is necessary to generate a vacant coordination site for the
incoming monomer, thus, the energetics of this process should have a direct bearing on

catalyst activity.

(Borane Dissociation/Reabstraction]

— -1F
= = =
H3C=Zr==CH;B(C4Fs); =—= |H;C=—Zr—= BCHg—Zr—
+
=% S ace e
(Ion-Pair Symmetrization]
- %
}@{ >?§

®
Solvent=—ZI —=CH,| =——

(S)
B(CgFs)3

B(CgFs)3

1AL

Scheme 3.2  Ion-Pair Dynamic Processes Distinguished Using
[ 1 ,2—M62C5H3)2ZI'M€] [MGB(C6F5)3]
Indeed, line broadening, 2D EXSY, and variable temperature NMR techniques
have proven invaluable for measuring the energy barriers for the two exchange processes.

B(CeFs); dissociation/reabstraction is often considered an undesired competing
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mechanism as it makes it difficult to acquire accurate rate data for ion-pair
symmetrization. As such, a great deal of effort has been expended on fine-tuning the
metallocene microstructure and exploring experimental conditions in order to obtain a
system where the latter process can be measured exclusively. Numerous publications
detail such studies, with similar activation parameters found in a wide variety of contact
ion-pairs (CIPS) possessing [MeB(C¢Fs);]” counterions; AH? ranges from 20 — 30 kcal
mol ™ and AS* is generally positive, usually with values of significant magnitude (ca. 10 —
20 e.u.).”*1'% These findings have been interpreted to suggest that anion displacement
occurs Via a dissociative mechanism proceeding through a solvent stabilized zirconocene
cation (Scheme 3.2). The barrier for this exchange process is believed to be a good
representation of the energy requirements to displace the anion in a polymerization
reaction. Indeed, Marks observes the expected inverse correlation between catalyst
polymerization activity and strength of cation — anion ion-pairing.”

Marks et al. have determined that solvent can have a considerable effect upon the
rate of ion-pair symmetrization; polar solvents with high dielectric constants can increase
the observed rates by more than an order of magnitude.'”" A rough relationship between
the C NMR chemical shift for the Me group of [MeB(C¢Fs);]” and polymerization
activity has also been noted,'”" however, these findings should be considered
approximate at best, as there is very little difference in the chemical shift of the various
species. In addition, only a small population of compounds was compared and only weak
correlations can be drawn.

In contrast, Brintzinger and co-workers have tackled the same task using 2D

EXSY NMR with ansa-zirconocenes and have obtained data which conflicts with Marks’
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findings; the values of AH* are similar, however, negative values for AS* are found.'%*!%

Addition of excess [MeB(CgFs)3]” anion in the form of [Li][MeB(C¢Fs);] gives rise to
dramatic enhancements in exchange rates. These results have prompted an explanation
which involves the formation of higher aggregates, primarily ion-pair quadruples, as the
intermediates responsible for anion exchange. One can easily envision a productive
anion exchange if the two ion-pairs associate and then disperse with separate partners

(Scheme 3.3). The observed negative AS* would be expected for an associative ion-pair

/X @/Me . . /X @/Me
Zr ®, e 171,
b <~ \\ )Zr\ ¢ ~ \\\
\ ’ .

Scheme 3.3  Anion Exchange via Ion-Pair Quadruples

metathesis. It is important to realize that although Brintzinger’s results contradict Marks’
interpretations, these experiments were conducted at much greater concentrations (ca. 10
— 15 mM) than those employed in Marks’ studies (ca. 0.2 — 2 mM). Furthermore,
Brintzinger’s experiments focus on a slightly different zirconocene framework and
considerable caution should be exercised when making comparisons between systems. It
is also feasible that these results are representative of a different associative process, one
where the anion is displaced by an incoming aromatic solvent molecule, as opposed to

associative formation of ion-pair quadruples.
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Marks has since countered Brintzinger’s claims using the 1D DPFGSE-NOE
(differential pulse field gradient spin-echo nuclear Overhauser effect) technique to
estimate the average size of the species in solution.'”*'%!7 In these cases the various
exchange processes were not studied directly, but rather, the nature of ion-pair structures
was examined. Excellent fits were established between calculated and experimental
results which suggest no signs of ion-pair aggregation for CIPs, even at relatively high
concentrations (10 — 20 mM). It is speculated that the residual coordinative ability of the
anion is sufficient to prevent significant ion-pair mobility. As such, the solid state
structures appear to be reasonable approximations of the species present in solution.

Analysis of SSIPs possessing perfluoroaryl borate anions, (B(Arg)s), established
the presence of observable ion-pair quadruples and higher aggregates if concentrations
exceed 0.5 mM.'” It is reasoned that for these species the lack of residual coordination
between the cation and anion permits a greater degree of orientational flexibility and as
such, the X-ray structures should not be considered representative models of the solution
state. It was further noted that higher aggregates are unlikely to play significant roles in
an industrial polymerization setting as the extremely low concentrations would
necessarily negate such formation. Also, when using 1D DPFGSE-NOE it is difficult to
approximate the expected ionic radius, and upon utilization of spherical models
significant deviation may result between calculated and actual volumes which could
seriously skew the findings.

This hotly debated area has also been explored by Landis et al. who have
undertaken sophisticated NMR studies and managed to elucidate numerous additional

dynamic processes.'” Interestingly no evidence of ion-pair aggregation has been found
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and rate enhancement upon addition of excess [MeB(C¢Fs);]” has been attributed to
changes in solution dielectric constant. This is corroborated in that the same rate
augmentations were achieved upon addition of chemically inert polar additives, such as
[NBuy][B(C¢Fs)4]. Conclusions have been drawn that the conflicting reports from Marks
and Brintzinger are likely due to differences in concentration, temperature and
metallocene scaffold.

The possibility of SSIPs as intermediates in the ion-pair symmetrization process,
and as viable intermediates in olefin polymerization, is substantiated by several

theoretical investigations by Ziegler et al.'®'"

The barrier for complete dissociation of
[(1,2-Me,CsH3),ZrMe][MeB(C¢F5s)3], into “naked” ions was calculated to be 38.0 kcal
mol™, significantly greater than the 24.2 kcal mol' found experimentally.'®”
Interestingly, however, there is much better agreement upon comparison of the barrier for
SSIP formation which was determined to be 18.7 kcal mol™.

While B(CgFs); has proven its utility as an efficient co-catalyst for olefin
polymerization, several undesirable deactivation pathways have been established and
must be addressed. The most prevalent reactivity involves B-C cleavage with
concomitant CgFs transfer from the borate to the highly electron deficient metal centre
(Scheme 3.4).”""""'3 This pathway, which predominates for sterically less encumbered
species, is a dead-end route as the resultant M-C¢Fs species can further decompose via
various mechanisms including F-abstraction to generate dormant metal fluorides.
Furthermore, competitive pathways also exist between the now liberated Lewis acid and

the neutral metal complex usually leading to a mixture of intractable products. Direct

fluoride abstraction from the borate moiety has also been observed and ultimately
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Scheme 3.4  Ion-Pair Decomposition by C¢Fs Transfer to the Metal Centre

leads to complete Lewis acid degradation rendering the system inactive towards
polymerization processes.””''*'"> In unusual cases decomposition involving both C¢Fs
transfer and F-abstraction can occur.''®

Nonetheless, the debate over dynamic processes proliferates; it appears that one
thing is certain — subtle differences in ion-pairing and their resultant dynamic processes
are important to probe as cation — anion interactions have been shown to effect catalyst
activity, stability, polymerization selectivity and polymer microstructure.''”"*' Much
work remains, however, especially with regard to non-Cp supported catalysts.
Significant advances have been accomplished in the synthesis of non-metallocene
compounds,™’” however, with all the work dedicated to the development of these systems
the paucity of ion-pair dynamic evaluations is apparent. This is especially notable in
light of the drastic differences observed with only minute structural deviations within
metallocene frameworks. As such, the substantial changes in ancillaries associated with
non-metallocene catalysts will inevitably have huge effects on the dynamic processes
available. An improvement in our understanding of these processes, in conjunction with

the ability to alter them, as shown for metallocene examples, is bound to open new doors

for homogeneously catalyzed olefin polymerization.
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3.1.2 Diarylborane Lewis Acid Activation of Metallocenes

The utility found for aryl boranes in inorganic chemistry was recently extended to

include the secondary borane, HB(C6F5)2.122

This highly electrophilic borane, which can
be prepared in multigram quantities, exists as a dimer in the solid state but in a monomer
— dimer equilibrium in non-polar solvents. Unlike its triaryl congener, HB(C¢F5), has the
added advantage of a B-H functionality from which desirable chemical transformations
can result. For example, bis(pentafluorophenyl)borane is an exceptional hydroborating
agent, capable of adding a B-H bond across virtually all unsaturated organic fragments
with the only exception being tri- or tetra-substituted olefins with one or more strongly

electron withdrawing substituents.'?>'%*

These transformations are exceedingly rapid,
usually complete within seconds at room temperature, while still offering improved
regio- and chemo-selectivity in comparison to traditional hydroborating agents.'>’

From an organometallic perspective, one might expect similar Lewis acid
abstracting abilities to that observed for B(C¢Fs);, however, the resultant chemistry is
both more rich and complex. Reactivity studies of HB(C¢Fs), with Cp,ZrR, (R = CHj,
CH,Ph, and CH,SiMe;) have established that if two equivalents of borane are permitted
to react in toluene the product is a dihydrido bis(pentafluorophenyl)borate species.'**'*’
These complexes are the result of alkyl group abstraction, followed by hydride delivery
and trapping of the alkylhydride with the second equivalent of borane in rapid succession
(Scheme 3.5). Addition of two more equivalents of borane afforded the expected

tetrahydrido bis(pentafluorophenyl)borate complex. While this pathway was prevalent

for reactions carried out in toluene, if the solvent was switched to hexanes, a competing
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Scheme 3.5 Reaction of Cp,ZrR; with Varying Equivalents of HB(CsFs)2

process emerged whereby RH was lost and borane stabilized alkylidene species wee
realized (Scheme 3.6). Although the parent methylidene compound was not stable in
solution at room temperature it was successfully trapped with PMes;. In the absence of
added Lewis base a second equivalent of borane reacted to yield the structurally
intriguing species, Cp,Zr=CH,2HB(C¢Fs),, which possesses a unique 5-coordinate
carbon atom. If Cp,Zr(CH,Ph), was used as the starting material, the corresponding
benzyl alkylidene, Cp,Zr=CHPh-HB(C¢Fs),, was stable and trapping with a Lewis base

was no longer warranted. Upon switching to the smaller group 4 metal, titanium,

—B(CeF
\\CHZR HB(C6F5)2 ’ \\\H /( 6 5)2
W ULLE N f
CpZZr‘\ h_eégn;s CPZZF\C/B(Cer)z __PMes _  cp,zr—CH,
CH,R 3 R
R=H R=H PMes
Ph Ph
HB(CeFs),
R=H H—B(CéFs)2
2 HB(CFs)s - Z; \CH
'CH4 o PoLro=—"- 2
\
H<
B(CeFs)2

Scheme 3.6  Reactivity of Cp,ZrR, with HB(C¢Fs), in Hexanes
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different reactivities involving reduction of the metal, and generation of the Ti(IIl)
complex, Cp,Ti(H,B(C¢Fs),), were observed.'?%!%

Reactions of HB(C¢Fs), with species possessing metal carbon unsaturated
functionalities, namely Schrock’s Cp,Ta=CH,(CH;)"**'* and (dmpe),W(X)=CH (dmpe
= dimethylphospinoethane; X = CI, OSO,CF3) have also been examined.”** In both of
these cases unprecedented reactivities and bonding modes, namely the borataalkene and
borylalkylidene ligands, were discovered.

While the reactivity of HB(C¢Fs), has been carefully examined with group
4 carbon single bonds, Ta=C bonds, W=C bonds and even group 6 carbides,'*” little to no
work has been reported on its chemistry with metal-carbon group 3 single bonds. Indeed,
the observed reactions of Cp,ZrMe, and Cp,Zr(CH,Ph), with one equivalent of
HB(C¢Fs), in hexane are especially intriguing as the ensuing intermediate can be viewed
as a zirconium alkylidene in an arrested state of hydroboration. As such, this process
might open avenues to generate alkylidene complexes for metals where this functionality
has not yet been realized. Furthermore, the novel bonding modes and formation of
unprecedented ligands, such as the borataalkene fragment, have proven useful from both
practical and fundamental perspectives. It was with this rationale that the reactivity of

various stoichiometries of HB(CgFs), with the nacnac supported organoscandium

complexes described in Chapter 2 was investigated.
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3.2 Results

3.2.1 Reactivity of L®'ScR; with HB(CFs),

An exploratory series of reactions conducted between LM°ScR, (R = CHs, 1-Me,
CH,Ph, 1-CH,Ph, CH,SiMe;, 1-CH,SiMe;) and varying stoichiometries of
bis(pentafluorophenyl)borane led to competing pathways which ultimately yielded an
intractable mixture of unidentifiable products. Upon implementing the bulkier L™,
however, the various pathways were more easily controlled and well defined products

126127 reaction of 2 equivalents of

could be isolated. As in the zirconocene examples,
HB(C¢Fs), with L™"ScR; (R = CHs, 2-Me, CH,SiMes, 2-CH,SiMes) in THF resulted in
rapid alkyl-hydride exchange to produce L™"Sc(R)(H) (R = CHs;, CH,SiMe;) and

RB(C¢Fs),. The resultant mixed alkyl hydride complex is trapped with the second

R = CstiMe3
2 HB(Cg4F5)»
__—\6 o2 /
toluene t NG
Bu ~NE “\\\H/,,,”
S\C\H,B(C5F5)2
CH,SiMe;,
CH,SiMe;, R = CH,, CH,SiMe, 4-CH,SiMes,
R = CH, 4 HB(CeFs),
2 HB(Cg4Fs), toluene 2 HB(CgFs),
THE toluene
tBU n, “\\\\Ar
_ 2 HB(CeFs); N N
N —==NTE
tBuU N .wHy, toluene Bu N wwHu,
S\C\HrB(Cer)z H\\\“TC\H/'B(CGFS)z
CH; —
(CeFs)2B
4-Me 4-H2B(CgFs)2

Scheme 3.7  Reactivity of L®"ScR, with HB(C¢Fs),
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equivalent of HB(C¢Fs), (Scheme 3.7). Upon cold filtration in hexanes the desired
scandium species can be isolated as pale yellow semi-crystalline solids in quantitative
yields. The second equivalent of borane is required for the reaction to proceed; if only
one equivalent of HB(C¢Fs), is utilized, a 1:1 ratio of LBYScR, starting material and
[L™"ScR][H2B(CeFs)2] (R = CH3, 4-Me, CH,SiMes, 4-CH,SiMe;) is formed. Evidently
HB(C¢Fs), traps the incipient L™®"Sc(H)(R) faster than H migrates to the ligand (see
section 2.2.5).

The '"H NMR spectra are diagnostic for these compounds; aliquots of the crude
reaction mixtures exhibit resonances at 1.32 and 2.00 ppm assigned as MeB(CgFs), and
Me;SiCH,B(CeFs), respectively.'?® Despite the quadrupolar nature of scandium (**Sc =

100%, 1 = 74 ) the bridging hydride resonances are observed as broad 1:1:1:1 quartets

centred around 2.7 ppm and possessing typical 'Jg.i values ranging from 58 — 85 Hz
(Figure 3.1). The ''B NMR spectra exhibit sharp triplets, upfield of 0 ppm, with the

expected coupling constant.

SC-Hz-B (C6F5)2
=64 Hz

3.‘10 | 3.60 | 2.‘90 | Z.éO | 2.‘70 | 2.é0 | 2.;50 | 2.‘40 |
Figure 3.1 'H NMR Spectrum of 4-Me

If four equivalents of HB(C¢Fs), are employed both alkyl groups can be
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exchanged for dihydridoborate ligands (Scheme 3.7). The two borate fragments are
inequivalent as evidenced by 2 overlapping triplets observed in the ''B NMR spectrum
(Figure 3.2). Crystals suitable for an X-ray diffraction analysis were grown from cold
hexanes and confirmed the identity of 4-H,B(C¢Fs), (Figure 3.3). Although the solid
state structure shows a quasi 7-coordinate scandium atom, its geometry is better
described as distorted tetrahedral with the two H,B(C¢Fs), units occupying two vertices
of the tetrahedron. The two borate units occupy the exo and endo positions, with the
sterically less encumbered exo site permitting one of the Cg¢Fs rings to approach
sufficiently close to the metal to allow a close contact between one of the ortho fluorines
(F5) and the metal centre. There is precedent for this type of stabilizing interaction; a
similar bonding motif between an ortho Cg¢Fs fluorine and yttrium was reported by

Bochmann et al. in [Cp,Y] [MeB(CgFs)3]."*°® The fluorine atom, which roughly caps one

Figure 3.2 Top: 'B{'H} NMR of 4-H,B(CFs),; Bottom: ''B NMR of 4-H,B(C¢Fs),
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of the tetrahedral faces, lies quite close to the scandium centre at a distance of 2.370(1)
A.  Although the solid state structure might seem to suggest the possibility of
decomposition via fluoride abstraction, the interaction is thought to be mainly a solid
state phenomenon. No signs of the F-contact are observed in the room temperature '°F
NMR with a time averaged spectrum exhibiting two distinct sets of C¢Fs resonances each
integrating as two C¢Fs groups. No change is observed in the spectrum upon cooling the

sample to -90 °C; evidently any Sc-F contacts must be fluxional in solution with a low

c34
C32
c7 )
C36 C3 =
cs  gCs
ca7 ) -
S N2 C20

Figure 3.3 X-ray Molecular Structure of 4-H,B(C¢Fs),. Thermal ellipsoids are drawn
at the 30% probability level. Hydrogen atoms and aromtic groups are removed for
clarity.
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energy barrier for interconversion between structures. Furthermore, the compound is
quite robust with no signs of decomposition upon heating at 100 °C in toluene for 6
hours. Three of the four bridging hydrides were located in the solid state structure and
have short Sc-H distances ranging from 2.063(1) —2.202(1) A (Table 3.1).

While the choice of solvent does not affect the reactivity if R = CH,SiMes, a
different product is realized if one equivalent of HB(Cg4F5s), is allowed to react with 2-Me
in hydrocarbon solvents. In this case, evolution of methane is observed as evidenced by a
resonance at 0.16 ppm in the 'H NMR spectrum acquired in dg-toluene, along with the
final product, 5. This presumably occurs via a similar mechanistic pathway to that
proposed by Piers et al. for the zirconocene analogue whereby initial alkyl — hydride

Table 3.1 Selected Metrical Data for 4-H,B(C¢Fs),

Atoms Bond Lengths (A) Atoms Bond Angles (°)
Sc-N(1) 2.0517(15) N(1)-Sc-N(2) 96.18(6)
Sc-N(2) 2.1475(15) N(1)-Sc-B(1) 135.85(6)
Sc-F(5) 2.370(5) N(1)-Sc-B(2) 112.48(6)
Sc-C(4) 2.5911(17) N(2)-Sc-B(1) 103.73(6)
Sc-C(5) 2.6302(18) N(2)-Sc-B(2) 114.39(6)
Sc-C(6) 2.7642(18) Sc-N(1)-C(4) 96.58(11)
Sc-N,Cs Plane 1.309(2) C(3)-C(4)-N(1) 123.75(17)
Atoms Torsion Angles (°) | N(1)-C(4)-C(5) 118.86(16)
C(6)-N(2)-C(20)-C(25) 108.32(22) C(4)-C(5)-C(6) 133.75(17)
C(6)-N(2)-C(20)-C(21) -77.16(25) C(5)-C(6)-N(2) 118.20(16)
C(4)-N(1)-C(8)-C(9) 108.28(21) C(7)-C(6)-N(2) 128.73(18)
C(4)-N(1)-C(8)-C(13) -76.32(23) C(6)-N(2)-Sc 103.54(12)

exchange is followed by subsequent reaction of the newly formed MeB(C¢Fs), and
L™®'ScMe(H) before the borane is released from the coordination sphere of the metal
(Scheme 3.8)."?® Unlike the zirconocene species, however, the scandocyclic product did
not require trapping with a Lewis base. In fact, the compound is stable for weeks in

toluene at room temperature with little evidence of decomposition.
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HB(CgFs),
toluene
-MeB(CgFs), + MeB(CgFs),
MeB(CgFs),
—%
'‘Bu. wAT
N
\\"N,/" y
B TNe My
\/B(Cer)z B(CgFs)2
c ,
Ha "CH4
5 L _

Scheme 3.8 Proposed Mechanism for Reaction of 1 Equivalent of HB(C¢Fs), with
2-Me, in Hydrocarbon Solvents

Although attempts to grow single crystals suitable for X-ray diffraction were
unsuccessful, the compound has been identified by multinuclear NMR and elemental
analysis. As expected, the ''B{'H} NMR spectrum had a single resonance at -21.0 ppm
which upon acquiring the 'H coupled spectrum, became a doublet with a characteristic
B-H coupling of 64 Hz. Likewise, the '"H NMR spectrum exhibited a broad 1:1:1:1
quartet integrating as 1H at 2.95 ppm and a broadened resonance at -0.13 ppm attributed
to the bridging methylidene moiety.

This intriguing complex can be described as a borane stabilized scandium

methylidene, akin to Tebbe’s reagent,"’

a well known Cp,Ti=CH; synthon, and as such,
it represents an unprecedented class of compounds. To this end, several attempts to
remove the coordinated HB(CgFs),, including addition of Lewis bases (PMe; and

pyridine) to sequester the borane as a Lewis acid — base adduct were performed. These

reactions were unsuccessful. Likewise, clean products were not obtained upon reaction
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HB(CeFs)2 Bu.., __N-“‘Ar
toluene < '—./Ar
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Scheme 3.9  Reactivity of 2-Me(CH,SiMes) with HB(C¢Fs),

of 5 with a stoichiometric amount of acetone. Another explored avenue involved
increasing the steric bulk at the a-carbon by using 2-Me(CH,SiMe3), as the starting
material. In this case, it was thought that preferential reaction of HB(C¢Fs), with the
smaller alkyl, followed by subsequent loss of CHy4, would result in a scandium alkylidene
whereby the a-carbon is substituted with a bulky SiMe; group (Scheme 3.9). It was
speculated that this additional steric bulk would render the borane substantially more
susceptible to removal. The production of SiMes and CH4, however, suggested that
initial abstraction of both Me and CH,SiMes occur resulting in a 4 : 1 mixture of 5 and
the desired product 6. An alternative pathway involves selective abstraction of the
methyl group, followed by competitive loss of CHy vs. SiMey4 (Scheme 3.10).

Despite the lack of success in isolating an unprotected alkylidene, its ability to

function as an alkylidene synthon may still be possible. Although this has not yet been
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established, only preliminary work has been completed in this direction.

tBUI, tBU:,
= HB(CgFs)2 ;
. toluene
'Bu -MeB(CgFs5),  'Bu
CH,SiMe, CH,SiMes MeSiH,C
2-Me(CH,SiMes) - -
lMeB(CGFE,)Z l—SiMe4
— - ¥
Bu. N““Ar lBUl,, N.‘\\Ar tBu N JAr
=N ) \."" X =T A
\.--NZ_AF H <M " N/Ar/'.?' sean 2 "4
tBu \.'SC/ tB . \SC .: IBU \SC/\
\ B(CsFs)2 Me;SiHCT=--=::B(CFs), \ ,B(CéFs)2
i CH
C_. e c
HSiMe, iy H
6 5

Scheme 3.10  Possible Mechanistic Pathway for Reactivity of 2-Me(CH,SiMe;) with
HB(CgF5s),

3.2.2 Reactivity of LY*ScMe,, 1-Me, with B(C¢Fs);

Since activation with the Lewis acidic B(C¢Fs); was anticipated to increase the
metal’s electrophilicity and hence reactivity, it was speculated that the resultant cationic
organoscandium species would have a heightened affinity for metallation. Because the
neutral dialkyl compounds, LM°ScR,, were found to be substantially more metallation
resistant than their L™" analogues (see section 2.2.6) it was decided to initially focus on
these systems.

Reaction of LMeScMez, 1-Me, with one equivalent of B(CgFs); in toluene at -35
°C afforded the desired ion-pair [LM*ScMe][MeB(C¢Fs);], 7-Me, as monitored by 'H, ''B
and "’F NMR spectroscopy. A broad resonance at -16.8 ppm in the ''B NMR spectrum,

in combination with a Ad,,, = 4.2 ppm in the F NMR spectrum supported the formation
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of a loosely bound CIP. While no evidence of metallation was observed at -35 °C, upon
gradual warming to room temperature, rapid C¢Fs transfer from the borate to scandium
generated the neutral complex LMSc(Me)(CeFs), 1-Me(C4Fs), with concomitant loss of
MeB(CgFs),. Although 1-Me(CgFs) reacted further with the liberated MeB(CgFs), to
produce [LM°Sc(CFs)][Me2B(CsFs)2], 8, the extreme solubility and thermal instability of
8 rendered it impossible to grow high quality crystals for an X-ray diffraction study. If
two equivalents of B(CgFs); were utilized, however, the more Lewis acidic B(CgFs)3
successfully competed for the second abstraction resulting in [LM°Sc][MeB(CgFs)s],
7-MeB(CgFs)s,"*® as evidenced by the disappearance of both Sc-CHj resonances in the
'H NMR spectrum and the emergence of 2 sets of [MeB(CgFs);] signals in the YF NMR
spectrum. This doubly activated species is also prone to C¢Fs transfer, ultimately giving
rise to the much less soluble and more stable [LMeSC(C6F5)] [MeB(CgFs);3], 7-CgFs,

(Scheme 3.11) which was characterized by X-ray crystallography (Figure 3.4).

A A
Me,, N,\ r Men, N‘, r ]
05 & LN H3H3<i B(CeFs)s S‘;;"' y@A’ E_© CeFs Transfer
=NCE —_— =N —_—
M Ny wCo,, I N B(CeFs)2 -MeB(CgF
© SCNc—-SE, wMe toluene Me /SC"-::.}_, 52 (CeFslz e
\N---\ E E
CH3 3 Ar\“ = E) CH3
Ar” Me = F
1-Me 7-Me F 1-Me(CgFs)
lB(Cer)s lMeB(Cer)z
Meu,,, N“‘\Ar H Meu,.. N«“\Ar Me.,,, \\Ar H
----- % Ar <=L Ar '_
G0 \ ?C Fo), CeFs Transt ;"N/ / ¢ ~Q 1
Me™ - Nsca: H -H (CeFs)z 6Fs fransier e \‘$C--'MEB(C6F5% Me \Sc H\ B(CeFs)
= F -MeB(CgFs), : F F
F F MeB(CgFs)s F .
F F =
F F
F F F F E
7'C6F5 7-MeB(CﬁF5)3 8

Scheme 3.11 Reactivity of 1-Me with B(CgFs)3
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The solid state structure of 7-CeF5 exhibits a symmetrically bound p-diketiminato
ancillary with the metal lying only 0.645(5) A from the plane formed by the nacnac
backbone (Table 3.2). The most notable feature of the structure involves the cation —
anion interactions; an extremely elongated Sc-C1 distance of 2.699(4) A (cf. an average
Sc-C distance of 2.29 A for 1-Me) is indicative of a weakly coordinating [MeB(CgFs)3]
anion. The Sc-C1-B angle of 133.42(25) ° is far from linearity as usually observed for
activated metallocene structures.”” This bending allows for a rather strong interaction

between Sc and F1 as evidenced by a short contact of only 2.221(2) A; this non-bonding

F13

Figure 3.4 X-ray Molecular Structure of 7-CgFs. Thermal ellipsoids are drawn at the
30% probability level. Hydrogen atoms and aryl groups are removed for clarity.
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distance deviates only modestly from the bridging Sc-F distances (2.039(23) — 2.070(24)
A) found in [Cp,ScF]5'*® and is suggestive of possible decomposition via complete
F-abstraction. This Sc-F interaction can be envisioned as a contest between C33 and Sc
for the fluoride, in a similar fashion to that observed between Sc and B for the abstracted
methyl group. This interpretation is corroborated by a rather long C33-F1 bond distance
of 1.413(5) A which deviates significantly from the average C-F distance in the structure
of 1.349(5) A. There are also two weak C-H interactions between the metal centre and
the abstracted methyl group. The remaining Sc-C and Sc-N distances agree well with
typical values.

Table 3.2  Selected Metrical Data for 7-C¢F's

Atoms Bond Lengths (A) Atoms Bond Angles (°)
Sc-N(1) 2.094(3) N(1)-Sc-N(2) 87.9(3)
Sc-N(2) 2.087(3) C(1)-Sc-C(50) 111.7(2)
Sc-C(1) 2.699(4) N(1)-Sc-C(1) 139.9(2)
Sc-C(50) 2.220(5) N(1)-Sc-C(50) 106.5(3)
Sc-F(5) 2.221(2) N(2)-Sc-C(1) 93.6(3)
Sc-C(4) 3.052(5) N(2)-Sc-C(50) 105.2(3)
Sc-C(5) 3.343(6) Sc-N(1)-C(4) 124.1(3)
Sc-C(6) 3.045(6) C(3)-C(4)-N(1) 120.7(4)
Sc-N,Cs Plane 0.645(5) N(1)-C(4)-C(5) 123.5(4)
Atoms Torsion Angles (°) | C(4)-C(5)-C(6) 129.2(4)
C(6)-N(2)-C(20)-C(25) 83.66(50) C(5)-C(6)-N(2) 123.2(4)
C(6)-N(2)-C(20)-C(21) -98.44(48) C(7)-C(6)-N(2) 119.4(4)
C(4)-N(1)-C(8)-C(9) 78.52(55) C(6)-N(2)-Sc 123.0(3)
C(4)-N(1)-C(8)-C(13) -103.39(50) Sc-C(1)-B 133.4(2)

The low temperature '"H and F NMR spectra of both 7-C¢F5 and 8 do not exhibit
a solution structure consistent with that observed by X-ray crystallography; there are no
resonances indicative of a Sc-F interaction. Likewise there is no indication of restricted
rotation about the Sc-C¢Fs bond, with only three diagnostic resonances attributable to the

CgFs group in the low temperature '°F NMR spectrum. It is interesting to note, however,
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that while two isomers (exOm. and endoy) are observed in a 7 : 3 ratio for 7-C¢Fs, only
one is observed for 7-Me. While it is presumed that the major isomer has the larger
MeB(CgFs); group in the exo position, as observed in the solid state, this was not

unequivocally established.

3.2.3 Reactivity of L®'ScMe,, 2-Me, with B(C¢Fs);

Due to the deactivation by C¢Fs transfer observed for LM supported complexes, a

move to LB

supported compounds was made on the rationale that the enhanced steric
bulk would circumvent C¢Fs transfer by preventing the borate from approaching within
sufficient proximity to efficiently deliver the C¢Fs group to the scandium centre. At the
same time it was necessary to be wary of decomposition by a metallation route, which
was the original reason for utilizing the smaller B-diketiminato ancillary.

The reaction of varying equivalencies of B(C¢Fs); with 2-Me was examined and a
variety of ion-pairs were formed (Scheme 3.12)."*! Reaction of 2-Me with 0.5
equivalents of borane results in a z-methyl dimer, 9 as indicated by the characteristic 'H
NMR resonances for the terminal Sc-Me groups at -0.29 ppm and the bridging Sc-Me-Sc
group at 0.10 ppm. The 'Jei coupling constant of 132 Hz for the latter signal is
indicative of an sp” hybridized carbon with interaction between the two metal centres via

a filled p-orbital.’**'*

Although it was not possible to isolate 9 it has been fully
characterized by a host of multinuclear and 2D NMR techniques which confirm its

identity. A very small Ay of 2.4 ppm in the F NMR spectrum, along with a ''B NMR

resonance at -15.0 ppm suggest that the ion pair is completely separated due to the steric
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Scheme 3.12  Reactivity of Varying Equivalents of B(C¢Fs); with 2-Me

constraints imposed by the g-methyl dimer. Likewise, the expected low solubility in
hydrocarbon solvents is also realized; 9 is not soluble in typical aromatic solvents,
necessitating the use of the more polar bromobenzene (¢ = 5.45).'* Even with the added
stabilizing effect of bromobenzene, 9 slowly decomposes at temperatures higher than 270
K via loss of CHs. Although it was not possible to fully characterize the decomposition
product due to additional competing pathways, it is possible that the first step results in

formation of a methylene/methyl bridged dimer through loss of methane, as observed in
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the decomposition of group 4 z-methyl dimers (Scheme 3.13).12%'*
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Scheme 3.13  Proposed Decomposition of 9

Upon treatment of 2-Me with a stoichiometric equivalent of B(C¢F5); in cold (-35
°C) hexanes the desired monomeric ion-pair, 10-Me, precipitated as a crystalline yellow

141" Alternatively, 10-Me can be produced upon addition of 0.5

solid in quantitative yields.
equivalents of B(CgFs); to 9. 10-Me was stable as a solution in toluene for prolonged
periods below 0 °C and indefinitely as a solid under an inert atmosphere at low
temperature. Although no sign of decomposition via C¢Fs transfer occurred upon gradual
warming to room temperature, 10-Me slowly evolved methane through a metallation
pathway similar to that observed for the neutral dialkyl species. It is important to note
that while metallation is an undesirable reactivity, it proceeds sufficiently slowly so as to
not present a serious problem for subsequent mechanistic studies; a complete account on
the kinetics of metallation of cationic complexes is presented in section 3.2.6.

The solution NMR spectra of 10-Me in dg-toluene are indicative of fluxional
behaviour; the '"H NMR spectrum at room temperature was broad and featureless,
however, upon cooling to 213 K the spectrum sharpened considerably and resonances

attributed to two isomers in a 2.2 : 1 ratio emerged (Figure 3.5). The AG* was calculated

at the coalescence temperature (263 K) to be 12.4(5) kcal mol” which is a relatively low
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Figure 3.5 'H NMR Spectra of 10-Me at 263 K (Top) and 213 K (Bottom).

barrier for interconversion between isomers and comparable to that determined for the
more sterically encumbered dialkyl compounds (see section 2.2.4). In light of the
discussion presented in Chapter 2, it was anticipated that endoy,-10-Me was the
energetically favourable isomer and thus responsible for the dominant isomer resonances

in solution. As with the neutral compounds, a '"H-'"H 2D-ROESY NMR experiment
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allowed the tentative assignment of isomers; through space interactions were observed
between the exo Sc-Me and the lower aryl isopropyl groups for the minor isomer (Figure
3.6). Likewise, the major isomer showed a distinct crosspeak between the [MeB(CsFs);]
and the same iSOpropyl substituents. This finding agrees with the expected isomeric ratio
where the bulky [MeB(CgFs);]” anion preferentially occupies the exo position. The Pp
NMR spectrum exhibited 2 isomers; the major isomer had the larger Ad,,,, difference of
4.9 ppm. While this may seem to contradict the isomeric assignments it is difficult to
speculate which isomer would have the tighter cation — anion contacts in solution. As
such, the assignments given to the major and minor isomers in solution should not be

considered unambiguous. The ''B NMR spectrum, exhibited two overlapping resonances

at -16.6 ppm.
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Figure 3.6 'H-'H 2D ROESY Spectrum of 10-Me.
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Figure 3.7 X-ray Molecular Structure of 10-Me. Thermal ellipsoids are drawn at the
30% probability level. Hydrogen atoms and aryl groups are removed for clarity.

The inherent insolubility of ion-pair 10-Me in hexanes made it an excellent
candidate from which to grow high quality single crystals; an X-ray diffraction study
confirmed its identity as the first fully characterized group 3 alkyl cation (Figure 3.7).
The major isomer in solution agrees with that observed in the solid state; the
[MeB(CgFs);]" counterion resides in the exo site with a Sc-C2 bond which has been
elongated from 2.2219(16) A to a length of 2.703(6) A (Table 3.3). As observed for
7-C6Fs, the bent Sc-C2-B geometry (138.72(18) °) allows the newly formed vacant

coordination site to be partially blocked through a weak Sc-F42 interaction of 2.390(4) A.
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Table 3.3 Selected Metrical Data for 10-Me

Atoms Bond Lengths (A) Atoms Bond Angles (°)
Sc-N(1) 2.060(5) N(1)-Sc-N(2) 95.06(19)
Sc-N(2) 2.093(5) C(1)-Sc-C(2) 146.55(18)
Sc-C(1) 2.221(5) N(1)-Sc-C(1) 110.14(19)
Sc-C(2) 2.703(6) N(1)-Sc-C(2) 88.5(3)
Sc-F(42) 2.390(4) N(2)-Sc-C(1) 110.32(19)
Sc-C(4) 2.688(6) N(2)-Sc-C(2) 94.73(16)
Sc-C(5) 2.773(6) Sc-N(1)-C(4) 102.7(4)
Sc-C(6) 2.757(6) C(3)-C(4)-N(1) 126.1(5)
Sc-N,C; Plane 1.232(5) N(1)-C(4)-C(5) 120.5(5)
Atoms Torsion Angles (°) | C(4)-C(5)-C(6) 135.4(6)
C(6)-N(2)-C(20)-C(25) 92.8(7) C(5)-C(6)-N(2) 120.0(5)
C(6)-N(2)-C(20)-C(21) -90.9(7) C(7)-C(6)-N(2) 127.8(5)
C(4)-N(1)-C(8)-C(9) 108.3(8) C(6)-N(2)-Sc 105.4(4)
C(4)-N(1)-C(8)-C(13) -75.8(9) Sc-C(2)-B 138.72(18)

There is no evidence for this interaction in solution and as such, the solid state structure
may not be representative of the solution structure. While the crystal data implies that it
may be difficult to make isomeric assignments using 2D EXSY NMR (both the endo and
exo positions are similar distances to the lower isopropyl groups), it is speculated that
upon removal of the Sc-F42 interaction in solution, a more linear Sc-C2-B angle would
be expected. This would likely place the [MeB(CgFs)s3]” group in a more typical exo site,
hence placing it much closer to the lower aryl isopropyl substituents and thereby
rendering the isomeric assignment valid.

The Sc-F42 interaction is substantially longer than that in 7-C¢Fs (2.221(2) A)
which is presumably due to the difficulty the anion has in accessing the coordination
sphere of the metal. This crowding is imposed by the ‘Bu groups on the nacnac which
force the N-aryl groups further forward. Likewise, the C42-F42 bond distance of
1.400(8) A shows only marginal elongation in comparison to the other C-F bonds within

the structure (average C-F = 1.355(8) A). From an electronic perspective, 10-Me can
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also be viewed as more saturated than the electron deprived 7-C¢Fs. The remainder of
the cation — anion bonding motif is also similar to that observed in 7-C¢F5s with two Sc-H
interactions (2.297(1) and 2.302(2) A) located in the Fourier difference map and typical
Sc-N and Sc-C1 bond distances.

Thus, moving from LM to the bulkier L™ ancillary has provided a two-fold
benefit: increased thermal stability has been achieved in addition to a further separation
of the ions. As such, the weaker coordinating anion in 10-Me should be less prone to
deactivation pathways such as C¢Fs tranfer or F atom abstraction in a polymerization
setting.  Indeed, 10-Me is a highly active polymerization catalyst; complete
polymerization details are outlined in section 2.2.7.

If 2-Me, is allowed to react with 2 equivalents of B(CsF5); in toluene, the unusual
doubly activated species, [L™"Sc][MeB(C¢Fs)3]2, 10-MeB(C¢Fs)s, forms as a pale yellow

solid with high solubility in aromatic solvents.'"'

It can also be synthesized through
addition of one equivalent of B(CsFs); to the previously formed 10-Me. While double
activation of dialkyl group 4 complexes is quite uncommon, Stephan and co-workers
recently reported a crystallographically characterized titanium  example,®
[(tBu3PN)2Ti][MeB(C6F5)3]2. The solution 'H NMR data of 10-MeB(C¢Fs); was
diagnostic with no Sc-Me resonances and two distinct [MeB(CsF5);] signals at 1.55 and
1.92 ppm for the chemically inequivalent exo and endo anions (Figure 3.8). The '’F
NMR spectrum also exhibited two sets of C¢Fs resonances with Admp = 4.3 and 5.8 ppm
(assigned by ""F-'"’F 2D COSY). These values correlate well to those observed for the

two isomers of 10-Me and as such, it is presumed that the resonances with the larger

meta — para gap are due to the exo MeB(C¢Fs); group. While a "F-""F 2D EXSY
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Figure 3.8 "H NMR of 10-MeB(CgFs); in C¢Dg at Room Temperature.

experiment confirmed the two anions were indeed exchanging, it was not possible to
coalesce the process on the 1D 'H NMR timescale.

Interestingly, while [(‘BusPN),Ti][MeB(C¢Fs);], is inactive towards olefin
polymerization, 10-MeB(C¢Fs); has been qualitatively found to be an ethylene
polymerization catalyst. Presumably one of the B(C¢Fs); groups is capable of
relinquishing its Me group in a similar manner to the borane dissociation/reabstraction
mechanism proposed by Marks, thus providing a Sc-C bond into which an incoming
olefin can insert. It is also interesting to note that 10-MeB(CgFs)3 exhibits a significant
thermal stability enhancement over both 9 and 10-Me with no noticeable evidence of
decomposition after 6 hours in solution at room temperature. Although it is quite
surprising that 10-MeB(CgF5)3 is immune to C¢Fs transfer and fluoride abstraction, it is
not unforeseen that the lack of a readily available Sc alkyl group for o-bond metathesis

would negate a metallation pathway.
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In order to conduct an experiment on ion-pair dynamics (vide infra), it was
necessary to synthesize an ion-pair of the same ilk as 10-Me, but possessing a different
anion. As such, the perfluorinated 9-borafluorene, (C¢Fs)B(C2Fs), which had recently
been reported by Piers and co-workers, was employed.'*® Similar synthetic procedures to
that utilized for 10-Me quantitatively produced [L™"ScMe][MeB(CsFs)(C12Fs)], 11-Me,
as an analytically pure crystalline yellow solid (Scheme 3.14). Likewise, it was also

possible to generate the doubly activated species, [L™"Sc][MeB(C¢Fs)(Ci2Fs)l,

Scheme 3.14  Synthesis of 11-Me

11-MeB(C¢F5)(C2Fs). The solution "H NMR confirmed the identity of 11-Me with a
spectrum analogous to 10-Me; two isomers were present in a 1.6 : 1 ratio at 213 K.
There was one important exception, however; the chemical shift of the ligand backbone
protons differed sufficiently to allow differentiation between 10-Me and 11-Me. The "°F
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NMR spectrum remains a useful tool to provide information regarding ion-pairing;  the

Adnp, for the CgFs group of the two isomers was 4.8 and 4.5 ppm respectively.

3.2.4 Reactivity of 2-CH,SiMe; with B(CgFs);

In order to deconvolute complications in the examination of ion-pair dynamics

(vide infra) which arose from the presence of two isomers in solution (two isomers for
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each 10-Me and 11-Me), namely, competing ligand flip processes and different
concentrations of isomers, a system was sought where only one isomer existed at low
temperature. It was assumed that an ion-pair which possessed a bulky Sc-alkyl group, in
addition to the large anion, would accomplish this. The fact that both 10-Me and 11-Me
exist as two isomers in solution would seem to suggest that the bulk of the anion is
sufficiently removed from the metal center so that there is little preference for one isomer
over the other. As such, if the alkyl group could be substantially increased in steric bulk,
it may cause a preference for one isomer.

With this idea in mind, one equivalent of B(C¢Fs); was reacted with 2-CH,SiMe;
in toluene at low temperature to afford a highly unusual ion-pair. The 'H NMR
spectrum acquired in dg-toluene exhibited three resonances upfield of 0 ppm in a 9:6:2
ratio. In addition, a broad peak which integrated as 3H was observed at 1.51 ppm, the
region where the methylborate signals in the previously generated ion pairs
(10-MeB(CgFs)3, 10-Me, 11-MeB(CgF5)(Cq2Fs) and 11-Me) are present. Perhaps the
most intriguing spectroscopic feature from the various NMR active nuclei was the fact
that only one isomer was observed at all temperatures. The combined information
garnered from these experiments led to the deduction that an alkyl group rearrangement
produced [L™"ScCH,SiMe,CH,SiMe;][MeB(C¢Fs);], 10-CH,SiMe,CH,SiMes, as the
resultant ion-pair (Scheme 3.15).

Although 10-CH,SiMe,CH,SiMe; exhibited a marked increase in solubility in
hydrocarbon solvents in comparison to the other organoscandium ion-pairs it was still
possible to obtain high quality single crystals from cold hexanes. An X-ray diffraction

study confirmed the identity of 10-CH,SiMe,CH,SiMe;, its molecular structure is
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Scheme 3.15  Reaction of 2-CH,SiMe3 with B(C¢Fs)s.

depicted in Figure 3.9. The solid state structure of 10-CH,SiMe,CH,SiMe; exhibited
several noteworthy parameters including a Sc-C1 bond distance of 2.499(3) A. While
this distance represents a significant elongation from approximately 2.20 A in the neutral
starting material, it is vastly shorter than that observed in either 7-C¢Fs or 10-Me. Also
unlike these structures, the Sc-C1-B bond angle approaches linearity at 176.76(17) °
(Table 3.4). Consequently, the borate anion is not appropriately configured to permit Sc-
F interactions; the closest Sc-F non-bonding distance is that observed between Sc and F6
at 3.937(2) A. The rationale for the difference between these structures, and perhaps the
most unique feature of this compound is that the [MeB(C¢F5);]” anion occupies the endo
site as opposed to the more spacious €x0 position. This difference is likely due to a
combination of electronic stabilization (the [MeB(C¢Fs)s]” appears to be able to approach
the metal centre closer in the endo position) and the very bulky CH,SiMe,CH,SiMe;
alkyl group which, especially if one considers rotational flexibility about the Si-C bonds,
render it more sterically encompassing than the anionic ligand. As such, it fits with the
majority of previous findings that the smaller group resides in the endo position.

Since the counterion is forced into the more encumbered site, it does not have the
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Figure 3.9  X-ray Molecular Structure of 10-CH,SiMe,CH,SiMe;. Thermal ellipsoids
are drawn at the 30% probability level. Hydrogen atoms and aryl groups are removed for
clarity.
conformational freedom to permit a Sc-F interaction. This may also be an explanation as
to why the anion approaches the metal more closely than that observed for other similar
structures; the inability of the anion to flex and electronically stabilize the metal center
through Sc-F interactions results in a more Lewis acidic metal center, thus drawing the
methylborate closer. Although the Sc-C distance is shorter than that in 10-Me, the
majority of the steric bulk of the borate is actually further removed. This can be seen
from the bending of the C¢Fs groups away from the cationic fragment, as well as the
imposed linearity of the Sc-C1-B bond angle which forces a Sc-B distance of 4.163(3) A

in comparison to only 4.083(7) A in 10-Me (cf. 2.499(2) vs 2.699(3) A for Sc-C1). The
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steric bulk of the CH,SiMe,CH,SiMes alkyl is also apparent in the Sc-C2-Sil bond angle
of 144.47(15) ° which deviates drastically from the ideal tetrahedral value of 109.5 °;
presumably the angle is enlarged in order to further remove the steric bulk from the

crowded metal centre.

Table 3.4  Selected Metrical Data for 10-CH,SiMe,CH,SiMe;
Atoms Bond Lengths (&) Atoms Bond Angles (°)
Sc-N(1) 2.0722(18) N(1)-Sc-N(2) 96.65(7)
Sc-N(2) 2.0858(18) C(1)-Sc-C(2) 113.49(10)
Sc-C(1) 2.499(2) N(1)-Sc-C(1) 116.51(8)
Sc-C(2) 2.133(3) N(1)-Sc-C(2) 99.29(11)
Sc-C(4) 2.746(2) N(2)-Sc-C(1) 121.29(8)
Sc-C(5) 2.785(2) N(2)-Sc-C(2) 106.34(10)
Sc-C(6) 2.755(2) Sc-N(1)-C(4) 104.81(14)
Sc-N,C; Plane 1.193(2) C(3)-C(4)-N(1) 125.7(2)
Atoms Torsion Angles (°) | N(1)-C(4)-C(5) 120.06(19)
C(6)-N(2)-C(20)-C(25) 95.3(3) C(4)-C(5)-C(6) 135.2(2)
C(6)-N(2)-C(20)-C(21) -89.3(3) C(5)-C(6)-N(2) 120.28(19)
C(4)-N(1)-C(8)-C(9) 94.4(4) C(7)-C(6)-N(2) 126.68(19)
C(4)-N(1)-C(8)-C(13) -91.1(3) C(6)-N(2)-Sc 105.07(14)
Sc-C(1)-B 176.77(17)

Both the ''B and '’F NMR spectra support the solid state structure with only one
isomer observed and indications of close cation — anion connectivity; the ''B resonance at
-15.2 ppm is slightly more downfield than that observed for 10-Me and the Adm,
difference of 4.6 ppm is slightly larger than that obtained for 10-Me. Unlike 2-Me,
reaction of 2 equivalents of borane with 2-CH,SiMes does not result in double activation.
Likewise, if only 0.5 equivalents of activator are employed, a 1:1 mixture of
10-CH,SiMe,CH,SiMej and starting material results.

With this novel compound in hand, the mechanism of formation was of keen

interest from a fundamental perspective. Two reasonable pathways can be envisioned,
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the first involves abstraction of an entire CH,SiMe; moiety,'**'*” followed by B-Me
elimination, and subsequent attack by the abstracted alkyl on the intermediate silene
species. The newly formed L™"Sc(CH;)(CH,SiMe,CH,SiMes;), is then free to react with
the liberated borane, ultimately affording 10-CH,SiMe,CH,SiMe; (Scheme 3.16).
Precedent for this type of reactivity has been reported by Young and co-workers in the
thermal decomposition of various organoplatinum compounds.'”® Likewise, Horton has
reported B-Me elimination with loss of isobutene from cationic zirconium neopentyl
species.”” Alternatively, the borane may abstract a Si-Me group through cleavage of a
Si-C bond. The dissociation of the borate would likely be accompanied by simultaneous
migration of the remaining CH,SiMes; group to the incipient silicon cation. There have
been two reports of this type of rearrangement, however, 10-CH,SiMe,CH,SiMe;
represents the first structurally characterized example.'**!>°

In order to distinguish between the two possible mechanisms, several experiments
were conducted.  The most straightforward experiment was the reaction of
LtBuSC(CH2CMe3)2, 2-CH,CMe;, with B(CgFs); which showed no sign of reaction even
at elevated temperatures. If the former pathway was operative, one might expect to see
similar reactivity whereby an entire neopentyl group could be abstracted. This
mechanism would likely be more facile for 2-CH,CMe; than 2-CH,SiMe; because -Me
elimination would produce isobutene which is significantly more stable than dimethyl
silene (Scheme 3.16). Conversely, if the latter scenario is prevalent then reaction might
not take place since a C-C bond at 82.6 kcal mol™ is significantly more difficult to break
than a Si-C bond (76 kcal mol™).""

In an attempt to lend further support to one mechanism over the other, another
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study, which took advantage of the ability to generate mixed alkyl compounds, was
undertaken.  In this experiment the mixed alkyl, L™®"Sc(CH,SiMes)(CH,CMes),
2-CH,SiMe3(CH,CMejs), was permitted to react with one equivalent of B(CgFs);. If the

entire alkyl group is abstracted it can be assumed that it will be the CH,SiMes group,
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Scheme 3.16  Proposed Mechanistic Pathways for formation of
10-CH2SiM€2CstiMe3

since no reaction took place between 2-CH,CMe; and B(CgFs);. In this case, path B in
Scheme 3.16 would produce [L™"ScCH,CMe,CH,SiMes;][MeB(CeFs)3]. Alternatively, if
Si-C bond cleavage occurs, path A would be followed and the final product,
[L™"ScCH,SiMe,CH,CMes][MeB(CiFs)s], 10-CH,SiMe,CH,CMe;s, would have silicon,

as opposed to carbon in the B-position. Upon completion of the reaction, integration of
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the SiMe, and CMes resonances in the '"H NMR spectrum unambiguously determined
10-CH,SiMe,CH,CMe; as the end-product, thus supporting path A.

The preferred reactivity at the Si-C position over the Sc-C is likely due to the
steric constraints imposed by the bulky alkyl groups. Simply put, there is not enough
space for B(C¢Fs); to approach in sufficient proximity to abstract the entire alkyl group.
An experiment between L™"Sc(CD;)(CH,SiMes), ds-2-Me(CH,SiMe3), and B(CeFs)s
appears to corroborate this as [LtB“ScCHZSiMeg][DgCB(C6F5)3], ds-10-CH,SiMes, was
the only product formed. Evidently, if the sterics permit, the borane preferentially
cleaves the weaker Sc-C bond.'” One final experiment supported path A; no reaction
was observed upon addition of the borane to 2-CI(CH,SiMe;), even at elevated
temperatures. Presumably B(CgFs); is not capable of abstracting the entire CH,SiMes
group, nor can it abstract the Si-Me group as the chloride cannot migrate from scandium
to silicon.

In conclusion to this section, the success realized with 10-CH,SiMe,CH,SiMe3
was four-fold: the ion-pair was substantially more soluble, only one isomer was present
in solution, it had added thermal stability and was a more realistic model for what is
actually present in an industrial polymerization setting as the longer alkyl group
represents a growing polymer chain and thus, provides a novel glimpse into previously
unstudied ion-pair dynamics. One final obstacle, however, still had to be overcome in
order to study intermolecular anion exchange, a comparable ion-pair with a different
anion had to be synthesized.

The reactivity established with the CgFs substituted 9-borafluorene and 2-Me

made this activator a logical choice. Reaction of one equivalent of (C¢Fs5)B(Ci2Fs) with
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2-CH;SiMes, according to the same experimental protocol employed with B(CgFs)s,
cleanly produced the expected ion-pair [L™"ScCH,SiMe,CH,SiMes][MeB(CsFs)(C12Fs)],

11-CH2SiM€2CH2SiMG3 n hlgh yleld

3.2.5 Thermal Decomposition of Organoscandium Cations via Metallation of an

Isopropyl Methyl Group.

Although the previously discussed organoscandium cations were sufficiently
thermally stable to allow detailed mechanistic studies, decomposition by metallation of
an isopropyl methyl with concomitant loss of RH, as observed for the neutral analogues,
indeed occurred over prolonged periods in solution at room temperature (Scheme 3.17).
Despite the fact that the process appeared qualitatively slow, and thus was not anticipated
to be capable of effectively competing with olefin coordination and insertion in an
industrial polymerization setting, a detailed quantitative study was conducted to garner
further insight into the decomposition pathway.

While the metallation process can be monitored by "H NMR spectroscopy, as
with the neutral complexes, the cationic species were advantageous in that they possessed
additional NMR active nuclei, namely ''B and "F. The "F NMR spectrum was
especially useful as there were only 3 signals in the cationic starting material attributable
to the ortho, para and meta fluorines on the C¢Fs rings. As the reaction progressed, it
was possible to monitor the growth of the new signals for the decomposition product as
shown in Figure 3.10. The '"H NMR spectrum was similar to that observed for the neutral

compounds exhibiting a loss of right — left symmetry and growth of RH. Unlike the
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Scheme 3.17 Metallation of Cationic Organoscandium Species

neutral complexes, however, the metallated compound, [«’- {ArNC('Bu)CHC("Bu)N-iPr-
CeH3} Sc][MeB(C¢Fs)s], 12, existed as two isomers in a 2.5 : 1 ratio. While this would
seem to suggest that metallation can occur from either the exo or endo sites, the fact that
an identical ratio is obtained regardless of cationic starting material implies this is
actually an equilibrium mixture. Likewise, it was not possible to selectively precipitate
one isomer in order to affect the isomeric ratio. Although no sign of ligand flipping was
observed for the neutral metallation products, it may be possible for the cationic
derivatives as the remaining alkyl group has been replaced with a significantly more
mobile [MeB(CgFs);]™ anion, providing the necessary flexibility to accomplish the flip.
This process is likely to be relatively high in energy as it would require partial rotation
about the C-N bond. Thus it is not surprising that it was not possible to study this
process; no changes were observed in the NMR spectra upon heating the sample to 350 K
(Scheme 3.18). The presence of two isomers for 12 was apparent in the °F NMR
spectrum whereby two new sets of CgFs resonances appeared in the same 2.5 : 1 ratio; the

meta and para signals are indistinguishable as they overlap.
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The metallation process was quantitatively followed for 10-CH,SiMe,CH,SiMe3
using both 'H and "’F NMR and the reaction was found to be first order in ion-pair. As
with the neutral compounds the reaction was followed at a variety of temperatures and
the activation parameters of AS* = -7.0(7) e.u. and AH* = 21.5(2) kcal mol” were
extracted (Figure 3.11). The enthalpic barrier is similar to that observed for the neutral
analogues (cf. 19.7(6) kcal mol™), however, the entropy of activation, while still negative
indicative of an ordered transition state, is significantly lower in magnitude (cf. -17(2)
and thus e.u.). This can likely be attributed to the enhanced spatial freedom of the

weakly coordinating [MeB(C¢Fs);]” anion in the o-bond metathesis transition state.
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Figure 3.10  Series of "’F NMR Spectra Acquire in dg-toluene at 308K Monitoring the
Thermal Decomposition of 10-CH,SiMe,CH,SiMe;.
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In order to obtain comparative values and observe meaningful trends between
metallation rates and ion-pair structure, a kinetic investigation was completed (Table 3.5).

The measured rates for the various ion-pairs were approximately an order of magnitude
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Scheme 3.18 Proposed Ligand Flip Mechanism Within Metallated lon Pair

greater than that determined for the neutral dialkyl species, with the nature of the alkyl
group having little impact on the rates. Nonetheless, the deactivation process is
remarkably slow with half lives greater than 1 hour at 35 °C in all cases. Both B(C¢Fs)3
and (C¢Fs)B(Ci2Fs) activated complexes were studied with similar rates observed for
10-Me and 11-Me. Curiously, however, a dramatic rate diminution was observed for the
borole activated 11-CH,SiMe,CH,SiMe; in comparison to 10-CH,SiMe,CH,SiMej;.
This enhanced thermal stability may be attributable to the steric properties of the flat
borole core which permits the anion to reside in closer proximity to the metal centre than
the more sterically encumbered [MeB(CgFs);]". This notion is substantiated by the g
NMR solution data wherein 10-CH,SiMe,CH,SiMe; exhibited a Ady,, = 4.6 ppm while
11-CH,SiMe,CH,SiMe; had a Ad,, = 5.1 indicative of tighter ion-pairing. A more
tightly bound anion should result in a less electronically deficient, and thus more

thermally stable metal centre. These marked differences in decomposition
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Table 3.5 Half-Lives and kex, for Metallation Reactions

Compound Borane Temp (K) ty (hr) Kexp (s™)
Ion-Pairs
10-Me B(CeFs)s 308 183  1.05(2)x 10"
11-Me (CeF5)B(C12Fs) 308 132 1.46(2)x 10
IO-CstiMEZCstiMe3 B(C6F5)3 308 1.97 977(3) X 10_5
11-CstiM62CstiMe3 (C(,Fs)B(Cleg) 308 7.70 250(3) X 10-5
IO-CstiMEZCstiM63 B(C6F5)3 308 2.0 102(3) X 10_4
IO-CstiMEZCstiM63 B(C6F5)3 308 2.0 979(3) X 10_5
IO-CstiMEZCstiM63 B(C6F5)3 308 2.0 977(3) X 10_5
10-CH,SiMe,CH,SiMe; B(C¢Fs)s 313 12 1.67(2)x 10*
IO-CstiMEZCstiM63 B(C6F5)3 318 0.6 300(2) X 10_4
IO-CstiMEZCstiM63 B(C6F5)3 323 04 553(3) X 10_4
Neutral Compounds

2-Me N/A 308 1226  1.57(3)x 107
2-CH,SiMe; N/A 308 17.99  1.07(2) x 10

rates illustrate the dramatic effect which minute structural changes can invoke on catalyst

reactivity.

3.2.6 Ion-Pair Dynamics of 10-Me

Since 10-Me existed as two isomers in solution at low temperature it was possible
to examine ion-pair dynamics for comparison with the structurally disparate zirconocene
systems studied by Marks and Brintzinger. If ion-pair symmetrization was the only
operative exchange process there would be exchange between the two Sc-Me and two
B-Me resonances, but not between Sc-Me and B-Me peaks. If borane
dissociation/reabstraction was competitive with ion-pair symmetrization, exchange
between all four methyl resonances would be observed.

A low temperature 'H-"H 2D EXSY experiment exhibited exchange only between
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the two Sc-Me signals, suggesting that borane dissociation/reabstraction is not occurring
on the NMR timescale at low temperature (Scheme 3.19). The lack of crosspeaks

between the [MeB(CgFs)3]” groups of the two isomers is presumably due to quadrupolar
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Scheme 3.19 'H-'H 2D EXSY NMR of 10-Me
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broadening from the adjacent boron atoms (“B, 80%, 1= > ; IOB, 20%, 1 =3). In order to

unambiguously ascertain if this mechanism was taking place on the chemical timescale, a
deuterium labelling experiment was devised whereby 10-MeB(CgFs); was reacted at low
temperature  with one equivalent of L®'Sc(CD;),, dg-2-Me, to form
[L™"ScCDs][H3CB(CeFs)s], d3-10-Me, as the exclusive product (Scheme 3.20). If a
borane dissociation/reabstraction process was functioning, the deuterium label would
wash from the Sc-Me into the B-Me producing an approximately statistical mixture of
1:1 (barring a significant thermodynamic equilibrium isotope effect). The 'H NMR
spectrum acquired in dg-toluene definitively showed complete loss of the Sc-Me
resonances with no diminution in the B-Me signals. The reaction was monitored for an
additional 6 hours with periodic warming to room temperature; no evidence of deuterium
label incorporation into the B-Me, nor growth of Sc-Me signals in the '"H NMR spectrum
was observed (Scheme 3.20). Thus, it can be concluded that borane exchange, if
operative, occurs at a rate sufficiently slowly so as not to interfere with quantitative ion-
pair symmetrization measurements.

Although the previous experiments determined it should be possible to study ion-
pair symmetrization, the system was complicated because it was not possible to
determine whether the observed exchange peaks were due to ion-pair symmetrization or
ligand flipping. In order to unambiguously study ion-pair dissociation, it was decided
that an intermolecular anion exchange would be more appropriate because anion
exchange between Sc-nacnac fragments would eliminate complications from a competing
ligand flip process, while still providing insight into the mechanism of anion

displacement from the metal centre.
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Since the backbone signals for all four isomers of 10-Me and 11-Me were
baseline resolved they could be used to examine anion exchange processes between metal
centres. Although it was not experimentally determined, it was assumed that 11-Me
would be similar to 10-Me, in that borole dissociation would be minimal and non-
competitive with intermolecular anion exchange. A 'H-'H 2D EXSY NMR experiment
at 213 K clearly exhibited crosspeaks between all four isomers confirming intermolecular
anion exchange (Figure 3.12). A comprehensive quantitative study was performed in
order to obtain rate data for the various exchange processes (Table 3.6). Repeating the
experiments at a variety of temperatures permitted the construction of excellent fit Eyring
plots from which extraction of the activation parameters for the exchange processes
shown in Figure 3.12 was possible (Table 3.7). A representative Eyring plot of the
exchange between, endoy.-10-Me and endoye-11-Me is shown in Figure 3.13.

The AS* for the intermolecular anion exchange process is negative in all cases,
however, the magnitude varies from -7(1) e.u. for exchange between exoy-11-Me and
endoye-10-Me to -12(1) e.u. for exchange between exOp-10-Me and exoy-11-Me at
0.0197 M. While these values appear to correlate better with Brintzinger’s findings than
those of Marks’ it should be realized that the ion-pair framework is completely different
from either of their systems. The negative entropies of activation suggest that the
exchange process involves a moderately ordered transition state relative to the ground
state, which could be interpreted as associative displacement of the anion by an incoming
solvent molecule to form a transient SSIP as suggested by Marks. Alternatively, the data
could represent production of an ordered ion-pair quadruple, as postulated by Brintzinger.

Interestingly the measured AS* for exchange between isomers with the same anion
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Figure 3.12 Top: Exchange Processes Between 10-Me and 11-Me; Bottom: 'H-'H 2D
EXSY of 10-Me and 11-Me.
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Figure 3.13  Eyring Plot of Intermolecular Anion Exchange Between endoy.-10-Me
and endoy,.-11-Me

(exOpe-10-Me and endoye-10-Me or exome-11-Me and endoy-11-Me), are almost
entropically neutral with values similar to that observed for the ligand flip process of
2-CH,SiMe;, (AS* = -1.6(5) e.u., AH* = 12.9(2) kcal mol"). This fact, combined with
four-fold rate enhancements, led to the conclusion that ligand flip is the dominating
exchange mechanism in these situations. The AH* are similar for all of the exchange
pathways with low values ranging from 10.5 — 11.8 kcal mol™.

These small, but measurable differences in the activation entropies for the
different isomers suggest that anion exchange may also involve ligand flip, especially if
an ion-pair quadruple mechanism is operative. For example, if exop.-10-Me and

endoy-11-Me exchange, ligand flip is presumed to be involved causing an overall



Table 3.6 Rate Data for Exchange Reactions Between 10-Me and 11-Me

Compound A Compound B Kexp s™ T(K)
€X0pe-10-Me exone-11-Me 0.52(1) 222.7
€X0pe-10-Me ex0one-11-Me 0.73(2) 228.0
€X0pe-10-Me ex0one-11-Me 1.68(2) 233.4
eX0pe-10-Me eXOme-11-Me 2.50(2) 238.7
eXome-10-Me endoye-11-Me 0.51(1) 222.7
eXome-10-Me endoye-11-Me 0.80(1) 228.0
eXome-10-Me endoye-11-Me 1.67(1) 2334
eX0wme-10-Me endoye-11-Me 3.04(3) 238.7
endoy-10-Me eX0ne-11-Me 0.23(1) 217.3
endope-10-Me exope-11-Me 0.50(1) 222.7
endope-10-Me eXope-11-Me 0.73(1) 228.0
endoy-10-Me eX0one-11-Me 1.59(3) 233.4
endoy.-10-Me eX0ne-11-Me 3.00(3) 238.7
endoy-10-Me endoye-11-Me 0.37(1) 217.3
endoy-10-Me endoye-11-Me 0.78(2) 222.7
endoy-10-Me endoye-11-Me 1.27(1) 228.0
endoy-10-Me endoye-11-Me 2.40(3) 2334
endoy.-10-Me endoye-11-Me 4.19(4) 238.7
endome-10-Me exone-10-Me 0.68(2) 217.3
endome-10-Me exone-10-Me 2.303) 222.7
endome-10-Me exone-10-Me 4.03(4) 228.0
endome-10-Me exone-10-Me 7.12(6) 233.4
endome-10-Me exone-10-Me 12.60(9) 238.7
endome-10-Me ex0ne-10-Me 26.9(2) 244.0
eXome-11-Me endoye-11-Me 0.63(1) 217.3
eXome-11-Me endoye-11-Me 2.02(2) 222.7
eXOpe-11-Me endoye-11-Me 3.18(3) 228.0
eXome-11-Me endoye-11-Me 5.82(6) 2334
eXome-11-Me endoye-11-Me 9.95(9) 238.7
eXOpe-11-Me endoye-11-Me 26.7(2) 244.0
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Table 3.7 Activation Parameters for Exchange Reactions Between 10-Me and 11-Me
Compound Compound ke at 223K AG* (kcal AH* (keal AS*

#1 #2 s mol™) mol™) (e.u.)
eXOpe-10-Me  eXOpe-11-Me 0.52(1) 13.2(3) 10.5(3) -12(1)
endose10-  €Ndonie-11- 0.78(2) 13.0(3) 11.0(2) 9(1)

' Me
Me
endoye10-  EXOme-11-Me 0.49(1) 13.3(3) 11.8(2) -7(1)
Me
eXOme-10-Me  endoye-11- 0.51(1) 13.3(3) 11.6(3) “7(1)
Me
eXOme-10-Me  endope-10- 2.30(2) 12.7(2) 13.2(2) 2(1)
Me
eXOve-11-Me  endoye-11- 2.02(2) 12.7(2) 13.2(3) 2(1)
Me

decrease in the entropy of activation, in comparison to cognate isomers such as
endoy-10-Me and endoy.-11-Me, which can presumably exchange without the added
complexity of ligand flip. Since it is not possible to delineate these processes, the values
obtained cannot be considered good representations of intermolecular anion exchange.
Thus the study is merely considered to be qualitative evidence that intermolecular anion
exchange can indeed occur within these systems. It is important to note that the actual
rates are further complicated by the fact that the isomers are not present in equal
concentrations which may be partially responsible for the observed variations.

Although a variety of studies were undertaken to determine the order of the
reaction, it was not possible to obtain a sufficiently broad range of concentrations to
unambiguously establish the dependence on metal complex concentration. These
attempts were hampered by the relatively low solubility of the ion-pairs in cold
hydrocarbon solvents; if the concentration exceeded ~ 3 x 102 M the compounds would
begin to crystallize during the course of the time required to accurately obtain meaningful

kinetic data (2 or more hours). Conversely, if the concentration was below ~1.5 X 102 M
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it was not possible to obtain quantitative data in a realistic timeframe. For example, at
these concentrations even 24 hour long EXSY experiments did not provide reliable rates.
Unfortunately, 1D line broadening techniques were not possible due to the lack of
sufficient separation of the backbone resonances. All other resonances were not suitable
as the reaction mixture contained four different isomers, resulting in overlap of the

remaining signals.

3.2.7 Ton-pair Dynamics of 10-CH,SiMe,CH,SiMe;

In order to ascertain the feasibility of obtaining quantitative exchange

measurements for the significantly more simple 10-CH,SiMe,CH,SiMes/

BUm., N_".\Ar IBU"""....N““‘Ar
= Ar L AT
\"‘--SCCJD/CHZSiMechZCI\Ae3 ‘Bu NSO - cHSie,CH,SiMes
AH H |
C-H Hl:.}C',H
CeFs

10-CH,SiMe,CH,CMe;,

11-CH,SiMe,CH,SiMe,

tB Ut = Ar
T A
By "'N\%S(?/CHZSiMeZCHZSiMe3
\ aH
O FH
CeFs™ B
CoF{ CoFs

10-CH,SiMe,CH,SiMe;

11-CH,SiMe,CH,CMe,

Figure 3.14 Crossover Products from Reaction of 10-CH,SiMe,CH,CMe3; and
11-CH,SiMe,CH,SiMe;
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11-CH,SiMe,CH,SiMe; system, a classical crossover experiment was designed to see if
there was any exchange on a chemical timescale. Since a crossover experiment
necessarily has two different variables it was necessary to differentiate at the metal, as

well as at the borate anion. This was accomplished by using the previously synthesized

MeB(CeFs)(Ci2Fs)
Sil\/|62
11-CH,SiMe,CH,CMe;
J SiCH,C
B N LLJt_
SiMe,
lO'CstiMGZCHg(:Meg MeB(C6F5)3
i L[MC
SiMez | |SiMe;
MeB (CgFs)(C1oF
11-CH,SiMe;CH,SiMe; (CeFs)(CyaFe)

I T

SiMe;

MeB(C5F5)3 SiMe?_

10-CstiMe2CH28iMeg

MM \ SICH,Si
A

80 75 70 65 60 55 50 45 40 35 3.0 25 20 15 10 05 0.0 -05

Figure 3.15 'H NMR Spectra of the Independently Synthesized Products from the
Crossover Experiment Between 10-CH,SiMe,CH,CMes and 11-CH,SiMe,CH,SiMe3
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10-CH,SiMe,CH,CMe; which differs at the metal alkyl; a carbon is in the 6 position as
opposed to a silicon atom in 11-CH,SiMe,CH,SiMes;. The crossover experiment,
which  involved  stoichiometric reaction of 10-CH,SiMe,CH,CMe; and
11-CH,SiMe,CH,SiMes, was conducted; all four of the possible crossover products
resulting from intermolecular anion exchange are outlined in Figure 3.14.

While the '"H NMR spectrum of the crossover experiment appeared to indicate the

presence of four species in a 1:1:1:1 statistical mixture the complexity of the spectrum

Spectral
Simulation

Y\ N ] )

Experimental

i\

80 75 7.0 65 60 55 50 45 40 35 30 25 20 15 1.0 05 0.0 -05

Figure 3.16 Top: Manually Summed '"H NMR Spectra of Independently Synthesized
Crossover Products. Bottom: Actual '"H NMR Spectrum of Crossover Experiment
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Figure 3.17 'H-'H 2D EXSY NMR Spectrum of 10-CH,SiMe,CH,SiMe; and
11-CH,SiMe,CH,SiMe;

made it difficult to conclude with certainty that the observed species were in fact the
expected compounds. To eliminate any ambiguity all four of the species were
independently synthesized, the '"H NMR of each is shown in Figure 3.15. These spectra
were then computationally summed in a 1:1:1:1 ratio for comparison with experimental
results. The agreement between the simulated and experimental spectra was excellent

with the most diagnostic region being upfield of 0.5 ppm where 10 resonances for the
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alkyl chains were present in a 2:2:9:9:6:6:6:6:2:2 ratio. The crossover experiment
unambiguously established intermolecular anion exchange between all four isomers

(Figure 3.16).

Table 3.8 Rate Data for Intermolecular Anion Exchange Between
10-CH,SiMe,CH,SiMe; and 11-CH,SiMe,CH,SiMe3

Compound A Compound B Kexp (s'l) T(K)
10-CH,SiMe,CH,SiMej; 11-CH;SiMe,CH,SiMe3 9.56(8) 2504
10-CH,SiMe,CH,SiMej; 11-CH;SiMe,CH,SiMe3 5.20(4) 244.0
10-CH,SiMe,CH,SiMe; 11-CH;SiMe,CH,SiMe3 5.17(4) 244.0
10-CH,SiMe,CH,SiMe; 11-CH;SiMe,CH,SiMej3 5.12(4) 244.0
10-CH,SiMe,CH,SiMe; 11-CH;SiMe,CH,SiMej3 5.24(4) 244.0
10-CH,SiMe,CH,SiMe; 11-CH;SiMe,CH,SiMej3 2.57(3) 237
10-CH,SiMe,CH,SiMe; 11-CH;SiMe,CH,SiMej3 1.36(1) 226.4
10-CH,SiMe,CH,SiMej; 11-CH;SiMe,CH,SiMej3 0.85(1) 221.3
10-CH,SiMe,CH,SiMe; 11-CH,SiMe,CH,SiMe3 0.50(1) 217.1

Since the results of the crossover experiment proved intermolecular anion
exchange indeed takes place for the bulky ion-pairs on the chemical timescale, a
quantitative study of anion exchange between 10-CH,SiMe,CH,SiMe; and
11-CH,SiMe,CH,SiMe; (Table 3.8) was performed using '"H-'H 2D EXSY NMR
techniques; a typical spectrum is depicted in Figure 3.17. Unlike the Sc-methyl
compounds, the resonances for the CH backbone of the two compounds were not baseline
resolved using a 400 MHz spectrometer, necessitating the utilization of other signals in
the spectrum. Fortunately, the Sc-alkyl resonances, located upfield of 0 ppm, were well
separated, providing three separate sets of peaks, integrating as 9H, 6H and 2H for the
SiMes, SiMe, and SiCH,Si groups respectively, which could be used for quantitative

analysis. The presence of these peaks were beneficial for two reasons: first, the large
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number of protons giving rise to each signal allowed for shorter experiment times, and
second, the three sets of peaks provided a facile method to verify the precision of the
data.

The 2D EXSY spectra exhibited the expected crosspeaks and thus were acquired
at a variety of temperatures which provided the opportunity to construct an Eyring plot
and extract the associated activation parameters for the intermolecular anion exchange
process (Figure 3.18). The activation parameters (AS* = -20(2) e.u., AH* = 8.7(3) kcal
mol™) differ substantially from those obtained for the exchange processes studied within
10-Me and 11-Me. The entropy of activation is significantly more negative (cf. -7(1) —
-12(1) e.u.) supporting the notion that the competing ligand flip process was interfering
and decreasing this value in the Sc-Me compounds. Likewise, the enthalpy of activation

is reflective of a lower energy process. Since the values obtained for the long chain alkyl

y = 4380.9x - 13.991
5.7 1 R? = 0.9929
AS* =-20(2) e.u.

AH* =8.7(3) kcal mol™

5.2

In (k/T)
>
\l

4.2

3.7 1

3.2 L) Ll Ll Ll Ll

0.00398 0.00408 0.00418 0.00428 0.00438 0.00448
1T (K)

Figure 3.18 Eyring Plot of Intermolecular Anion Exchange Between
10-CH,SiMe,CH,SiMe; and 11-CH,SiMe,CH,SiMe3
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system are a better reflection of the intended intermolecular anion exchange process
whereby cation — anion separation is rate limiting, it is now possible to be confident in
the results and to make meaningful conclusions as to the nature of the mechanistic
pathway. Unlike Marks’ and Ziegler’s findings with the zirconocene systems, large
negative AS* values are observed suggesting an associative exchange process. It is
plausible that the anion displacement occurs Via a similar pathway to the solvent assisted
process (Scheme 3.2), with the major difference being that the large negative entropy
value clearly suggests an associative mechanism (Scheme 3.21). The rate determining
step would presumably involve an incoming solvent molecule associatively displacing
the [MeB(CgFs);] anion to form an intermediate SSIP with the solvent molecule
sandwiched between the cation and anion. From this point, the anion would be free to
undergo rapid productive exchange with another solvent sandwiched ion-pair. Since
11-CH,SiMe,CH,SiMe; has a larger Ady,, it is probable that the ion-pair is more tightly
bound, and thus anion displacement is slower than that in 10-CH,SiMe,CH,SiMej.

The shift from a dissociative to an associative mechanism may be the result of
significantly more cation — anion separation in the ground state, as evidenced by NMR
spectroscopy and X-ray crystallography. As such, it is easier for an incoming arene to
associatively displace the outgoing anion. The dramatically lower enthalpic barrier
observed for this system is to be expected for the same rationale.

Once again, solubility limits precluded rigorous determination of the order in the
concentration of ion-pair, however, the limited data does suggest a first order dependence
in 11-CH,SiMe,CH,SiMes;. Although the observed activation data, especially the

negative AS*, could be interpreted as an ion-pair quadruple transition state, the
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substantially lower AH* value, the greater steric bulk of the ion-pair, and the inability of
Marks, Ziegler and Landis to provide evidence for ion-pair quadruples, tend to discredit
this pathway in support of a solvent assisted transition state.

If scandium alkyl ion-pairs, indeed undergo a low energy associative
displacement by an incoming arene molecule as the first step in olefin polymerization, the
ability to experimentally study subsequent steps in the process, namely solvent
displacement by incoming monomer, is paramount. This will shed light onto how the
entire polymerization pathway occurs in these systems, and allow comparisons of the
energetics required for each step of the process. This information is invaluable from a
synthetic chemist’s perspective as it will provide insight into which aspects of the catalyst
system should be fine tuned, and exactly how they should be adjusted to produce a more

active polymerization catalyst. The low barrier for anion dissociation would tend to
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Scheme 3.21 Proposed Mechanism for Intermolecular Anion Exchange
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suggest that ion-pair separation is not turnover limiting in scandium nacnac catalyzed
alkene polymerization, however, further studies are required to confirm this speculation.
Thus, in order to obtain information on the latter steps of the polymerization process, it
was necessary to synthesize a stable aromatic solvent separated ion-pair, which could
serve as a decent model for the aforementioned solvent sandwich transition state, to be
used for probing arene displacement and olefin insertion. This was achieved with the
successful synthesis of [L°Sc(arene)][B(CeFs)4]; complete experimental and mechanistic

details are discussed at length in Chapter 4.

3.2.8 Conclusions

In conclusion, a family of highly reactive organoscandium alkyl cations has been
prepared and their ion-pair dynamics quantitatively examined. While the LM® ancillary
lacked sufficient steric bulk to prevent deleterious deactivation pathways, most notably
C¢Fs transfer to the metal centre, the L®Y derivatives were quite robust in solution.
Although these species were subject to thermal decomposition via metallation of an
isopropyl group and loss of RH, the process was not sufficiently rapid to hinder the
development of their rich organometallic chemistry. The solution and solid state
structures were studied in detail, revealing the presence of both exo and
endo-MeB(CgFs); isomers if the metal alkyl was small. Deuterium labeling and 2D NMR
techniques established that intermolecular anion exchange processes could be probed
without the interference of competitive borane dissociation/reabstraction processes.

While the quantitative analysis for the energetics associated with cation — anion
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dissociation were complicated with ligand flip processes, increasing the steric bulk of the
metal alkyl eliminated this complexity as only the endo-MeB(C¢Fs); isomer was
observed. As such, it was established that intermolecular anion exchange occurs by way
of a highly ordered transition state, most likely a low energy associative anion
displacement by an incoming arene solvent molecule. In order to delve further into the
deconvolution of mechanistic pathways and garner a deeper understanding of the various
processes involved in nacnac supported organoscandium catalyzed olefin
polymerization, a family of aromatic solvent separated ion-pairs was synthesized, the

chemistry of which will be outlined in detail in the following chapter.
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Chapter 4:

Activation of Neutral Organoscandium Complexes with

Non-Borane-Based Activators

4.1 Introduction

4.1.1 Activation of Metallocenes with Protic Activators — [HNMe,Ph][B(C¢Fs)4]

Alkyl group abstraction from dialkyl metallocenes with B(CsFs)3 to afford active
olefin polymerization catalysts was preceded several years by a protonolysis approach.
This strategy was first reported by Bochmann and co-workers in 1986 when Cp,TiMe,

was reacted with [NH4][PFs] and [NH4][C1O4] (Scheme 4.1)."°*'> In this situation the

; \_ .«CHs INH,]IX] é \ @ .CH,
IS —_— Ti" o
CH3 'NH3 x
-CH,
X = PFg, ClO,

Scheme 4.1  Protic Activation of Cp,TiMe, with [NH4][X]; X = PF¢’, ClO4

activator irreversibly removes a metal alkyl fragment while instituting a loosely
associated anion. Although this example proved the validity of the activation method, a
less reactive anion was desired. Soon after, Marks et al. reported the use of trialkyl
ammonium borate reagents for the transformation of Cp*;ThMe, to
[Cp*,ThMe] [BPhs]."** With these activators the metal alkyl is protonated to liberate RH

as in Bochmann’s system, however, the more weakly coordinating and less reactive
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[BPh4]™ anion is incorporated into the resultant ion-pair. Likewise, the additional steric
bulk, and low basicity, of the relinquished amine (typically NMe,Ph) was speculated to
render it less likely to coordinate to the newly formed metal cation. Although these
species generally react cleanly and quickly in weakly coordinating solvents, the desired
cationic metal alkyls are often plagued by decomposition via C-H activation of the aryl
groups of [BPhy]".">

In conjunction with reports stemming from B(C¢Fs); activated systems, the
chemical community was rapidly becoming aware that the electronic and physical
properties of both the cation and anion play an integral role in polymerization activity.
Thus, in order to both circumvent the problematic C-H activation and produce a more
weakly coordinating anion, several research groups focussed their attention on fine tuning
the steric and electronic properties of Marks’ ammonium borate compounds. Although a
variety of similar species have since shown utility in olefin polymerization processes the
most commonly employed ammonium activator from an industrial standpoint has been
[HNMe,Ph][B(CeFs)4].">¢"* Upon activation of a dialkyl metal complex,
[HNMe,Ph][B(CgFs)4] installs the [B(C¢Fs)4] anion and liberates NMe,Ph.

Several advantages of [HNMe,Ph]|[B(CsFs)s] were demonstrated by Marks and
colleagues when reaction with Cp*,ThMe, generated the desired ion-pair
[Cp”‘zThMe][B(Cf,F5)4].156 As in the [BPhy4] system, the perfluoroaryl borate appeared to
impart crystallinity; the solid state structure unambiguously established weak Th-F
interactions of 2.757(4) and 2.675(5) A. The [B(C¢Fs);] compounds are also
advantageous in that they possess the additional NMR active nucleus, '°F. The ''B NMR

is not particularly informative for these systems as the chemical shift is not overtly
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sensitive to structural changes in the cation. The anion in these complexes is presumably
quite mobile; complete dissociation is believed to occur via transient stabilization of the
metal centre from aromatic solvent molecules, however, it is exceedingly difficult to
observe such species, much less isolate them.

The inability of the [B(CgFs)4] anion to coordinate as tightly as [BPhs] to metal

centres was apparent upon comparison of the solid state structures of

[Cp*,ThMe][B(CsFs)4] and [Cp*,ThMe][BPhy]. Significant contraction of the Th-Cp*
distances, as would be expected for a more electron deficient metal centre, are observed.
As anticipated, the enhanced electron deficiency and thermal stability is beneficial from a
polymerization perspective; [Cp*;ThMe][B(C¢Fs)4] is 3300 times more active for

ethylene polymerization and 4100 times more active for 1-hexene hydrogenation than its

[BPh4] counterpart.'>®

While a significant degree of success has been realized with

[HNMe,Ph][B(CgsFs)4] as a co-catalyst for olefin polymerization, several problems have
also surfaced, the most prevalent of which is coordination of liberated NMe,Ph to the

cationic metal centre (Scheme 4.2).159’160

Intuitively, one would expect the strength of
amine coordination to correlate with electron deficiency and steric openness at the metal

centre. This has been corroborated through variation of ligand substituents — the most

e
CMe CMe
[ e B(CqFs)s
/N\ .-\CHzph [HNMeZPh][B(C6F5)4] /N\ ®‘.\\CH2Ph
Me28| Zr\ > MEzsl 7r
Ny TCHePh - HyCPh N\
' |
CMe, CMe,  NMezPh

Scheme 4.2 NMe,Ph Coordination upon Activation of Me,Si(NCMes),Zr(CH,Ph),
with [HNMe>Ph][B(CFs)]
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electron deficient and sterically accessible metal centre indeed binds the amine more

1 162,163

tightly.'®  While there is debate over the topic, the polymerization activity of
certain catalyst systems appears to be hampered if the amine is capable of coordinating to
the metal centre.”” This is not surprising since a coordinating amine would serve to
saturate the reactive metal centre from both steric and electronic perspectives. An
additional problem with [HNMe,Ph][B(C¢Fs)4] is that the ensuing ion-pairs are often
insoluble in simple hydrocarbons necessitating the use of more expensive polar solvents
(e.g. C¢HsBr).” Likewise, the oily nature of such species frequently renders it

impossible to isolate crystalline solids.'"

4.1.2 Activation of Metallocenes with [CPh;][B(Cg¢Fs)4]

An alternative activation method to protonolysis involves the use of
[CPhs3][B(CeFs)s].'** As with B(C¢Fs)s the Lewis acidic trityl group [CPhs]" abstracts a
metal alkyl, however, unlike activation with boranes the abstraction is irreversible as the
neutral triphenyl alkane RCPh; is lost and a [B(C¢Fs)4]” counterion is added (Scheme
4.3). Although the ion-pairs are not always isolable, these activators are largely
advantageous over their ammonium analogues in that now a chemically innocent alkane,

MeCPhs, as opposed to a potentially coordinating amine, is produced. Although

é \_ .«CH; [CPh3][B(CgFs)d] é \ @ .cH,
“Ncn, ~ Mecphy “e
-\vie
% : : % B(CeFo

Scheme 4.3  Activation of Cp,ZrMe; with [CPh;][B(CsF5)4]
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triphenylmethane has been reported to weakly coordinate to cationic metal centres

through arene interactions,'® this has since been disproved by Bochmann et al."®

4.2 Results

4.2.1 Reactivity of LM°ScR; with [HNMe,Ph][B(C¢Fs)4]

Since the sterically encumbered [L™"ScR][MeB(CFs);] species provided the
opportunity to examine solution dynamics for a series of contact ion-pairs, it was
desirable to develop a synthetic protocol for comparable SSIPs. It was hoped that such a
family of compounds would allow further study of ion-pair dynamics, and perhaps
provide suitable models for the proposed SSIPs thought to be involved in intermolecular
anion exchange (see Chapter 3). As such, reactivity of dialkyl scandium complexes with
the protic activator [HNMe,Ph][B(C¢Fs)4] was pursued. Due to the slow decomposition
of [L™"ScR][MeB(C¢Fs)] through metallation of an aryl isopropyl group, it was decided
that it would be prudent to first examine activation of the more thermally stable LM°ScR,
compounds.

Reaction of one equivalent of LMScMe,, 1-Me, with [HNMe,Ph][B(C¢Fs)4] in

toluene resulted in the separation of an oily intractable mixture. However, upon moving

M SAT M SAT
e ", o e n,, o
N [HNMe,Ph][B(CeFs)sl 227 N S
> Al B(CgFs)s
CgHsBr R N/@
-RH Me NSc<NMe,Ph
R
R = CHs, CH,SiMes, CH,CMe; 13

Scheme 4.4  Synthesis of [L°ScR(NMe,Ph)][B(C4Fs)4]



148

to bromobenzene as the reaction solvent it was possible to observe the rapid formation of
a well defined ion-pair, 13-Me (Scheme 4.4). The '"H NMR spectrum exhibited typical
nacnac ligand resonances and a diagnostic signal at -0.31 ppm assigned to the remaining
Sc-Me group. A sharp singlet at 2.45 ppm integrating as 6H, along with resonances
between 5.99 and 6.27 ppm were assigned to the NMe,Ph group. These signals were
shifted significantly in comparison to the free amine, indicating coordination of NMe,Ph

to the electrophilic metal centre (Figure 4.1).

NMe,Ph
i
PY-CHg SC_Me
NMe.Ph C-H JJ@
6‘.5‘ a ‘610‘ ; ‘5‘.5‘ a ‘510‘ ; ‘4‘.5‘ ; ‘4i0‘ ; ‘3‘.5‘ ; ‘3i0‘ ; ‘215‘ ; ‘2‘.0‘ a ‘115‘ ; ‘l‘.O‘ a ‘OiS‘ a ‘010‘ ; Ldé a

Figure 4.1 'H NMR Spectrum of 13-Me

In an attempt to remove the free amine, the sample was placed under dynamic
vacuum for 24 hours. Despite the prolonged exposure to reduced pressure it was not
possible to remove the coordinated amine. As evidenced in group 4 metallocene
chemistry, this is likely due to heightened electron deficiency at the scandium centre.
Although a plethora of solvent mixtures, temperatures and crystallization techniques were
explored, it was not possible to attain 13-Me as a well defined solid. This fact, combined
with amine retention, rendered 13-Me a poor candidate for mechanistic studies. Despite
these negative characteristics, however, it is interesting to note that 13-Me was extremely
thermally stable with no signs of decomposition observed after 12 hours in solution at

room temperature.
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In order to discourage amine coordination, and hopefully enhance the crystallinity
of the ion-pair, it was decided to increase the steric bulk at the metal centre by choosing a
more bulky dialkyl starting material. As such, both LMSc¢(CH,SiMes),, 1-CH,SiMe;,
and LM°Sc(CH,CMes),, 1-CH,CMes, were reacted with [HNMe,Ph][B(CeFs)s]. As with
1-Me, the reactions progressed cleanly to afford the anticipated ion-pairs 13-CH,SiMe3
and 13-CH,CMe;. Despite attempting Lewis base removal tactics it was still not
possible to eliminate the coordinated NMe,Ph; the 'H and '°F NMR spectra were nearly

identical to those observed for 13-Me.

4.2.2 Reactivity of LM*ScR; with [CPh3][B(C¢Fs)4]

In order to prepare a SSIP while alleviating amine retention issues, the trityl salt
[CPh;][B(C¢Fs)4], was reacted on an NMR scale with one equivalent of 1-Me in C¢DsBr
(Scheme 4.5). Characterization by multinuclear NMR spectroscopy revealed rapid
reaction to afford the ion-pair [LM°ScMe(C¢DsBr)][B(CeFs)4], 14-C¢DsBr, as evidenced
by a characteristic peak at 2.00 ppm in the 'H NMR spectrum attributed to
triphenylethane. No indication of tight [B(CeFs)4]” or solvent coordination was exhibited;
retention of both top — bottom and right — left symmetry was indicated in the '"H NMR
spectrum (Figure 4.2). This species was remarkably stable with no signs of C¢Fs transfer
or metallation even at elevated temperatures for extended periods of time. It was

possible to isolate 14-C¢HsBr by leaving a concentrated bromobenzene solution
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Synthesis of [LM*ScMe(arene)][B(CeFs)4]

layered with hexanes for approximately 24 hours at -35 °C whereupon the desired product

quantitatively precipitated as a pale yellow microcrystalline solid. Single crystals

suitable for X-ray diffraction were readily grown by a similar solvent mixture over the

course of several days. The ability to isolate 14-C¢HsBr as a well behaved solid was a
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A
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'"H NMR Spectrum of 14-C¢DsBr Generated In Situ
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key development towards studying the organometallic chemistry of scandium SSIPs.

The molecular structure of 14-C¢DsBr deviates from the observed 'H NMR
spectrum in that it exists as the bromobenzene adduct. The arene solvent molecule
occupies the exo site and is bonded to the scandium centre in an unusual n° fashion
(Figure 4.3). It is much more common for haloarenes to coordinate in an n' bonding
mode via the halogen to d” metals.'”” The preference for n® hapticity demonstrates the

high electrophilicity and steric openness of the cation. Although the arene is best

c29 C16

Br

Figure 4.3  X-ray Structure of 14-C¢DsBr. Thermal Ellipsoids are drawn at the 30%
probability level. Hydrogen atoms and [B(CsF5)4] are removed for clarity.
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considered n° bound, the bonding is not symmetrical; steric interactions cause significant
tilting of the ring with Sc-Carene bond distances ranging from 2.680(4) — 2.842(4) A
(Table 4.1). These distances agree well with those observed for other arene bound
scandium species.”® No close contacts (< 4.9 A) between the borate anion and the metal
centre were observed. The tipping of the 2,6-diisopropylphenyl groups towards each
other above the nacnac plane (Figure 4.3) favours the observed conformation of the
bromobenzene molecule where the bromine atom is nearly eclipsing the Sc-Me (C(1)-Sc-
C(32)-Br = -14.4(3) °). Since there is no evidence for n° Sc-arene bonding in solution
(even at -35 °C) it can be assumed that there is likely rapid exchange between free and
bound bromobenzene on the NMR timescale with the barrier for bromobenzene
dissociation being quite low.

In an attempt to examine arene binding strength 14-C¢HsBr was reacted with a
variety of arenes (benzene, toluene, xylene, and mesitylene). The loosely coordinated
bromobenzene was easily displaced by the more electron rich arenes to give the
corresponding family of SSIPs (14-C¢Hs, 14-C;Hg, 14-CgH;9 and 14-CoH;z). X-ray
crystallography was successful in determining the solid state structures of 14-C;Hs and
14-CoHy, (Figure 4.4). 14-C;Hjg is essentially isostructural with 14-C¢HsBr; the
aromatic ring is oriented in a similar fashion with a C(1)-Sc-C(32)-C(38) torsion angle of
-14.3(3) °. Although the Sc-arene still possesses significant asymmetry (Sc-arene =
2.643(4) — 2.796(4) A) the smaller methyl group, in comparison to the bromine atom,
does not necessitate the same magnitude of tilting to alleviate steric strain. The more

basic toluene sits slightly closer to the cationic scandium centre (Sc-Carene ave. = 2.715 cf.
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c16 /ch

C3
7 C26

Figure 4.4 Top: X-ray structure of 14-C;Hg. Front aryl group, hydrogen atoms and
[B(C¢Fs)4] removed for clarity. Bottom: X-ray structure of 14-C9H;,. Hydrogen atoms
and [B(C¢Fs)4] removed for clarity. Thermal ellipsoids are at the 30% probability level.



Table 4.1 Selected Metrical Data for 14-C¢HsBr, 14-C;Hg and 14-CoHj,
Parameter® 14-C¢HsBr 14-C-Hg 14-CoH;,
Bond Distances (A)
Sc-N(1) 2.100(4) 2.098(3) 2.120(4)
Sc-N(2) 2.105(4) 2.109(3) 2.097(4)
Sc-C(1) 2.162(5) 2.186(4) 2.212(4)
Sc-Carene 2.640(4) 2.643(4) 2.694(5)
2.682(4) 2.655(4) 2.701(5)
2.715(4) 2.704(4) 2.736(5)
2.767(4) 2.722(4) 2.773(5)
2.802(5) 2.769(4) 2.795(5)
2.842(4) 2.796(4) 2.843(5)
Sc-Carene (ave.) 2.741(6) 2.715(6) 2.757(6)
Sc-C(4) 2.959(9) 2.973(4) 2.956(5)
Sc-C(5) 3.196(5) 3.212(4) 3.162(4)
Sc-C(6) 2.957(8) 2.970(4) 2.934(5)
Sc-N,C; plane 0.890(5) 0.887(4) 0.979(5)
Bond Angles (°)
N(1)-Sc-N(2) 90.79(14) 90.48(110 90.53(14)
N(1)-Sc-C(1) 105.22(16) 105.03(13) 102.66(16)
N(2)-Sc-C(1) 105.23(16) 104.54(13) 101.19(16)
Ceentroid-C(32)-E 177.23(33) 174.55(44) 177.26(51)
Ceentroid-C(34)-C(39) 172.76(45)
Ceentroid-C(36)-C(40) 175.70(39)
N(1)-C(4)-C(5) 123.2(4) 123.1(3) 123.3(4)
C(4)-C(5)-C(6) 131.4(4) 131.1(3) 130.9(4)
C(5)-C(6)-N(2) 123.7(4) 123.6(2) 123.5(4)
Torsion Angles (°)
C(1)-Sc-C(32)-E -14.4(3) -14.3(3) 23.9(4)
C(6)-N(2)-C(20)-C(25) 90.2(5) 91.4(4) 81.6(6)
C(6)-N(2)-C(20)-C(21) -91.2(5) -91.2(4) -100.7(5)
C(4)-N(1)-C(8)-C(9) 93.8(5) 93.8(4) 71.5(6)
C(4)-N(1)-C(8)-C(13) -87.9(5) -88.7(4) -111.1(5)

°E = Br for 14-C¢HsBr and C(38) for 14-C;Hg and 14-CoHj,

154
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2.741 A for 14-C¢HsBr) resulting in perturbation from linearity in the Ceentroig-C(32)-
C(38) bond angle (174.55(44) °).

While the X-ray crystal structure of 14-CoHy, was similar to both 14-C¢HsBr and
14-C,Hjg, several minor structural differences result from the enhanced steric bulk of this
more basic arene. For example, the 1,3,5 ring substitution pattern renders it impossible to
orient the molecule such that all 3 methyl groups avoid close contact with the upper
isopropyl groups. As a consequence, there is less eclipsing of the Sc-Me group (C(1)-Sc-
C(32)-C(38) = 23.9(4) °) and less tilting of the mesitylene ring (Sc-Carene = 2.694(5) —
2.843(5) A). Likewise, the N-aryl groups are forced far from orthogonal with torsion
angles as low as 71.5(6) °. This deviation, which is greater than that observed for other
LScR species, reflects the degree to which the coordination sphere of the metal centre is
blocked. As such, at 0.979(5) A, the scandium centre resides further from the N,C;
nacnac plane than in all previously characterized LM*Sc compounds.

Although the additional methyl groups on the aromatic ring provide significant

168,169 .
7 the electronic

inductive donation, thus enhancing the Lewis basicity of the arene,
stabilization appears to be overridden by the overwhelming steric constraints (vide infra).
Although the difference is not statistically relevant to +/— 3o, the longer Sc-Cyrene ave.
bond distance of 2.757(6) A seems to support this fact.

The solution 'H NMR spectra of 14-C;Hg and 14-C9Hjy;, in C¢DsBr indicated Cj
molecular symmetry due to loss of top — bottom equivalence on the NMR timescale, thus

confirming that toluene and mesitylene bind stronger than bromobenzene to the scandium

centre. The 'H resonances for the coordinated toluene within 14-C,Hg were observed
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Coordinated
CeHsCH3 _
'Pr—CH3
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CeHsCH3
'PrCH

Figure 4.5 "H NMR Spectrum of 14-C7Hg in C¢DsBr at Room Temperature

upfield of free toluene at 6.81, 6.66, 6.39 and 1.85 ppm (Figure 4.5). Addition of excess
ds-toluene at room temperature resulted in the gradual disappearance of these signals over

the course of five minutes indicating exchange with free toluene.

4.2.3 Arene Exchange Between 14-C9H;, and 14-C;H3s

Since SSIPs are often speculated to be intimately involved in olefin
polymerization processes, the ability to isolate this family of well defined SSIPs is
important. Specifically, if SSIPs persist as intermediates whereby the solvent molecule
has displaced the coordinating anion, the mechanism by which the arene is displaced by
an incoming olefin is of keen interest. The observation of exchange between coordinated
arene and free solvent brought to light that it might be possible to quantitatively study

arene exchange within these systems. While studies focussing on arene exchange within
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170-186 . . 0 .
1," examples of cationic d” complexes with relevance to

d" metal systems are plentifu
olefin polymerization are exceedingly rare and in these cases the arene is bound
sufficiently tight so as to stunt all organometallic re:alctivity.lg7'189 As the only previously
reported scandium example, [LMeScCH,Ph][PhCH,B(C¢Fs)3] s totally unreactive

towards H, and ethylene, even at elevated temperatures.>

e
~Ar B(CgFs)q
+ arene

+ arene
Me \/Sc—arene
Me Me
0000
Br
weak strong

Figure 4.6 Relative Arene Binding to [LM*ScMe][B(CgFs)4]

A series of competition experiments were performed revealing the order of arene
coordination to be C¢HsBr << C¢Hg < CgHj9p ~ CoHja < C;Hg confirming that steric
factors indeed come into play on incorporation of more than one methyl group in the
arene (Figure 4.6). In order to obtain the desired thermodynamic parameters for arene
exchange several criteria were required. First, a system with a labile arene was
necessary, second, experimental conditions which permitted exchange at a temperature

and rate which could be monitored on a realistic timeframe using a compatible solvent,
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Figure 4.7  Series of "H NMR Spectra Exhibiting Arene Exchange from 14-CoHj; to

14-C-Hg at 266.0 K
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and finally, it had to be possible to distinguish between the starting material and product
so that the progress of reaction could be followed. In this situation, it was desired to
monitor exchange utilizing '"H NMR spectroscopy and although addition of excess
toluene to 14-CgH;¢ proceeded at a reasonable rate in C¢DsBr, overlap of signals
rendered this system unamenable. Fortunately, however, displacement of mesitylene
from 14-C9Hj, by toluene proceeded at a comparable rate and both the backbone and
Sc-Me resonances were baseline resolved.

At low temperature, the substitution of mesitylene from 14-C9Hj, with toluene to
afford 14-C;Hg was quantitatively monitored under pseudo-first-order conditions (Table
4.2) using 'H NMR spectroscopy (Figure 4.7). Repeating the experiment at several
temperatures permitted the construction of an Eyring plot (Figure 4.8) from which the
activation parameters were extracted (AH* = 21.4(2) kecal mol™, AS* 6.0(8) = e.u.). These
values are quite close to those reported for ion-pair reorganization processes within
metallocenium and constrained geometry cations partnered with the [B(C¢Fs)4]” anion'"
suggesting that arene exchange may in fact be a good model for anion displacement by
monomer. The positive entropy of activation, although relatively low in magnitude,
suggests arene exchange proceeds via a dissociative mechanism. Since a dissociative
pathway should be independent of [toluene] a concentration dependence study was
completed (still under pseudo-first-order conditions) at 261 K. The findings indeed
supported a dissociative type process; virtually no rate enhancement was observed upon
moving from 8 to 24 equivalents of toluene (Table 4.2). In fact, a slight depression in
rate was realized upon moving to higher concentrations of toluene (Figure 4.9). This

diminution in rate at high concentrations is presumably a consequence of significant
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changes to the dielectric constant of the medium under these reaction conditions. The
experiment which had the highest concentration of toluene (203 equivalents) consisted of
a solvent mixture approaching 1 : 1 bromobenzene : toluene.

The positive AS*, in combination with the lack of [toluene] dependence supports a
dissociative mechanism, however, the low AS* is not large enough to support a fully
dissociative pathway. As such, it is unlikely for a purely dissociative process involving a
“naked” scandium cation to prevail. Thus, a partially dissociative pathway, which
involves a rate determining ring slipping to lower hapticity, such as 1> orn*, is proposed.
This ring slipping produces a vacant coordination site which allows the incoming toluene
molecule to coordinate, after which, complete dissociation of the mesitylene can readily
occur (Scheme 4.6). The proposed transition state is consistent with expectations since

the metal centre is likely too sterically encumbered to support a fully associative process

Table 4.2 Reaction Rates and Half-Lives for the Arene Exchange of 14-C9Hj;; to

14-CHg
Equivalents of Toluene [Toluene] M T(K) Kexp (s'l)

8.1 0.17 261.0 4.47(4)x 10

10.0 0.21 245.6 7.58(8) x 10°°

10.0 0.21 252.9 2.77(3) x 107

10.0 0.21 259.7 1.00(2) x 10™

10.0 0.21 266.0 2.37(4) x 10™

10.0 0.21 266.0 2.46(4) x 10™

10.0 0.21 266.0 2.43(4)x 10™

10.0 0.21 266.0 2.42(4) x 10™

16.2 0.34 261.0 4.52(4)x 10

24.3 0.51 261.0 4.49(4)x 10

32.4 0.68 261.0 3.81(3)x 107

81 1.71 261.0 3.48(4) x 10

202.5 427 261.0 2.192) x 10°*




while too electrophilic to favour a fully dissociative pathway.
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These findings are of interest from an olefin polymerization perspective because

they provide a concrete explanation as to why toluene has previously been observed to
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Figure 4.8 Top: Arene Exchange from 14-CoHj; to 14-C;Hg, Monitored

Quantitatively at Various Temperatures; Bottom: Eyring Plot of Arene Exchange from

14-C9H12 to 14-C7H8
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Figure 4.9 [Toluene] vs. Rate of Arene Exchange from 14-CyHj, to 14-C;Hg

have a dampening effect on polymerization activity for lower coordinate sterically open
catalysts."”® Indeed, the competition of toluene for the cationic metal centre appears to

have a dramatic effect; 14-CoHj, exhibited significant ethylene polymerization activity

K S)
‘—l‘— Me,, -‘Ar " B(CeFs)s
:.’ - N/
K j
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""N-’.‘SC\
\Ar® Me

14-CgH4,
“ @— ko[toluene]

- ¥

14-C;Hg

Scheme 4.6  Proposed Mechanism for Arene Exchange
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when the reaction was conducted in bromobenzene, whereas activity was negligible if
carried out in toluene. Evidently, ethylene is capable of displacing mesitylene, (which

has a similar barrier to the [MeB(C¢Fs)s]” anion; AH* = 24(1) kcal mol™, AG* = 18.9 kcal

100

mol™)'® however, it is not competitive with toluene for the active site, and activity is
C6D5Br Mel:., N““\Ar
k T
K1 Me \éc"
AN
Me
14-C;Hg

Scheme 4.7  Equilibrium Upon Addition of 1 Equivalent of Toluene to 14-CoHj;

nullified. Clearly, the nature of the resting state of the active catalyst and solvent used
both play significant roles in the polymerization process and must be thoroughly studied
in the quest for industrially applicable catalysts.

In an effort to examine the ground state energetics of arene exchange and
complete an energy profile for arene exchange, the effects of temperature upon the above
equilibrium were quantitatively studied (Scheme 4.7). Addition of one equivalent of
toluene to 14-CoH;; at room temperature resulted in a Keq of 20.1(9) which significantly

favoured product formation. As the temperature was lowered to 264 K, this value

Table 4.3 Temperature Dependence of K, for the Addition of
1 Equivalent of Toluene to 14-C¢HsBr

T(K) Keq

263.8 12.3(7)
288.5 15.7(8)
304.5 20.1(9)

324.4 23.5(9)
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Figure 4.10 Van't Hoff Plot for the Addition of 1 Equivalent of Toluene to 14-C¢HsBr

decreased to 12.3(7) (Table 4.3). A Van’t Hoff plot showed reasonable fit and provided
the ground state parameters of AH® = 1.9(2) kcal mol™ and AS° = 12(1) e.u. (Figure 4.10).
Interestingly, the reaction appears to be entropically driven, despite the fact that both
sides of the reaction possess the same quantity of similar molecules. Perhaps the
enhanced conformational freedom enjoyed by the n° bound toluene molecule, in
comparison to the more rigid constraints imposed on both the arene and ancillary
framework in the mesitylene bound species, is sufficient to drive the reaction forward.
Also, at 65.38(1) e.u.,'””" free mesitylene has a larger molar entropy than toluene (52.4(3)
e.u.).192

The energy profile for toluene/mesitylene exchange is depicted in Scheme 4.8.

The reaction is thought to proceed via the previously discussed pathway, with the rate
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determining barrier for ring slipping measured to be AG* = 19.6(5) kcal mol”.
Mesitylene displacement by toluene has been established to be an entropically driven
reaction spontaneously favoured at room temperature with a AG® = -1.7(3) kcal mol™.
Since very little is known about the nature of the second and third transition states and the
second and third intermediates it is not possible to accurately comment on their energy
levels with respect to each other. For this reason the energy levels are depicted to be

similar.

o _ _*
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S 5 -N""«, / Me,,,, N"Ar " B(CeFs)s
‘\____N—"SC\ “_.’ -- m:,"" /
Me \Ar® Me
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AG¥= 19.6(5)

kcal mol?

|

(-AG° =1.7(3) kcal mol?

14-CgHy,

Scheme 4.8 Proposed Reaction Profile for Arene Exchange from 14-CoHj; to 14-C;Hg
at 298 K
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4.2.4 Insertion of Diphenylacetylene into 14-CoH;;

Upon completing the study of arene exchange, it was decided to further probe the
mechanism of arene displacement in a scenario which more closely resembled olefin
polymerization. Following this rationale, it was of interest to examine the insertion of an
unsaturated molecule into the Sc-Me bond. While preliminary investigations focussed
upon reaction of 14-CoHy, with isocyanides, numerous reactions yielded only intractable
mixtures. Subsequent experiments were conducted using diphenylacetylene for three
reasons: firstly, it is a reasonable model for various olefins, secondly, it was anticipated
that the steric bulk of the phenyl substituents would sufficiently retard the rate of reaction
to ensure the feasibility of monitoring the progress using 'H NMR spectroscopy, and
finally, from a logistical standpoint, diphenyl acetylene, as a solid with no resonances in
the aliphatic region of the 'H NMR spectrum, was an excellent candidate as it simplified
several aspects of performing the reactions.

Addition of one equivalent of diphenylacetylene to a cold (-30 °C) bromobenzene
solution of 14-CoHy, cleanly produced [LM°Sc(PhC=CMePh)][B(CsFs)], 15, by

insertion of the alkyne into the Sc-Me bond (Scheme 4.9). The progress of the reaction

©
Me,, AT B(CgFs), Me,, AT
=N 2N
H=" "»/AI’ Ph—TPh> H ’;/Ar @
o= ‘._- — "'. B C F
Me N\.‘@/ Me N\._@ (C6Fs)a
Sc Sc
/ X _ Me
Me ' ~ “Ph
Ph
14-CoHy, 15

Scheme 4.9 Reaction of 14-CoHy, with PhC=CPh



167

was conveniently followed by 'H NMR spectroscopy as the Sc-Me resonance at -0.14
ppm was gradually replaced by a new signal at 1.40 ppm. Likewise, the ligand backbone
CH resonances are baseline resolved with distinct peaks at 5.25 and 5.11 ppm for the
14-CyH;; starting material and 15, respectively. Several upfield resonances (6.73, 6.38
and 6.22 ppm) are observed for one of the phenyl rings originating from
diphenylaceytelene (Scheme 4.9). The chemical shift of these signals agrees well with
other aromatic fragments bound to cationic B-diketiminato organoscandium species,”®'*?
such as 14-C;Hg (6.81, 6.66 and 6.39 ppm), and would thus seem to suggest arene
interaction with the metal centre.

It was possible to scale up the above reaction in bromobenzene, and upon removal
of solvent and sonication in hexanes, 15 was isolated as a deep yellow solid in 61% yield.
Despite repeated attempts, the oily nature of 15 did not allow the growth of single
crystals suitable for an X-ray diffraction study. Nonetheless, the identity of 15 was
unambiguously confirmed through elemental analysis and 'H, ''B, '°C, °F and 2D NMR
experiments. The diagnostic resonances for the vinyl fragment are observed at 160.6 and
159.6 ppm in the *C{'H} NMR spectrum and agree better with vinylic fragments which

194 than those that do not.'”

donate to the metal centre

At temperatures ranging from 276 — 310 K it was possible to quantitatively
monitor the reaction of diphenylacetylene with 14-C9Hy;, in C¢DsBr under pseudo-first-
order conditions using '"H NMR spectroscopy (Figure 4.11). It was not possible to
acquire data at temperatures below 276 K as the rate of reaction became prohibitively

slow, while if the temperature was raised above 310 K the reaction was completed too

fast to obtain meaningful kinetic data.
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Figure 4.11  Series of '"H NMR Spectra for Reaction of PhC=CPh with 14-CoHj; at

306 K
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Figure 4.12 Top: Reaction of PhC=CPh and 14-CyH;,, Monitored Quantitatively at
Various Temperatures; Bottom: Eyring Plot of Reaction of PhAC=CPh and 14-CyH;;
Integration of the CH backbone resonances provided the necessary concentration
data to determine reliable reaction rates for all temperatures (Table 4.4). The linear

nature of the first order plots indicated that the insertion was first order in [14-CoHjs,].
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For the higher temperatures, the first order rates remained linear for greater than 3 half-
lives while the data for lower temperatures remained linear throughout the duration of the
experiment. Construction of an Eyring plot enabled the calculation of the activation
parameters (AHi = 18.5(2) kcal mol™, AS? -17(2) = e.u.) (Figure 4.12). The entropy of
activation for alkyne insertion lies in stark contrast with that observed for arene
exchange; an opposing sign for this value suggests that the rate determining transition

state is not dissociative ring slipping, but rather, a process which is more associative in

Table 4.4 Reaction Rates and Half-Lives for the Reaction of PhC=CPh with 14-CoH;,

[PhC=CPh] (M) T(K) t, (h) Kexp (s7)
0.215 276.4 26.7 7.20(7) x 10°®
0.215 288.5 5.9 3.26(4)x 107
0.215 304.5 0.8 2.51(2) x 10™
0.215 310.3 0.4 4.55(5)x 10
0.215 310.3 0.4 4.61(5)x 10
0.215 310.3 0.4 4.47(4)x 10
0.215 310.3 0.4 4.51(4)x 10

nature. Once again, the magnitude of the activation entropy is not exceedingly large,
thus, in order to further corroborate an associative mechanism, an assessment of the rates
using varying quantities of diphenylacetylene at 305.5 K was conducted (Table 4.5). The
expected rate acceleration was observed with a linear relationship exhibited between
[diphenylacetylene] and Kex, over the concentrations examined (10 — 40 equivalents of
diphenylacetylene) (Figure 4.13). As expected, these rate constants normalize to the

same value when the differing diphenylacetylene concentrations are taken into account.

rate = Kexp[ 14-CoHi2], where Ky, = ki[diphenylacetylene] (4.1)
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Figure 4.13  [Diphenylacetylene] vs. key, for Reaction of [Diphenylacetylene with
14-CoH;;

The rate law in equation 4.1 explains both the first order concentration dependence upon
[14-CoHy2] as well as the first order dependence on [diphenylacetylene]. The enthalpy
of activation is similar to arene exchange while at 23.7(4) kcal mol™ the Gibb’s free
energy barrier is approximately 4 kcal mol™ higher than that measured for ring slipping.
The pre-equilibrium in Scheme 4.10 was supported experimentally by conducting
reactions of 14-C¢HsBr, 14-C¢Hg, and 14-C;Hg with diphenylacetylene. Since the ring

slipping equilibrium constant (Kj;p) contributes to ke, there should be an observable

Table 4.5 [Diphenylacetylene] vs. kex, of Reaction with 14-CoHj,

Equivalents of [Diphenylacetylene] T(K) Kexp ™
Diphenylacetylene ™M)
10 0.215 305.5 2.51(3)x 10™
20 0.430 305.5 6.70(6) x 10™*
30 0.645 305.5 9.25(8) x 10™

40 0.860 305.5 1.12(1)x 107
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Figure 4.14  Effect of Bound Arene on k., for Alkyne Insertion

difference in the rate of reaction for the various arene bound starting materials. Indeed,

kexp was found to be dependent upon the scandium starting material with 14-CsHsBr

giving rise to the largest ke, and 14-C7Hg the smallest (Table 4.6, Figure 4.14). These

results agree with the strength of arene coordination previously determined for arene

exchange (Figure 4.6).

In light of these results the proposed rate law must be modified to include a

pre-equilibrium involving arene ring slipping prior to rate determining alkyne binding

Table 4.6 Reaction Rates and Half-Lives for the Reaction of PhC=CPh with 14-arene

Compound [Diphenylacetylene] Kexp (s'l) T(K)
™M)

14-C¢HsBr 0.215 1.36(5) x 107 300

14-C¢Hg 0.215 2.00(6) x 10™ 300

14-CoHj, 0.215 2.30(8)x 10™ 300

14-C-Hg 0.215 1.303) x 10™ 300
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(Scheme 4.10). Upon invoking a steady state approximation for the m> bound
intermediate, the rate law simplifies to that shown in equation 4.4."%!%7
rate =k, [r> — Sc][diphenylacetylene] (4.2)
Steady State Approximation:
0=Kk,[n° -Sc]-k_[n* —Sc]-k,[n* — Sc][diphenylacetylene]

0=Kk,[n° —Sc]-[n*> —Sc](k_, +k,[diphenylacetylene])

6 —
- sej=—— T %]
k_, +k,[diphenylacetylene]
Inserting into 4.2:
6 .
rate — k,k,[7n” — Sc][diphenylacetylene] 4.3)

k_, +k,[diphenylacetylene]

Under pseudo-first order conditions 4.3 simplifies to:

rate =k, [17° — Sc]; where Kk, = klkz[dlp.henylacetylene] (4.4)
" k_, +k,[diphenylacetylene]

The above equation is further simplified if k.; >> k;[diphenylacetylene], and although it is

not possible to delineate these two values explicitly, a double reciprocal plot of R VS.

exp

I . k.,
gives a slope =

[diphenylacetylene] kK,

and a y-intercept of ki(Figure 4.15). Since

1

the value of k; was previously determined this provides a method for comparing
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Figure 4.15 Double Reciprocal Plot (1/ke, vs. 1/[Diphenylacetylene]) for Reaction of
Diphenylacetylene with 14-CoHj>

this value as well as calculating the ratio of k, : k;. The observation of a rate limiting
associative transition state dependent upon [diphenylacetylene] necessitates that k, < k.
Indeed, upon completing the calculations, it was determined that k; = 43.4 k,, thus
ko[diphenylacetylene] is insignificant in comparison to k. and can be ignored." The
calculated value for k; (0.072 s™) matched quite closely with that previously measured
(0.054 s7).

Since alkyne insertion into the Sc-Me bond of 14-CyoHj, can be envisioned to
occur in three steps (arene ring slipping, alkyne coordination and finally alkyne insertion)
and the activation parameters are reflective of only the rate determining step, it is

important to ensure the values are attributed to the correct process. Although one can

" A slight curvature of the line in Figures 4.13 and 4.15 suggest saturation behaviour, thus at very high
[diphenylacetylene], k,[diphenylacetylene] should be considered significant.
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Scheme 4.10  Proposed Mechanism for Reaction of Diphenylacetylene with 14-CoHj,

envision a mechanism which involves initial coordination of diphenylacetylene through
the aromatic groups prior to insertion into the Sc-Me bond, no evidence of such
coordination was observed, even upon addition of reagents and subsequent monitoring at
-35 °C.

The independent measurement of arene ring slipping, established for arene
exchange, confirmed the calculated values are not associated with this step. In order to
lend support to the idea that alkyne coordination, and not alkyne insertion, was the rate
limiting step, a study was conducted to determine how increasing the steric bulk near the
metal centre would effect reaction rates. In order to achieve this, one equivalent of
L™®'ScMe,, 2-Me, was reacted with one equivalent of [CPhs;][B(CgFs)4] in situ at -30 °C
in C¢DsBr. Rapid loss of MeCPh; was observed in the 'H NMR spectrum along with

concomitant production of [L®"ScMe][B(C¢Fs)s], 16. The spectrum exhibited 1
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isopropyl methine resonance and 2 isopropyl methyl resonances indicative of a Cay
symmetric structure with no evidence of C¢DsBr coordination. A series of experiments
involving addition of C¢Hg, C;Hg, CsHo and CoH;, to 16 showed no evidence for arene
coordination in solution (Scheme 4.11). This would seem to suggest either that the more
sterically encompassing L™" ancillary crowds the scandium centre to the point whereby
no close metal — arene contacts occur, or perhaps, as suggested by Ziegler,'” n? or n*
stabilizing interactions are present and rapidly fluxional on the NMR timescale.

Nonetheless, it can be assumed that if the mechanism for either arene

‘Bu., AT
=N Ar [CPh;][B(CeFs)al C7Hg
5 CeDsBr CeH
¢ N/ = © — No Reaction
Bu Ngo—Me -MeCPh, B(CeFs)a CgHio
I CoH1
Me
2-Me

Scheme 4.11  Preparation of 16

exchange or alkyne insertion involved complete dissociation, 16 could be viewed as a
good model for the transition state whereby complete dissociation has occurred, but no
coordination or insertion has yet taken place. Thus, monitoring of alkyne insertion into
16 should be representative of the barrier pertinent only to coordination and insertion.
Reaction of 16 with diphenylacetylene to afford 17 was qualitatively monitored
and found to be exceedingly rapid, even at -20 °C (Scheme 4.12). Since the reaction rate
of diphenylacetylene with the more bulky 16 is substantially greater (at least several
orders of magnitude) than with 14-C9Hy;, and that upon complete dissociation of the
arene from 14-CyH;,, the reaction coordinate (alkyne insertion) should be similar for

both compounds, it is not likely that the barriers extracted from the kinetic data (vide
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supra) are reflective of alkyne insertion. It is therefore reasonable to assume that the rate

determining step for reaction of diphenylacetylene with 14-CyH;; is association of the

alkyne to a ring slipped 14-CoH, intermediate.'”®
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Scheme 4.12  Competing Pathways Upon Addition of PhC=CPh to 16

Unfortunately, quantitative assessment of the barriers for the reaction of
diphenylacetylene with 16 was not possible due to competitive decomposition via
metallation of an aryl isopropyl group at temperatures above -20 °C (Scheme 4.12).
Evidently any coordination of the solvent is very weak, and not sufficient to stabilize the
molecule against typical deactivation routes. The inability of arenes to stabilize 16
through coordination appears to hold for 17. The '"H NMR spectrum does not exhibit any
upfield resonances characteristic of phenyl interactions with the metal centre, as seen
with the more sterically open 15.

These findings are in good agreement with a kinetic study on the insertion of

2-butyne into Cp*,ScMe reported by Bercaw et al. where coordination of 2-butyne was
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postulated to be the rate determining step (AG* = 12.3(3) keal mol™).”"® The much
larger enthalpic barrier (AH;t = 18.5(2) kcal mol') observed for reaction of
diphenylacetylene with 14-CyH;3, in comparison to reaction of 2-butyne with Cp*,ScMe,
(AH* = 9.7(3) kecal mol™) is likely due to the increased steric bulk associated with both
the alkyne and metal centre. The more negative entropy of activation (ASi =
-36(2) e.u.) observed by Bercaw and co-workers is indicative of a purely associative

Ar K o ¥ ) t
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Scheme 4.13  Proposed Reaction Profile for Reaction of PhC=CPh with 14-CoH;,
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transition state. Unlike this system, no ambiguity existed about a dissociative rate
determining step because there were no dissociating molecules.

An energy profile for alkyne insertion is proposed in Scheme 4.13. This pathway
involves arene ring slipping to a lower hapticity, followed by rate determining
coordination of the alkyne to the metal centre. While it is certainly plausible that this
coordination could be via an n° interaction with one of the aromatic groups, it seems
unlikely that the barrier for this would be substantially greater than association of toluene.
With the given data, however, it is impossible to disprove this scenario.

Although ring slipping is important for simple arene exchange, these findings
suggest that the rate determining step for alkyne insertion, and possibly olefin
polymerization, is alkyne coordination. As such, it is possible that for other
B-diketiminato supported organoscandium olefin polymerization catalysts this

mechanism is operative even when the SSIP is not observed.

4.2.5 Conclusions

In summary, a unique family of isolable solvent separated organoscandium
methyl cations have been synthesized. These complexes are supported by a sterically
bulky nacnac ligand and have been found to be resistant to both C¢Fs transfer and
metallation decomposition pathways which hamper similar ion-pairs possessing the
[MeB(CgFs);] anion. Their solution and solid state structures have been explored using
multinuclear NMR and X-ray crystallography. While the molecular structures show

stabilization of the alkyl cations through m° arene binding to the metal centre, the 'H



180

NMR spectrum for 14-C¢DsBr is indicative of a more symmetric species, indicating
rapid arene exchange on the NMR timescale. In the presence of more basic arenes,
however, the 'H NMR spectra, which reveal top — bottom asymmetry, more closely
resemble the C; symmetric solid state structures.

Unlike the limited number of previously reported arene bound d° complexes, the
aromatic solvent molecules are bound sufficiently loose to permit the study of their
chemistry. Quantitative kinetic experiments for arene exchange imply a partially
dissociative mechanism whereby the rate limiting step involves dissociation to lower
hapticity. The mechanism for arene displacement was further investigated upon
exploring the reactivity of these SSIPs with diphenylacetylene. This process was also
monitored by using NMR spectroscopy and it was determined that rate limiting

coordination of the alkyne to the metal centre had a slightly higher barrier than arene ring

slipping.
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Chapter 5:

Future Work: Synthesis of Cationic Organoyttrium Compounds and Ethylene

Polymerization Data

5.1 Introduction

5.1.1 Cationic Organoyttrium Compounds

While significant advances have recently been made in the development of
organoscandium chemistry, the same is not necessarily true for the larger group 3
member yttrium. As with scandium, yttrium usually adopts a +3 oxidation state and its
electrophilicity often results in complex oligomerization, and ligation of Lewis bases.’
Since yttrium is significantly larger than scandium (ionic radii: Y>" = 1.04 A, S¢*" = 0.89
A) these synthetic challenges are often more pronounced, resulting in a limited number of
organoyttrium complexes of form LYR,. The larger size also results in more facile “ate”

complex formation; it is frequently difficult to remove the salt by-products which form

during preparations via salt metathesis.>'"

Most progress towards the synthesis of monomeric LYR; species has been

pioneered by a handful of scientists using salicylaldiminato,”” anilido-imine,*”

16,202

PNP,"**!  aza-18-crown-6,'* tris(pyrazolyl)borate and modified amidinates

199,203,204

ligands. The majority of these examples have required the use of rather bulky

alkyl groups, thus limiting their ensuing organometallic reactivity.
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While the number of dialkyl yttrium compounds is small, the number of well
defined organoyttrium cations is even more limited with only several structurally
characterized complexes reported. 46147200205 Nost of these examples require at least
one equivalent of a Lewis base, frequently THF, if they are to realize thermal stability for
prolonged periods.'*"2%%2%

The utility of the B-diketiminato ligand in stabilizing both dialkyl (see Chapter 2)
and cationic scandium species (see Chapter 3 & 4) suggested that this ancillary might be
suitable for the development of well behaved dialkyl yttrium compounds. The larger size
of yttrium was not anticipated to be problematic as the nacnac framework has been
successfully attached to much larger metals.’***2%2%  The following section describes

preliminary results and future directions for the development of organoyttrium cations

supported by a B-diketiminato ancillary.

5.2 Preliminary Results

5.2.1 Synthesis and Reactivity of LMYR,(THF)

Initial attempts to produce LM® supported yttrium compounds, including amine
and alkane elimination routes, as well as salt metathesis from YCls;, were all
unsuccessful. An yttrium species of form LY X, (X = halide) was most desirable because
it would allow the greatest versatility when installing organic groups. The subsequent
efforts focused upon enhancing the solubility of the yttrium starting material; YI; was
chosen as the yttrium source. Although YI; is significantly more costly than YCls, its

greater solubility renders it more reactive. In addition, a recent report by Izod et al.
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describes the preparation of YI3(THF); 5 in 79% yield starting from the elements.””’ Due
to the reasonably high solubility of Lil in common hydrocarbon solvents, it is often
difficult to separate from the desired product. Since KI is much less soluble, KLMe,
which is readily prepared from excess KH and HL™®, was selected as a suitable nacnac
staring material.

Reaction of YI3(THF); 5 with KL®in THF for 90 minutes afforded LMY I,(THF),

18-I(THF), as a yellow crystalline solid in 44% vyield (Scheme 5.1). The 'H NMR

THF W
90 mins. Me.,

Y (THF)35 ; .
N\ /|
O
|

18-I(THF)

Scheme 5.1  Synthesis of 18-1(THF)

spectrum exhibited the anticipated nacnac resonances, as well as signals at 3.41 and 1.17

ppm attributed to one equivalent of coordinated THF (Figure 5.1). All efforts to remove

'Pr-CHs
CJH 'Pr- WHF Lﬁ
8‘.0‘ a 7‘5 a 7‘0 a ‘6‘.5‘ a ‘6‘.0‘ a 5‘5 a ‘5‘.0‘ ‘1‘.5‘ a 1‘0 a ‘015‘ o

Figure 5.1 'H NMR Spectrum of 18-1(THF)
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the ligated THF, including exposure to dynamic vacuum for 3 days, were unsuccessful.
The partial solubility of 18-I(THF) in hexanes made it possible to grow single crystals
suitable for an X-ray diffraction study. The molecular structure confirmed the identity of
18-I(THF) as a monomer isostructural with 1-CI(THF). The yttrium centre adopts a
distorted trigonal bipyramidal geometry with N(2) and O(1) comprising the axial sites

and N(1), I(1) and I(2) the equatorial positions (Figure 5.2). As with the scandium

c29

c16

c31

C14 c30 c22

Cc21

c23
c7,

C5 C8

C286

c32

C33
Figure 5.2  X-ray Molecular Structure of 18-I(THF). Thermal ellipsoids are drawn at
the 30% probability level. Hydrogen atoms are removed for clarity.
analogue, the metal centre is significantly displaced from the plane made by the nacnac
backbone. This distance, at 1.017(3) A, is longer than LM scandium species and is due to
the larger metal centre and longer bond distances. The ligand is essentially
symmetrically bound to yttrium with typical Y-N distances of 2.255(2) and 2.300(2) A

(Table 5.1). All other aspects of the solid state structure are unremarkable.
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An NMR scale reaction of 18-I(THF) with 2 equivalents of LiCH,SiMe; in
toluene resulted in immediate precipitation of Lil and concomitant growth of resonances
attributable to 18-CH,SiMe3(THF) in the '"H NMR spectrum. Unfortunately it was not

possible to isolate pure 18-CH,SiMe;(THF) due to rapid production of LiLM® upon

Table 5.1 Selected Metrical Data for 18-1(THF)
Atoms Bond Lengths (A) Atoms Bond Angles (°)
Y-N(1) 2.255(2) N(1)-Y-N(2) 82.99(8)
Y-N(2) 2.300(2) N(1)-Y-O(1) 96.45(7)
Y-1(1) 2.9322(4) N(2)-Y-O(1) 168.26(7)
Y-1(2) 2.9252(5) N(1)-Y-I(1) 101.12(5)
Y-O(1) 2.3685(17) N(1)-Y-1(2) 124.57(10)
Y-C(4) 3.167(3) N(2)-Y-I(1) 100.72(5)
Y-C(5) 3.408(4) N(2)-Y-1(2) 90.78(11)
Y-C(6) 3.160(3) Y-N(1)-C(4) 121.49(17)
Y-N,C; Plane 1.017(3) C(3)-C(4)-N(1) 120.6(2)
Atoms Torsion Angles (°) | N(1)-C(4)-C(5) 123.6(2)
C(6)-N(2)-C(20)-C(25) 92.21(31) C(4)-C(5)-C(6) 130.7(2)
C(6)-N(2)-C(20)-C(21) -91.00(31) C(5)-C(6)-N(2) 124.4(2)
C(4)-N(1)-C(8)-C(9) 82.13(31) C(7)-C(6)-N(2) 119.9(2)
C(4)-N(1)-C(8)-C(13) -102.77(28) C(6)-N(2)-Y 118.15(17)

gradual warming of the sample above -40 °C. Evidently the partial solubility of Lil was
detrimental as it appears to have reacted with the newly formed 18-CH,SiMe3;(THF) to

afford LiLM® and unidentified yttrium species (Scheme 5.2).

., Me:,' ““\\

".‘ -78 OC ‘:'—__N‘: Ar 40 oc Me:,". ““\AI’

- 2 LiCH,SiMe NL.. A2 . : N,

. 2SiMes " S N< ~CHySiMe, Lil .. L
-2 Lil Y-

\\?3 Me \AI’

Me3SiH,C unidentified

18-I(THF) 18-CH,SiMe3(THF) products

Scheme 5.2  Synthesis and Reactivity of 18-CH,SiMe3(THF)
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While it was not possible to overcome the production of LiL", the use of alkyl
potassium or Gringard reagents would produce KI and MgXI (X = halide) respectively,
which may not present undesirable reactivities with the dialkyl yttrium compound.
Likewise, performing the reaction in hexane, or using YBr;(THF);s as the yttrium
starting material are straightforward alternatives which may alleviate the decomposition

pathway through decreasing the solubility of the liberated salt.

5.2.2 Synthesis and Reactivity of [LtB“YRz]z

In hopes of generating a monomeric base free dialkyl yttrium species, the more
sterically demanding L™" was reacted, as its potassium salt, with one equivalent of
YI3;(THF);5. Although no reaction occurred in THF, heating for 1 hour at 90 °C in
toluene afforded L™"YI,, 19-I, which could be isolated as a bright yellow
microcrystalline solid in 55% yield (Scheme 5.3). The '"H NMR spectrum closely
mimicked that of 2-Cl, in fact, the two are almost indistinguishable (Figure 5.3). The
spectrum was quite broad at room temperature, however, at 370 K all signals were well
resolved. The thermal stability of 19-I was indicated by no evidence of decomposition

over the duration required (12 hours) to obtain a variety of NMR spectra at 370K.

Ara, ~Bu

90 °C | N
Bu ‘Bu toluene \Y/ “\)
DU .
AT YIa(THF)s 5 A & ==
Ar N\K/\ ’}I q > tBUI," s :l | tBU
AY Ar - =N S Ar
¢ o X
\--N \
Bu \Ar |

19|

Scheme 5.3  Synthesis of 19-1
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Figure 5.3 '"H NMR Spectrum of 19-I at 370K

Cryoscopic molecular weight measurements were not conducted, however, the inherent
insolubility of 19-I at low temperatures suggests that it may exist as a dimer in solution.
The solid state structure of 19-1 was indeed established as a dimer via X-ray

crystallography (Figure 5.4). The yttrium centre is approximately trigonal bipyramidal,

Table 5.2 Selected Metrical Data for 19-1

Atoms Bond Lengths (A) Atoms Bond Angles (°)
Y-N(1) 2.356(3) N(1)-Y-N(2) 81.67(11)
Y-N(2) 2.256(3) N(1)-Y-I(1) 93.27(8)
Y-I(1) 2.9119(7) N(1)-Y-1(2) 90.42(8)
Y-1(2) 3.0915(7) N(1)-Y-I(2’) 169.21(8)
Y-1(2’) 3.1363(7) N(2)-Y-I(1) 122.62(8)
Y-C4) 2.909(4) N(2)-Y-1(2) 130.51(8)
Y-C(5) 2.673(4) N(2)-Y-1(2’) 105.43(8)
Y-C(6) 2.645(4) Y-N(1)-C(4) 101.2(8)
Y-N,Cs Plane 1.750(3) C(3)-C(4)-N(1) 128.8(4)
Atoms Torsion Angles (°) | N(1)-C(4)-C(5) 117.5(4)
C(6)-N(2)-C(20)-C(25) 146.67(43) C(4)-C(5)-C(6) 128.7(4)
C(6)-N(2)-C(20)-C(21) -41.67(64) C(5)-C(6)-N(2) 119.4(4)
C(4)-N(1)-C(8)-C(9) 95.34(55) C(7)-C(6)-N(2) 123.4(4)
C(4)-N(1)-C(8)-C(13) -90.78(56) C(6)-N(2)-Y 90.2(2)
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Figure 5.4 X-ray Molecular Structure of 19-1. Thermal ellipsoids are drawn at the
30% probability level. Hydrogen atoms are removed for clarity.
however, significant steric interactions cause large distortions from the optimal geometry.
Likewise, the ligand framework is substantially strained as evidenced by the severe
distortion from planarity in the backbone. This flexion relieves steric strain by placing
one 'Bu and one N-aryl group above the ligand framework and one beneath it. In
addition, the N-aryl groups are forced far from orthogonality with torsion angles ranging

from -41.67 — 146.67 ° (Table 5.2). The metal centre resides almost directly beneath the
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nitrogen atoms at a distance of 1.750(3) A from the plane made by the ancillary core.
This fact is illustrated by the small Y-N(2)-C(6) angle of 90.2(2) °.

Distinct differences between the terminal (2.9119(7) A) and bridging (3.0915(7)
and 3.1363(7) A) Y-I bond distances are observed with the terminal halides occupying
the exo sites. The dimeric endo-endo structure removes the bulk of the two nacnac
ligands further from each other than if they were in an exo-exo or endo-exo/exo-endo
conformation.  Unlike L™"Sc(TeCH,SiMe;)-p-Te-ScL™"(TeCH,SiMes)™ it is not
possible to freeze out mixed endo-exo/exo-endo structures by NMR spectroscopy, even at
very low temperatures (-90 °C). It appears that as the bridging metal-substituent lengths
increase from 2.303(5)/2.364(10) A in 1-Me to 2.8326(4) A in L™"Sc(TeCH,SiMes)-p-
Te-ScL™Y(TeCH,SiMes) to 3.0915(7)/3.1363(7) A in 19-I the preference gradually

changes from an exo0-exo to endo-endo conformation.

Ara,, IBu
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N =N N
§N/Y\ Bu \Y/CHZS|Me3
Bu \Ar I
CH,SiMes CHZS|Me3
10-| 19-CH,SiMe; 20

Scheme 5.4  Synthesis and Metallation of 19-CH,SiMe;

The addition of 2 equivalents of LiCH,SiMe; to 19-I led to the immediate
formation of the desired dialkyl complex LtBuY(CHQSiMG3)2, 19-CH,SiMe; as indicated
by 'H NMR spectroscopy (Scheme 5.4). The 'H NMR spectrum exhibited a diagnostic
doublet (\Jn.y = 2.8 Hz; ®Y = 100%, I = %4) at -0.52 ppm assigned to the Y-CH, group
(Figure 5.5).° Although there were no complications arising from reaction of

19-CH,SiMe; with Lil, gradual warming of the sample to room temperature exhibited
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Figure 5.5 'H NMR Spectrum of 19-CH,SiMe;

loss of SiMes, along with other resonances attributed to metallation of an aryl isopropyl
moiety and formation of 1>~ [ AINC("Bu)CHC(‘Bu)N-iPr-CsH3]Y CH,SiMes, 20. Kinetic
experiments to quantitatively determine the rate of metallation were not conducted,
however, qualitative inspection revealed that decomposition was not exceedingly rapid
with an approximate half-life of 1 hour at 300 K. Cryoscopic measurements could not be
performed due to the instability of 19-CH,SiMes;, however, the significant enhancement
in solubility suggests that 19-CH,SiMes; may exist as the desired base free monomer in
solution.

The 'H NMR spectrum of 20 was quite complex as it consisted of an approximate
3 : 1 ratio of isomers. Although no attempts to assign the isomers were taken, it is likely
that the major isomer is exo-CH,SiMe;-20, as observed for 3-CH,SiMes. Overlapping
multiplets upfield of -1.5 ppm are attributed to the magnetically inequivalent Y-CH, of
the remaining Y-CH,SiMe; moiety. Although the signals seem quite complex, they
nicely match the expected appearance for 4 sets of doublets of doublets of different
intensities, 2 of which are overlapping (Figure 5.6). All 4 doublets of doublets have the

same coupling constants (ZJH_H =14.1 Hz, uy=2.7 Hz).



191

.--ﬂ“

By “"“N\Y//CHzaMes —_—
Tt
ex0-CH,SiMe;-20 endo-CH,SiMe3-20
76 : 24

2y = 14.1 Hz
ZJH_Y= 2.7 Hz

A

4165  -170 -1.75 -1.80 -1.85  -1.90

o 'Pr-CH i Y-CH,

L B N S
7 6 5 4 3 2 1 0 -1

SiMeg

Figure 5.6 'H NMR Spectrum of 20

It may be possible to circumvent metallation by modification of the Y alkyl
substituents, for example, benzyl groups were found to be substantially more metallation
resistant in the scandium analogues. Isolation of 19-CH,SiMej; should also be possible if

the reaction is carefully carried out at low temperature.
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5.3 Conclusions

In conclusion, the B-diketiminato ligand has proven to be potentially useful in the
preparation of organoyttrium cations. Preliminary studies demonstrated facile ligand
attachment protocols for both L™® and the more sterically demanding L™". Although
reaction of 18-I(THF) with alkyl lithium reagents was complicated by competing
reactivity with Lil, these problems may potentially be avoided merely by fine tuning the
reaction temperatures, solvents or by judicious choice of alkylating reagent. Facile
alkylation of 19-I afforded 19-CH,SiMe; which showed no sign of side reactions with
Lil, however, metallation of an aryl isopropyl group occurred at elevated temperatures.
Nonetheless, this metallation process was found to proceed at a rate slow enough so that
it 1s unlikely to significantly interfere with the synthesis of cationic derivatives. It may
also be possible to circumvent metallation altogether by replacing the CH,SiMe; moiety

with aryl containing groups, such as CH,Ph or CH,SiMe,Ph.
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Chapter 6: Experimental Methods

6.1 General
6.1.1 Laboratory Equipment and Apparatus

An argon filled Innovative Technology System One glove box was employed for
manipulation and storage of all oxygen and moisture sensitive compounds. All thermally
unstable compounds were stored in a -35 °C freezer within the glove box. All reactions
were performed on a double manifold high vacuum line using standard techniques.”'’
Residual oxygen and moisture were removed from the argon stream by passage through
an OxisorBW scrubber from Matheson Gas Products. Commonly utilized specialty
glassware includes the swivel frit assembly, needle valves, and thick walled (5 mm) glass
bombs equipped with Kontes Teflon stopcocks. All glassware was stored in a 110 °C
oven for a minimum of 12 hours before immediate transfer to the glove box antechamber

or assembled on the vacuum line and evacuated while hot.

6.1.2 Solvents

Toluene, hexanes, and tetrahydrofuran (THF) solvents were dried and purified
using the Grubbs/Dow purification system®'' and stored in evacuated 500 mL bombs over
titanocene?'> (toluene and hexanes) or sodium/benzophenone ketal (THF). Benzene,
de-benzene, dg-toluene, dg-THF and hexamethyldisiloxane were dried and stored over
sodium/benzophenone ketal in glass bombs under vacuum. Bromobenzene,
ds.bromobenzene, and d,-methylene chloride were predried over 4A molecular sieves,
stored over calcium hydride and distilled prior to use. Diethyl ether was pre-dried over

lithium aluminum hydride and stored over sodium/benzophenone ketyl in a glass bomb
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under vacuum. Unless otherwise noted, solvents were introduced via vacuum transfer
with condensation at -78 °C.

Liquid nitrogen (-196 °C), liquid nitrogen/pentane (-130 °C), dry ice/acetone (-78
°C) dry ice/acetonitrile (-45 °C) and water/ice (0 °C) baths were used for cooling

receiving flasks and to maintain low temperature conditions.

6.1.3 Instrumentation and details for NMR experiments

Nuclear magnetic resonance spectroscopy (‘H, “H, ''B, “C{'H}, "°F, DEPT-135,
DEPT-90, HMQC, EXSY,” ROESY and COSY experiments) was performed on Bruker
AC-200 (‘H 200.134 MHz, “C{'H} 50.323 MHz), Bruker AMX-300 (‘H 300.138 MHz,
’H 46.073 MHz, ''B{'H} and ''B 96.293 MHz, *C{'H} 75.478 MHz, °F 282.371 MHz)
or Bruker DRX-400 ('"H 400.134 MHz, “C{'H} 100.614 MHz, ''B 128.375 MHz)
spectrometers. All 2D NMR experiments were performed using Bruker AMX-300 or
Bruker-DRX 400 spectrometers. All "H NMR spectra were referenced to SiMe, through
the residual 'H resonance(s) of the employed solvent; CsDg (7.16 ppm), dg-toluene (2.09,
6.98, 7.02 and 7.09 ppm), dg-THF (1.73 and 3.58 ppm), C¢DsBr (6.94, 7.02 and 7.30
ppm), or CD,Cl, (5.32 ppm). *H NMR spectra were referenced relative to an external
standard of Si(CDs), (0.0 ppm) in C¢Ds prior to spectrum acquisition. ''B NMR spectra
were referenced to an external standard of boron trifluoride diethyl etherate (6 0.0 ppm)
in C4Dg prior to acquisition of the first spectrum. '>C NMR spectra were referenced
relative to SiMey through the resonance(s) of the employed solvent; CsDg (128.0 ppm),
dg-toluene (20.4, 125.2, 128.0, 128.9, 137.5 ppm), dg-THF (25.4, 67.6 ppm), C¢DsBr

(122.3,126.1, 129.3, 130.9 ppm), or CD,Cl, (54.0 ppm). '°F NMR spectra are referenced
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to CFCl; using an external standard of hexafluorobenzene (5 -163.0 ppm)*"* in C4Dg prior
to acquisition of the first spectrum. Temperature calibration for NMR experiments was
achieved by monitoring the 'H NMR spectrum of pure methanol (below room
temperature) and pure ethylene glycol (above room temperature).”*

All NMR samples were prepared in the glove box and tubes capped with rubber
septa. 'H NMR spectra are presented with the following format: chemical shift (ppm),
multiplicity, J = coupling constant (Hz), number of protons, assignment. ’H NMR
spectra are listed with the following format: chemical shift (ppm), multiplicity, J =
coupling constant (Hz), number of deuteriums, assignment. ''B NMR spectra are listed
with the following format: chemical shift (ppm), multiplicity, J = coupling constant (Hz).
13C{IH} NMR spectra are listed with the following format: chemical shift (ppm), J =
coupling constant (Hz), assignment. Some *C NMR resonances (Sc-C and B-C) were
assigned using the HMQC pulse sequence.”’’> *C NMR resonances are not reported for

carbons directly bonded to a fluorine atom. '’F NMR spectra are listed with the

following format: chemical shift (ppm), number of fluorines, assignment.

6.1.4 Other Instrumentation and Analysis

Elemental analyses were performed on a Control Equipment Corporation 440
Elemental Analyzer by Mrs. Dorothy Fox and Mrs. Roxanna Smith of this department.
IR spectra were obtained using a NEXUS 470 FT-IR ESP spectrometer. Solid samples
were pressed into KBr pellets and handled exclusively under argon. UV-Vis spectra were
collected between 190 and 900 nm using a Varian Cary-1E UV-VIS spectrometer. All

samples were prepared in the glove box (in hexane between 1 X 10* and 1 x 10 M) and
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spectra obtained using Teflon capped quartz 10 mm cells. Thermogravimetric analysis
(TGA) was performed on a Netzsch STA 449C Simultaneous Thermal Analyzer with an
aluminum sample pan and an empty aluminum pan, as reference, employed. The
dynamic heating programs were conducted with a constant flow of dried (CaCly)
dinitrogen being maintained, heating from 25 to 600 °C at a rate of 10 °C/minute. The
solid samples were sealed in aluminum pans in the glovebox and pierced with a small
bore needle under a flow of N, immediately prior to insertion into the instrument. X-ray
crystallographic analyses were performed on suitable crystals coated in Paratone 8277 oil
(Exxon) and mounted on a glass fibre. Measurements were collected on a Rigaku
AFC6S or Nonius KappaCCD diffractometer by Dr. Masood Parvez of this department or
a Bruker P4/RA/SMART 1000 CCD diffractometer by Dr. Robert McDonald (University
of Alberta); full details can be found in the individual tables for each crystal structure
(see Appendix 1). A Fischer Scientific Ultrasonic FS-14 bath was used to sonicate

reaction mixtures where indicated.

6.1.5 NMR tube Reactions

Unless otherwise noted NMR tube reactions were carried out by charging an
NMR tube with the initial reagents and solvents in the glove box. Subsequent reagents
were introduced by syringe to the septa sealed NMR tubes submerged in the appropriate
cold bath. The tube was shaken once to ensure proper mixing prior to insertion into the
NMR probe. This mixing was performed very quickly (~ 2 seconds) to avoid warming
and premature reaction.

In situations where gases or low boiling liquids were to be introduced a flame-
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sealable NMR tube and vacuum line adaptor were used. Once attached to the vacuum
line the NMR tube was evacuated and solution degassed using a freeze-pump-thaw
routine. The solution was carefully frozen with the appropriate cooling bath for the
solvent in use followed by evacuation for several minutes. The frozen solution was
thawed whereby dissolved gases were released into the headspace. The solution was
frozen again and the vessel evacuated for several minutes. This process was repeated
thrice more to ensure full degassing. Once all reagents were added the tube was flame
sealed using an oxygen/natural gas torch.

NMR tube reactions which require high pressures of H, gas were conducted in a
similar manner with the exception that after the solution was degassed approximately two
thirds of the tube was cooled with a liquid nitrogen bath. One atmosphere of H, was
introduced and then the system closed at the line adaptor using the Kontes valve. The
liquid nitrogen bath was raised higher to cool approximately three quarters of the tube,
thus creating a slight vacuum within. The NMR tube was then flame sealed above this

point using an oxygen/natural gas torch.

6.1.6 Starting Materials

Tris(pentafluorophenyl)borane (B(C¢Fs);) was purchased from Boulder Scientific
Co. and dried by stirring over Me,SiHCI under an argon atmosphere for 20 minutes; the
volatiles were removed in vacuo. The dried B(C¢Fs); was then sublimed at 70 °C under a
dynamic vacuum.”'® HL (L = A-NC(R)CHC(R)NAr where Ar = 2,6-Pr-C¢Hs and R =
Me and ‘Bu), KL (L = ArNC(R)CHC(R)NAr where Ar = 2,6-Pr-C¢Hs and R = Me) and

EtLi were prepared by literature procedures.zn'219 [CPh3][B(C¢Fs)s] and
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[HNMe,Ph][B(CsFs)4] were received as gifts from NOVA Chemicals LTD. Scandium
oxide (Sc;0;) was purchased from Boulder Scientific Co. and used as received. All
deuterated solvents for NMR experiments were purchased from Cambridge Isotopes. All

other reagents were purchased from Aldrich Chemicals and used as received.

6.2 Experimental Procedures Pertaining to Chapter 2

6.2.1 Synthetic Procedures

Synthesis of ScCl;(THF);:

ScCl3(THF); was made by a modified literature procedure.””® A 1 L RB flask equipped
with a condenser was charged with Sc,03 (20.3 g, 0.146 mol) and 6M HCI (300 mL).
The reaction mixture was heated to reflux for 3 hours during which the mixture had
changed from a cloudy white suspension to a clear yellow solution. The solvent was
removed by rotational evaporation to give ScCl3(H2O)s as a thick yellow oil. A solution
of SOCI, (350 mL) and THF (250 mL) was added dropwise to the oil over 2 hours
(caution: extremely exothermic), during which time a large quantity of gas (SO,) evolved
with concomitant precipitation of a white solid, followed by a gradual change to a clear
yellow solution. The reaction mixture was then heated at 86 °C for 18 hours and solvent
removed by rotational evaporation to afford an oily yellow solid. The moisture sensitive
mixture was quickly attached to a swivel frit apparatus and evacuated. Et,O (200 mL)
was added to the residue, stirred for 20 minutes and then filtered. The fine white powder
was washed with Et,O (4 x 50 mL) and solvent removed in vacuo. Yield: 100.8 g, 0.274

mol, 94%. The IR matched that of the published procedure.
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Synthesis of [ArNC(Me)CHC(Me)NAr]ScCl,»THF (1-CI(THF)):

Mea,, N‘“‘Ar Toluene (40 mL) was condensed into an evacuated flask
T AT
SRy / cl containing LiL (2.00 g, 4.72 mmol) and ScCl;(THF); (2.00
Me Nl e
Sc!,
\ \?\/> g, 4.72 mmol) at —78 °C. The mixture was heated with
Cl

stirring at 110 °C for 16 hours. The reaction mixture was
hot filtered to remove LiCl, and the toluene removed in vacuo. Trituration of the residue
with hexanes (30 mL) followed by back filtration lead to isolation of pure 1-CI(THF) as
a pale yellow solid (2.70 g, 4.46 mmol, 95%). 'H NMR (C¢Dy): & 7.21 (m, 6H; CHs),
5.32 (s, 1H; CH); 3.56 (sp, 4H; CHMe,, Ju.n = 6.8 Hz), 3.48 (OCH,CH,), 1.65 (s, 6H;
NCMe), 1.48 (OCH,CH>) (1.39 (d, 12H; CHMe,, Ju.n = 6.8 Hz), 1.17 (d, 12H; CHMe,,
Jin = 6.8 Hz). PC{'H} NMR (C¢Ds): & 162.3 (NCMe), 143.3 (Cipso), 143.3, 126.6,
124.2 (C¢H3), 99.8 (CH), 28.6 (CHMe),), 25.0, 24.7 (CHMe,) 24.4 (Me). Anal. Calcd.

for C33H49N,C1,OSc : C, 65.44; H, 8.15; N, 4.63. Found : C, 65.35; H, 8.61; N, 4.61.

Synthesis of [ArNC(Me)CHC(Me)NAr]ScMe,*THF (1-Me(THF)):

Me., AT Toluene (20 mL) was condensed into an evacuated flask
N
<’ 2 Ar
‘“"N/“- containing 1-CI(THF) (0.390 g, 0.640 mmol) and solid
Me N oeMe
\ \D methyl lithium (0.028 g, 1.28 mmol) at —78 °C. The yellow
Me

mixture was gradually warmed to room temperature and
stirred for 3 hours. The solvent was removed and hexanes (10 mL) were added. The
reaction mixture was cooled to -78 °C for 1 hour and resultant precipitate filtered and
dried under vacuum. Yield: 0.120 g, 0.198 mmol, 31%. 'H NMR (C¢Ds): 6 7.16 (m, 6H;

CeHs), 5.06 (s, 1H; CH); 3.45 (sp, 4H; CHMe,, Jini = 6.8 Hz), 3.40 (OCH,CH,), 1.67 (s,
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6H; NCMe), 1.40 (d, 12H; CHMe,, Juu = 6.8 Hz), 1.23 (OCH,CH,), 1.20 (d, 12H;
CHMe,, Jiu = 6.8 Hz), -0.15 (s, 3H; ScMe). “C{'H} NMR (C¢Ds): & 167.8 (NCMe),
143.0 (Cipso), 142.7, 126.9, 124.4 (CsHs), 96.1 (CH), 28.6 (CHMe,), 25.4, 25.2 (CHMe,),
24.8 (ScMe), 24.1 (Me). Anal. Calcd. for C35HssN,OSc : C, 74.43; H, 9.82; N, 4.96.

Found : C, 72.92; H, 9.70; N, 4.91.

Synthesis of [ArNC(Me)CHC(Me)NAr]ScCl; (1-Cl):

Me,,. N"“Ar A 50 mL RB flask containing 1-CI(THF)
<\;'_'_" AT c:|

Me N -"- ‘\\Cll',
C\C|r ‘\Me

\ 2 under full dynamic vacuum for 18 hours.

= The resultant yellow powder was washed

(1.50 g, 2.48 mmol) was heated at 130 °C

with toluene (2 x 15 mL) and evacuated to
dryness. Yield: 1.29 g, 2.43 mmol, 98%. 'H NMR (CD,Cl,): & 7.11 (s, 6H; CsHs), 4.90
(s, 1H; CH), 3.11 (sp, 4H; CHMe,, Ju.n = 6.9 Hz), 1.69 (s, 6H; NCMe), 1.21 (d, 12H;
CHMe,, Ju. = 6.6 Hz), 1.11 (d, 12H; CHMe,, Jiu = 6.6 Hz). C{'H} NMR (CD,Cl,):
0 161.8 (NCMe), 143.2 (Cips0), 141.5, 125.7, 123.5 (C¢H3), 94.0 (CH), 28.8 (CHMe,),
24.6 (NCMe), 23.5, 21.1 (CHMe;). Anal. Calcd. for C9H41N2CLSc : C, 65.29; H, 7.75;

N, 5.25. Found: C, 64.13; H, 6.84; N, 5.03.

Synthesis of [ArNC(Me)CHC(Me)NAr]ScMe; (1-Me):
1-Cl (0.600 g, 1.13 mmol) and 2.1 equivalents of MeLi (0.0520 g, 2.37 mmol) were

added to a 50 mL RB flask attached to a swivel frit apparatus. Toluene (30 mL) was
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Me,,.. N"‘\Ar vacuum transferred onto the mixture and
<" ,Ar | HgC o
CEER £ ("3'3 \ the resultant solution stirred for 4.5 hours.
Me \"' Wi,

SC Yol SC': \ M e : .

\ (I-:I \fN- —" The reaction mixture was filtered and
3 o\ .

CHy ~ AV 2 :

A /N " solvent removed in vacuo to afford 0.502
r e

g (1.02 mmol, 91%) of 1-Me as a yellow
crystalline solid. "H NMR (C7Dg): 6 7.11 (s, 6H; CsHs), 4.91 (s, 1H; CH), 3.32 (sp, 4H;
CHMe,, Jun = 6.9 Hz), 1.57 (s, 6H; NCMe), 1.35 (d, 12H; CHMe,, Jy.n= 6.6 Hz), 1.14
(d, 12H; CHMe,, Jyiy = 6.6 Hz), -0.06 (s, 6H; ScMe). “C{'H} NMR (C¢Ds): & 167.9
(NCMe), 143.0 (Cipso), 141.4, 127.0, 124.5 (C¢H3), 96.0 (CH), 28.8 (CHMe,), 28.6
(ScMe), 25.6, 24.3 (CHMe,), 23.9 (NCMe). Anal. Calcd. For C3;H47N,Sc @ C, 75.57;

H, 9.62; N, 5.69. Found: C, 75.00; H, 9.20; N, 5.66.

Synthesis of [ArNC(Me)CHC(Me)NAr]Sc(CH,Ph), (1-CH,Ph):

Me.,,, N AT A two-necked flask was charged with 1-CI(THF) (0.400 g,
< ",/AI’
N % 0.660 mmol) and attached to a swivel frit apparatus. A
Me \‘SC /CHzph
| solid addition tube was loaded with benzyl potassium
CH,Ph

(0.172 g, 1.32 mmol) and attached to the second neck of
the flask. The entire assemblage was evacuated, and benzene (50 mL) was vacuum
distilled into the flask. After warming to room temperature, the benzyl potassium was
gradually added to the solution over 30 minutes. Stirring was continued for another 4
hours. The reaction was filtered and the benzene removed under vacuum to give crude
1-CH,Ph. Recrystallization from hexanes afforded pure 1-CH,Ph (0.230 g, 0.389 mmol,

59%). "H NMR (C¢Dg): & 7.16-6.70 (m, 16H; ScCH,Ph, C¢Hs), 5.01 (s, 1H; CH); 3.08
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(sp, 4H; CHMe,, Jui = 6.8 Hz), 2.10 (s, 4H; ScCH,Ph), 1.58 (s, 6H; NCMe), 1.22 (d,
12H; CHMe,, Jun = 6.8 Hz), 1.06 (d, 12H; CHMe,, Juy = 6.8 Hz). “C{'H} NMR
(CeDg): & 167.9 (NCMe), 149.3 (ScCH,Ph), 143.2 (Cipso), 142.2 (CsHs), 129.6
(ScCH,Ph), 126.9 (CsH3), 124.9 (ScCH,Ph), 124.7 (C¢H3), 120.3 (ScCH,Ph), 95.7 (CH),
61.6 (ScCH,Ph), 28.8 (CHMe,), 24.9, 24.8 (CHMe;,), 242 (Me). Anal. Caled. for

Ca9Hg7N2Sc : C, 80.09; H, 8.60; N, 4.34. Found : C, 80.46; H, 8.04; N, 4.46.

Synthesis of [ArNC(Me)CHC(Me)NAr]Sc(CH,CMes), (1-CH,CMes3):

Me.,,, N AT Toluene (20 mL) was condensed into an evacuated flask
S< LAT
Me =N \"‘SC/CH2CM€‘3 containing LiCH>CMe; (0.139 g, 1.78 mmol) and
\ 1-CI(THF) (0.474 g, 0.890 mmol) at -78 °C. The
CH,CMe;

reaction vessel was slowly warmed to room temperature,
after which stirring was continued for another 90 minutes. The solvent was removed
under reduced pressure and hexanes (20 mL) was vacuum distilled into the flask. The
mixture was filtered to remove LiCl. The solution was concentrated to 5 mL, cooled to
—78 °C for 1 hour and back filtered to afford 1-CH,CMejs as a white solid (0.340 g, 0.562
mmol, 64%). 'H NMR (C¢De): & 7.16 (m, 6H; CsHs), 5.00 (s, 1H; CH), 3.47 (sp, 4H;
CHMe,, Jy.n = 6.8 Hz), 1.63 (s, 6H; NCMe), 1.47 (d, 12H; CHMe,, Jyn= 6.8 Hz), 1.17
(d, 12H; CHMe,, Jy.n = 6.8 Hz), 1.03 (s, 18H; ScCH,CMe;), 0.87 (s, 4H; ScCH,CMes).
BC{'H} NMR (C¢D¢): & 167.1 (NCMe), 143.0 (Cipso), 142.3, 126.8, 124.6 (CsH3), 94.3
(CH), 72.3 (ScCH,CMes), 35.4 (ScCH,CMe;3), 34.9 (ScCH,CMe;), 28.8 (CHMey), 25.3,
25.0 (CHMe,), 24.6 (Me). Anal. Calcd. for C39He3NaSc @ C, 77.44; H, 10.50; N, 4.63.

Found : C, 77.56; H, 9.80; N, 4.73.
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Synthesis of [ArNC(Me)CHC(Me)NAr]Sc(CH,SiMe3), (1-CH,SiMes):

Me.,, AT A 100 mL flask was charged with LiCH,SiMe; (0.310
=T A
N\ - N/ g, 3.30 mmol) and 1-CI(THF) (1.00 g, 1.65 mmol) and
Me \‘SC/CstiMeg
| evacuated. Toluene (50 mL) was condensed into the
CH,SiMe,

vessel at -78 °C. The solution was gradually warmed
to room temperature whereupon it was allowed to stir for 2 hours. The mixture was hot
filtered to remove LiCl. The solvent was removed in vacuo and hexanes (5 mL) added.
The mixture was cooled to —78 °C for 30 minutes and back filtered. The solvent was
removed under reduced pressure to give 802 mg (1.26 mmol, 76%) of 1-CH,SiMe;3 as a
white powder. "H NMR (C¢D¢): & 7.16 (m, 6H; C¢Hs), 5.00 (s, 1H; CH); 3.31 (sp, 4H;
CHMe,, Jy.n = 6.8 Hz), 1.59 (s, 6H; NCMe), 1.44 (d, 12H; CHMe,, Ju.n= 6.8 Hz), 1.16
(d, 12H; CHMe,, Ju.g = 6.8 Hz), 0.18 (s, 18H; ScCH,SiMes), 0.08 (s, 4H; ScCH,SiMes).
BC{'H} NMR (C¢Ds): & 167.9 (NCMe), 141.8 (Cipso), 142.6, 127.1, 124.7 (C¢H3), 95.7
(CH), 449 (ScCH,SiMes), 28.6 (CHMe,), 25.7, 24.9 (CHMe,), 24.4 (Me) 3.4
(ScCH,SiMes). Anal. Calced. for C37Hg3N; SixSc @ C, 69.76; H, 9.97; N, 4.40. Found : C,

69.41; H, 9.64; N, 4.55.

Synthesis of [ArNC('‘Bu)CHC('‘Bu)NAr]ScCl; (2-Cl):

‘Bu, WAT Preparation 1: A thick-walled reactor bomb equipped with a
I,:- — N .
= 2Ar Kontes valve was charged with LiL (11.1 g, 21.9 mmol) and
tBu N\"SC/CI
\ ScCl3(THF)s (9.38 g, 25.7 mmol) and evacuated. Toluene
Cl

(400 mL) was condensed into the vessel, which was then

sealed and heated at 110 °C for 3 days. The mixture was cannula transferred to a swivel
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frit apparatus. A hot filtration to remove the salts was performed followed by removal of
toluene and trituration with hexanes to give 2-Cl in 88% yield as a pale yellow solid
(11.7 g, 18.9 mmol).

Preparation 2: The above method was used with the exception that the reaction mixture
was heated at 180 °C for approximately 15 minutes and 2-Cl was obtained in 68% yield.
'H NMR (C4D¢): 8 7.05 (m, 6H; CgHs), 6.01 (s, 1H; CH); 3.10 (sp, 4H; CHMe;, Jy.p =
6.8 Hz), 1.43 (d, 12H; CHMe,, Ju.n = 6.8 Hz), 1.26 (d, 12H; CHMe,, Jy.u= 6.8 Hz), 1.17
(s, 18H; NCMes). “C{'H} NMR (C¢Dg): & 174.3 (NCMes), 142.8 (Cipso), 141.1, 127.0,
124.3 (C¢H3), 90.8 (CH), 44.7 (CMe3), 32.3 (CMes), 29.9 (CHMe,), 26.9, 24.4 (CHMe,).
Anal. Calcd. for C55Hs3N,CLSc : C, 68.06; H, 8.65; N, 4.54. Found : C, 68.54; H, 7.98;

N, 4.92.

Synthesis of [ArNC(‘Bu)CHC('Bu)NAr]ScMe; (2-Me):

‘Bu., WAT Toluene (75 mL) was condensed into an evacuated flask
ST Ar
N N Z containing 2-Cl (1.50 g, 2.43 mmol) and solid methy] lithium
tB u \"SC - CH 3
\ (0.200 g, 9.09 mmol) at —78 °C. The resultant mixture was
CH,

allowed to warm slowly to room temperature and stirred for
three hours. The toluene was removed under vacuum to give an orange solid. Hexanes
(85 mL) were added and the reaction mixture was filtered and concentrated to 10 mL.
The solution was cooled to —78 °C for 2 hours and back filtered to afford 0.900 g of fine
yellow powder (1.56 mmol, 64%). "H NMR (C¢Ds): & 7.25 (m, 6H; CsH3), 5.77 (s, 1H;
CH); 3.52 (sp, 4H; CHMe,, Ju.n= 6.8 Hz), 1.47 (d, 12H; CHMe,, Ju.n= 6.8 Hz), 1.41 (d,

12H; CHMe,, Ji.i = 6.8 Hz), 1.21 (s, 18H; NCMes), 0.00 (s, 3H; ScMe). “C{'H} NMR
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(CsDg): & 174.1 (NCMe), 143.4 (Cipso), 141.1, 126.1, 124.2 (C¢H3), 92.7 (CH), 44.6
(CMes), 32.6 (CMes), 29.7 (CHMe,), 27.6 (ScMe), 26.9, 24.5 (CHMe;). Anal. Calcd. for
C37Hs9N2Sc : C, 77.04; H, 10.31; N, 4.86. Found : C, 76.55; H, 9.53; N, 4.98. TGA: 154

— 277 °C -2.1 % obs. -2.8 % calcd. for loss of 1 methane.

Synthesis of [ArNC('Bu)CHC('Bu)NAr]Sc(CDs); (ds-2-Me):

‘Bu, “\\Ar This compound was prepared in an identical manner to that
N E/,_” previously described for 2-Me, with the exception that
t NGL cD
Bu Sc— -3
\ LiCDseLil was used. The "H NMR spectrum matched 2-Me
CD,

except no resonances were observed for the methyl groups.

’H NMR (C-Hs) : 8 (s, 0.00).

Synthesis of [ArNC(‘Bu)CHC('Bu)NAr]Sc(CH,CHs), (2-Et):

‘Bu,, “\\Af Toluene (25 mL) was condensed into an evacuated flask
LN
©T A
\~ - N/ ' charged with LiCH,CH; (0.058 mg, 1.62 mmol) and 2-Cl
'‘Bu Ngo—CH2CHs
| (0.500 g, 0.809 mmol) at -78 °C. The reaction mixture
CH,CHj4

was allowed to stir for 30 minutes after the vessel was
slowly warmed to room temperature. Hot filtration followed by removal of the solvent in
vacuo and trituration with hexanes afforded an orange solid (168 mg, 0.283 mmol, 35%).
"H NMR (CeDg): 6 7.26 (m, 6H; CsHs), 5.70 (s, 1H; CH); 3.58 (sp, 4H; CHMe,, Jyn =
6.8 Hz), 1.50 (d, 12H; CHMe;,, Jy.n= 6.8 Hz), 1.43 (d, 12H; CHMe,, Ju.n = 6.8 Hz), 1.25

(t, 6H; ScCH,CHs, Iy = 8.2 Hz), 1.13 (s, 18H; NCMe3), 0.11 (q, 4H; ScCH,CH, Jipyy =
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8.2 Hz). "C{'H} NMR (Ce¢Ds): & 1742 (NCMe), 143.8 (Cipo), 141.5, 126.0,
124.2 (C¢Hs), 92.5 (CH), 44.7 (CMe3), 40.8 (ScCH,CH3), 32.4 (CMe3), 29.2 (CHMe,),
26.7, 26.6 (CHMe;), 13.2 (ScCH,CHj3). Anal. Calcd. for Cs5Hs3N,ClhSc : C, 77.44; H,
10.50; N, 4.63. Found : C, 77.28; H, 10.63; N, 4.74. TGA: 96 — 142 °C -5.2 % obs. -5.0

% calcd. for loss 1 ethane; 145 — 228 °C -4.5% obs. -5.0 % calcd. for loss of 1 ethane.

Synthesis of [ArNC(‘Bu)CHC('Bu)NAr]Sc(CD,CDs); (d1-2-Et):

‘Bu, WA This compound was prepared in an identical manner to
(‘l .. 2Ar that previously described for 2-Et with the exception that
tBU N\"SC/CDZCD3
\ LiCD,CD; was used. The 'H NMR spectrum matched
CD,CDs

2-Et except no resonances were observed for the ethyl

groups. ’H NMR (C7Hg): 6 1.16 (6D; ScCD,CD3), 0.24 (4D; ScCD,CD3).

Synthesis of [ArNC(‘Bu)CHC('Bu)NAr]Sc(CH,Ph), (2-CH.Ph):

By, AT A 100 mL flask was charged with 2-Cl (0.750 g, 1.21
l:---N
° 2 Ar
N\ - N/ mmol) and solid BnMgCl (0.366 g, 2.43 mmol). Toluene
By N —~CHaPh

| (65 mL) was condensed into the evacuated flask at -78 °C.

CH,Ph
The mixture was slowly allowed to warm to room
temperature whereby stirring was continued for another 17 hours. The toluene was
removed in vacuo to afford an orange solid. Benzene (55 mL) was condensed into the
flask and the assemblage was sonicated for 10 minutes. The reaction mixture was filtered

and benzene removed under vacuum to afford 2-CH,Ph as an orange solid (0.605 g,

0.829 mmol, 69%). 'H NMR (C¢Ds): 5 7.20-6.70 (m, 16H; ScCH,Ph, CsHs), 5.62 (s, 1H;
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CH); 3.65-2.50 (br, 4H; CHMe,), 2.12 (s, 4H; ScCH,Ph), 1.23-1.18 (br ov m 24H;
CHMe,), 1.04 (s, 18H; NCMe;). “C{'H} NMR (C;Ds, 265K): & 174.8 (NCMe), 151.6,
149.0 (ScCH,Ph), 1432 (Cipo), 142.3, 141.9 (Ce¢Hs), 128.7, 128.5 (ScCH,Ph),
126.7 (C6H3), 126.0, 125.2 (ScCH,Ph), 125.1, 124.7 (C¢Hs), 119.8, 119.7 (ScCH,Ph),
91.3 (CH), 64.3, 57.5 (ScCH,Ph), 45.0 (CMes3), 32.3 (CMes), 29.8, 28.9 (CHMe,), 27.0,
26.2, 25.3, 24.6 (CHMe,). Anal. Caled. for C4HgNoSc @ C, 80.73; H, 9.26; N, 3.84.

Found : C, 79.57; H, 8.91; N, 3.89.

Synthesis of [ArNC(‘Bu)CHC('Bu)NAr]Sc(CH,CMes), (2-CH,CMej):

Bu,, “‘\Ar Toluene (20 mL) was condensed into an evacuated
l:---N
N - - "/ a flask containing LiCH,CMe; (0.088 g, 1.13 mmol) and
By N\=SC/CH2CMe3
\ 2-Cl (0.350 g, 0.566 mmol) at -78 °C. The yellow
CH,CMe,

mixture was warmed to room temperature and allowed
to stir for 1 hour. The mixture was filtered and solvent removed under vacuum. The
residue was sonicated in hexanes (10 mL), cooled to -78 °C for 2 hours and back filtered
to afford pure 2-CH,CMes in 42% yield (0.165 g, 0.239 mmol). "H NMR (C;Ds, 242K):
0 7.20-7.00 (m, 6H; Cc¢H3), 5.58 (s, 1H; CH); 4.12 (sp, 2H; CHMe,, Ju.n = 6.8 Hz), 2.86
(sp, 2H; CHMe,, Jun = 6.8 Hz), 1.74 (d, 6H; CHMe,, Jy.n = 6.8 Hz), 1.46 (d, 6H;
CHMe,, Jyn = 6.8 Hz), 1.23 (ov d, 12H; CHMe,, Juy = 6.8 Hz), 1.35 (s, 18H;
ScCH,CMes), 1.11 (s, 18H; NCMes;), 0.78 (s, 2H; ScCH,CMes), 0.75 (ov s, 2H;
ScCH,CMes).  PC{'H} NMR (242K, C;Dg): & 174.9 (NCMe), 144.2 (Cipso), 142.3,
141.9, 126.7, 125.1, 124.7 (C¢Hs), 93.0 (CH), 75.5 (ScCH,CMes), 45.3 (CMes), 35.6

(ScCH,CMes), 35.3 (ScCH,CMes), 33.0 (CMes), 29.9, 28.8 (CHMey), 27.5, 26.7, 25.6,
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25.1 (CHMe;). Anal. Caled. for C4sH7sNoSc : C, 78.43; H, 1097, N, 4.07.

Found : C, 77.50; H, 10.59; N, 4.80.

Synthesis of [ArNC(‘Bu)CHC('Bu)NAr]Sc(CH;SiMes); (2-CH,SiMes):

tBu,,,. N“‘\Ar To an evacuated flask at -78 ©°C containing
< A
""N/‘-_ _ LiCH,SiMes (0.480 g, 5.11 mmol) and 2-Cl (1.50 g,
tBu \‘SC/CH25|M63
| 2.48 mmol) toluene (75 mL) was condensed. The
CH,SiMe,

reaction mixture was warmed to room temperature and
then allowed to stir for 90 minutes. The solvent was removed in vacuo to afford a yellow
residue which was triturated with hexanes (70 mL) and filtered. The reaction mixture
was concentrated to 10 mL, cooled to —78 °C for two hours and filtered to give
2-CH,SiMe; as a yellow crystalline solid (0.901 g, 1.25 mmol, 50%). 'H NMR (C¢Dg):
0 7.07 (m, 6H; CeH3), 5.68 (s, 1H; CH); 3.95-2.70 (br sp, 4H; CHMe,), 1.75-1.20 (br ov
m, 24H; CHMe,), 1.10 (s, 18H; NCMes), 0.13 (s, 18H; ScCH,SiMes), 0.00 (s, 4H;
ScCH,SiMe;).  “C{'H} NMR (C;Dg, 233K): & 175.6 (NCMe), 143.2 (Cips0), 142.4,
142.0, 127.0, 125.1, 124.7 (C¢H3), 93.6 (CH), 48.7 (ScCH,SiMe;), 44.8 (CMe;), 41.8
(ScCH»SiMe3), 32.7 (CMes), 29.4, 28.8 (CHMey), 28.4, 26.5, 25.4, 24.7 (CHMe,), 4.7
(ScCH,SiMe3), 3.4 (ScCH,SiMe;). Anal. Calcd. for C43H75N,Si,Sc : C, 71.61; H, 10.48;
N, 3.88. Found : C, 70.76; H, 10.41; N, 4.00. TGA: 129 — 182 °C -22.1 % obs. -24.2 %

calcd. for loss of 2 SiMe;.
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Synthesis of [ArNC('‘Bu)CHC('Bu)NAr]Sc(Br)(CszHs) (2-Br(CszHs)):
‘Bu,, . A 1.0 M solution of allyl magnesium bromide (1.20 mL, 1.22
SN P \/ mmol) in Et,0 was added to a 100 mL RB flask attached to a
swivel frit apparatus. The Et,O was removed under vacuum
Br and 2-Cl (0.750 g, 1.22 mmol) was added. The entire frit
assemblage was evacuated and toluene (50 mL) condensed in at —78 °C. The reaction
mixture was slowly warmed to room temperature, sonicated for 10 minutes, and allowed
to stir for 14 hours. The yellow solution was filtered and solvent removed in vacuo to
give a yellow-brown solid. The residue was washed with hexanes (3 x 15 mL) and dried
under vacuum to afford 0.565 g (0.852 mmol, 71%) of 2-Br(CsHs as a fine yellow solid.
"H NMR (C¢Dg): 8 7.06-6.94 (ov m, 6H; C¢H3), 6.12 (quint, 1H; H,CCHCH,, Jyp= 12.9
Hz), 6.10 (s, 1H; CH), 3.64 (sp, 2H; CHMe,, Ju.n= 7.0 Hz), 3.20 (d, 4H; H,CCHCH,,
Jun = 12.9 Hz), 2.89 (sp, 2H; CHMe,, Ju.n = 7.0 Hz), 1.39 (d, 6H; CHMe,, Jyn= 7.0
Hz), 1.38 (d, 6H; CHMe,, Jy.n = 7.0 Hz), 1.21 (s, 18H; NCMe;3), 1.18 (d, 6H; CHMe,,
Jin = 7.0 Hz), 1.12 (d, 6H; CHMe,, Jyuy = 7.0 Hz). "C{'H} NMR (C¢Ds): & 175.8
(NCMe),, 146.2 (H,CCHCHy), 144.7 (Cipso), 142.6, 141.0, 126.4, 124.7, 124.1 (CsH3),
95.0 (CH), 83.1 (H,CCHCH,;), 45.2 (CMes), 32.6 (CMe3), 29.3, 28.1 (CHMe,), 26.6,
25.5, 25.1, 24.3 (CHMe;). Anal. Calcd. for C3sHssN,BrSc: C, 68.35; H, 8.75; N, 4.20.

Found : C, 68.58; H, 8.86; N, 4.05.
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Synthesis of [ArNC(‘Bu)CHC('Bu)NAr]Sc(Me)CI (2-Me(Cl)):

‘Bu,, AT A 50 mL flask was charged with 2-Cl (0.085g, 0.144mmol)
'.,.__N
-” 2 A
<\"N/"' ' and 2-Me (0.089g, 0.144mmol) and 30 mL of toluene was
tBu \‘SC/ Me
| condensed into it at —78 °C. The reaction mixture was
Cl

gradually warmed to room temperature and solvent removed
under vacuum to afford a light yellow powder. Hexanes (25 mL) were added and the
mixture was filtered to give a clear yellow solution. Removal of solvent in vacuo gave
crude 2-Me(Cl) as a pale yellow powder which was recrystallized from hexanes at —35
°C (0.150 g, 0.255 mmol, 89%). 'H NMR (C¢Dg): 8 7.07-6.99 (m, 6H; C¢Hs), 5.87 (s,
1H; CH); 3.43 (sp, 2H; CHMe,, Ju.n = 6.8 Hz), 3.15 (sp, 2H; CHMe,, Ju.n = 6.8 Hz),
1.46 (d, 6H; CHMe,, Ju.n= 6.8 Hz), 1.37 (ov d, 12H; CHMe,, Ju.n= 6.8 Hz), 1.27 (d, 6H;
CHMe,, Juy = 6.8 Hz), 1.10 (s, 18H; NCMes), 0.16 (s, 3H; ScMe). “C{'H} NMR
(CsDg): 0 174.2 (NCMe), 143.0 (Cipso), 141.4, 141.1, 126.6, 124.3, 124.1 (C¢Hs), 92.1
(CH), 44.6 (CMes), 32.2 (CMe3), 29.7, 29.1 (CHMe,), 26.6, 26.3 (CHMe,), 25.8 (ScMe),
24.1, 24.0 (CHMe,). Anal. Calcd. for C3sHs¢N,ClISc : C, 72.40; H, 9.45; N, 4.61. Found:
C, 7221; H, 932; N, 4.61. (Note: Sample contained 5% of each

2-Cl and 2-Me.

Synthesis of [ArNC(‘Bu)CHC('Bu)NAr]Sc(CI)(CH,SiMes) (2-CI(CH,SiMes)):

‘Bu., AT To an evacuated 100 mL RB flask at -78 °C containing
<"'"- 2 Ar
SN _ 2-Cl (0.700 g, 1.14 mmol) toluene (65 mL) was
tBu \SC/CHZSIMe3
| condensed. While maintaining rapid stirring a 20 mL
Cl

toluene solution of LiCH,SiMe; (0.107 g, 1.14 mmol)
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was added at a rate of 0.1 mL/min using a syringe pump. Upon completion of the
addition the reaction mixture was gradually warmed to room temperature for 12 hours.
The solvent was removed in vacuo, sonicated in hexanes (25 mL) and filtered. The
solvent was removed to give a sticky yellow solid, which was then sonicated in
hexamethyldisiloxane (10 mL) and filtered. = Removal of the solvent afforded
2-CI(CH,SiMe3) as a yellow crystalline solid (0.570 g, 0.085 mmol, 79%). 'H NMR
(CsDg): 8 7.09-6.97 (m, 6H; CsH3), 5.84 (s, 1H; CH), 3.60 (br m, 2H; CHMe,), 3.04 (sp,
2H; CHMe,, Ju.n = 6.7 Hz), 1.54 (d, 6H; CHMe,, Jy.u = 6.7 Hz), 1.32 (d, 6H; CHMe,,
Jun= 6.7 Hz), 1.29 (d, 6H; CHMe,, Ju.u= 6.7 Hz), 1.22 (d, 6H; CHMe,, Ju.n = 6.7 Hz),
1.10 (s, 18H; NCMe3), 0.23 (s, 2H; ScCH,SiMes), -0.04 (s, 9H; ScCH,SiMes). *C{'H}
NMR (C7Ds): 6 174.8 (NCMe), 143.0 (Cipso), 142.0, 141.2, 126.8, 124.6, 124.4 (C¢Hs3),
93.1 (CH), 47.8 (ScCH,SiMe3), 44.6 (CMe3), 32.1 (CMes), 31.8, 28.9 (br) (CHMe,), 26.0
(br), 243, 242, 24.0 (br) (CHMe;), 3.3 (ScCH,SiMej;). Anal. Calcd. for

C39HasN>ClISiSc: C, 69.97; H, 9.64; N, 4.19. Found: C, 68.29; H, 9.40; N, 4.03.

Synthesis of [ArNC('Bu)CHC('Bu)NAr]Sc(Me)(CH,SiMes) (2-Me(CH,SiMe3)):

‘Bu,, WA Preparation 1: A 100 mL flask was charged with
':---N
T A
Neoo 2 ' 2-Me(Cl) (0.300 g, 0.511 mmol) and LiCH,SiMe;
tBu \"SC/CstiMeg
| (0.053 g, 0.563 mmol) and attached to a swivel frit
Me

apparatus. The entire assemblage was evacuated, and
toluene (50 mL) was vacuum distilled into the flask. After warming to room temperature,
the reaction mixture was stirred for another 45minutes whereby the solvent was removed

under vacuum to afford a thick yellow oil. Hexanes (40 mL) were added and the reaction
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mixture was filtered. The volume was reduced to 25 mL and cooled to —78 °C for 30
minutes, during this time a small quantity of fine yellow powder precipitated. The
mixture was back filtered and solvent removed in vacuo to afford 2-Me(CH,SiMej3) as a
light yellow powder. (0.125g, 0.193mmol, 38%).

Preparation 2: A 50 mL flask was charged with 2-CI(CH,SiMe3) (0.200 g, 0.299 mmol)
and MeLi (0.013 g, 0.600 mmol) and attached to a swivel frit apparatus. The entire
assemblage was evacuated, and toluene (20 mL) was vacuum distilled into the flask.
After warming to room temperature, the reaction mixture was stirred for another 10
hours, filtered and solvent removed under vacuum to afford a thick yellow oil. Hexanes
(10 mL) were added and the reaction mixture was sonicated. The volume was reduced to
5 mL and cooled to —78 °C for 30 minutes, during this time a small quantity of fine
yellow powder precipitated. = The solvent was removed in vacuo to afford
2-Me(CH,SiMe3) as a light yellow powder. (0.080 g, 0.123 mmol, 41%). 'H NMR
(CeDg): 6 7.10-6.97 (m, 6H; CeH3), 5.73 (s, 1H; CH); 3.55 (sp, 2H; CHMe;), Jy = 6.8
Hz), 3.12 (sp, 2H; CHMe,, Ju.n = 6.8 Hz), 1.48 (d, 6H; CHMe,, Jy.n = 6.8 Hz), 1.32 (d,
6H; CHMe;,, Jy.u = 6.8 Hz), 1.30 (d, 6H; CHMe,, Ju.n = 6.8 Hz), 1.27 (d, 6H; CHMe,,
Jun = 6.8 Hz), 1.09 (s, 18H; NCMes), 0.00 (s, 9H; ScCH,SiMes), -0.08 (s, 2H;
ScCH,SiMes), -0.09 (s, 3H; ScMe). "“C{'H} NMR (C¢Ds): & 174.5 (NCMe),
143.2 (Cipso), 141.8, 141.2, 127.0, 124.6, 124.5 (C¢H3), 93.2 (CH), 45.5 (ScCH,SiMe3),
44.7 (CMes), 32.3 (CMe3), 29.6, 27.0 (CHMe,), 27.3 (ScMe), 26.6, 25.1, 24.6, 24.4
(CHMe,), 3.9 (ScCH,SiMe3). Anal. Caled. for C4He7N,2SiSc: C, 74.03; H, 10.41; N, 4.32.

Found: C, 73.63; H, 10.29; N, 4.31.
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Synthesis of {{ArNC('Bu)CHC('Bu)NAr]Sc(CD3)(CH;SiMes) (ds-2-Me(CH,SiMes)):
‘Bu., A 50 mL RB flask was charged with 2-CI(CH,SiMe3)

2 Ar
;\l (0.300 g, 0.448 mmol), LiCDs(Lil) (0.142 g, 0.894
/CH28|M 3

CD mmol) and toluene (30 mL). The reaction mixture was

3 allowed to stir at room temperature for 20 hours whereby

the solvent was removed under vacuum. Pentane (25 mL) was added, the mixture
sonicated for 10 minutes and filtered. The yellow solution was then condensed to 5 mL
and cooled to —78 °C for 16 hours. The supernatant was decanted and the fine yellow
solid dried in vacuo. Yield: (0.049 g, 0.075 mmol, 17%). The 'H NMR spectrum

matched 2-Me(CH,SiMe;) with the exception that no resonances were observed for the

methyl groups. *H NMR (C7Hs) : & (s, -0.09).

Synthesis of [ArNC(‘Bu)CHC('Bu)NAr]Sc(CH,CMes)(CH,SiMes)
(2-CH25“\/|€3(CH2CM€3)):

Bu.,, “‘\‘Ar To an evacuated 100 mL RB flask at -78 °C containing

< 2
- - - /—_ -
tBuQ\"SC/CstiM% 2-Cl (1.21 g, 1.96 mmol) toluene (70 mL) was

\ condensed. While maintaining rapid stirring a 25 mL
g rap g
CH2CM93
toluene solution of LiCH,SiMe; (0.107 g, 1.14 mmol)
was added at a rate of 0.11 mL/min. Upon completion of the addition the reaction
mixture was gradually warmed to room temperature and allowed to stir for another 12
hours. The reaction mixture was cooled to —78 °C and a 10 mL toluene solution of

LiCH,CMes (0.153g, 1.96 mmol) was added dropwise. The reaction mixture was

gradually warmed to room temperature, stirred for 2 hours and toluene removed under
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vacuum. Hexanes (20 mL) was added and the reaction mixture filtered. Removal of the
solvent gave an oily yellow solid which was triturated with hexamethyldisiloxane (10
mL) and back filtered. The solvent was removed in vacuo to afford
2-CH,SiMes(CH,CMes) as a yellow crystalline solid (0.750 g, 1.18 mmol, 60%). 'H
NMR for Isomer A (34%) (C;Ds, 218K): 6 7.15-6.96 (m, 6H; CcH3), 5.60 (s, 1H; CH),
4.05 (sp, 2H; CHMe;,, Ju.u = 6.4 Hz), 2.80 (sp, 2H; CHMe,, Jy.u = 6.4 Hz), 1.75 (d, 6H;
CHMe,, Ju.n= 6.4 Hz), 1.47 (d, 6H; CHMe,, Jyn = 6.4 Hz), 1.31 (s, 9H; ScCH,CMej3),
1.21 (ov d, 6H; CHMe,, Ju.n= 6.4 Hz), 1.20 (ov d, 6H; CHMe,, Jy.n= 6.4 Hz), 1.08 (ov
s, 18H; NCCMes), 0.79 (s, 2H; ScCH,CMes), 0.29 (ov s, 2H; ScCH,SiMe;3), -0.14 (s, 9H;
ScCH,SiMe;). "H NMR for Isomer B (66%) (C/Ds, 213K): & 7.15-6.96 (m, 6H; CgHs),
5.56 (s, 1H; CH), 3.90 (sp, 2H; CHMe,, Jiu.n = 6.4 Hz), 2.94 (sp, 2H; CHMe,, Jy.n= 6.4
Hz), 1.78 (d, 6H; CHMe,, Jy.n = 6.4 Hz), 1.49 (d, 6H; CHMe,, Ju.n = 6.4 Hz), 1.29 (d,
6H; CHMe,, Ju.n = 6.4 Hz), 1.20 (ov d, 6H; CHMe,, Ju.n = 6.4 Hz), 1.08 (ov s, 18H;
NCCMes), 0.85 (s, 9H; ScCH,CMes), 0.59 (s, 2H; ScCH,CMes;), 0.39 (s, 9H;
ScCH,SiMe3) 0.29 (ov s, 2H; ScCH,SiMes). Complete assignment of the “C{'H} NMR
spectrum was not possible and such data is reported by carbon type: & 143.3, 142.7
(Cipso), 142.0, 141.6, 141.3, 141.1, 126.4, 126.2, 125.3, 124.5, 124.3, 124.2 (C¢H3). All
other carbon resonances were attributable to a specific isomer. PC{'H} NMR for Isomer
A (34%) (C;Dg 218K): 6 174.0 (NCCMes), 92.1 (CH), 69.5 (ScCH,CMe;), 44.6 (CMes),
40.8 (ScCH,SiMes), 35.9 (ScCH,CMes), 35.2 (ScCH,CMes), 32.2 (CMes), 29.4, 28.1
(CHMe,), 27.2, 26.3, 25.0, 24.1 (CHMe,), 2.9 (ScCH,SiMes). *C{'H} NMR for Isomer
B (66%) (C;Ds, 218K): 6 175.1 (NCCMes), 93.5 (CH), 75.5 (ScCH,CMes), 47.3

(ScCH,SiMe;), 44.3 (CMes), 35.2 (ScCH,CMes), 34.7 (ScCH,CMes), 32.3 (CMes), 28.6,
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28.3 (CHMe), 27.6, 26.0, 25.1, 24.2 (CHMe,), 4.2 (ScCH,SiMe;). Anal. Caled. for

C44H75sNoSiSc: C, 74.95; H, 10.72; N, 3.97. Found: C, 73.10; H, 10.69; N, 3.92.

Synthesis of [ArNCH('‘Bu)CHC('‘Bu)NAr]ScH (2-H):

Ar $BU To an evacuated bomb at -196 °C containing
'Bu N ﬁr
“ ""‘s “““:H"l?""s PN 2-CH,SiMe; (0.150 g, 0.208 mmol) and toluene
C.-l‘ LITTYS
RN 2 .

N N tgy (10 mL) H, was emitted. The bomb was closed

‘Bu Ar /
Ar and gradually warmed to room temperature

whereupon it was allowed to stir for 3 days. The solution was transferred via cannula
into a 100 mL RB flask attached to a swivel frit apparatus and evacuated to dryness.
Hexamethyldisiloxane (5 mL) was added and the reaction mixture sonicated (5 minutes),
cooled to -40 °C (30 minutes) and filtered. Removal of the solvent under reduced
pressure afforded 0.095 mg (0.17 mmol, 83%) of orange powder. 'H NMR (C;Ds) :
0 7.10-6.98 (m, 6H; C¢Hs), 5.78 (d, 1H; CH; Jy.n = 16.7 Hz), 5.68 (d, 1H; CH; Jyn =
16.7 Hz), 2.92 (sp, 4H; CHMe,, Ju.n = 6.9 Hz), 1.34 (s, 9H; NCCMe;3), 1.20 (d, 24H;
CHMe,, Ju.u = 6.9 Hz), 0.72 (s, 9H; NCCMes). “H NMR (C;Hg) : & 5.72, 3.04, 2.91, 1.38,
1.15. BC{'H} NMR: § 172.3 (NCCMe3), 150.5 (Cipso), 147.7, 134.8, 122.9 122.8, 117.4
CeH3), 44.7, 40.4 (CMe3), 35.0 (CMe3), 28.8, 28.5 (CHMe»), 25.6 23.4, 22.3(2) (CHMey,).
Anal. Calcd.: C;35HssN>Sc @ C, 76.60; H, 10.10; N, 5.11. Found: C, 75.94; H, 9.99; N,

4.91.
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Synthesis of k>-[ArNC('Bu)CHC(‘Bu)N-iPr-C¢Hs]ScCH,SiMes (3-CH,SiMes):

4,

To an evacuated flask at -78 °C containing

=N 2-CH,SiMes (0.500 g, 0.693 mmol) hexanes (25 mL)

tBu -"N\-‘SC/CstiMe3 .
, - was condensed. The solution was heated at 85 °C for
Ar
C
H, 90 minutes and solvent removed under vacuum

yielding a red oil. Hexamethyldisiloxane (30 mL) was added, the mixture sonicated (10
minutes) and cooled to =30 °C for 1 hour. The mixture was filtered and solvent removed
to afford small yellow crystals of 3-CH,SiMes (0.251 g, 0.394 mmol, 57%). 'H NMR:
0 7.20-6.94 (m, 6H; C¢Hs), 5.57 (s, 1H; CH), 3.43 (sp, |H; CHMe,, Ju.n = 6.8 Hz), 3.10
(ov m, 2H; CHMe,, CH,CHMe), 2.84 (sp, 1H; CHMe,, Jy.y = 6.8 Hz), 1.48 (d, 3H;
CHMe,, Jun = 6.8 Hz), 1.39 (d, 3H; CHMe,, Ju.y = 6.8 Hz), 1.31 (d, 3H; CHMe,, Jy.u =
6.8 Hz), 1.26 (d, 3H; CHMe,, Ju.u = 6.8 Hz), 1.21 (d, 3H; CHMe,, Jy.u = 6.8 Hz), 1.18 (d,
3H; CHMe,, Jyn = 6.8 Hz), 1.18 (s, 18H; NCCMes), 1.02 (d, 3H; CHMe,, Jy.y = 6.8 Hz),
0.94 (dd, 1H; CH,CHMe, Jun = 12.3, 5.6 Hz), 0.08 (dd, 1H; CH,CHMe, Jy.uy = 12.3,
11.8 Hz), 0.00 (s, 2H; CH,SiMej3), -0.25 (s, 9H; CH,SiMes), -1.08 (d, 1H; CH,CHMe,
Jun = 11.2 Hz), -1.16 (d, 1H; CH,CHMe, Ji.y = 11.2 Hz). "C{'H} NMR: § 174.2,
173.9 (NCCMe3), 147.6 (Cipso), 144.9, 144.7, 142.2, 138.2, 127.7, 125.7, 125.6, 124.9,
123.9, 121.5 (C¢H3, one peak not observed), 99.0 (CH), 45.0 (CH,SiMe;), 43.4, 43.2
(CMes), 39.7 (CH,CHMe), 32.9, 32.2 (CMe3), 28.9, 28.7, 28.4 (CHMe,, one peak not
observed), 26.8, 26.0, 25.7, 25.0, 24.5, 23.1 (CHMe,, one peak not observed), 4.1
(CH,SiMes). Anal. Caled. for CsgHs¢N,ClSc : C, 74.00; H, 10.03; N, 4.43. Found: C,

74.42; H, 10.05; N, 4.47.
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- [ArNC(‘Bu)CHC('Bu)N-iPr-CsHs]ScMe (3-Me):

o, An NMR tube containing 2-Me (0.017 g, 0.022 mmol,

generated in situ) in 0.6 mL dg-toluene was heated in the

.--N-.‘-“‘
"N:’SC/CH3 NMR probe at 335K for 3 hours General experimental
Ar C,I procedure 1 was followed. 'H NMR: & 7.27-6.98 (m, 6H;
H,

CeH3), 5.58 (s, 1H; CH), 3.48 (sp, 1H; CHMe,, Jy.i = 6.8
Hz), 3.12 (ov m 2H; CHMe,, CH,CHMe), 2.89 (sp, 1H; CHMe;, Ji.u = 6.8 Hz), 1.43 (d,
3H; CHMey, Ju = 6.8 Hz), 1.33 (d, 3H; CHMe,, Ju.u = 6.8 Hz), 1.32 (d, 3H; CHMe,,
Jin = 6.8 Hz), 1.31 (d, 3H; CHMey, Juy = 6.8 Hz), 1.27 (d, 3H; CHMe, Jiu = 6.8 Hz),
1.20 (d, 3H; CHMey, Ji = 6.8 Hz), 1.19 (s, 18H; NCCMes), 1.00 (d, 3H; CHMey, Jyn =
6.8 Hz), 0.80 (dd, 1H; CH,CHMe, Jy.iy = 12.0, 5.6 Hz), -0.04 (dd, 1H; CH,CHMe, Jy.i =
12.0, 11.8 Hz), -1.10 (s, 3H; ScMe). “C{'H} NMR: § 174.2, 173.9 (NCCMe3), 147.7,
145.2 (Cipso), 144.9, 141.8, 141.4, 138.1, 127.5, 126.5, 125.9, 124.6, 124.5, 123.3 (CsHs),
98.8 (CH), 43.4, 43.2 (CMes), 39.7 (CH,CHMe), 32.9, 32.2 (CMe3), 29.6, 29.1, 28.9,

28.5 (CHMey), 26.8 (Me), 26.3, 26.1, 26.0, 25.9, 25.2, 24.4, 22.7 (CHMe,).

>-[ArNC('Bu)CHC('Bu)N-iPr-CsH3]ScCH,CHj3 (3-Et):

I,"

A similar procedure to that used for 3-Me was
N followed. 'H NMR: & 7.35-6.86 (m, 6H; C¢Hs), 5.55
’ c5—CH2CHs (s, 1H; CH), 3.45 (sp, 1H; CHMey, Ju.u = 6.8 Hz), 3.14

/

C (ov m, 2H; CHMe,, CH,CHMe), 2.91 (sp, 1H; CHMe,,

Ju-n = 6.8 Hz), 1.46 (d, 3H; CHMe,, Jy.ny = 6.8 Hz),

1.45 (d, 3H; CHMe, Juy = 6.8 Hz), 1.32 (d, 3H; CHMe,, Iy = 6.8 Hz), 1.31 (d, 3H;
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CHMe,, Jyn = 6.8 Hz), 1.26 (d, 3H; CHMe,, Juy = 6.8 Hz), 1.19 (d, 3H; CHMey, Jyn =
6.8 Hz), 1.18 (s, 18H; NCCMe3), 1.03 (d, 3H; CHMe,, Jun = 6.8 Hz), 0.88 (dd, 1H;
CH,CHMe, Juy = 12.0, 5.6 Hz), 0.63 (t, 3H; CH,CHs, Jun = 8.2 Hz), 0.21 (dd, 1H;
CH,CHMe, Juy = 12.0, 11.8 Hz), -0.64 (d, 1H; CH,CHs, Jui = 8.2 Hz), -0.62 (d, 1H;
CH,CH3, Jun = 8.2 Hz). “C{'H} NMR: § 174.1, 173.8 (NCCMe;), 147.8, 145.2 (Cipso)s
144.7, 142.2, 141.7, 139.7, 127.5, 126.8, 125.6, 125.3, 124.7, 123.3 (CsHs), 98.7 (CH),
43.4, 43.2 (CMe3), 40.0 (CH,CH3), 39.7 (CH,CHMe), 32.9, 32.3 (CMe;), 29.0, 28.9,

28.6, 28.5, 26.3, 26.2, 26.0, 25.9, 25.2, 24.4, 22.8 (CHMe,), 12.2 (CH,CH3).

>-[ArNC('Bu)CHC('Bu)N-iPr-CsHs]ScCH,Ph (3-CH,Ph):

4, 0,

A similar procedure to that used for 3-Me was followed.

N 'H NMR: § 7.27-6.84 (m, 11H; Ce¢Hs, Ph), 5.58 (s, 1H;

By -"N\*"s,cf"CHZPh CH), 3.13 (sp, 1H; CHMey, Jun = 6.8 Hz), 3.11 (ov m, 2H;
Ar
. CHMe,, CH,CHMe), 2.92 (sp, 1H; CHMes, Jy.i = 6.8 Hz),

2.12 (s, 2H; CH,Ph) 1.39 (d, 3H; CHMe,, Ju.u = 6.8 Hz),
1.37 (d, 3H; CHMe,, Jun = 6.8 Hz), 1.31 (d, 3H; CHMey, Jupy = 6.8 Hz), 1.25 (d, 3H;
CHMe,, Jyn = 6.8 Hz), 1.24 (d, 3H; CHMe,, Jiy = 6.8 Hz), 1.22 (d, 3H; CHMey, Jyp =
6.8 Hz), 1.21 (d, 3H; CHMe,, Jupy = 6.8 Hz), 1.07 (s, 18H; NCCMes), 0.89 (dd, 1H;
CH,CHMe, Juy = 12.1, 5.6 Hz), 0.07 (dd, 1H; CH,CHMe, Juy = 122, 11.8 Hz).
PC{'H} NMR: § 175.4, 173.8 (NCCMe;), 149.1, 146.6, 145.4 (Cipo), 143.7, 142.2,
141.7, 140.8, 129.7, 129.1, 128.9, 128.7, 127.0, 126.2, 125.6, 125.0, 123.7, 120.0, 119.5

(CeHs, CH,Ph), 99.4 (CH), 43.4, 43.2 (CMes), 39.7 (CH,CHMe), 32.9, 32.3 (CMes),
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29.0, 28.9, 28.7, 28.6, 26.8, 26.2, 26.0, 25.7, 25.2, 24.5, 23.6 (CHMe,), (ScCH,Ph not

observed).

> [ArNC('Bu)CHC('Bu)N-iPr-CsHs]ScCH,CMej; (3-CH,CMes):

4,

A similar procedure to that used for 3-Me was

N followed. '"H NMR: § 7.34-6.96 (m, 6H; C¢Hs), 5.56
=N LocH,em
“Sc7n, 2o (s, 1H; CH), 3.50 (sp, 1H; CHMe,, Ju.ii = 6.8 Hz), 3.20
Ar
C
H, (ov m, 2H; CHMe,, CH,CHMe), 2.89 (sp, 1H; CHMe,,

Jin = 6.8 Hz), 1.56 (d, 3H; CHMe,, Jui = 6.8 Hz), 1.48 (d, 3H; CHMe,, Juy = 6.8 Hz),
1.34 (d, 3H; CHMe,, Jun = 6.8 Hz), 1.33 (d, 3H; CHMe,, Juy = 6.8 Hz), 1.27 (d, 3H;
CHMe,, Jun = 6.8 Hz), 1.18 (d, 3H; CHMe,, Juy = 6.8 Hz), 1.17 (s, 18H; NCCMes),
1.11 (d, 3H; CHMey, Juu = 6.8 Hz), 0.77 (s, 9H; CH,CMes), 0.19 (dd, 1H; CH,CHMe,
Jun = 11.8 Hz, 1 CH,CHMe not observed), -0.43 (d, 1H; CH,CMes, Jy.y = 12.6 Hz),
-0.55 (d, 1H; CH,CMes, Ju = 12.6 Hz). “C{'H} NMR: § 174.0, 173.8 (NCCMe3),
147.7, 144.8 (Cipso), 144.7, 142.3, 141.3, 138.7, 127.6, 126.7, 125.6, 125.0, 123.8, 123.7
(CsH3), 98.8 (CH), 70.8 (CH,CMes) 43.4, 432 (CMes), 39.8 (CH,CHMe), 35.7
(CH,CMes), 34.6 (CH,CMe3), 33.1, 32.6 (CMe3), 28.9, 28.8, 28.5, 26.5, 26.1, 26.0, 25.8,

25.7,25.2,24.6,21.9 (CHMe,).
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6.3  Experimental Procedures Pertaining to Chapter 3

6.3.1 Synthetic Procedures

Synthesis of [ArNC('Bu)CHC('Bu)NAr]ScMe(u-H),B(CsFs),) (4-Me):

'BU s, N,“\\Af 2-Me (0.135 g, 0.233 mmol) and HB(C¢F5), (0.160
TR Ar
N/ g, 0.466 mmol) were dissolved in THF (15 mL) and
tB u \-‘SC (\ Y H n,

stirred for 15 minutes whereupon solvent was
removed under vacuum to give an oily yellow solid.
Hexanes (20 mL) were added and the reaction mixture filtered. The solvent was removed
in vacuo to give 4-Me as a yellow solid which was recrystallized from hexanes. (0.112 g,
0.123 mmol, 53%). 'H NMR (C;Ds, 285K): & 7.14-6.81 (ov m, 6H; C¢Hs), 5.49 (s, 1H;
CH), 3.46 (sp, 2H; CHMe,, Jy.u = 6.4 Hz), 2.77 (q, 2H; Sc(u-H),B(C¢Fs)s, 'Jnp = 69
Hz), 2.61 (sp, 2H; CHMe,, Ju.n = 6.4 Hz), 1.46 (d, 6H; CHMe,, Ju.n = 6.4 Hz), 1.38 (d,
6H; CHMe,, Jy.u = 6.4 Hz), 1.10 (d, 6H; CHMe,, Ju.n = 6.4 Hz), 0.98 (d, 6H; CHMe,,
Jin= 6.4 Hz), 0.87 (s, 18H; NCCMes), 0.18 (ScMe). “C{'H} NMR (C;Ds, 285K, C¢Fs
resonances not reported): & 173.9 (NCCMe3), 142.4 (Cipso), 140.1, 139.4, 126.3, 124.2,
123.6, (C¢Hs), 87.8 (CH), 43.9 (CMe3), 32.3 (CHMey), 31.0 (CMe3), 28.1 (CHMe,), 26.1,
25.9,24.2, 23.7 (CHMe,), (ScMe not observed). '’F NMR (C;Ds): § -131.2 (0-F), -157.5
(p-F), -163.7 (m-F). "B NMR (d®-THF): & -10.9 (t, 1B; 'Jg.y= 69 Hz). Anal. Calcd. for

C43HssN-BFoSc: C, 63.45; H, 6.43; N, 3.08. Found: C, 63.15; H, 6.29; N, 2.96.
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Synthesis of [ArNC('Bu)CHC('Bu)NAr]ScCH,SiMes(pu-H),B(CsFs),) (4-CH,SiMes):

B U AT An NMR tube was charged with 2-CH,SiMe;
"N
: < Ar
N/ (0.021 g, 0.029 mmol) and HB(C¢Fs), (0.20 g,
tBl.,l \-‘SC.““H'",

\ \H’B(CGFS)2 0.058 mmol) in 0.5 mL dg-toluene. The tube was

CH,SiMe; |
shaken and the allowed to sit for 15 minutes. H

NMR (CgDe): & 7.12-6.89 (ov m, 6H; CsHs), 5.50 (s, 1H; CH), 3.46 (sp, 2H; CHMe,, Ju.n
= 6.4 Hz), 2.85 (q, 2H; Sc(u-H),B(C¢Fs)2, 'Jup = 69 Hz), 2.68 (sp, 2H; CHMe,, Jy.u =
6.4 Hz), 1.50 (d, 6H; CHMe,, Ju.u= 6.4 Hz), 1.37 (d, 6H; CHMe,, Juu= 6.4 Hz), 1.17 (d,
6H; CHMe,, Ju.u= 6.4 Hz), 1.14 (d, 6H; CHMe,, Jy.u = 6.4 Hz), 0.87 (s, 18H; NCCMes),
-0.07 (s, 2H; ScCH,SiMe3), -0.38 (s, 9H; ScCH,SiMes). C{'H} NMR (C¢Ds, CoFs
resonances not reported): & 175.0 (NCCMes), 143.3 (Cipso), 141.7, 140.9, 127.2, 124.9,
124.6, (CsH3), 87.8 (CH), 44.6 (CMes), 31.6 (CMe3), 31.1 (CHMey,), 28.5 (CHMe,), 26.9,
26.5, 24.4, 24.3 (CHMe,), 2.2 (ScCH,SiMe;), (ScCH,SiMe; not observed) . °F NMR
(C7Dg): & -131.2 (0-F), -157.5 (p-F), -163.7 (m-F). ’F NMR (C¢D¢): &-130.1 (0-F),

-157.8 (p-F), -163.7 (m-F). "B{'H} NMR (C¢Dy): 5 -19.4 (t, 1B; 'Jg.;= 69 Hz).

Synthesis of [ArNC('Bu)CHC('Bu)NAr]Sc((u-H)2B(CsFs)2)2 (4-H2B(CsFs)2):
Bun, AT A 50 mL flask equipped with 2-Me (0.058 g, 0.10
mmol) and HB(C¢Fs), (0.140 g, 0.40 mmol) was
H\“"S\C‘\H".B(CGFS)Z . ‘ .
S attached to a swivel frit apparatus. The entire
(CeFs)2B™
assemblage was evacuated, and toluene (30 mL) was

vacuum distilled into the flask. After warming to room temperature, the reaction mixture

was stirred for another 30 minutes, filtered and solvent removed under vacuum to afford
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a yellow powder. Hexanes (15 mL) were added and the reaction mixture was sonicated.
The volume was reduced to 5 mL, cooled to —78 °C for 30 minutes, and back filtered.
The solvent was removed in vacuo to afford 4-H,;B(CgFs), as a light yellow powder.
(0.089 g, 0.072 mmol, 72%). 'H NMR (C¢Ds): 6 6.99 (t, 2H; CeHs, Juu= 7.7 Hz), 6.87-
6.83 (ov m, 4H; CcH3), 5.55 (s, 1H; CH), 3.08 (sp, 2H; CHMe,, Jy.z = 6.4 Hz), 2.52 (sp,
2H; CHMe,, Juy = 6.4 Hz), 2.48 (q, 4H; Sc((u-H),B(C4Fs))2, 'Jus = 67 Hz), 1.34 (d,
6H; CHMe;,, Jy.u = 6.4 Hz), 1.13 (d, 6H; CHMe,, Jyuy = 6.4 Hz), 1.04 (d, 6H; CHMe,,
Jin = 6.4 Hz), 1.00 (d, 6H; CHMe,, Jy.u = 6.4 Hz), 0.82 (s, 18H; NCCMe;). *C{'H}
NMR (C7Ds, CgFs resonances not reported): & 177.0 (NCCMes), 142.4 (Cips), 141.0,
140.6, 128.3, 125.3, 124.7 (C¢Hs), 82.2 (CH), 45.0 (CMes3), 31.6 (CHMe,), 30.7 (CMe3),
28.7 (CHMe,), 25.8, 25.4, 25.1, 24.6 (CHMe,). "°F NMR (C;Dg): & -127.5, -130.3 (0-F),
-156.6, -156.8 (p-F), -162.3, -163.4 (m-F). "B NMR (C;Dy): & -13.6 (t, 1B; 'Jgu = 67
Hz), -15.5 (t, 1B; 'Jg.y= 67 Hz). Anal. Calcd. for CsoHs;N,ByFaoSc: C, 57.12; H, 4.63;

N, 2.26. Found: C, 56.81; H, 4.55; N, 2.07.

Synthesis of [ArNC('Bu)CHC('Bu)NAr]Sc(u-H)(u-CH,)B(CsFs)) (5):
2-Me (0.350 g, 0.608 mmol) and HB(C¢Fs), (0.210 g,
0.608 mmol) were dissolved in cold (-78 °C) toluene

(30 mL) and gradually warmed to room temperature.

Upon stirring for another 80 minutes, the solvent was
removed to give a reddish foam. Hexamethyldisiloxane (15 mL) was added, the reaction
mixture sonicated (15 minutes), cooled to —35 °C (30 minutes) and filtered. The solvent

was removed to give a yellow powder which was recrystallized from hexanes. (0.250 g,
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0.0276 mmol, 45%). "H NMR (C¢D¢): & 7.11-6.64 (ov m, 6H; C¢H3), 5.75 (s, 1H; CH),
3.19 (sp, 1H; CHMe,, Ju.y = 6.5 Hz), 3.07 (sp, 1H; CHMe;,, Jy.y = 6.5 Hz), 2.95 (q, 4H;
Sc((u-H),B(C6Fs)2)2, 'Jus = 64 Hz), 2.82 (sp, 1H; CHMe,, Jun = 6.5 Hz), 2.55 (sp, 1H;
CHMe,, Jy.n= 6.5 Hz), 1.45 (d, 3H; CHMe,, Ju.n = 6.5 Hz), 1.33 (d, 3H; CHMe,, Jyn=
6.5 Hz), 1.13 (d, 3H; CHMe,, Jy.u = 6.5 Hz), 1.01-0.97 (ov m, 30H; CHMe,, NCCMes),
0.82 (d, 3H; CHMe,, Ju.i = 6.5 Hz), -0.13 (br s, 2H; ScCH,B(C¢Fs),). “C{'H} NMR
(CsDs, CgFs resonances not reported, SCCH; not observed): & 174.8, 174.5 (NCCMe;3),
145.5, 143.9 (Cipso), 143.4, 137.6, 136.9, 135.3, 129.3, 128.5, 126.0, 125.7, 124.0, 122.5
(CeHs), 101.3 (CH), 429, 39.3 (CMe3), 32.1, 31.5 (CMe3), 31.2, 29.2, 28.4, 27.8
(CHMe,), 25.1, 25.0, 24.8, 24.4 (2), 24.2, 23.4 (2) (CHMe,). ”F NMR (C;Ds, 230K): &
-131.0 (0-F), -158.3 (p-F), -162.6 (m-F). "B NMR (C7Dy): §-21.0 (d, 1B; 'Jp.y = 64
Hz). Anal. Calcd. for C4sHseN,BFoSc: C, 63.59; H, 6.23; N, 3.09. Found: C, 63.97; H,

6.19; N, 2.94.

Synthesis of {[ArNC(Me)CHC(Me)NAr]ScMe} [MeB(CsFs)s] (7-Me)  and
{[ArNC(Me)CHC(Me)NAr]ScCeF5}+[MeB(C6F5)3]' (7-C6F5):
An NMR tube was charged with 1-Me (0.010 g,

0.020 mmol) and B(CgFs)3 (0.023 g, 0.020 mmol)

to which cold (-35 °C) C¢DsBr (0.5 mL) was
added. Upon mixing, the tube was inserted in the
NMR probe at —35 °C and slowly warmed to —23 °C. "H NMR (C¢DsBr, 250K): & 7.20-
6.79 (ov m, 6H; C¢H3), 5.19 (s, 1H; CH), 3.36 (br m, 2H; CHMe;), 2.14 (br, 2H m;

CHMe;), 1.69 (br s, 3H; BMe), 1.56 (s, 6H; NCMe), 1.16-0.74 (ov m, 24H; CHMe,),
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0.52 (s, 3H; ScMe). '"F NMR (C¢DsBr, 250K): & -134.3 (0-F), -159.4 (p-F), -163.6
(m-F). ""B{'"H} NMR (C¢DsBr, 250K): & -16.8 (br s).

The NMR tube was gradually warmed to RT
© generating 7-CgFs from rapid CeFs transfer and

B(CgFs)3
loss of free MeB(C¢Fs),. 'H NMR (C¢DsBr):

0 7.16-7.05 (ov m, 6H; C¢H3), 5.69 (s, 1H; CH),
2.53 (br m, 4H; CHMe,), 1.75 (s, 6H; NCMe), 1.27 (br s, 3H; BMe), 1.03-0.85 (ov m,
24H; CHMe,). "”F NMR (C¢DsBr, 250K): & Isomer 1 (70%): -117.1, -123.0 (2F; ScCeFs,
0-F), -133.2 (6F; Me-B(C¢Fs)s, 0-F), -150.2 (1F; ScCeFs, p-F), -159.3 (3F; Me-B(C¢Fs)s,
p-F), -163.8 (6F; Me-B(C¢Fs)3, m-F), -167.1 (2F; ScC¢Fs, m-F). Isomer 2 (30%): -125.1
(2F; ScC¢Fs, 0-F), -134.5 (6F; Me-B(C¢Fs)3, 0-F), -150.9 (1F; ScC¢Fs, p-F), -159.6 (3F;
Me-B(C¢Fs)3, p-F), -164.7 (6F; Me-B(C¢Fs)s, m-F), -167.1 (2F; ScC¢Fs, m-F). "B{'H}
NMR (C¢DsBr): 0 -15.2 (br s). The instability of these compounds made it impossible to
acquire >C NMR spectra as further decomposition occurs over the timeframe required to
collect the necessary data. Upon cooling the tube to —35 °C and layering with 1 mL of

hexanes, yellow crystals suitable for X-ray diffraction were obtained after 2 weeks.

Synthesis of {{ArNC('Bu)CHC('Bu)NAr]ScMe}* [MeB(CsFs)s] (10-Me):
A 25 mL vial was charged with 2-Me (0.160 g,

0.277 mmol) and hexane (9 mL). In a separate vial

B(C¢Fs); (0.142 g, 0.277 mmol) was dissolved in
F hexane (13 mL). The B(C¢Fs)s solution was added

dropwise to the clear yellow 2-Me solution causing
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immediate formation of a pale yellow precipitate. The solution was cooled to —35 °C for
24 hours, upon which the supernatant was removed and the pale yellow crystalline solid
was dried in vacuo to afford pure 10-Me (0.286 g, 0.263 mmol, 95%). 'H NMR for
Isomer A (213K): & 7.11-6.69 (m, 6H; C¢Hs), 5.85 (s, 1H; CH), 3.31 (sp, 2H; CHMe,,
nu= 6.6 Hz), 2.21 (sp, 2H; CHMe,, Ju.u = 6.6 Hz), 1.28 (d, 6H; CHMe,, Jiu.n = 6.6 Hz),
1.20 (d, 6H; CHMe,, Jy.n = 6.6 Hz), 1.10 (br s, 3H; BMe), 1.02 (d, 6H; CHMe,, Jy.n =
6.6 Hz), 0.98 (s, 18H; NCCMe;) 0.97 (d, 6H; CHMe,, Jy.n= 6.6 Hz), 0.24 (s, 3H; ScMe).
"H NMR for Isomer B (213K): § 7.11-6.69 (m, 6H; C¢Hs), 5.53 (s, 1H; CH), 2.81 (sp,
2H; CHMey, Ju.u = 6.6 Hz), 2.38 (sp, 2H; CHMe,, Jy.n = 6.6 Hz), 1.73 (br s, 3H, BMe),
1.28 (d, 6H; CHMe,, Ju.n = 6.6 Hz), 1.25 (d, 6H; CHMe,, Ju.n = 6.6 Hz), 1.02 (d, 6H;
CHMe,, Jyn = 6.6 Hz), 0.97 (d, 6H; CHMe,, Jy.n = 6.6 Hz), 0.72 (s, 18H; NCCMes),
0.47 (s, 3H; ScMe). Complete assignment of the “C{'H} NMR spectrum was not
possible and such data is reported by carbon type: & 141.7, 140.6 (Ciys), 140.0, 139.8,
139.5, 139.4, 125.6, 124.7, 124.6, 124.2, 125.5 (C¢H3, one peak not observed). All other
carbon resonances were attributable to a specific isomer. C{'H} NMR for Isomer A
(213K; C¢Fs resonances not reported): 6 173.9 (NCCMes), 90.1 (CH), 45.0 (CMe;3), 34.0
(ScMe) 31.3 (CMes), 299, 28.4 (CHMe,), 25.7, 23.9, 23.7 (CHMe,, one peak not
observed), (BMe not observed). “C{'H} NMR for Isomer B (213K; C¢Fs resonances not
reported): 6 174.5 (NCCMes), 88.0 (CH), 45.8 (ScMe), 43.8 (CMe;3), 32.0 (CHMe,), 30.5
(CMey), 28.2 (CHMe,), 27.9 (BMe), 25.6, 23.9, 23.7 (CHMe,, one peak not observed).
F NMR for Isomer A (213K): & -132.6 (0-F), -159.0 (p-F), -162.8 (m-F). "’F NMR for

Isomer B (213K): & -133.1 (0-F), -158.5 (p-F), -163.4 (m-F). ""B{'"H} NMR for Isomers
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A & B: 5 -16.6 (br s). Anal. Calcd. for CssHsoN>BF5Sc : C, 60.67; H, 5.46; N, 2.57.

Found : C, 60.80; H, 5.71; N, 2.47.

Synthesis of {{ArNC('Bu)CHC('Bu)NAr]ScCDs} [H3CB(CsFs)s] (d3-10-Me):

§
c©

B(CgFs)2

ds-2-Me (0.0070 g, 0.012 mmol) and 10 (0.019 g,

0.012 mmol) were dissolved in 0.5 mL cold (-78

°C) dg-toluene. The '"H NMR spectrum matched

10-Me exception no resonances were observed for

the ScMe groups (even after several hours at room

temperature). “H NMR (C7Hs, 215K) Isomer A : & 0.26. Isomer B : 0.50.

Synthesis of {{ArNC('Bu)CHC('Bu)NAr]ScMe;(n-Me)} [MeB(CesFs)s] (9):

tBU n,, v |
=N
‘Bu
\Ar

to warm to 285K.

AF\N_"::*tBu

HoC  HH ard
\ I 2N

.Sc--C--Sc
\

CHj;

‘Bu

®

[HBCB(CGFS)B]@

Preparation 1: 10-Me (0.011 g, 0.010 mmol)
and 2-Me (0.0060 g, 0.010 mmol) were
placed in an NMR tube. The tube was cooled
to -30 °C, 0.5 mL of cold C¢DsBr (-30 °C)

was added and the sample was slowly allowed

Preparation 2: 2-Me (0.012 g, 0.020 mmol) and B(CsFs); (0.0050 g, 0.010 mmol) were

placed in an NMR tube. The tube was cooled to -30 °C, 0.5 mL of cold CsDsBr (-30 °C)

was added and the sample was slowly allowed to warm to 285K. 'H NMR (285K,

Ce¢DsBr): 6 7.12-6.91 (m, 12H; CeHs), 5.82 (s, 2H; CH), 2.87 (br m, 4H; CHMe,), 2.43

(br m, 4H; CHMey,), 1.27 (br m, 12H; CHMe;), 1.20 (br m, 12H; CHMe;), 1.08 (br m,
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24H; CHMe,), 0.98 (s, 36H; NCCMes) 0.10 (s, 3H; ScMeSc), -0.29 (s, 6H; ScMe).
13 C{IH} NMR (C¢DsBr, 250K, CgFs resonances not reported): 6 173.4 (NCCMes), 142.7
(Cipso), 140.7, 124.7, 123.7 (CeHs), 91.9 (CH), 44.2 (CMe3), 35.6 (ScMeSc ey = 132.1
Hz), 29.4 (CHMe,), 27.7 (SeMe, Jc.y = 100.6 Hz), 27.1 (CHMe,), 24.2, 24.1, 24.0, 23.5
(CHMe,). "F NMR (C¢DsBr): §-133.3 (0-F), -165.1 (p-F), -167.5 (m-F). '"B{'H}

NMR (C¢DsBr): § -15.0.

Synthesis of {{ArNC('Bu)CHC('Bu)NAr]ScCH,SiMe,;CH,SiMe;} [MeB(CeFs)s]

(10-CH,SiMe;CH,SiMes):

2-CH,SiMe; (0.050 g, 0.069 mmol) was
dissolved in 5 mL of hexane. In a separate vial
B(C¢Fs); (0.036 g, 0.069 mmol) was dissolved

in hexane (7 mL). The B(C¢Fs); solution was

added dropwise to the clear yellow
2-CH,SiMe; solution causing immediate formation of a pale yellow precipitate. The
solution was cooled to —35 °C for 24 hours, upon which the supernatant was removed and
the remaining residue dried in vacuo to afford pure 10-CH,SiMe,CH,SiMe; as a pale
yellow solid. (0.058 g, 0.047 mmol, 68%). "H NMR (215K): & 6.96-6.74 (m, 6H; C¢Hs),
5.52 (s, 1H; CH), 2.92 (sp, 2H; CHMe,, Ju.n = 6.3 Hz), 2.47 (sp, 2H; CHMe,, Jyu= 6.3
Hz), 1.51 (br s, 3H, BMe), 1.37 (d, 6H; CHMe,, Jy.y= 6.3 Hz), 1.21 (d, 6H; CHMe,, Jy.n
= 6.3 Hz), 1.16 (s, 2H; CH,SiMe,CH,SiMes), 1.05 (d, 6H; CHMe,, Jyn = 6.3 Hz), 0.96
(d, 6H; CHMe,, Jyun = 63 Hz), 0.74 (s, 18H; NCCMes), 0.02 (s, 9H;

CH,SiMe,CH,SiMe;), -0.20 (s, ©6H; CH,SiMe,CH,SiMe;) -0.73 (s, 2H;
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CH,SiMe,CH,SiMe3). 13C{IH} NMR (215K; C¢Fs resonances not reported): o 175.4
(NCCMej3), 142.0 (Cipso), 139.9, 127.4, 124.6 (C¢H3), 88.0 (CH), 73.2 (ScCH,), 44.3
(CMes), 31.0 (CHMe,), 30.9 (CMes), 28.5 (CHMe»), 26.6, 25.6, 24.3, 23.9 (CHMe,), 5.9
(CH,SiMe,CH,SiMes), 3.0 (CH,SiMe,CH,SiMes), 1.5 (CH,SiMe,CH,SiMe;). "F
NMR: & -133.4 (0-F), -160.4 (p-F), -165.0 (m-F). ""B{'H} NMR: & -15.2 (br s). Anal.
Calcd. for C43H75N,Si,BF;5S¢ : C, 59.41; H, 6.13; N, 2.27. Found : C, 59.78; H, 6.11; N,

2.37.

Synthesis of {{ArNC('Bu)CHC('Bu)NAr]ScCH,SiMe,CH,CMe;}{MeB(CgFs)3}
(10-CH28| MGQCH2CM93):

Bu, AT A 25 mL vial was charged with

: < Ar
S N< ! 2-CH,SiMes(CH,CMes) (0.050 g, 0.071 mmol)
Bu nooascT TR _CHy
\ saH /S-l__ cMe, and hexanes (8 mL). In a separate vial B(C¢Fs);
©/7 TH HiC CHj
CGF5'",'B\ (0.036 g, 0.071 mmol) was dissolved in hexanes
CeFs CoFs

(4 mL). The scandium solution was added
dropwise to the colourless B(CgFs); solution. The solution was cooled to —35 °C for 18
hours, upon which the supernatant was decanted and the yellow crystalline solid was
dried in vacuo to afford pure 10-CH,SiMe,CH,CMe; (0.047 g, 0.039 mmol, 55%). 'H
NMR (C;Ds; 233K): 6 6.95 (t, 2H; C¢Hs, Ju.n = 7.8 Hz), 6.79 (d, 2H; Ce¢Hs, Jun= 7.8
Hz), 6.75 (d, 2H; C¢H3, Ju.yu= 7.8 Hz), 5.54 (s, 1H; CH), 2.91 (sp, 2H; CHMe,, Jy.u= 6.6
Hz), 2.41 (sp, 2H; CHMe,, Jy.u = 6.6 Hz), 1.48 (br s, 3H, BMe), 1.35-1.03 (br ov m,
24H; CHMe;), 1.03 (br s, 2H; ScCH,SiMe,CH,CMe3), 090 (s, 9H;

ScCH,SiMe,CH,CMes), 0.75 (s, 18H; NCCMes), 0.28 (s, 2H; ScCH,SiMe,CH,CMes),
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-0.19 (s, 6H; ScCH,SiMe,CH,CMe;). “C{'H} NMR (C;Ds, 233K; CF resonances not
reported): 5 175.4 (NCCMes), 142.2 (Cipso), 140.0, 139.9, 129.1, 124.9, 124.5 (C¢Hs),
88.0 (CH), 72.1 (br s, ScCH,SiMe,CH,CMes) 442  (CMes), 35.3
(ScCH,SiMe,CH,CMe;), 34.8 (ScCH,SiMe,CH,CMe3), 33.3 (ScCH,SiMe,CH,CMes),
322 (CMes), 312, 284 (CHMey), 26.7, 254, 243, 238 (CH(Me)), 2.6
(ScCH,SiMe,CH,CMes), (BMe not found). '°F NMR (C;Ds, 203K) : & -132.4 (6F; 0-F),
-158.3 (3F; p-F), -163.3 (6F; m-F). ""B{'H} NMR (C;Ds, 240K) : & -15.2(br s). Anal.
Caled. for Ce;H7sN,SiBFsSc : C, 61.18; H, 6.21; N, 2.30. Found : C, 59.79; H, 6.38; N,

2.32.

Synthesis of {{ArNC(‘Bu)CHC('Bu)NAr]ScCH,SiMes}{Hs;CB(CgFs)s}

(10-CH,SiMe):

A 1 dram vial was charged with 2-Me(CH,SiMe3) (0.035
g, 0.054 mmol) and hexane (1.5 mL). In a separate vial
B(CsF5); (0.028 g, 0.054 mmol) was dissolved in hexane

(3.5 mL). The scandium solution was added dropwise to

the B(C¢Fs); solution causing immediate precipitation of
a fine yellow powder. The solution was cooled to —35 °C for 24 hours, upon which the
supernatant was removed and the yellow powder dried in vacuo to afford pure
10-CH,SiMes (0.021 g, 0.018 mmol, 33%). 'H NMR (C;Ds; 210K): & 6.95 (t, 2H; CsHs,
Jun= 7.5 Hz), 6.73 (d, 2H; C¢Hs, Ju.u= 7.5 Hz), 6.68 (d, 2H; C¢Hs, Ju.u= 7.5 Hz), 5.49
(s, IH; CH), 2.96 (sp, 2H; CHMe,, Juu = 6.6 Hz), 2.41 (sp, 2H; CHMe,, Juu = 6.6 Hz),

1.56 (br s, 3H, BMe), 1.34 (d, 6H; CHMe,, Ji.i= 6.6 Hz), 1.24 (d, 6H; CHMe,, Jip.i= 6.6
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Hz), 1.14 (br s, 2H; ScCH,SiMe3), 1.01 (d, 6H; CHMe,, Juy = 6.6 Hz), 0.95 (d, 6H;
CHMe,, Jyi = 6.6 Hz), 0.69 (s, 18H; NCCMes;), —0.18 (s, 6H; ScCH,SiMe;). *C{'H}
NMR (C;Ds, 210K; CgFs resonances not reported): 8 175.1 (NCCMes), 142.0 (Cipso),
139.7, 139.6, 129.5, 128.8, 128.2 (C¢Hs), 88.6 (CH), 44.0 (CMes), 31.0 (CMes), 30.7,
30.6 (CHMe;), 25.4, 24.3, 23.8, 23.4 (CHMe,), 2.0 (ScCH,SiMes), (ScCH,SiMes;, BMe
not found). "”F NMR (C-Ds) : & -132.2 (6F; 0-F), -159.5 (3F; p-F), -163.9 (6F; m-F).

"B{'H} NMR (C;Dg, 210K) : 5 -15.3 (br s).

Synthesis of {{ArNC('Bu)CHC('Bu)NAr]ScCH,SiMesz}{DsCB(CsFs)s}

(d3-10-CH28i Me3):

'‘Bu,,, N"“\Ar An NMR tube was charged with B(CgFs); (0.012 g,
T2 Ar

N/ ® 0.023 mmol) and 0.3 mL C;Dg. The tube was cooled to

tBU \-‘SC/CH\Z

D\C,;":D SiMe; —78 °C and d3-2-Me(CH,SiMes) (0.015 g, 0.023 mmol)
Sy

CeFs5" B in 0.3 mL C;Dg was added dropwise. The tube was
coF! CoFs

slowly warmed to room temperature then placed in the
NMR probe at 210K. The 'H NMR spectrum matched 10-Me(CH,SiMes) with the
exception that no resonances were observed for the MeB(CeFs);. “H NMR

(C;Hz, 210K) : & (s, 1.56).

Synthesis of {{ArNC('Bu)CHC('Bu)NAr]Sc} [MeB(CsFs)s],” (10-MeB(CgFs)s):
Preparation 1: Toluene (30 mL) was condensed into an evacuated flask containing 2-Me

(0.150 g, 0.260 mmol) and B(C¢Fs); (0.270 g, 0.520 mmol) at —78 °C. The yellow
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solution was warmed gradually to room
temperature and then solvent removed to afford

10-MeB(C¢Fs); as a fine yellow powder which was

recrystallized from toluene (0.270 g, 0.170 mmol,

65%).

Preparation 2: 10-Me (0.013 g, 0.011 mmol) and B(C¢F5); (0.0060 g,0.011 mmol) were
dissolved in dg-toluene (0.4 mL) in an NMR tube at —78 °C. The tube was gradually
warmed to —30 °C upon which analysis by '"H NMR spectroscopy showed only the
presence of 10-MeB(CgFs)s. '"H NMR (225K) : 6 7.02 (m, 2H; CsH3), 6.59 (d, 2H; CeH3,
Jun= 6.9 Hz), 6.46 (d, 2H; C¢H3, Ju.u= 6.9 Hz), 5.85 (s, 1H; CH), 2.01 (sp, 4H; CHMe,,
Jun = 6.9 Hz), 1.92 (br s, 3H; BMe), 1.55 (br s, 3H; BMe) 1.13 (d, 6H; CHMe,, Jy.y =
6.9 Hz), 0.92 (d, 6H; CHMe,, Ji.u= 6.9 Hz), 0.87 (d, 6H; CHMe,, Ju.n= 6.9 Hz), 0.78 (d,
6H; CHMe,, Jip = 6.9 Hz), 0.64 (s, 18H; NCCMes). C{'H} NMR (C¢Fs resonances
not reported): 8 175.1 (NCCMe3), 140.7 (Cipso), 138.7, 137.7, 129.1, 124.9, 124.6 (CsH3),
84.2 (CH), 44.8 (CMes), 37.7 (BMe), 30.1 (CMes), 32.9, 28.9 (CHMe,), 30.6 (CHMe,),
26.2, (BMe), 25.3, 24.4, 24.0 (CHMe,). "”F NMR: § -132.1, -132.4 (0-F), -157.3, -157.6
(p-F), -161.6, -163.1 (m-F). '"B{'H} NMR: §-14.5, -15.9. Anal. Calcd. for

C73HsoN2BoF30Sc : C, 54.77; H, 3.71; N, 1.75. Found : C, 54.99; H, 3.66; N, 1.94.

Synthesis of {{ArNC('Bu)CHC('Bu)NAr]ScMe}XMeB(CgFs)(C12Fs)} (11-Me):
A 25 mL vial was charged with 2-Me (0.050 g, 0.087 mmol) and hexanes (3 mL). In a

separate vial (C¢Fs)B(Cj2Fsg) (0.041g, 0.087mmol) was dissolved in hexanes (1 mL). The
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scandium solution was added dropwise to the clear
yellow (CeFs)B(Ci2Fs) solution causing immediate

formation of a pale yellow precipitate. The solution

was cooled to —35 °C for 24 hours, upon which the
supernatant was removed and the pale yellow crystalline solid dried in vacuo to afford
pure 11-Me (0.082 g, 0.078 mmol, 90%). "H NMR for Isomer A (39%) (C;Ds, 215K):
0 7.15-6.61 (m, 6H; C¢Hs), 5.64 (s, 1H; CH), 3.20 (sp, 2H; CHMe,, Jyn = 6.4 Hz), 1.85
(sp, 2H; CHMe,, Ju.n = 6.4 Hz), 1.21 (d, 6H; CHMe,, Jyn = 6.4 Hz), 0.95 (d, 6H;
CHMe,, Jun = 6.4 Hz), 0.81 (s, 18H; NCCMe;s), 0.78 (d, 6H; CHMe,, Jun = 6.4 Hz),
0.52 (d, 6H; CHMe,, Jy.u = 6.4 Hz), 0.24 (s, 3H; ScMe), (BMe not observed). "H NMR
for Isomer B (61%) (CsDs, 215K): 6 7.15-6.61 (m, 6H; CcH3), 5.35 (s, 1H; CH), 2.83 (sp,
2H; CHMe,, Jun = 6.4 Hz), 2.39 (sp, 2H; CHMe,, Jy.u = 6.4 Hz), 1.52 (d, 6H; CHMe,,
Jun = 6.4 Hz), 1.43 (br s, 3H, BMe), 1.34 (d, 6H; CHMe,, Jy.u = 6.4 Hz), 1.21 (d, 6H;
CHMe,, Jyn = 6.4 Hz), 0.89 (d, 6H; CHMe,, Jy.n = 6.4 Hz), 0.67 (s, 18H; NCCMes),
0.36 (s, 3H; ScMe). Complete assignment of the “C{'H} NMR spectrum was not
possible and such data is reported by carbon type: & 141.2, 140.4 (Cips), 139.6, 139.3,
138.9, 138.7, 129.2, 128.3, 127.3, 125.5, 124.4, 1243 (C¢Hs). All other carbon
resonances were attributable to a specific isomer. C{'H} NMR for Isomer A (39%)
(C;Dg, 215K; fluorene resonances not reported): 6 173.5 (NCCMe;s), 87.1 (CH), 44.8
(CMes), 34.1 (ScMe), 31.9 (CHMe,, 30.8 (CMe3), 30.6, 27.2 (CHMe,), 24.1, 23.2, 22.9
(CHMe;), (BMe not observed). “C{'H} NMR for Isomer B (61%) (C-Ds, 215K; CF
resonances not reported): & 174.2 (NCCMes), 87.0 (CH), 45.2 (ScMe), 44.0 (CMes), 32.2

(CHMe;), 30.7 (CHMe,), 30.5 (CMes), 28.6 (CHMey), 28.2 (CHMey), 26.0 (BMe), 25.4,
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23.3 (CHMe,). ""F NMR for Isomer A (39%) (C;Ds, 245K): & -133.4 (2F; 0-F), -134.8,
-136.6, 156.7, -158.2 (8F; C,Fg), -158.8 (1F; p-F), -163.6 (2F; m-F). ""F NMR for
Isomer B (61%) (C;Ds, 245K): 6 -132.0 (2F; 0-F), -133.4, -137.7, -157.2 (2 overlapping
signals) (8F; C5Fs), -158.8 (1F; p-F), -163.3 (2F; m-F). ""B{'H} NMR for Isomers A &
B: 6 -14.9. Anal. Calcd. for CssHsoN,BF3Sc: C, 62.86; H, 5.66; N, 2.66. Found: C,

63.31; H, 6.16; N, 2.45.

Synthesis of {{ArNC('Bu)CHC('Bu)NAr]ScCH,SiMe,CH,SiMes}{MeB(CsFs)(C1:Fs)}
(11-CH,SiMe,CH,SiMe3):

By, o A 25 mL vial was charged with
TR Ar

By "-N\-"‘S(?/CHZSiMEZCHZSiMeS 2-CH,SiMe3 (0.050 g, 0.069 mmol) and hexanes (1

H _-'

H“"\'C.’H

F el , ,

~Be 0.069 mmol) was dissolved in hexanes (1 mL). The

mL). In a separate vial (C¢Fs)B(Ci2Fg) (0.033 g,

scandium solution was added dropwise to the clear

F yellow (Cg¢Fs)B(Ci2Fg) solution. The solution was
cooled to —35 °C for 72 hours, upon which the supernatant was removed and the yellow
crystalline solid was dried in vacuo to afford pure 11-CH,SiMe,CH,SiMes (0.075 g,
0.063 mmol, 91%). '"H NMR (C;Ds; 240K): & 7.16-6.75 (m, 6H; CeH3), 5.51 (s, 1H;
CH), 2.76 (sp, 2H; CHMe,, Ju.g= 6.5 Hz), 2.55 (sp, 2H; CHMe,, Ju.n= 6.5 Hz), 1.31 (d,
6H; CHMe,, Jy.y = 6.5 Hz), 1.24 (br s, 3H, BMe), 1.15 (d, 6H; CHMe,, Jy.u = 6.5 Hz),
1.10 (d, 6H; CHMe,, Jy.y = 6.5 Hz), 0.96 (s, 2H; ScCH,SiMe,CH,SiMe3), 0.95 (d, 6H;
CHMe;, Ju.n = 6.5 Hz), 0.79 (s, 18H; NCCMes), -0.12 (s, 9H; ScCH,SiMe,CH,SiMe3),

-0.33 (s, 6H; CH,SiMe,CH,SiMe3), -0.82 (s, 2H; ScCH,SiMe,CH,SiMe;). C{'H}
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NMR (C;Ds, 240K; CF resonances not reported): & 175.4 (NCCMes), 141.8 (Cipso),
140.1, 139.8, 129.1, 124.8, 124.5 (C¢Hs), 87.4 (CH), 72.4 (ScCH,SiMe,CH,SiMe;), 44.5
(CMe3), 32.2 (CHMe,), 30.9 (CMes), 30.2 (CHMe,), 28.1, 26.8, 25.2, 23.9 (CHMe,), 5.7
(ScCH,SiMe,CH,SiMe;3), 3.0 (ScCH,SiMe,CH,SiMes), 1.3 (ScCH,SiMe,CH,SiMes).
(BMe not found). '"F NMR (C;Ds, 230K) : & -131.6 (2F; 0-F), -133.2, -136.1, -156.8,
-157.1 (8F; C,Fs) -158.1 (1F; p-F), -163.2 (2F; m-F). "B{'H} NMR (C-Ds, 240K) : &
-12.1 (br s). Anal. Calcd. for C4H75N,S1,BF3Sc : C, 61.30; H, 6.32; N, 2.34. Found : C,

61.49; H, 6.75; N, 2.31.

Synthesis of {{ArNC('Bu)CHC('Bu)NAr]ScCH,SiMe,CH,CMe;}{MeB(CsFs)(C1.Fs)}

(11-CH28iMGQCH2CM93):

A 25 mL  vial  was charged  with
2-CH,SiMe3(CH,CMe3) (0.038 g, 0.054 mmol) and
hexanes (1.5 mL). In a separate vial (Cg¢Fs)B(C,Fs)
(0.026 g, 0.054 mmol) was dissolved in hexanes (1

mL). The scandium solution was added dropwise to

the clear yellow (CgFs)B(Ci2Fs) solution.  The
solution was cooled to —35 °C for 96 hours, upon which the supernatant was removed and
the yellow crystalline solid was dried in vacuo to afford pure 11-CH,SiMe,CH,CMe3
(0.049 g, 0.042 mmol, 78%). "H NMR (C;Dg; 240K): & 6.95 (t, 2H; C¢H3, Jyu = 8.2 Hz),
6.80 (d, 2H; CeH3, Ju.n = 8.2 Hz), 6.74 (d, 2H; C¢Hs, Ju.n = 8.2 Hz), 5.50 (s, 1H; CH),
2.75 (sp, 2H; CHMe;,, Ju.u = 6.4 Hz), 2.56 (sp, 2H; CHMe,, Jy.u = 6.4 Hz), 1.30 (d, 6H;

CHMe,, Ju = 6.4 Hz), 1.22 (br s, 3H, BMe), 1.15 (d, 6H; CHMe,, Jiy = 6.4 Hz), 1.08
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(d, 6H; CHMe,, Jyu = 6.5 Hz), 0.94 (s, 2H; ScCH,SiMe,CH,CMe3), 0.95 (d, 6H;
CHMe,, Ju.u = 6.4 Hz), 0.80 (s, 18H; NCCMe3), 0.75 (s, 9H; ScCH,SiMe,CH,CMes),
0.15 (s, 2H; ScCH,SiMe,CH,CMes), —0.32 (s, 6H; ScCH,SiMe,CH,CMe;).  C{'H}
NMR (C;Ds, 240K; CF resonances not reported): & 175.4 (NCCMes), 141.9 (Cipso),
140.0, 139.7, 129.0, 124.7, 124.4 (C¢H3), 87.3 (CH), 72.4 (ScCH,SiMe,CH,CMes), 44.4
(CMe3), 35.2 (ScCH,SiMe,CH,CMes), 34.8 (ScCH,SiMe,CH,CMes), 32.8 (CMey),
31.0 (CHMey), 30.9, 28.6 (CHMe,), 27.0 (CHMe;), 25.4 (CH,SiMe,CH,CMes), 25.2,
23.9 (CHMe,), 2.5 (CH,SiMe,CH,CMe;), (BMe not observed). "F NMR
(C7Ds, 285K) : & -131.5 (2F; 0-F), -133.6, -136.4, -157.4, -157.8 (8F; C1,Fs) -158.9 (1F;
p-F), -163.7 (2F; m-F). ""B{'"H} NMR (C;Ds, 240K) : & -12.0 (br s). Anal. Calcd. for

Ce1H75N2S1BF3Sc @ C, 62.78; H, 6.48; N, 2.40. Found : C, 62.47; H, 6.51; N, 2.34.

Synthesis of {k*-[ArNC('‘Bu)CHC('Bu)N-iPr-CgHs]Sc} [MeB(CsFs)s] (12):

Preparation 1: Toluene (30 mL) was condensed into an

CHs evacuated flask containing 10-Me (0.090 g, 0.083 mmol) at
LA CH, .
NG/ —78 °C. The yellow solution was gradually warmed to
Sc o

(HsCBCoFald 1 oom temperature and stirred for 18 hours before solvent

was removed under reduced pressure to afford a red oil. Hexamethyldisiloxane (10 mL)
was added to the residue, the mixture was sonicated for 10 minutes and filtered.
Removal of the solvent under reduced pressure afforded 12 as a fine yellow powder
(0.055 g, 0.051 mmol, 62%).

Preparation 2: 10-CH,SiMe,CH,SiMes (0.015 g, 0.012 mmol) was added to an NMR

tube containing 0.5 mL of dg-toluene. The solution was heated to 50 °C for 3 hours and
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assayed by 'H and '"F NMR spectroscopy. During this time the solution gradually
changed from bright yellow to dark orange and methane was produced. Two different
isomers were observed and the data is reported by H type. "H NMR (C¢Ds): & 7.30-6.79
(m; C¢H3), 5.94 (s; CH), 5.67 (s; CH), 3.13 (sp; CHMe,, Jyn = 6.9 Hz), 2.97 (m;
CHMe,), 2.82 (m; CHMe,), 2.72 (m; CHMe;), 2.58-2.52 (ov m; CHMe,), 2.32 (sp;
CHMe,, Jyu= 6.9 Hz), 1.38 (br s; BMe), 1.28-1.19 (ov m; CHMe,), 1.17 (s; NCCMe3),
1.00 (s; NCCMes), 0.98-0.89 (ov m; CHMe,), 0.69 (d; ScCH), 0.48 (d; ScCHa).
Complete assignment of the >C{'"H} NMR spectrum was not possible and such data is
reported by carbon type: 6 174.4, 171.9 (NCCMe3), 145.4, 145.1 (Cipso), 144.5, 143.9,
132.1, 130.1, 129.4, 126.0, 125.6, 124.2 (C¢H3), 101.5, 101.3 (CH), 42.1, 41.8 (CMe3),
31.7, 31.2, 30.8, 30.4 (CMe3), 28.3, 28.1 28.0, 27.5, 27.2 (CHMey), 25.6, 24.7 (ScCH,),
24.3, 24.3 (CHMe,), 23.9 (BMe), 23.7, 23.3, 22.5, 22.4 (CHMe»), 21.9 (BMe), 21.0
(CHMe,). "F NMR: & -131.4, -131.9 (0-F), -160.9 (p-F), -165.1 (m-F). ''B{'H} NMR:
0 -16.0. Anal. Calcd. for Cs4HssN,BF5Sc : C, 60.46; H, 5.17; N, 2.61. Found : C, 59.74;

H, 5.55; N, 2.52.

6.4  Experimental Procedures Pertaining to Chapter 4

6.4.1 Synthetic Procedures

Synthesis of {{ArNC(Me)CHC(Me)NAr]Sc(Me)(NMe,Ph)} [B(CeFs)4] (13-Me):
An NMR tube was charged with 1-Me (0.010 g, 0.020 mmol), [HNMe,Ph][B(CesF5s)4]

(0.016 g, 0.020 mmol) and 0.5 mL C¢DsBr. Upon mixing the reaction mixture
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Men, .““\Ar immediately turned deep yellow in colour. 'H NMR
=N, Ar ©
Neoo: Z BCeFo  (CDsBr): 57.24-7.08 (ov m, 6H; CeHy), 627 (t, 2H;
Me NSc=—NMe,Ph
/ m-NMe,Ph, Ju = 7.5 Hz), 6.11 (d,2H; p-NMe,Ph, Jy.n
Me

= 8.4 Hz), 5.99 (t, 1H; 0-NMe,Ph, Jy.n= 7.5 Hz), 5.22 (s,
1H; CH), 2.64 (sp, 2H; CHMe,, Juu = 6.5 Hz), 2.45 (s, 6H; NMe,Ph), 2.41 (sp, 2H;
CHMe,, Jiu= 6.5 Hz), 1.58 (s, 6H; NCMe), 1.21 (d, 6H; CHMe,, Juu= 6.5 Hz), 1.15 (d,
6H; CHMe,, Jiu = 6.5 Hz), 1.07 (d, 6H; CHMe,, Ju. = 6.5 Hz), 0.86 (d, 6H; CHMe,,
Jin= 6.5 Hz), -0.31 (s, 3H; ScMe). *C{'H} NMR (C¢DsBr, 250K, C¢Fs resonances not
reported): 8 169.6 (NCMe), 151.9 (NMe,Ph, Cipo), 142.5 (CeHs, Cipso), 140.7, 140.2
(CeHs), 132.5 (NMe,Ph), 127.9, 125.0, 124.0 (CeHs), 112.0, 111.8 (NMe,Ph), 97.8 (CH),
38.8 (NMe,Ph), 38.3 (ScMe), 28.8, 27.4 (CHMe,), 25.2 (CHMe,), 24.1 (NCMe), 24.0,
23.9, 22.5 (CHMe,). "F NMR (C¢DsBr): & -132.9 (0-F), -163.1 (p-F), -166.9 (m-F).

"B{'H} NMR (C¢DsBr): & -17.0.

Synthesis of {{ArNC(Me)CHC(Me)NAr]Sc(CH,SiMes)(NMe,Ph)} [B(CsFs)a]

(13-CH,SiMe):

Me..., N"“\Ar o An NMR tube was charged with 1-CH,SiMes (0.012 g,
T Ar
v Zo BCFsls 0,019 mmol), [HNMe:Ph][B(CeFs)] (0.015 g, 0.019
Me NSc<—NMe,Ph 1
mmol) and 0.5 mL C¢DsBr. "H NMR (C¢DsBr): 6 7.26-
CH,SiMe,

7.09 (ov m, 6H; CeHs), 6.31 (t, 2H; m-NMe,Ph, Jiy =
7.4 Hz), 6.17 (d, 2H; p-NMe,Ph, Jyn = 8.4 Hz), 6.07 (t, 1H; 0-NMe,Ph, Iy = 7.4 Hz),
5.33 (s, 1H; CH), 2.79 (sp, 2H; CHMe,, Jiii = 6.6 Hz), 2.43 (s, 6H; NMe,Ph), 2.35 (sp,

2H; CHMey, Jin = 6.6 Hz), 1.67 (s, 6H; NCMe), 1.20 (d, 6H; CHMey, Jiyy = 6.6 Hz),
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1.13 (d, 6H; CHMe,, Ju.u = 6.6 Hz), 1.08 (d, 6H; CHMe,, Juy = 6.6 Hz), 0.77 (d, 6H;
CHMe,, i = 6.5 Hz), -0.06 (s, 9H; ScCH,SiMes), -0.53 (s, 2H; ScCH,SiMes). *C{'H}
NMR (C¢DsBr, CgFs resonances not reported): 6 169.6 (NCMe), 151.3 (NMe,Ph, Cips),
142.3 (CeHs, Cipso), 141.7, 140.4 (CeHs), 132.9 (NMe,Ph), 128.2, 125.3, 124.6 (CeHs),
113.8, 113.3 (NMe,Ph), 97.0 (CH), 39.4 (NMe,Ph), 28.6, 27.1 (CHMe,), 25.1 (CHMe,),
25.0 (NCMe), 24.9, 24.4, 23.1 (CHMe,), 2.8 (ScCH,SiMes); ScCH,SiMes not observed.
YF NMR (C¢DsBr): §-132.9 (0-F), -163.1 (p-F), -166.9 (m-F). '"B{'H} NMR

(C6D5BI')Z 6-17.0.

Synthesis of {{ArNC(Me)CHC(Me)NAr]Sc(CH,CMes)(NMe,Ph)} [B(CsFs)a]

(13-CH,CMey):

Me. AT An NMR tube was charged with 1-CH,CMe; (0.012 g,
I.‘.'—---N‘
. “pAT B(CgFs),
"N/‘-@ 0.017 mmol), [HNMe,Ph][B(C¢Fs)4] (0.014 g, 0.017
Me NSc=—NMe,ph o ,
mmol) and 0.5 mL C¢DsBr. Upon mixing the reaction
CH,CMe,

mixture immediately changed turned deep yellow. 'H
NMR (C¢DsBr): 6 7.25-7.08 (ov m, 6H; C¢Hs), 6.35 (t, 2H; m-NMe,Ph, Jy.y = 7.2 Hz),
6.27 (d, 2H; p-NMe,Ph, Jy.y = 8.1 Hz), 6.11 (t, 1H; 0-NMe,Ph, Jyn= 7.2 Hz), 5.34 (s,
1H; CH), 2.91 (sp, 2H; CHMe,, Jyy = 6.5 Hz), 2.48 (s, 6H; NMe,Ph), 2.27 (sp, 2H;
CHMe,, Jun = 6.5 Hz), 1.65 (s, 6H; NCMe), 1.16 (d, 12H; CHMe,, Ju.z = 6.5 Hz), 1.04
(d, 6H; CHMe,, Jyn = 6.5 Hz), 0.82 (d, 6H; CHMe,, Jyn = 6.5 Hz), 0.80 (s, 9H;
ScCH,CMes), 0.02 (s, 2H; ScCH,CMes). *C{'H} NMR (C¢DsBr, C¢Fs resonances not
reported): § 169.4 (NCMe), 151.0 (NMe,Ph, Ciys), 142.6 (CsHs, Cipso), 141.8, 140.5

(CoHs), 132.8 (NMe,Ph), 128.1, 125.1, 124.6 (C¢Hs), 113.7, 112.8 (NMe,Ph), 95.4 (CH),
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39.5 (NMe,Ph), 36.3 (ScCH,CMe;), 34.0 (ScCH,CMe;), 28.3, 27.5 (CHMe,), 27.4
(CHMe,), 25.3 (NCMe), 24.8, 24.3, 23.4 (CHMe,); ScCH,CMe; not observed. '’F NMR

(C¢DsBr): & -132.9 (0-F), -163.2 (p-F), -167.0 (m-F). ""B{'"H} NMR (C¢DsBr): & -16.9.

Synthesis of {{ArNC(Me)CHC(Me)NAr]ScMe} [B(CsFs)a]” (14-CsHsBr):

Me.,, AT ) A 25mL RB flask was charged with 1-Me (0.035 g, 0.072
""N'«, Ar B(CeFs)4
N/ mmol) and [CPh;][B(CeFs)4] (0.066 g, 0.072 mmol) to
Me \"S&C)/
I X which bromobenzene (3 mL) was added. The solution
Me r

was stirred for 5 minutes and then layered with hexanes
(5 mL). The reaction mixture was cooled to —35 °C for 24 hours and solvent decanted.
The yellow crystals washed with toluene (2 x 2 mL) and dried under vacuum to yield
0.067 g (0.052 mmol, 72%) of 14-CeHsBr as a fine yellow powder. 'H NMR (C¢DsBr):
0 7.24-7.02 (ov m, 6H; C¢Hs), 5.30 (s, 1H; CH), 2.35 (sp, 4H; CHMe,, Ju.u = 6.6 Hz),
1.59 (s, 6H; NCMe), 1.14 (d, 12H; CHMe,, Jy.z = 6.6 Hz), 0.88 (d, 12H; CHMe,, Jyn=
6.6 Hz), -0.10 (s, 3H; ScMe). 13C{IH} NMR (C¢DsBr, 270K, CgFs resonances not
reported): 6 170.3 (NCMe), 141.1 (Cipso), 139.8, 128.5, 127.7 (C¢H3), 97.6 (CH), 45.3
(ScMe), 28.4 (CHMe;), 24.0 (NCMe), 24.0, 23.7 (CHMe,). ""F NMR (C¢DsBr): &
-132.9 (0-F), -163.0 (p-F), -166.9 (m-F). ""B{'H} NMR (C¢DsBr): § -17.0. Anal. Calcd.

for CeoHs9N,BF,0BrSc: C, 54.86; H, 3.76; N, 2.13. Found: C, 54.24; H, 3.80; N, 1.98.

Synthesis of {{ArNC(Me)CHC(Me)NAr]Sc(Me)(CsHe)} [B(CeFs)s]” (14-CsHs):

A 25mL RB flask was charged with 1-Me (0.035 g, 0.072 mmol) and [CPhs][B(CsFs)4]
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e (0.066 g, 0.072 mmol) to which bromobenzene (3 mL)
B(CeFs)a
was added. The solution was stirred for 5 minutes

during which period benzene (2 mL) was added

dropwise. The reaction mixture was layered with
hexanes (5 mL), cooled to —35 °C for 24 hours and solvent decanted. The yellow crystals
were washed with toluene (2 x 2 mL) and dried under vacuum to give 0.054 g (0.044
mmol, 62%) of 14-C¢Hs as a fine yellow powder. '"H NMR (C¢DsBr, 270K): & 7.22-
7.10 (ov m, 6H; C¢H3), 6.85 (s, 6H; CsHg), 5.21 (s, 1H; CH), 2.46 (sp, 2H; CHMe,, Jun=
6.8 Hz), 2.18 (sp, 2H; CHMe,, Ju.n= 6.8 Hz), 1.55 (s, 6H; NCMe), 1.19 (d, 6H; CHMe),,
Jun= 6.8 Hz), 1.11 (d, 6H; CHMe,, Jy.n = 6.8 Hz), 1.01 (d, 6H; CHMe,, Ji.y = 6.8 Hz),
0.73 (d, 6H; CHMe,, Jy.ii = 6.8 Hz), -0.28 (s, 3H; ScMe). C{'H} NMR (C¢DsBr, 270K,
C¢Fs resonances not reported): 6 169.7 (NCMe), 142.4 (Cipso), 140.7, 139.8 (CsH3), 132.2
(CsHe), 129.9, 127.9, 124.7 (C¢H3), 96.9 (CH), 41.5 (ScMe) 28.4, 27.5 (CHMe,), 24.3,
23.9 (CHMe,), 23.8 (NCMe), 23.7, 22.4 (CHMe,). "F NMR (C¢DsBr, 250K): &
-131.1 (0-F), -161.0 (p-F), -164.9 (m-F). ""B{'H} NMR (C¢DsBr, 250K): & -17.0. Anal.
Calcd. for CeoHsoNoBF,0SceCsHsBr : C, 56.96; H, 3.98; N, 2.01. Found: C, 54.26;

H, 3.71; N, 1.86.

Synthesis of {{ArNC(Me)CHC(Me)NAr]Sc(Me)(C;Hg)} [B(CsFs)a]” (14-CHs):
A 25mL RB flask was charged with 1-Me (0.035 g, 0.072 mmol) and [CPh;][B(C¢Fs)4]

(0.066 g, 0.072 mmol) to which bromobenzene (3 mL) was added. The solution was
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Me.,, AT ) stirred for 5 minutes, toluene (2 mL) was added
o B(CeFs)a - ' o
followed by an additional 5 minutes of stirring. The

reaction mixture was layered with hexanes (5 mL),

cooled to —35 °C for 24 hours and solvent decanted.
The yellow solid was washed with toluene (2 x 2 mL) and dried under vacuum to give
0.087 g (0.071 mmol, 98%) of 14-C;Hg as a bright yellow powder. 'H NMR (C¢DsBr,
260K): & 7.22-7.10 (ov m, 6H; C¢H3), 6.81 (d, 2H; 0-C7Hg, Ju.n = 7.5 Hz), 6.66 (t, 1H;
p-C7Hs, Jun = 7.5 Hz), 6.39 (t, 2H; m-C;Hg, Ju.n = 7.5 Hz), 5.18 (s, 1H; CH), 2.44 (sp,
2H; CHMe,, Jy.u = 6.7 Hz), 2.19 (sp, 2H; CHMe,, Ju.n = 6.7 Hz), 1.86 (s, 3H; MePh),
1.50 (s, 6H; NCMe), 1.16 (d, 6H; CHMe,, Jy.u= 6.7 Hz), 1.06 (d, 6H; CHMe,, Jy.u= 6.7
Hz), 1.01 (d, 6H; CHMe,, Jun = 6.7 Hz), 0.72 (d, 6H; CHMe,, Jy.u = 6.7 Hz), -0.29 (s,
3H; ScMe). “C{'H} NMR (C¢DsBr, 270K, C¢Fs resonances not reported): & 169.8
(NCMe), 142.3 (Cipso of CsH3), 140.7, 139.9 (CeH3), 137.3 (Cipso of MePh), 133.2, 132.7
(MePh), 128.3, 127.7 (C¢H3), 126.0 (MePh), 125.5 (C¢H3), 97.6 (CH), 42.7 (ScMe), 28.8,
27.8 (CHMe,), 24.7 (CHMe,), 24.1 (NCMe), 24.1, 24.0, 22.6 (CHMe,), 21.3 (PhMe). "°F
NMR (C¢DsBr, 250K) : & -131.2 (0-F), -161.0 (p-F), -164.9 (m-F). ''B NMR (CDsBr,
250K) : 6 -17.0. Anal. Calcd. for Ce;Hs2N2BF20Sc*C¢HsBr : C, 57.24; H, 4.09; N, 1.99.

Found: C, 56.94; H, 3.87; N, 2.39.

Synthesis of {{ArNC(Me)CHC(Me)NAr]Sc(Me)(CgH10)} [B(CsFs)a] (14-CgH1o):
A 25mL RB flask was charged with 1-Me (0.023 g, 0.047 mmol) and [CPh;][B(CsFs)4]

(0.043 g, 0.047 mmol) to which bromobenzene (3 mL) was added. The solution was
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Me,, AT S) stirred for 5 minutes, p-xylene (2 mL) was added
TN A B(CeFs)a

Me;\l< ®, followed by an additional 5 minutes of stirring. The
reaction mixture was layered with hexanes (5 mL),
cooled to —35 °C for 36 hours and solvent decanted.
The oily yellow solid was washed with toluene (2 x 2 mL) and dried under vacuum to
give 0.030 g (51%) of 14-CgHjp as a yellow powder. '"H NMR (C¢DsBr, 250K): 6 7.22-
6.97 (ov m, 6H; CeH3), 6.65 (s, 4H; 1,4-Me-C¢Hs), 5.24 (s, 1H; CH), 2.35 (sp, 2H;
CHMe,, Jy.n = 6.6 Hz), 2.12 (sp, 2H; CHMe,, Jun = 6.6 Hz), 1.58 (s, 6H; 1,4-Me-CsHa,),
1.48 (s, 6H; NCMe), 1.14 (ov d, 12H; CHMe,, Jyu= 6.6 Hz), 0.97 (d, 6H; CHMe,, Jyn=
6.6 Hz), 0.70 (d, 6H; CHMe,, Ju = 6.6 Hz), -0.30 (s, 3H; ScMe). “C{'H} NMR
(CsDsBr, 250K, CgFs resonances not reported): 6 169.7 (NCMe), 143.4 (Cipso of CsH3),
141.6, 140.1 (CeH3), 132.9 (Cipso of 1,4-Me-CsH3), 129.0 (1,4-Me-C4H3), 128.7, 127.9,
127.8 (C¢Hs), 97.6 (CH), 42.3 (ScMe), 30.4, 28.7 (CHMe,), 24.6 (NCMe), 24.3, 24.2,
24.1, 22.8 (CHMe,), 20.4 (1,4-Me-C¢Hsz). "F NMR (C¢DsBr, 250K) : -131.2 (0-F),
-161.0 (p-F), -164.9 (m-F). "B NMR (C¢DsBr, 250K) : 8-16.7. Anal. Calcd. for

Ce2Hs4N2BF20SceCsHsBr: C, 57.52; H, 4.19; N, 1.97. Found: C, 54.70; 3.81; N, 1.58.

Synthesis of {{ArNC(Me)CHC(Me)NAr]Sc(Me)(CoH12)} [B(CsFs)a] (14-CoH1o):

Me., WA 2 O A 25mL RB flask was charged with 1-Me (0.045 g,
~Z==N, . B(CeFs)s
S"N/ 0.091 mmol) and [CPh;][B(C¢Fs)4] (0.084 g, 0.091
Me ~@s
I mmol) to which bromobenzene (5 mL) was added.
Me

The solution was stirred for 5 minutes, mesitylene (1

mL) was added followed by an additional 5 minutes of stirring. The reaction mixture was
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layered with hexanes (5 mL), cooled to —35 °C for 18 hours and solvent decanted. The
large yellow crystals were washed with toluene (3 x 2 mL) and dried under vacuum to
give 0.110 g (0.088 mmol) 14-CgH1, as a yellow powder in 97% yield. 'H NMR
(C¢DsBr, 250K): 8 7.26-6.88 (ov m, 6H; Ce¢Hs), 6.59 (s, 3H; 1,3,5-Me-CgH3), 5.25 (s, 1H;
CH), 2.37 (sp, 2H; CHMe,, Ju.n = 6.6 Hz), 2.09 (sp, 2H; CHMe,, Jy.u = 6.6 Hz), 1.43 (s,
6H; NCMe), 1.36 (s, 9H; 1,3,5-Me-C¢H3), 1.17 (d, 6H; CHMe,, Jy.u = 6.6 Hz), 1.08 (d,
6H; CHMe;,, Jy.u = 6.6 Hz), 0.95 (d, 6H; CHMe,, Jyy = 6.6 Hz), 0.74 (d, 6H; CHMe,,
Jin= 6.6 Hz), -0.14 (s, 3H; ScMe). *C{'H} NMR (C¢DsBr, 250K, C¢Fs resonances not
reported): & 170.4 (NCMe), 141.7 (Cipso of C¢H3), 141.2, 140.8 (C¢H3), 137.2 (Cipso Of
1,3,5-Me-C¢Hs), 130.0 (1,3,5-Me-C¢H3), 127.0, 126.8, 124.9 (C¢H3), 98.8 (CH), 43.5
(ScMe), 29.1, 28.3 (CHMe,), 24.8 (NCMe), 24.6, 24.1, 23.5, 23.1 (CHMe,), 21.4
(1,3,5-Me-C¢H3). "F NMR (C¢DsBr, 250K) : & -131.2 (0-F), -161.1 (p-F), -165.0. ''B
NMR (C¢DsBr, 250K) : 8 -16.6. Anal. Calcd. for Ce3HsgN2BF2Sc : C, 59.26; H, 4.42; N,

2.19. Found: C, 58.75; H, 4.34; N, 2.21.

Synthesis of {{ArNC('Bu)CHC('Bu)NAr]ScMe} [B(CsFs)a] (15):

tBu,,," N"‘\Ar An NMR tube was charged with 1-Me (0.010 g, 0.017
Q>Ar © mmol) and [PhsC]'[B(CsFs)4]” (0.016 g, 0.017 mmol).
Bu \"SC ® B(CeFs)s
I The tube was cooled to -30 °C, 0.5 mL of cold C¢DsBr
Me

(-30 °C) was added and the sample was slowly allowed
to warm to 285K. 'H NMR (285K, C¢DsBr): 6 7.11-6.97 (m, 6H; C¢H3), 5.95 (s, 1H;
CH), 2.46 (sp, 4H; CHMe,, Jy.n= 6.8 Hz), 1.12 (d, 12H; CHMe,, Jy.n= 6.8 Hz), 1.02 (s,

18H; NCCMe;), 0.82 (d, 12H; CHMe,, Jiyiy = 6.8 Hz), -0.12 (s, 3H; ScMe). "C{'H}
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NMR (C¢DsBr, CgFs resonances not reported): 6 174.5 (NCCMes), 140.0 (Cipso), 138.8,
128.3, 124.8 (C¢H3), 91.8 (CH), 44.5 (CMe3), 41.1 (ScMe) 30.9 (CMe3), 29.7 (CHMe,),
25.7, 22.9 (CHMey,). F NMR (C¢DsBr): 6 -133.2 (0-F), -162.4 (p-F), -166.3 (m-F).

"B{'H} NMR (C¢DsBr): & -17.0.

Synthesis of [{ArNC(Me)CHC(Me)NAr}Sc(PhC=CMePh)][B(CsFs)4] (16):

Me.,, AT o Bromobenzene (3 mL) was condensed into an evacuated
UL Ar B(CFs)s ..

N/ flask containing 14-CgHj, (0.118 g, 0.0900 mmol) and

w @

Me N
Me>/< diphenylacetylene (0.0160 g, 0.0900 mmol) at —35 °C.
—_—

Ph

Ph The yellow solution was gradually warmed to room

temperature and allowed to stir for 2 days. Removal of solvent under vacuum gave a
yellow/orange oil. Hexanes (5 mL) was added and the reaction mixture sonicated (5
minutes), filtered, and solvent removed to afford 0.081 g (0.055 mmol, 61%) of 16 as a
fine yellow solid. "H NMR (C¢DsBr): & 7.56 (d, 2H; Ph, Jyy.;; = 7.4 Hz), 7.49-6.96 (ov m,
8H; Ph), 6.80 (t, 1H; Ph, Jy.u= 7.4 Hz), 6.73 (t, 1H; Ph, Jy.u= 7.7 Hz), 6.38 (d, 2H; Ph,
Jun= 7.7 Hz), 6.22 (t, 2H; Ph, Jy.y = 7.7 Hz), 5.25 (s, 1H; CH), 2.46 (sp, 2H; CHMe,,
Jun= 6.7 Hz), 2.08 (sp, 2H; CHMe,, Jy.u= 6.7 Hz), 1.52 (s, 3H; ScC=CMe), 1.45 (s, 6H;
NCMe), 1.33 (d, 6H; CHMe,, Jy.u = 6.7 Hz), 1.09 (d, 6H; CHMe,, Jy.n = 6.7 Hz), 0.94
(d, 6H; CHMe,, Ji.u = 6.7 Hz), 0.73 (d, 6H; CHMe,, Jyus = 6.7 Hz). “C{'H} NMR
(C6DsBr): 8 169.4 (NCMe), 160.6 (ScC=C), 159.6 (ScC=C), 143.5, 142.8, 142.3, 141.5,
139.9, 136.9, 133.2, 131.3, 129.8, 126.9, 126.6, 125.0, 124.8, 123.3 (C¢Hs, Ph), 96.8
(CH), 28.6, 28.4 (CHMe,), 25.3 (CHMe,), 25.1 (NCMe), 24.3, 24.2, 23.4 (CHMe,), 23.0

(ScC=CMe). "F NMR (C¢DsBr): & -132.9 (0-F), -163.1 (p-F), -167.0 (m-F). '"'B{'H}
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NMR (C6D5BI‘)Z 0-16.9. Anal. Calcd. for SCNQBF20C68H54Z C, 6118, H, 408, N, 2.10.

Found : C, 60.82; H, 4.58; N, 1.85.

Synthesis of [{ArNC('Bu)CHC('Bu) NAr}Sc(PhC=CMePh)][B(CsFs)4] (17):

tBu,,,' AT o Cold (-35 °C) C¢DsBr (0.4 mL) was added to an NMR
77T 2 Ar B(CgFs)s ,
NS tube charged with 2-Me (0.015 g, 0.026 mmol) and
‘Bu N\‘S ®
M c
© [CPh3][B(C¢Fs)4] (0.024 g, 0.026 mmol). Upon mixing
Ph
Ph of reagents a cold (-35 °C) C¢DsBr (0.3 mL) solution of

diphenylacetylene (0.005 g, 0.028 mmol) was added dropwise. The tube was shaken and
inserted into the NMR probe at =35 °C. 'H NMR (C¢DsBr, 280K): & 7.12-6.83 (ov m,
16H; Ph, C¢Hs), 5.69 (s, 1H; CH), 2.31 (br, 4H; CHMe,), 1.71 (s, 3H; ScC=CMe), 1.08-
0.95 (ov m, 24H; CHMe,), 0.89 (s, 18H; NCCMes). '’F NMR (C¢DsBr): & -132.8 (0-F),
-163.2 (p-F), -167.0 (m-F). "B{'H} NMR (C¢DsBr): -16.8. The instability of the
compound made it impossible to acquire *C NMR spectra as further decomposition

occurs over the timeframe required to collect the necessary data.

6.5  Experimental Procedures Pertaining to Chapter 5

6.5.1 Synthetic Procedures

Synthesis of Y 13(THF)3s:
YI; (0.750 g, 1.60 mmol) and THF (15 mL) were added to a 50 mL RB flask and heated
to 65 °C for 8 hours. The solvent was removed under reduced pressure to give 1.14 g

(1.58 mmol, 99%) of YI3(THF); 5 as a fine white powder.
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Synthesis of [ArNC(Me)CHC(Me)NAr]Y I,(THF) (18-1(THF)):

Me., N"“Ar A 25 mL RB flask was charged with KLMe (0.350 g, 0.771
<ERW.Y;
e .. -Néy “““ wl mmol) and YI3(THF);5 (0.550 g, 0.771 mmol) to which THF

\\OI\/> (20 mL) was added. The resultant yellow solution was

stirred for 1.5 hours at which point the THF was removed in
vacuo. The resultant yellow powder was slurried in toluene (20 mL), filtered and solvent
removed. The residue was washed with hexanes (15 mL) and evacuated to dryness to
give 0.285 g (0.342 mmol, 44%) of 18-1(THF) as a white solid. "H NMR (C;Dy): & 7.13-
6.96 (s, 6H; Ce¢H3), 5.14 (s, 1H; CH), 3.51 (sp, 4H; CHMe;,, Ju.n = 6.9 Hz), 3.41 (br, 4H;
OCH,CH), 1.63 (s, 6H; NCMe), 1.45 (d, 12H; CHMe,, Jy.n= 6.9 Hz), 1.17 (ov m, 16H;
CHMe,, OCH,CH,). “C{'H} NMR (CD,Cl,): 8 168.1 (NCMe), 143.6 (Cipso), 143.5,
127.1, 124.7 (C¢Hs), 99.2 (d, *Juy = 10.0 Hz; CH), 71.8 (OCH,CH,), 29.1 (CHMe,),
25.0 (NCMe), 24.9(2) (CHMe,), 24.8 (OCH,CH3). Anal. Calcd. for C33H4oN21,OY : C,

47.54; H, 5.92; N, 3.36. Found: C, 46.44; H, 6.27; N, 2.99.

Synthesis of [ArNC(Me)CHC(Me)NAr]Y (CH,SiMes3)(THF) (18-CH,SiMe3(THF)):

Me.,, N"“Ar An NMR tube was charged with 18-1(THF) (0.018 g,
T 2 Ar
y g{ wCH,SiMe, 0.022 mmol) and dg-toluene (0.3 mL). The NMR tube
e Yo
] \(O was cooled to —78 °C and a dg-toluene (0.3 mL) solution
Me3SIH2C

of LiCH,SiMe; (0.0040 g, 0.044 mmol) was added
dropwise. Immediately upon mixing a large quantity of white precipitate formed. The
tube was placed in the NMR probe at —78 °C and slowly warmed to room temperature.

'"H NMR (C+Ds): § 7.12-6.98 (s, 6H; CsHs), 5.01 (s, 1H; CH), 3.48 (br s, 4H; OCH,CH,),
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3.17 (sp, 4H; CHMe,, Ju.u = 6.9 Hz), 1.64 (s, 6H; NCMe), 1.39 (d, 12H; CHMe,, Jyu =
6.8 Hz), 1.17 (br m, 12H; CHMe;), 1.16 (br s, 4H; OCH,CH;), 0.02 (s, 18H;

YCH,SiMe3), -0.44 (d, 4H; YCH,SiMe;, *Ju.y = 2.8 Hz).

Synthesis of K[ArNC('‘Bu)CHC('Bu)NAr], (KL®"):

‘Bu ‘Bu This compound was made via a modified procedure.'’ HL
Ar—N//\/\N . .
;K\ A (HArNC(Bu)CHC('Bu)NAr) (1.03 g, 2.05 mmol) and KH
r
(0] 0]
C’ Q (0.146 g, 3.64 mmol) were placed in a 50 mL RB flask

attached to a swivel frit apparatus to which 30 mL of THF was added. The solution
changed from pale to bright yellow after 30 minutes of stirring. The reaction mixture was
allowed to stir for another 18 hours at which point the solvent was removed in vacuo to
afford a bright yellow solid. Toluene (50 mL) was added and the solution filtered.
Removal of solvent gave the desired product in 45% yield (0.499 g, 0.923 mmol). The
'H NMR matched that reported by the previous method: 'H NMR (C4¢Dg) &: 7.06-6.78
(m, 6H; C¢Hs), 4.94 (s, 1H; CH), 3.30 (4H; CHMe;, Jy.n = 6.9 Hz), 1.38 (s, 18H; CMe3),

1.34 (d, 12H; CHMey, Jiy. = 6.9 Hz), 0.94 (d, 12H; CHMe,, Jipyy = 6.9 Hz).

Synthesis of [ArNC('Bu)CHC('Bu)NAr]Y1; (19-1):

‘Bu,,. N“‘\Ar A 100 mL RB flask was charged with KL™"
<’ "—/Ar I
By =N sl | (0.200 g, 0.370 mmol) and YI3(THF);5 (0.267
“\|/ "N “.\tBU )
\I Ar“\ -"> g, 0.370 mmol) to which toluene (25 mL) was
N
A ‘Bu added. The reaction mixture was warmed to 90

°C and stirred for 1 hour at which point the solvent was removed in vacuo to afford a
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sticky yellow solid. Hexanes (20 mL) was added and the reaction mixture sonicated for 5
minutes, filtered and washed (2 x 5 mL). Removal of solvent under reduced pressure
gave 19-1 as a bright yellow solid in 55% yield (0.170 g, 0.202 mmol). 'H NMR (C;Ds,
343K): 8 6.99-6.96 (m, 6H; CeH3), 5.82 (s, 1H; CH), 3.05 (sp, 4H; CHMe,, Jun = 6.7
Hz), 1.44 (d, 12H; CHMe,, Ju.n= 6.7 Hz), 1.26 (d, 12H; CHMe,, Ju.u= 6.7 Hz), 1.13 (s,
18H; NCCMe;). C{'H} NMR (C7Ds, 343K): 8 173.2 (NCCMe3), 143.1 (Cipso), 140.6,
126.9, 124.4 (C¢Hs), 88.0 (CH), 45.1 (NCCMes), 32.2 (NCCMes), 30.3 (CHMe,), 27.0,
24.0 (CHMe;). Anal. Calcd. for C3sHs3sNoLLY @ C, 49.71; H, 6.32; N, 3.31. Found: C,

49.17; H, 6.44; N, 3.07.

Synthesis of [ArNC(‘Bu)CHC('Bu)NAr]Y(CH.SiMejs), (19-CH,SiMes):

‘BU.,, N"‘\\Ar 19-1 (0.018 g, 0.022 mmol) was dissolved in dg-toluene
<A
tay N\"‘-Y/CHZSiMe:; (0.3 mL) and cooled to —78 °C. A dg-toluene (0.3 mL)
\ , solution of LiCH,SiMes; (0.0040 g, 0.044 mmol) was
CH,SiMejz

added dropwise to the yttrium solution. Immediately
upon mixing a large quantity of white precipitate formed. The tube was placed in the
NMR probe at —78 °C and slowly warmed to room temperature. '"H NMR (C;Dg, 290K):
0 7.11-6.96 (m, 6H; C¢Hs), 5.67 (s, 1H; CH), 3.17 (sp, 4H; CHMe,, Ju.n = 6.7 Hz), 1.41
(d, 12H; CHMe,, Jun = 6.7 Hz), 1.30 (d, 12H; CHMe,, Jun = 6.7 Hz), 1.10 (s, 18H;

NCCMes), 0.08 (s, 18H; Y-CH,SiMes), -0.52 (d, 4H; YCH,SiMes, 2Jyy = 2.8 Hz).
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Synthesis of k- [ArNC('Bu)CHC('Bu)N-iPr-CsHs]Y CH.,SiMes (20):
> An NMR tube containing 19-CH,SiMe3 (0.017 g, 0.022
‘Bu,, N.*“ CHs  mmol, generated in situ) in 0.6 mL dg-toluene was heated in

\:"- o ‘—/Ar CH
. NG the NMR probe at 320K for 3 hours. Two isomers exist in a
Bu Ny

(\:HZCM e 24 : 76 ratio which cause a very complex 'H NMR spectrum.
As a result, the following data does not distinguish which
signals result from which isomer, the peaks are only assigned to the type of H. 'H NMR:
0 7.37-6.29 (m, 6H; C¢Hs), 5.63, 5.49 (s, 1H; CH), 3.41-2.92 (ov m, 4H; CHMe,), 1.55
(d, 3H; CHMe,, Juny = 6.6 Hz), 1.40 (d, 3H; CHMe,, Jun = 6.6 Hz), 1.37-1.02 (ov m,
16H; CHMe,, CH,CHMe), 1.19, 1.14 (s, 18H; NCCMe3), 0.94 (d, 3H; CHMey, Jin = 6.6
Hz), 0.77 (ddd, 1H; CH,CHMe, Ju.n = 12.2, 5.4, 1.4 Hz), -0.10, -0.12 (s, 9H; CH,SiMe3),
-1.75, (ddd, 1H; CH,CHMe, Jun = 14.1, 11.4, 2.5 Hz), -1.84 (ddd, 1H; CH,CHMe, Ju.n

—14.1,10.8, 2.8 Hz).

6.6  Kinetic Experiments

Error Analysis:

For all kinetic experiments estimated error values are depicted in brackets after the rate.
These values were established upon judicious choice of potential sources of experimental
error including temperature accuracy, integration accuracy, mass and concentration
accuracy, NMR sensitivity, and sample purity. Each of these parameters was manually
calculated for maximum error and the resultant affect that had on the measurement and
any subsequent calculations. The summation of all such errors generated the total

estimated error in brackets. This method is beneficial over routine standard deviation



250

calculations in that it allows the calculation of potential systematic sources of error, such
as temperature calibration of the NMR probe. In such circumstances it is possible to have

high precision with low accuracy, and thus have a deceivingly low standard deviation.

Before starting a kinetic experiment the T; of all relevant atoms was determined. A delay

of at least 5 times the longest T, value was used in each kinetic experiment.

Ligand Flip within Neutral Dialkyl Scandium Compounds:

Method 1:

In a typical experiment, the compound of interest (0.0138 mmol) was dissolved in 0.7 mL
dg-toluene (1.97 x10™ M) (0.0208 mmol) and kept at -78 °C until inserted into the NMR
probe, at which time the sample was given 10 minutes to equilibrate at each temperature.
Upon approaching the coalescence temperature, a spectrum was acquired at every 5 °C
until an approximate coalescence temperature was determined. At this point a spectrum

was acquired every 1 °C from both directions of the coalescence temperature.

Method 2:
In a typical experiment, 2-CH,SiMe3 (0.010g, 0.0138 mmol) was dissolved in 0.7 mL
dg-toluene (1.97 x10° M) and kept at -78 °C until inserted into the NMR probe, at which

time it was given 30 minutes to equilibrate to the specified temperature. The rate was

determined using 2D EXSY NMR with a delay time of 6s.
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Metallation of Neutral Dialkyl Scandium Compounds:

In a typical experiment, the compound of interest (0.0208 mmol) was dissolved in 0.5 mL
dg-toluene (4.15 x10? M) and kept at -78 °C until inserted into the NMR probe, at which
time it was given 10 minutes to equilibrate to the specified temperature. The progress of
reaction was monitored by integration of the backbone peak in the 'H spectrum. The
reaction was followed until 95% completion. Although these compounds were produced
via the kinetic experiments, they were not isolated and as a result only the 'H and "°C
NMR spectra are reported. Decomposition of the metallation products of 1-CH,Ph,
1-CH,CMe; and 1-CH,SiMe; occurred before completion of the kinetic experiments,
making it impossible to obtain clean spectra. The kinetic data obtained for these species
was limited to the first 65% of the metallation process and is therefore considered only

semiquantitative.

Metallation of Cationic Scandium Compounds:

In a typical experiment, the compound of interest (0.0208 mmol) was dissolved in 0.5 mL
dg-toluene (4.15 x10° M) and kept at -78 °C until inserted into the NMR probe, at which
time it was given 10 minutes to equilibrate to the specified temperature. The progress of
reaction was monitored by integration of the backbone peak in the "H NMR spectrum.

The reaction was followed until 95% completion.

Intermolecular Anion Exchange:
In a typical experiment, the compounds of interest (0.0138 mmol) were dissolved in 0.7

mL dg-toluene (1.97 x10° M) and kept at -78 °C until inserted into the NMR probe, at
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which time it was given 10 minutes to equilibrate to the specified temperature. The rate

was determined using 2D EXSY NMR with a delay time of 6s.

[10-CH,SiMe,CH,SiMe3] Dependence Study for Intermolecular Anion Exchange :

In a typical experiment, [11-CH,SiMe,CH,SiMes] (0.015 g, 0.013 mmol) and the
desired quantity of [10-CH,SiMe,CH,SiMes] were dissolved in 0.6 mL cold (-78 °C)
dg-toluene. The NMR tube was kept at -78 °C until inserted into the NMR probe, at
which time it was given 10 minutes to equilibrate to the specified temperature. The rate

was determined using 2D EXSY NMR with a delay time of 6s.

Exchange of 14-CgH1, with C;Hg:

In a typical experiment, the compound of interest (0.015g, 0.0118 mmol, 2.14 x107 M)
was dissolved in 0.5 mL C¢DsBr, cooled to —35 °C and cold toluene (0.05 mL, 0.471
mmol) added). The NMR tube was kept at -35 °C until inserted into the NMR probe, at
which time it was given 10 minutes to equilibrate to the specified temperature. The
progress of reaction was monitored by integration of the backbone peak in the 'H NMR

spectrum. The reaction was followed until 95% completion.

[C7Hg] Dependence Study for Exchange of 14-CgHj, with C;Hg:

In a typical experiment, the compound of interest (0.015g, 0.0118 mmol, 2.14 x10™ M)
was dissolved in 0.5 mL C¢DsBr, cooled to —35 °C and the desired quantity of cold
toluene. The NMR tube was kept at -35 °C until inserted into the NMR probe, at which

time it was given 10 minutes to equilibrate to the specified temperature. The progress of
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reaction was monitored by integration of the backbone peak in the 'H NMR spectrum.

The reaction was followed until 95% completion.

Equilibrium Between 14-CgH; and 14-C;Hsg:

In a typical experiment, 14-CgH1, (0.015g, 0.012 mmol, 2.14 x10 M) was dissolved in
0.5 mL C¢DsBr, cooled to —35 °C and 1 equivalent of cold toluene (1.2 puL, 0.012 mmol)
was added. The NMR tube was kept at -35 °C until inserted into the NMR probe, at
which time it was given 120 minutes to equilibrate to each temperature. Keq was
calculated from concentrations determined by integration of the backbone peak in the 'H
NMR spectrum. In order to ensure equilibrium had been achieved at a given temperature,
a series of "H NMR spectra were recorded until identical results were obtained in three

consecutive experiments.

Insertion of PhCCPh into 14-CgHy,:

In a typical experiment, the compound of interest (0.015 g, 0.0118 mmol) was dissolved
in 0.3 mL C¢DsBr, cooled to —35 °C and a C¢DsBr solution (0.3 mL) of
diphenylacetylene (0.022 g, 0.118 mol) added. The NMR tube was kept at -35 °C until
inserted into the NMR probe, at which time it was given 10 minutes to equilibrate to the
specified temperature. The progress of reaction was monitored by integration of the
backbone peak in the 'H NMR spectrum. The reaction was followed until 95%

completion.
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[PhCCPh] Dependence Study for Insertion of PhnCCPh into 14-CgH1,:

In a typical experiment, the compound of interest (0.015 g, 0.0118 mmol) was dissolved
in 0.3 mL C¢DsBr, cooled to —35 °C and a C¢DsBr solution (0.3 mL) of the desired
quantity of diphenylacetylene added. The NMR tube was kept at -35 °C until inserted
into the NMR probe, at which time it was given 10 minutes to equilibrate to the specified
temperature. The progress of reaction was monitored by integration of the backbone

peak in the '"H NMR spectrum. The reaction was followed until 95% completion.
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Appendix 1: Crystallographic Data Tables, Atomic Coordinates, Anisotropic

Displacement Parameters and Metrical Data

Table A.1: Crystal Data and Structure Refinement for [1-Me];

A. Crystal Data

Crystallographer

Empirical Formula
Formula Weight
Crystal Size
Crystal System

Space Group
Lattice Parameters

Volume
Z
Density (calculated)

Masood Parvez University of Calgary
C31H47N,Sc - 0.5 CgH14a

535.75

0.20x0.17 x 0.16 mm3

monoclinic

P21/C

a=13.7854(2) A
b =13.6742(3) A
c=17.7349(3) A
3248.65(10) A3
4

1.095 Mg/m3

B = 103.6522(11)°.

B. Data Collection and Refinement Conditions

Diffractometer

Radiation (A[A])
Temperature

Reflections Collected
Independent Reflections
Structure Solution
Refinement Method

Data / Restraints / Parameters
Goodness-of-Fit

Final R Indices [1>2sigma(l)]
R Indices (all data)

Largest Difference Peak & Hole

Nonius Kappa CCD
Graphite-monochromated MoKa (0.71073)
170(2) K

14041

7342 [R(int) = 0.018]

Direct Methods

Full-matrix least-squares on F2
7342/0/354

1.03

R1 =0.054, wR2 = 0.147
R1=0.068, wR2 = 0.158

0.53 and -0.46 e.A-3

Table A.2: Atomic Coordinates and Equivalent Isotropic Displacement Parameters

for [1-Me],

X y z U(eq) X y z U(eq)
Sc(l) 4890(1) 4080(1) 618(1) 26(1) C(17) 3179(2) 2746(2) -1947(2)  58(1)
N(1) 5846(1) 2761(1) 916(1) 26(1) C(18) 3230(2) 2460(2) -1108(1)  52(1)
N(2) 3614(1) 3052(1) 498(1) 27(1) C(19) 3187(4) 1370(3) -1047(2) 102(2)
C(l) 4975(2) 4686(2) 1786(1)  49(1) C(20) 6841(1) 2706(1) 781(1) 29(1)
C(2) 6191(4) 4913(9) 301(10)  82(4) C(21) 7678(2) 3068(2) 1323(1)  35(1)
C(2) 6095(9) 4641(8) -34(5) 14(3) C(22) 8593(2) 3083(2) 1124(1)  47(1)
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C(38) 6320(2) 1267(2) 1703(1) 42(1) C(23) 8702(2) 2737(2) 419(2) 53(1)
C(4) 5563(1) 2023(1) 1314(1) 28(1) C(24) 7889(2) 2351(2) -97(1) 51(1)
C(5) 4587(1) 1866(1) 1382(1) 29(1) C(25) 6945(2) 2328(2) 64(1) 38(1)
C(6) 3686(1) 2258(1) 950(1) 28(1) C(26) 8393(2) 2904(3) 2764(2)  61(1)
C(7) 2759(2) 1684(2) 998(1) 36(1) C(27) 7639(2) 3447(2) 2123(1)  42(1)
C(8) 2631(1) 3253(1) 11(1) 30(1) C(28) 7848(2) 4540(2) 2206(2)  67(1)
C(9) 1908(1) 3752(2) 303(1) 34(1) C(29) 5973(3) 2323(3) -1336(2)  83(1)
C(10) 981(2) 3927(2) -200(1) 43(1) C(30) 6072(2) 1895(2) -524(1) 48(1)
C(11) 765(2) 3618(2) -963(1) 51(1) C(31) 6176(4) 790(3) -559(3) 129(2)
C(12) 1485(2) 3141(2) -1243(1) 51(1) C(32) 555(4) 5408(5) 3373(3)  119(2)
C(13) 2431(2) 2960(2) -774(1) 40(1) C(33) -124(4) 5486(5) 3959(4)  94(2)
C(14) 2115(2) 5224(2) 1187(2) 55(1) | C(33) 776(9)  4913(10) 4188(8)  87(4)
C(15) 2081(2) 4114(2) 1137(1) 38(1) C(34) 199(4) 5034(4) 4671(3)  111(2)
C(16) 1260(2) 3757(2) 1526(2) 52(1)

Table A.3: Anisotropic Displacement Parameters for [1-Me],

Atom U1l u22 U33 uU23 uU13 u12
Sc(1) 30(1) 22(1) 27(1) 0(1) 8(1) 1(1)
N(1) 27(1) 25(1) 26(1) 2(1) 10(1) 0(1)
N(2) 27(1) 28(1) 27(1) 1(1) 8(1) 1(1)
c@1) 68(2) 43(1) 37(1) -8(1) 13(2) 4(1)
Cc(2) 33(2) 76(5) 131(10) 71(6) 6(3) -2(2)
Cc(2) 17(4) 21(4) 6(5) 5(3) 6(3) 6(3)
C(3) 39(1) 33(1) 55(1) 17(1) 14(1) 7(1)
C(4) 32(1) 26(1) 26(1) 2(1) 9(1) 2(1)
C(5) 34(1) 27(1) 28(1) 5(1) 11(2) -1(1)
C(6) 31(1) 26(1) 28(1) -2(1) 11(1) -2(1)
c@) 34(1) 35(1) 41(1) 3(1) 12(1) -7(1)
C(8) 28(1) 31(1) 31(1) 1(1) 5(1) 0(1)
C(9) 29(1) 37(1) 35(1) 0(1) 8(1) 0(1)
C(10) 30(1) 53(1) 43(1) 2(1) 6(1) 8(1)
c(11) 37(2) 69(2) 42(1) 1(1) -2(1) 7(1)
C(12) 50(1) 64(2) 32(1) -5(1) -3(1) 7(1)
C(13) 43(1) 42(1) 32(1) -2(1) 5(1) 6(1)
C(14) 47(1) 54(2) 67(2) -20(1) 19(1) -2(1)
C(15) 26(1) 51(1) 37(1) -6(1) 10(1) 5(1)
C(16) 40(1) 76(2) 45(1) 2(1) 18(1) 4(1)
Cc(17) 65(2) 67(2) 45(1) -5(1) 19(2) 8(1)
c(18) 59(2) 61(2) 33(1) -8(1) 6(1) 19(1)
C(19) 183(4) 58(2) 87(2) 16(2) 79(3) 46(2)
C(20) 30(1) 29(1) 32(1) 5(1) 13(1) 3(1)
C(21) 31(1) 41(1) 35(1) 7(1) 12(1) 2(1)
C(22) 30(1) 68(2) 43(1) 12(1) 12(1) -1(1)
C(23) 35(1) 83(2) 49(1) 12(1) 22(1) 5(1)
C(24) 47(1) 71(2) 41(1) 3(1) 24(1) 9(1)
C(25) 41(1) 41(1) 36(1) 1(1) 17(2) 3(1)
C(26) 47(2) 98(2) 37(2) 15(1) 7(1) 2(1)
C(27) 32(1) 58(1) 34(1) -1(1) 6(1) -1(1)
C(28) 63(2) 65(2) 65(2) -18(1) -1(1) -2(1)
C(29) 70(2) 130(3) 45(2) 6(2) 4(1) -24(2)
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C(30) 53(1) 53(1) 41(1) -14(1) 19(1) -4(1)

C(31) 154(5) 58(2) 142(4) -32(2) -33(4) -3(2)

C(32) 113(4) 153(5) 92(3) -19(3) 27(3) -32(3)

C(33) 68(3) 112(5) 89(4) -14(4) -5(3) -18(3)

C(33) 74(8) 92(9) 99(10) -19(7) 32(7) 0(6)

C(34) 127(4) 109(3) 98(3) -33(3) 26(3) -51(3)
Table A.4: Bond Lengths [A] for [1-Me],

Sc(1)-C(1) 2.208(2) C(6)-C(7) 1.520(3) C(21)-C(22) 1.389(3)
Sc(1)-N(1) 2.2230(15) C(8)-C(9) 1.404(3) C(21)-C(27) 1.522(3)
Sc(1)-N(2) 2.2230(16) C(8)-C(13)  1.411(3) C(22)-C(23) 1.377(4)
Sc(1)-C(2) 2.303(5) C(9)-C(10)  1.395(3) C(23)-C(24) 1.374(4)
Sc(1)-C(2)#1  2.305(10) C(9)-C(15)  1.525(3) C(24)-C(25) 1.397(3)
Sc(1)-C(2) 2.364(10) C(10)-C(11)  1.382(3) C(25)-C(30) 1.515(3)
Sc(1)-C(2#1  2.372(6) C(11)-C(12)  1.375(4) C(26)-C(27) 1.538(3)
Sc(1)-Sc(1)#l  3.3973(7) C(12)-C(13)  1.394(3) C(27)-C(28) 1.523(4)
N(1)-C(4) 1.340(2) C(13)-C(18) 1.530(3) C(29)-C(30) 1.530(4)
N(1)-C(20) 1.449(2) C(14)-C(15) 1.520(3) C(30)-C(31) 1.521(5)
N(2)-C(6) 1.339(2) C(15)-C(16) 1.538(3) C(32)-C(33) 1.559(8)
N(2)-C(8) 1.451(2) C(17)-C(18) 1.524(4) C(32)-C(33)  1.560(14)
C(3)-C(4) 1.515(3) C(18)-C(19)  1.496(4) C(33)-C(34) 1.382(8)
C(4)-C(5) 1.395(3) C(20)-C(21)  1.405(3) C(33)-C(34)  1.309(12)
C(5)-C(6) 1.403(3) C(20)-C(25) 1.411(3) C(34)-C(34)#2  1.407(9)
Table A.5: Bond Angles [°] for [1-Me];

C(1)-Sc(1)-N(1) 100.63(8) | C(4)-N(1)-C(20)  116.92(15) | C(19)-C(18)-C(17)  109.4(2)
C(1)-Sc(1)-N(2) 101.10(8) | C(4)-N(1)-Sc(1)  120.40(12) | C(19)-C(18)-C(13)  111.9(3)
N(1)-Sc(1)-N(2) 85.46(6) | C(20)-N(1)-Sc(1)  122.23(11) | C(17)-C(18)-C(13)  113.1(2)
C(1)-Sc(1)-C(2) 99.9(5) | C(6)-N(2)-C(8) 115.97(15) | C(21)-C(20)-C(25)  120.25(18)
N(1)-Sc(1)-C(2) 90.4(2) | C(6)-N(2)-Sc(1)  120.67(12) | C(21)-C(20)-N(1) 121.66(17)
N(2)-Sc(1)-C(2) 159.0(5) | C(8)-N(2)-Sc(1)  122.90(12) | C(25)-C(20)-N(1)  117.98(17)
C(1)-Sc(1)-C(2)#1  91.8(2) | N(1)-C(4)-C(5)  12457(17) | C(22)-C(21)-C(20)  118.7(2)
N(1)-Sc(1)-C(2)#1  167.4(2) | N(1)-C(4)-C(3) 119.90(17) | C(22)-C(21)-C(27)  117.8(2)
N(2)-Sc(1)-C(2)#1  93.9(3) | C(5)-C(4)-C(3) 11550(17) | C(20)-C(21)-C(27)  123.57(18)
C(2)-Sc(1)-C(2)#1  85.7(3) | C(4)-C(5)-C(6) 129.96(17) | C(23)-C(22)-C(21)  121.7(2)
C(1)-Sc(1)-C(2) 116.7(3) | N(2)-C(6)-C(5) 12457(17) | C(24)-C(23)-C(22)  119.3(2)
N(1)-Sc(1)-C(2") 86.3(2) N(2)-C(6)-C(7) 120.51(17) | C(23)-C(24)-C(25)  121.7(2)
N(2)-Sc(1)-C(2") 142.2(3) | C(5)-C(6)-C(7) 114.87(17) | C(24)-C(25)-C(20)  118.3(2)
C(2)-Sc(1)-C(2)) 16.8(4) | C(9)-C(8)-C(13)  120.78(18) | C(24)-C(25)-C(30)  119.7(2)
C(2)#1-Sc(1)-C(2)  86.6(4) | C(9)-C(8)-N(2) 121.08(17) | C(20)-C(25)-C(30)  122.06(19)
C(1)-Sc(1)-C(2)#1 108.2(5) | C(13)-C(8)-N(2)  118.11(17) | C(28)-C(27)-C(21)  112.1(2)
N(1)-Sc(1)-C(2)#1 151.1(5) | C(10)-C(9)-C(8)  118.04(19) | C(28)-C(27)-C(26)  108.8(2)
N(2)-Sc(1)-C(2)#1 86.95(19) | C(10)-C(9)-C(15) 118.28(18) | C(21)-C(27)-C(26)  111.0(2)
C(2)-Sc(1)-C(2)#1 86.79(18) | C(8)-C(9)-C(15)  123.68(18) | C(25)-C(30)-C(31)  110.4(3)
C(2)#1-Sc(1)-C(2)#1 16.8(4) | C(11)-C(10)-C(9) 121.8(2) | C(25)-C(30)-C(29)  112.2(2)
C(2)-Sc(1)-C(2)#1 82.8(3) | C(12)-C(11)-C(10) 1195(2) | C(31)-C(30)-C(29)  109.3(3)
C(1)-Sc(1)-Sc(L)}#1  109.51(7) | C(11)-C(12)-C(13) 121.4(2) | C(33)-C(32)-C(33)  55.1(5)
N(1)-Sc(1)-Sc(l)#1  128.07(4) | C(12)-C(13)-C(8) 1185(2) | C(34)-C(33)-C(32)  117.6(5)
N(2)-Sc(1)-Sc(1)#1  126.57(4) | C(12)-C(13)-C(18) 120.3(2) | C(34)-C(33)-C(32)  122.4(10)
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C(2)-Sc(1)-Sc(L)#1  44.20(15) | C(8)-C(13)-C(18)  121.22(19) | C(33)-C(34)-C(33)  64.8(7)
C(2)#1-Sc(1)-Sc(L)#1 44.0(2) | C(14)-C(15)-C(9) 112.1(2) | C(33)-C(34)-C(34)2 162.0(10)
C(2)-Sc(1)-Sc(1)#1  42.6(2) | C(14)-C(15)-C(16) 107.9(2) | C(33)-C(34)-C(34)2  133.1(8)
C(2)#1-Sc(1)-Sc(1)#1  42.60(11) | C(9)-C(15)-C(16)  111.68(18)

Table A.6: Crystal Data and Structure Refinement for 2-Et

A. Crystal Data

Crystallographer Masood Parvez University of Calgary
Empirical Formula Cs9Hg3N2SC

Formula Weight 604.9

Crystal Dimensions (mm) 0.43 x 0.40 x 0.38

Crystal System monoclinic

Space Group
Lattice Parameters

P21/n (#14)

a (A) 18.759(5)
b (A) 10.427(6)
c(A) 19.608(5)
S (deg) 107.32(2)
V (A3) 3661.4(28)
Z 4

Decalc 1.097g/cm3

1(MoKoa) 2.25cm™

B. Data Collection and Refinement Conditions

Diffractometer

Radiation (4 [A])
Temperature (°C)
Total Reflections

Unique Reflections

Corrections

Structure Solution
Refinement

No. Observations

No. Variables
Reflection/Parameter Ratio
Residuals: R; Rw
Goodness of Fit Indicator

Rigaku AFC6S

Graphite-monochromated Mo K« (0.71069)
-103 °C

7115

6893 (Rint =

0.097)

Lorentz-

polarization

Absorption

(trans Factors: 0.9243 — 1.000)
Decay (1.02%)

Direct Methods
Full-Matrix-Least-Squares
2654

379

.

0.052; 0.054

1.89
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Largest Difference Peak & Hole 0.29 and —-0.36 e A-3

Table A.7: Atomic Coordinates and Equivalent Isotropic Displacement Parameters for
2-Et

1-Me X y z Ueq, A2
Sc(1) 0.50790(6) -0.00902(11) 0.24371(6) 0.0267(3)
N(1) 0.4303(2) 0.1298(5) 0.1861(2) 0.0246(15)
N(2) 0.5674(2) 0.1236(5) 0.3219(2) 0.0238(14)
c(1) 0.5763(3) -0.0892(7) 0.1774(3) 0.044(2)
c(2) 0.4497(4) -0.1464(6) 0.2940(3) 0.042(2)
c@3) 0.4488(3) 0.3116(6) 0.1041(3) 0.0334(19)
C(4) 0.4713(3) 0.2210(6) 0.1702(3) 0.0245(17)
C(5) 0.5461(3) 0.2427(6) 0.2130(3) 0.0269(17)
C(6) 0.5895(3) 0.2140(6) 0.2842(3) 0.0254(17)
c(7) 0.6656(3) 0.2883(6) 0.3083(3) 0.0341(19)
C(8) 0.3502(3) 0.1158(6) 0.1553(3) 0.0253(17)
c(9) 0.3218(3) 0.0204(6) 0.1032(3) 0.0304(18)
C(10) 0.2444(3) 0.0106(7) 0.0743(3) 0.0380(19)
C(11) 0.1969(3) 0.0892(6) 0.0961(3) 0.036(2)
C(12) 0.2249(3) 0.1765(6) 0.1502(3) 0.0340(19)
C(13) 0.3018(3) 0.1896(6) 0.1813(3) 0.0279(18)
C(14) 0.3050(4) 0.2349(8) 0.3071(3) 0.061(3)
C(15) 0.3304(3) 0.2834(7) 0.2439(3) 0.037(2)
C(16) 0.3024(4) 0.4202(7) 0.2257(4) 0.060(3)
c(17) 0.3562(4) -0.2080(7) 0.0921(4) 0.066(3)
C(18) 0.3702(4) -0.0705(7) 0.0760(4) 0.047(2)
C(19) 0.3586(4) -0.0550(8) -0.0046(4) 0.072(3)
C(20) 0.5960(3) 0.1002(6) 0.3984(3) 0.0249(17)
c(21) 0.6518(3) 0.0068(6) 0.4235(3) 0.0314(17)
C(22) 0.6773(3) -0.0176(7) 0.4979(3) 0.042(2)
C(23) 0.6482(4) 0.0481(7) 0.5434(3) 0.045(2)
C(24) 0.5913(4) 0.1352(6) 0.5174(3) 0.040(2)
C(25) 0.5638(3) 0.1637(6) 0.4447(3) 0.0305(19)
C(26) 0.4542(4) 0.2728(8) 0.4727(4) 0.060(3)
C(27) 0.4979(3) 0.2545(6) 0.4188(3) 0.038(2)
C(28) 0.5193(4) 0.3852(7) 0.3967(4) 0.061(3)
C(29) 0.7722(4) -0.0679(7) 0.3995(4) 0.059(3)
C(30) 0.6863(4) -0.0716(6) 0.3760(3) 0.041(2)
C(31) 0.6594(4) -0.2104(7) 0.3717(4) 0.061(3)
C(32) 0.7065(3) 0.2904(7) 0.3895(3) 0.050(2)
C(33) 0.6559(4) 0.4307(7) 0.2856(4) 0.056(2)
C(34) 0.7163(3) 0.2223(7) 0.2707(4) 0.052(2)
C(35) 0.4965(4) 0.2742(8) 0.0553(3) 0.065(3)
C(36) 0.4651(4) 0.4518(7) 0.1262(4) 0.068(3)
c(37) 0.3680(4) 0.3071(7) 0.0573(3) 0.050(2)
C(38) 0.5709(4) -0.2292(8) 0.1592(4) 0.072(3)

C(39) 0.4528(4) -0.2926(7) 0.2945(4) 0.056(3)
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Table A.8: Anisotropic Displacement Parameters for 2-Et

Atom Ull u22 U33 u23 Ul3 ulz2
Sc(1) 0.0258(6)  0.0264(7)  0.0251(6)  0.0018(7)  0.0032(4)  -0.0006(7)
N(1) 0.024(3) 0.025(3) 0.024(3) -0.001(3)  0.006(2) -0.002(2)
N(2) 0.026(3) 0.028(3) 0.015(3) 0.003(3) 0.002(2) -0.001(2)
c(1) 0.029(4) 0.052(5) 0.041(4) 0.013(4) -0.005(3)  -0.011(4)
c(2) 0.042(4) 0.039(5) 0.041(4) 0.001(4) 0.005(3) 0.004(4)
c(@3) 0.027(4) 0.039(4) 0.033(4) 0.002(3) 0.006(3) 0.012(3)
C(4) 0.028(3) 0.026(4) 0.022(3) 0.003(3) 0.012(3) 0.003(3)
C(5) 0.028(3) 0.029(4) 0.022(3) -0.004(3)  0.006(3) 0.008(3)
C(6) 0.023(3) 0.024(4) 0.029(3) 0.003(3) 0.006(3) 0.001(3)
c(7) 0.024(4) 0.038(4) 0.037(4) -0.009(3)  0.004(3) 0.006(3)
Cc(8) 0.021(3) 0.025(4) 0.028(3) -0.002(3)  0.004(3) 0.002(3)
C(9) 0.030(3) 0.029(4) 0.030(3) 0.002(3) 0.005(3) 0.000(3)
C(10) 0.026(3) 0.044(4) 0.036(4) -0.003(4)  -0.002(3)  -0.005(4)
c(11) 0.023(4) 0.041(5) 0.040(4) 0.002(3) 0.004(3) 0.000(4)
C(12) 0.028(4) 0.036(4) 0.036(4) 0.002(3) 0.006(3) -0.002(3)
C(13) 0.027(4) 0.034(4) 0.023(3) 0.001(3) 0.008(3) 0.002(3)
C(14) 0.063(5) 0.087(6) 0.034(4) -0.009(5)  0.016(4) -0.017(4)
C(15) 0.029(4) 0.047(5) 0.037(4) 0.005(3) 0.009(3) -0.010(4)
C(16) 0.065(5) 0.045(5) 0.066(6) 0.004(4) 0.011(4) -0.021(4)
c(17) 0.067(5) 0.045(5) 0.073(6) 0.022(4) -0.001(4)  -0.013(5)
C(18) 0.038(4) 0.046(5) 0.048(5) 0.003(4) -0.003(4)  -0.019(4)
C(19) 0.069(6) 0.088(7) 0.067(6) 0.018(5) 0.031(5) -0.010(5)
C(20) 0.026(3) 0.030(4) 0.016(3) -0.006(3)  0.003(3) -0.001(3)
c(21) 0.033(3) 0.031(4) 0.026(3) 0.001(4) 0.002(3) -0.009(4)
C(22) 0.047(4) 0.038(5) 0.031(4) 0.008(4) -0.003(3)  0.003(4)
C(23) 0.058(5) 0.044(5) 0.023(4) 0.000(4) -0.002(3)  0.004(3)
C(24) 0.053(5) 0.042(5) 0.025(4) -0.003(4)  0.013(3) -0.005(4)
C(25) 0.035(4) 0.032(4) 0.024(4) -0.005(3)  0.008(3) 0.000(3)
C(26) 0.048(5) 0.084(6) 0.051(5) 0.011(5) 0.021(4) -0.014(5)
c(27) 0.038(4) 0.043(5) 0.028(4) 0.007(4) 0.003(3) -0.012(3)
C(28) 0.088(6) 0.048(5) 0.051(5) 0.027(5) 0.024(5) 0.007(4)
C(29) 0.041(4) 0.073(6) 0.055(5) 0.013(4) 0.004(4) -0.006(4)
C(30) 0.042(4) 0.038(5) 0.035(4) 0.009(4) -0.001(3)  -0.003(3)
C(31) 0.050(5) 0.063(6) 0.064(5) 0.006(4) 0.005(4) -0.027(5)
C(32) 0.040(4) 0.059(5) 0.040(4) -0.022(4)  -0.006(3)  0.006(4)
C(33) 0.047(5) 0.052(5) 0.060(5) -0.023(4)  0.001(4) 0.003(4)
C(34) 0.028(4) 0.068(6) 0.056(5) -0.010(4)  0.006(4) 0.011(4)
C(35) 0.054(5) 0.114(7) 0.031(4) 0.016(5) 0.017(4) 0.028(5)
C(36) 0.071(6) 0.041(5) 0.075(6) -0.001(4)  -0.003(5)  0.021(4)
C(37) 0.042(4) 0.067(6) 0.034(4) 0.007(4) 0.000(3) 0.021(4)
C(38) 0.043(5) 0.084(7) 0.081(6) -0.003(5)  0.009(4) -0.028(5)
C(39) 0.046(5) 0.047(5) 0.076(6) -0.001(4)  0.019(4) 0.010(4)
Table A.9: Bond Lengths (A) for 2-Et
Sc(l) N(2) 2.118(5) C(5) C(6) 1.422(7) C(17) C(18) 1.508(10)
Sc(l) N(1) 2.124(5) C(6) C(7) 1.568(7) C(18) C(19) 1.538(9)
Sc(l) C(2) 2.204(7) C(7) C(32) 1.548(8) C(20) C(21) 1.408(7)
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Sc(l) C(1) 2.243(6) C(7) C(33) 1.544(9) C(20) C(25) 1.397(7)
N(1) C(4) 1.317(6) C(7) C(34) 1.530(8) C(21) C(22) 1.416(7)
N(1) C(8) 1.451(6) C(8) CO) 1.411(7) C(21) C(30) 1.521(8)
N(2) C(20) 1.456(6) C(8) C(13) 1.396(7) C(22) C(23) 1.360(8)
N(@2) C(6) 1.338(7) C(9) C(10) 1.395(7) C(23) C(24) 1.378(8)
C(1) C(38) 1.499(10) C(9) C(18) 1.516(8) C(24) C(25) 1.395(7)
C(2) C(39) 1.526(9) C(10) C(11) 1.370(8) C(25) C(27) 1.520(8)
C(3) C(4) 1.558(7) C(11) C(12) 1.378(8) C(26) C(27) 1.530(8)
C(3) C(35) 1.542(8) C(12) C(13) 1.396(7) C(27) C(28) 1.520(9)
C(3) C(36) 1.530(9) C(13) C(15) 1.536(8) C(29) C(30) 1.539(8)
C(3) C(37) 1.520(8) C(14) C(15) 1.539(8) C(30) C(31) 1.528(9)
C(4) C(B) 1.421(7) C(15) C(16) 1.526(9)

Table A.10: Bond Angles (°) for 2-Et

N(1) Sc(1) N(2) 94.00(16) C(9) C(10) C(11) 121.6(6)
N(1) Scl) C(1) 111.4(2) C(9) C(8) C(17) 111.1(6)
N(1) Sc(l) C(2) 109.2(2) C(9) C(18) C(19) 112.3(6)
N(1) C@4) C@B) 126.9(5) C(10) C(9) C(18) 118.1(6)
N(1) C@) C(5B) 121.2(5) C(10) C(11) C(12) 120.1(5)
N(1) C(@B) C@O 119.5(5) C(11) C(12) C(13) 120.5(6)
N(1) C(8 C(13) 119.9(5) C(12) C(13) C(15) 118.7(5)
N@2) C(6) CG) 1205(5) C(13) C(8) C(9  120.4(5)
N@2) C(6) C(7) 125.9(5) C(13) C(15) C(14) 108.5(5)
N@2) Scl) C(1) 113.2(2) C(13) C(15) C(16) 113.2(5)
N@2) Scl) C(2) 108.9(2) C(14) C(15) C(15) 109.2(6)
N(@2) C(20) C(21) 118.9(5) C(17) C(18) C(19) 109.6(6)
N@2) C(0) C(25) 119.5(5) C(20) C(25) C(24) 117.6(6)
Sc(l) N(1) C@) 105.2(3) C(20) C(25) C(27) 122.9(5)
Sc(1) N(I) C(8) 127.8(4) C(20) C(21) C(22) 118.2(5)
Sc(1) C(2) C(39) 129.0(5) C(20) C(21) C(27) 124.4(5)
Sc(1) C(1) C(38) 119.4(5) C(21) C(22) C(23) 120.4(6)
Sc(1) N(@2) C(20) 126.1(4) C(21) C(30) C(29) 113.6(5)
Sc(1) N(@2) C(6) 104.1(3) C(21) C(30) C(31) 110.4(6)
C(2) Sc(1) C() 117.5(3) C(22) C(23) C(24) 120.4(6)
C(3 C@) C»B) 1118(5) C(22) C(21) C(27) 117.4(6)
C@4) C(B) C(6) 136.3(5 C(23) C(24) C(25) 121.9(6)
C4) C(3) C(35) 107.4(5) C(24) C(25) C(27) 119.4(6)
C@4) C(3) C(36) 111.2(5 C(25) C(27) C(28) 113.3(5)
C@4) C(3) C@7) 117.3(5) C(25) C(27) C(26) 113.4(5)
C4) N() C(8) 1255(5) C(25) C(20) C(21) 121.4(5)
CG) C(B) C(7) 113.3(5) C(26) C(27) C(28) 109.0(6)
C6) C(7) C(32) 116.4(5) C(29) C(30) C(31) 109.8(6)
C(6) C(7) C(33) 111.7(5) C(33) C(7) C(32) 105.2(5)
C(6) C(7) C(34) 105.8(5) C(33) C(7) C(34) 109.3(6)
C(6) N(@2) C(20) 127.4(5) C(34) C(7) C(32) 108.2(5)
C(8) C(O C(10) 117.9(6) C(35) C(3) C(37) 106.1(5)
C(8) C(O C(18) 124.0(5) C(36) C(3) C(37) 106.3(6)
C(8) C(13) C(12) 119.1(5) C(36) C(3) C(35) 108.2(6)
C(8) C(13) C(15) 122.2(5)
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Table A.11: Crystal Data and Structure Refinement for 2-CH,Ph

A. Crystal Data

Crystallographer Masood Parvez University of Calgary

Empirical Formula CagHs7N2SC

Formula Weight 729.01

Crystal Dimensions (mm) 0.38 x 0.30 x 0.24

Crystal System monoclinic

Space group P21/c (#14)

Lattice Parameters
a(A) 12.653(4)
b (A) 12.096(3)
c(A) 28.069(4)
/3 (deg) 90.77(2)
V (A3) 4295.5(17)
Z 4

Deatc 1.127g/cm3

1(MoKa) 0.205mm™

B. Data Collection and Refinement Conditions

Diffractometer

Radiation (4 [A])
Temperature (°C)

Total Reflections

Unique Reflections
Structure Solution
Refinement

No. Observations

No. Variables
Reflection/Parameter Ratio
Residuals: R; Rw
Goodness of Fit Indicator
Largest Difference Peak & Hole

Rigaku AFC6S
Graphite-monochromated Mo K« (0.71069)
-103 °C

7907

7607 (Rint = 0.0848)
Direct Methods
Full-Matrix-Least-Squares
2654

379

.

0.0629; 0.01358

1.02

0.252 and —0.306 e A-3

Table A.12: Atomic Coordinates and Equivalent Isotropic Displacement Parameters

for 2-CH,Ph

Atom X y z Ueq, A2
Scl 0.15346(10) 0.22554(11) 0.10583(5) 0.0425(4)
N1 0.3026(4) 0.2779(5) 0.13261(18) 0.0389(14)
N2 0.0671(4) 0.3381(4) 0.14634(17) 0.0337(14)
c1 0.1254(6) 0.0625(6) 0.1383(3) 0.059(2)
c2 0.1033(5) 0.2381(6) 0.0283(2) 0.0408(18)
C3 0.4068(5) 0.4609(6) 0.1247(3) 0.048(2)



C4

C5

C6

C7

C8

Cc9

C10
Cl1
C12
C13
C14
C15
Cl6
C17
C18
C19
C20
C21
C22
C23
C24
C25
C26
C27
C28
C29
C30
C31
C32
C33
C34
C35
C36
C37
C38
C39
C40
C41
C42
C43
C44
C45
C46
C47
C48
C49

0.3063(5)
0.2108(5)
0.1050(5)
0.0366(5)
0.3905(5)
0.4431(5)
0.5247(5)
0.5518(6)
0.4965(6)
0.4128(5)
0.4175(7)
0.3525(6)
0.3129(6)
0.3717(5)
0.4170(5)
0.5119(5)
-0.0250(5)
-0.1181(5)
-0.2053(5)
-0.2010(6)
-0.1077(6)
-0.0178(5)
0.1135(7)
0.0850(6)
0.0835(7)
-0.1645(6)
-0.1305(5)
-0.2088(7)
0.0236(6)
-0.0739(5)
0.0947(6)
0.3915(6)
0.5121(5)
0.4175(5)
0.1739(7)
0.1231(6)
0.1687(9)
0.2661(9)
0.3197(7)
0.2718(7)
0.1713(6)
0.1845(6)
0.2532(8)
0.3098(7)
0.2963(7)
0.2302(6)

0.3863(6)
0.4471(6)
0.4368(6)
0.5420(6)
0.2036(6)
0.1574(6)
0.0823(6)
0.0541(7)
0.0969(7)
0.1705(6)
0.2904(7)
0.2120(7)
0.1158(7)
0.0791(6)
0.1819(6)
0.2244(7)
0.3257(5)
0.2777(6)
0.2696(6)
0.3033(6)
0.3454(6)
0.3543(6)
0.3278(8)
0.3940(7)
0.5150(7)
0.1191(7)
0.2407(6)
0.3117(7)
0.5484(7)
0.5477(6)
0.6476(6)
0.5564(6)
0.4047(6)
0.5072(6)
-0.0297(7)
-0.0752(7)
-0.1566(8)
-0.1996(8)
-0.1585(8)
-0.0753(7)
0.2589(7)
0.1811(7)
0.1987(9)
0.2956(11)
0.3731(9)
0.3565(7)

0.1262(2)
0.1178(2)
0.1308(2)
0.1207(2)
0.1425(3)
0.1034(3)
0.1130(3)
0.1589(3)
0.1964(3)
0.1899(3)
0.2627(3)
0.2320(3)
0.2621(3)
0.0271(2)
0.0516(2)
0.0233(2)
0.1753(2)
0.1569(2)
0.1864(3)
0.2330(3)
0.2512(3)
0.2238(2)
0.2906(3)
0.2465(3)
0.2604(3)
0.1018(3)
0.1053(3)
0.0774(3)
0.0662(2)
0.1434(2)
0.1378(3)
0.1602(3)
0.1382(3)
0.0739(3)
0.1143(3)
0.0737(3)
0.0466(3)
0.0590(4)
0.0992(4)
0.1267(3)
-0.0124(3)
-0.0490(3)
-0.0863(3)
-0.0898(4)
-0.0547(3)
-0.0171(3)

0.0414(18)
0.0420(19)
0.0367(18)
0.046(2)
0.0412(19)
0.045(2)
0.054(2)
0.064(2)
0.061(2)
0.047(2)
0.094(3)
0.059(2)
0.077(3)
0.062(2)
0.047(2)
0.067(2)
0.0393(18)
0.0488(19)
0.052(2)
0.058(2)
0.057(2)
0.0434(19)
0.101(3)
0.056(2)
0.097(3)
0.072(3)
0.055(2)
0.092(3)
0.079(3)
0.053(2)
0.075(3)
0.073(3)
0.061(2)
0.064(2)
0.058(2)
0.069(3)
0.086(3)
0.089(3)
0.082(3)
0.066(2)
0.054(2)
0.067(2)
0.086(3)
0.097(4)
0.085(3)
0.061(2)
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Table A.13: Anisotropic Displacement Parameters for 2-CH,Ph

Atom ull uz22 u33 u23 ui13 uil2
Scl 0.0364(8)  0.0462(8)  0.0447(9)  -0.0056(8)  0.0003(6)  0.0002(8)
N1 0.037(3) 0.037(4) 0.043(4) 0.000(3) 0.003(3) 0.005(3)
N2 0.028(3) 0.040(4) 0.033(3) 0.002(3) 0.006(3) -0.002(3)
c1 0.043(5) 0.049(5) 0.085(7) 0.000(5) 0.002(4) -0.002(4)
c2 0.038(4) 0.049(5) 0.035(4) -0.002(4)  0.006(3) 0.002(4)
Cc3 0.041(5) 0.053(5) 0.050(5) 0.005(4) -0.003(4)  -0.009(4)
c4 0.044(5) 0.045(5) 0.035(4) -0.001(4)  -0.002(4)  -0.001(4)
c5 0.046(5) 0.037(5) 0.043(5) 0.005(4) -0.001(4)  -0.003(4)
cé 0.044(5) 0.043(5) 0.023(4) 0.000(4) 0.001(3) -0.001(4)
c7 0.055(5) 0.038(5) 0.046(5) 0.000(4) 0.010(4) 0.011(4)
cs 0.030(4) 0.038(5) 0.055(5) 0.010(4) -0.003(4)  -0.007(4)
c9 0.030(4) 0.057(5) 0.047(5) 0.010(4) -0.003(4)  -0.001(4)
C10 0.041(5) 0.059(6) 0.062(6) 0.003(5) 0.006(4) 0.009(4)
ci1 0.045(5) 0.070(6) 0.078(7) 0.018(6) -0.001(5)  0.014(5)
C12 0.056(5) 0.071(6) 0.056(6) 0.016(5) -0.014(4)  0.008(5)
C13 0.038(5) 0.053(5) 0.049(5) 0.008(4) -0.013(4)  -0.001(4)
cl4 0.139(9) 0.073(7) 0.072(6) -0.007(6)  0.005(6) -0.023(7)
C15 0.065(5) 0.063(6) 0.049(5) 0.003(5) 0.000(4) 0.005(5)
C16 0.080(6) 0.088(7) 0.065(6) 0.011(6) 0.009(5) -0.002(6)
c17 0.059(5) 0.078(6) 0.050(5) 0.000(5) 0.004(4) 0.001(5)
c18 0.038(4) 0.052(5) 0.051(5) 0.003(4) 0.003(4) 0.010(4)
C19 0.053(5) 0.082(6) 0.067(6) 0.020(5) 0.017(4) 0.004(5)
C20 0.035(4) 0.038(4) 0.045(5) -0.003(4)  0.010(4) 0.003(3)
c21 0.043(5) 0.050(5) 0.054(5) -0.003(5)  0.006(4) 0.009(4)
c22 0.035(4) 0.051(5) 0.070(6) -0.008(5)  0.010(4) 0.001(4)
c23 0.050(5) 0.068(6) 0.056(6) 0.004(5) 0.028(4) 0.003(5)
C24 0.064(6) 0.057(6) 0.051(5) -0.007(4)  0.020(5) 0.002(5)
C25 0.052(5) 0.041(5) 0.038(5) 0.005(4) 0.019(4) 0.002(4)
C26 0.098(8) 0.104(8) 0.100(8) 0.028(7) -0.033(6)  -0.006(6)
c27 0.057(5) 0.073(6) 0.038(5) -0.015(5)  0.013(4) -0.013(5)
c28 0.118(8) 0.083(8) 0.091(8) 0.000(6) -0.010(6)  -0.039(6)
C29 0.060(5) 0.086(7) 0.069(6) -0.020(5)  0.004(5) -0.003(5)
C30 0.041(4) 0.061(6) 0.062(5) -0.016(5)  -0.006(4)  -0.003(4)
c31 0.094(7) 0.096(8) 0.085(7) -0.013(6)  -0.041(6)  0.004(6)
C32 0.091(7) 0.099(7) 0.048(6) 0.016(5) 0.000(5) 0.048(6)
C33 0.042(5) 0.049(5) 0.069(6) -0.001(4)  0.011(4) 0.011(4)
C34 0.078(6) 0.047(6) 0.100(7) 0.004(5) 0.041(5) 0.016(5)
C35 0.067(6) 0.066(6) 0.087(7) -0.009(5)  -0.019(5)  -0.014(5)
C36 0.036(5) 0.063(6) 0.083(6) 0.003(5) -0.007(4)  -0.014(4)
C37 0.048(5) 0.067(6) 0.078(6) 0.018(5) 0.008(4) -0.012(4)
C38 0.073(7) 0.048(6) 0.053(6) 0.010(5) 0.001(5) -0.025(5)
C39 0.057(6) 0.062(6) 0.090(7) -0.004(6)  0.012(5) 0.000(5)
C40 0.099(8) 0.078(8) 0.082(8) 0.002(6) 0.018(6) -0.014(6)
ca1 0.103(9) 0.067(8) 0.099(9) 0.009(7) 0.030(7) 0.000(7)
C42 0.071(7) 0.062(7) 0.114(9) 0.022(6) 0.019(7) 0.001(6)
C43 0.065(6) 0.060(6) 0.071(6) 0.015(6) 0.000(5) -0.007(5)
C44 0.050(5) 0.068(7) 0.042(5) 0.006(5) -0.011(4)  0.007(5)

c45 0.069(6) 0.081(7) 0.051(6) -0.012(5)  -0.005(5)  0.008(5)



277

C46 0.087(8)  0.125(10) 0.046(6)  -0.018(6)  -0.004(5)  0.036(7)
ca7 0.068(7)  0.59(13) 0.063(7)  0.026(8)  0.020(5)  0.017(8)
c48 0.061(6)  0.129(10)  0.065(7)  0.019(7)  0.006(5)  -0.005(6)
C49 0.054(5)  0.070(7)  0.058(6)  0.006(5)  -0.007(4)  0.001(5)
Table A.14: Bond Lengths (A) for 2-CH,Ph

Sc1 N2 2.091(5) C7 C32 1539(9) C23 C24 1.378(9)
Sc1 NI 2.118(5) C7 C33 1545(@) C24 C25 1.388(9)
Sc1 Cl  2.203(7) C7 C34 1548(9) C25 C27 1.518(9)
Sc1 C2  2.265(6) C8 C9  1.406(9) C26 C27 1.515(10)
Scl C6  2.722(7) C8 C13 1.413(9) C27 C28 1.514(10)
Sc1 C5  2.796(7) C9 C10 1.398(9) C29 C30 1.535(9)
Scl C4  2.796(7) C9 C18 1517(9) C30 C31 1.519(9)
N1 C4 1.325(8) Cl10 C11 1.374(9) C38 C43 1.395(10)
N1 C8 1.454(8) Cll C12 1.372(9) C38 C39 1.412(10)
N2 C6 1.361(8) Cl2 C13 1.393(9) C39 C40 1.375(11)
N2 C20 1.438(7) C13 C15 1.502(9) C40 C41 1.379(11)
Cl C38 1.443(10) Cl4 C15 1.516(9) C4l C42 1.398(12)
C2 C44 1.460(8) C15 C16 1.527(9) C42 C43 1.410(11)
C3 C36 1539(9) C17 C18 1.530(9) C44 C45 1.405(9)
C3 C37 1540(9) C18 C19 1.536(8) C44  C49 1.403(10)
C3 C35 1.540(9) C20 C25 1.406(8) C45 C46 1.386(11)
C3 C4 156009 C20 C21 1.406(9) C46 C47 1.378(12)
C4 C5 14319 C21 C22 1.391(8) C47 C48 1.373(12)
C5 C6 1.399(8) C21 C30 1523(9) C48 C49 1.370(10)
C6 C7 156209 C22 C23 1.370(9)

Table A.15: Bond Angles (°) for 2-CH,Ph

N2 Sscl NI 947(2) C3 C7 C6  117.6(6)
N2 sl Cl  1057(3) C34 C7 C6  1109()
NI s Cl  1056(3) CO9 C8  Cl13  1220(7)
N2  scl €2  109.7(2) c9 Cc8 NI  117.7(6)
NI  Scl €2  1239(2) Cl3 C8 NI  119.8(6)
Cl Sl C2  1144(3) Cl0 Cc9 C8  117.7(7)
N2  scl C6  29.26(18) Cl0 C9  Cl18  117.4(7)
NI  Sc1 C6  803(2 C8 C9  Cl18  124.9(7)
Cl S C6 134102 Cll C10 C9  121.007)
C2 Sl C6  97.1(2 Cl2 Cl1 C10  120.2(8)
N2 scI C5  565(2 Cll Cl2 Cl13  1223(7)
NI Sc1 C5  56.1(2) Cl2 C13 C8  1165(7)
Cl  Scl C5  148.4(3) Cl2 CI13 C15 120.2(7)
C2 Sc1  C5  96.9(2) C8 CI3 Cl15 1232(7)
C6  Sc1 C5  29.33(18) Cl13 CI5 Cl4  112.2(6)
N2 sl C4  785(2 C13 C15 C16  110.8(7)
NI  Scl C4  27.05(19) Cl4 CI5 C16  110.0(6)
Cl  Sc1 C4  1308(3) C9 CI8 Cl17  110.4(6)
C2 Scl C4  1095(2) C9 CI18 Cl19  113.6(6)




C6
C5
C4
C4
C8
C6
C6
C20
C38
C44
C36
C36
C37
C36
C37
C35
N1
N1
C5
N1
C5
C3
C6
C6
C4
N2
N2
C5
N2
C5
C7
C32
C32
C33
C32

Scl
Scl
N1
N1
N1
N2
N2
N2
C1
C2
C3
C3
C3
C3
C3
C3
C4
C4
C4
C4
C4
C4
C5
C5
C5
C6
C6
C6
C6
C6
C6
C7
C7
C7
C7

C4
C4
C8
Scl
Scl
C20
Scl
Scl
Scl
Scl
C37
C35
C35
C4
C4
C4
C5
C3
C3
Scl
Scl
Scl
C4
Scl
Scl
C5
C7
Cc7
Scl
Scl
Scl
C33
C34
C34
C6

56.8(2)
29.66(18)
127.5(5)
106.3(4)
123.9(4)
124.4(6)
102.0(4)
132.3(4)
115.3(5)
127.0(4)
107.6(6)
106.7(6)
109.8(6)
116.2(6)
108.5(6)
107.9(6)
120.0(6)
127.4(6)
112.6(6)
46.6(3)
75.2(4)
163.4(5)
136.1(7)
72.4(4)
75.2(4)
120.3(6)
125.2(6)
114.2(6)
48.7(3)
78.3(4)
147.5(5)
108.8(6)
108.1(6)
105.3(6)
105.9(6)

C17
C25
C25
Ccz21
C22
C22
C20
C23
C22
C23
C24
C24
C20
C26
C26
Cc28
Cc21
C21
C31
C43
C43
C39
C40
C39
C40
C41
C38
C45
C45
C49
C46
C45
C48
C49
C48

C18
C20
C20
C20
Cc21
C21
C21
C22
C23
C24
C25
C25
C25
C27
C27
Cc27
C30
C30
C30
C38
C38
C38
C39
C40
C41
C42
C43
C44
C44
C44
C45
C46
Ca7
C48
C49

C19
c21
N2

N2

C20
C30
C30
c21
c24
C25
C20
c27
c27
C28
C25
C25
c31
C29
C29
C39
c1

c1

C38
ca1
C42
C43
C42
C49
C2

C2

ca4
ca7
C46
c47
ca4

109.3(6)
120.0(6)
118.6(6)
121.1(6)
118.5(7)
118.3(7)
123.1(6)
121.7(7)
119.1(7)
121.8(7)
118.4(7)
119.7(7)
121.9(6)
107.7(7)
111.7(6)
113.6(7)
112.5(6)
111.6(7)
109.2(6)
116.0(8)
124.8(8)
119.0(8)
122.4(9)
120.7(10)
119.5(10)
119.1(9)
122.2(9)
115.1(7)
122.2(8)
122.6(7)
122.1(9)
121.2(10)
117.4(9)
122.3(10)
121.9(9)
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Table A.16: Crystal Data and Structure Refinement for 2-CI(CH,SiMe3)

A. Crystal Data

Crystallographer

Empirical Formula

Formula Weight

Crystal Size
Crystal System
Space Group

Lattice Parameters

Masood Parvez

C39H64C| N,ScSi
669.42

University of Calgary

0.28 x 0.22 x 0.20 mm3

triclinic
P-1
a=9.63070(10) A

o= 83.3540(10)°.
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B =10.85800(10) A  B=77.4090(10)°.
C =20.3445(2) A y = 78.3060(10)°.

Volume 2027.46(3) A3

z 2

Density (calculated) 1.097 Mg/m3

B. Data Collection and Refinement Conditions

Diffractometer Nonius Kappa CCD

Radiation (A[A]) Graphite-monochromated MoKa (0.71073)
Temperature 173(2) K

Reflections Collected 21471

Independent Reflections 11757 [R(int) = 0.023]
Structure Solution Direct Methods

Refinement Method Full-matrix least-squares on F2
Data / Restraints / Parameters 11757 /12 /413
Goodness-of-Fit 1.07

Final R Indices [I1>2sigma(l)] R1 =0.046, wR2 = 0.135

R Indices (all data) R1=0.062, wR2 =0.155
Largest Difference Peak & Hole 0.60 and -0.69 e.A-3

Table A.17: Atomic coordinates and equivalent isotropic displacement parameters for
2-CI(CH,SiMej3)
X y z U(eq) X y z U(eq)
Sc(l) 2148(1) 1487(1) 7630(1) 23(1) C(21) 1267(2) 2035(1) 9513(1)  26(1)
Cl(1) 884(1)  -162(1) 8066(1) 41(1) C(22) 510(2)  1602(2) 10135(1) 32(1)
Si(1) 5639(1) -654(1) 7363(1) 46(1) C(23) -984(2) 1725(2) 10267(1) 35(1)
N(1) 1434(1) 2654(1) 6842(1) 23(1) C(24) -1744(2) 2286(2) 9774(1)  34(1)
N(2) 1245(1) 2895(1) 8338(1) 22(1) C(25) -1041(2) 2718(2) 9138(1)  28(1)
C(1) 4502(2) 890(2)  7577(1) 33(1) C(26) -2685(2) 2289(2) 8424(1) 51(1)
C(3) 3247(2) 3984(2) 6119(1) 33(1) C(27) -1952(2) 3291(2) 8616(1)  34(1)
C(4) 2282(2) 3546(1) 6796(1) 24(1) C(28) -3086(2) 4430(2) 8872(1)  49(1)
C(5) 2492(2) 3980(1) 7376(1) 25(1) C(29) 3373(2) 2495(2) 9944(1)  45(1)
C(6) 1716(2) 3930(1) 8078(1) 23(1) C(30) 2905(2) 1867(2) 9410(1)  30(1)
C(7) 1586(2) 5144(2) 8431(1) 31(1) C(31) 3598(2) 464(2)  9418(1)  42(1)
C(8) 555(2)  2586(1) 6370(1) 25(1) C(32) 3120(2) 5288(2) 8489(1)  48(1)
C(9) 737(2)  1472(2) 6042(1) 33(1) C(33) 651(2)  5178(2) 9142(1)  40(1)
C(10) -149(2)  1446(2) 5585(1) 48(1) | C(34) 924(3)  6266(2) 7997(1)  54(1)
C(11) -1191(2) 2456(2) 5455(1) 51(1) C(35) 4755(2) 3165(3) 6086(1) 62(1)
C(12) -1400(2) 3519(2) 5795(1) 40(1) C(36) 2745(2) 3813(2) 5475(1)  41(1)
C(13) -564(2) 3610(2) 6262(1) 30(1) C(37) 3380(3) 5373(2) 6103(1) 65(1)
C(14) -2507(2) 4983(2) 7025(1) 55(1) C(38) 7083(3) -1203(4) 7842(2) 86(2)
C(15) -940(2) 4788(2) 6646(1) 41(1) C(39) 4599(4) -1926(3) 7441(3) 138(3)
C(16) -710(3) 5977(2) 6189(2) 79(1) C(40) 6541(4) -497(4)  6461(1) 96(2)
C(17) 1190(3) -869(2) 6372(1) 56(1) | C(38) 7596(3) -774(8)  7308(4)  86(2)
C(18) 1874(2) 301(2)  6137(1) 42(1) | C(39°) 5045(9) -1788(7) 8070(3) 138(3)
C(19) 3023(3) 63(2) 5492(1) 61(1) | C(40") 5439(9) -1284(9) 6592(3)  96(2)
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C(20) 469(2)  2597(1) 9015(1) 23(1) |

Table A.18: Anisotropic Displacement Parameters for 2-CI(CH,SiMes)

Atom U1l U22 u33 u23 U13 U12
Sc(1) 28(1) 20(1) 22(1) -1(1) -6(1) -2(1)
Cl(1) 56(1) 31(1) 37(1) 4(2) 7(1) -18(1)
Si(1) 35(1) 36(1) 65(1) -13(1) -15(1) 8(1)
N(1) 24(1) 23(1) 20(1) 0(1) -5(1) -5(1)
N(2) 22(1) 22(1) 21(1) -1(1) -5(1) -5(1)
c@) 30(1) 31(1) 36(1) -1(1) -7(1) 2(1)
c@3) 32(1) 43(1) 24(1) 8(1) -2(1) -14(1)
C(4) 23(1) 24(1) 24(1) 3(1) -4(1) -4(1)
c() 24(1) 25(1) 26(1) 2(1) -4(1) -9(1)
C(6) 22(1) 22(1) 25(1) -1(1) -6(1) -5(1)
c(7) 38(1) 24(1) 32(1) -6(1) -4(1) -11(1)
c(8) 25(1) 30(1) 21(1) -1(1) -4(1) -6(1)
C(9) 37(1) 36(1) 28(1) -7(1) -8(1) -5(1)
C(10) 57(1) 51(1) 44(1) -19(1) -23(1) -6(1)
c(11) 53(1) 66(1) 44(1) -12(1) -28(1) -8(1)
c(12) 35(1) 50(1) 36(1) 0(1) -14(1) -3(1)
C(13) 28(1) 34(1) 27(1) -1(1) -7(1) -4(1)
C(14) 51(1) 57(1) 45(1) -8(1) -3(1) 13(1)
C(15) 36(1) 37(1) 51(1) -11(1) -18(1) 8(1)
C(16) 71(2) 38(1) 116(3) -11(1) 11(2) -8(1)
c(17) 84(2) 36(1) 53(1) -11(1) -21(1) -8(1)
C(18) 51(1) 34(1) 41(1) -15(1) -15(1) 1(1)
C(19) 59(1) 58(1) 60(1) -24(1) -3(1) 7(1)
C(20) 27(1) 22(1) 21(1) -2(1) -4(1) -8(1)
c(21) 31(1) 26(1) 23(1) -2(1) -6(1) -8(1)
c(22) 41(1) 31(1) 24(1) 1(1) -7(1) -11(1)
C(23) 43(1) 37(1) 25(1) 0(1) 2(1) -16(1)
C(24) 30(1) 37(1) 33(1) -2(1) 2(1) -13(1)
C(25) 27(1) 29(1) 27(1) -3(1) -3(1) -9(1)
C(26) 48(1) 59(1) 57(1) -8(1) -24(1) -16(1)
c@n) 25(1) 41(1) 35(1) 0(1) -7(1) -8(1)
C(28) 36(1) 50(1) 58(1) -4(1) -12(1) 1(1)
C(29) 43(1) 60(1) 39(1) -5(1) -17(1) -19(1)
C(30) 31(1) 34(1) 27(1) 1(1) -11(1) -8(1)
C(31) 37(1) 41(1) 47(2) 6(1) -14(1) -2(1)
C(32) 51(1) 56(1) 48(1) -16(1) -5(1) -31(1)
C(33) 50(1) 31(1) 40(1) -15(1) 3(1) -13(1)
C(34) 82(2) 23(1) 54(1) -1(1) -15(1) -1(1)
C(35) 30(1) 104(2) 37(1) 17(1) 5(1) -5(1)
C(36) 41(1) 55(1) 23(1) 6(1) -1(1) -15(1)
c(37) 104(2) 62(2) 37(1) 16(1) -7(1) -54(2)
C(38) 80(3) 77(3) 96(3) -23(2) -51(3) 39(2)
C(39) 57(2) 35(2) 322(10) -44(3) -36(4) 5(2)
C(40) 92(3) 98(4) 75(3) -31(2) -9(2) 39(2)
C(38) 80(3) 77(3) 96(3) -23(2) -51(3) 39(2)

C(39) 57(2) 35(2) 322(10) -44(3) -36(4) 5(2)
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C(40") 92(3) 98(4) 75(3) -31(2) -9(2) 39(2)
Table A.19: Bond Lengths [A] for 2-CI(CH,SiMe3)

Sc(1)-N(1) 2.0747(12) C(3)-C(36)  1.534(2) C(13)-C(15) 1.516(2)
Sc(1)-N(2) 2.1435(12) C(3)-C(35)  1.534(3) C(14)-C(15) 1.523(3)
Sc(1)-C(1) 2.2098(16) C(3)-C(37)  1.535(3) C(15)-C(16) 1.526(3)
Sc(1)-CI(1) 2.3493(5) C(3)-C(4) 1.568(2) C(17)-C(18) 1.529(3)
Sc(1)-C(4) 2.6528(14) C(4)-C(5) 1.388(2) C(18)-C(19) 1.529(3)
Sc(1)-C(5) 2.7695(15) C(5)-C(6) 1.460(2) C(20)-C(25)  1.403(2)
Sc(1)-C(6) 2.8262(14) C(6)-C(7) 1.543(2) C(20)-C(21) 1.412(2)
Si(1)-C(38) 1.8334(16) C(7)-C(33)  1.530(2) C(21)-C(22) 1.397(2)
Si(1)-C(39) 1.8379(17) C(7)-C(34)  1.533(3) C(21)-C(30) 1.521(2)
Si(1)-C(40) 1.8429(19) C(7)-C(32)  1.547(3) C(22)-C(23) 1.387(2)
Si(1)-C(38) 1.8429(19) C(8)-C(9) 1.409(2) C(23)-C(24) 1.381(3)
Si(1)-C(1) 1.8480(17) C(8)-C(13)  1.416(2) C(24)-C(25)  1.400(2)
Si(1)-C(39) 1.852(2) C(9)-C(10)  1.399(2) C(25)-C(27) 1.522(2)
Si(1)-C(40) 1.8551(17) C(9)-C(18)  1525(2) C(26)-C(27) 1.538(3)
N(1)-C(4) 1.3708(19) C(10)-C(11) 1.372(3) C(27)-C(28) 1.532(3)
N(1)-C(8) 1.4300(18) C(11)-C(12) 1.372(3) C(29)-C(30) 1.535(2)
N(2)-C(6) 1.3093(18) C(12)-C(13) 1.395(2) C(30)-C(31) 1.535(2)
N(2)-C(20) 1.4508(18)

Table A.20: Bond Angles [°] for 2-CI(CH,SiMe3)

N(1)-Sc(1)-N(2)  92.49(5) | C(40')-Si(1)-C(40) 46.4(3) C(6)-C(7)-C(32)  108.45(14)
N(1)-Sc(1)-C(1)  118.75(6) | C(38)-Si(1)-C(40) 71.0(3) C(9)-C(8)-C(13) 119.76(14)
N(2)-Sc(1)-C(1)  111.00(6) | C(1)-Si(1)-C(40)  107.57(14) | C(9)-C(8)-N(1) 120.17(14)
N(1)-Sc(1)-CI(1)  116.32(4) | C(39)-Si(1)-C(40) 144.3(3) C(13)-C(8)-N(1) 119.96(13)
N(2)-Sc(1)-CI(1)  103.22(4) | C(4)-N(1)-C(8) 124.53(12) | C(10)-C(9)-C(8) 118.26(16)
C(1)-Sc(1)-CI(1)  111.90(5) | C(4)-N(1)-Sc(1)  98.63(9) C(10)-C(9)-C(18)  117.48(16)
N(1)-Sc(1)-C(4)  30.72(5) C(8)-N(1)-Sc(1)  136.06(10) | C(8)-C(9)-C(18) 124.23(14)
N(2)-Sc(1)-C(4)  80.46(5) C(6)-N(2)-C(20)  129.60(12) | C(11)-C(10)-C(9)  122.22(18)
C(1)-Sc(1)-C(4)  96.91(6) | C(6)-N(2)-Sc(l)  107.40(9) | C(12)-C(11)-C(10) 119.17(17)
CI(1)-Sc(1)-C(4)  146.65(4) | C(20)-N(2)-Sc(1) 122.23(9) | C(11)-C(12)-C(13) 121.78(17)
N(1)-Sc(1)-C(5)  57.08(5) Si(1)-C(1)-Sc(1)  127.99(9) | C(12)-C(13)-C(8)  118.67(16)
N(2)-Sc(1)-C(5)  56.30(4) C(36)-C(3)-C(35)  107.05(17) | C(12)-C(13)-C(15) 117.90(15)
C(1)-Sc(1)-C(5)  90.06(6) C(36)-C(3)-C(37)  107.66(15) | C(8)-C(13)-C(15)  123.39(14)
CI(1)-Sc(1)-C(5)  155.25(4) | C(35)-C(3)-C(37) 108.61(19) | C(13)-C(15)-C(14) 111.08(17)
C(4)-Sc(1)-C(5)  29.57(4) C(36)-C(3)-C(4)  115.20(13) | C(13)-C(15)-C(16) 112.85(19)
N(1)-Sc(1)-C(6)  76.56(4) | C(35)-C(3)-C(4)  106.36(13) | C(14)-C(15)-C(16) 108.23(17)
N(2)-Sc(1)-C(6)  26.24(4) | C(37)-C(3)-C(4)  111.69(15) | C(9)-C(18)-C(17)  111.70(18)
C(1)-Sc(1)-C(6)  100.43(5) | N(1)-C(4)-C(5) 120.35(12) | C(9)-C(18)-C(19)  111.78(17)
CI(1)-Sc(1)-C(6)  128.96(3) | N(1)-C(4)-C(3) 123.50(13) | C(17)-C(18)-C(19)  109.97(17)
C(4)-Sc(1)-C(6)  56.77(4) C(5)-C(4)-C(3) 115.52(13) | C(25)-C(20)-C(21)  121.19(13)
C(5)-Sc(1)-C(6)  30.23(4) N(1)-C(4)-Sc(1)  50.64(7) C(25)-C(20)-N(2)  119.38(13)
C(38)-Si(1)-C(39) 107.52(12) | C(5)-C(4)-Sc(1)  79.88(8) C(21)-C(20)-N(2)  118.90(13)
C(38)-Si(1)-C(40) 127.2(3) C(3)-C(4)-Sc(1)  138.67(10) | C(22)-C(21)-C(20) 118.16(14)
C(39)-Si(1)-C(40) 60.7(3) C(4)-C(5)-C(6) 132.71(13) | C(22)-C(21)-C(30)  118.08(14)
C(38)-Si(1)-C(38) 37.3(3) C(4)-C(5)-Sc(1)  70.55(8) C(20)-C(21)-C(30)  123.76(13)
C(39)-Si(1)-C(38) 128.8(3) C(6)-C(5)-Sc(1)  77.03(8) C(23)-C(22)-C(21)  121.41(15)




282

C(40)-Si(1)-C(38") 106.45(15) | N(2)-C(6)-C(5)  118.60(13) | C(24)-C(23)-C(22)  119.46(15)
C(38)-Si(1)-C(1)  115.05(13) | N(2)-C(6)-C(7)  127.69(13) | C(23)-C(24)-C(25) 121.66(15)
C(39)-Si(1)-C(1)  113.52(14) | C(5)-C(6)-C(7)  113.70(12) | C(24)-C(25)-C(20) 118.11(14)
C(40)-Si(1)-C(1)  116.4(3) | N(2)-C(6)-Sc(1)  46.36(7) | C(24)-C(25)-C(27) 118.47(14)
C(38)-Si(1)-C(1) 115.8(3) | C(5)-C(6)-Sc(l)  72.74(8) | C(20)-C(25)-C(27) 123.42(14)
C(38)-Si(1)-C(39)  70.4(3) C(7)-C(6)-Sc(1)  169.89(10) | C(25)-C(27)-C(28)  111.51(15)
C(39)-Si(1)-C(39)  46.9(3) C(33)-C(7)-C(34) 107.67(16) | C(25)-C(27)-C(26)  110.08(15)
C(40)-Si(1)-C(39") 105.83(15) | C(33)-C(7)-C(6)  115.12(13) | C(28)-C(27)-C(26)  110.46(16)
C(38)-Si(1)-C(39") 105.89(14) | C(34)-C(7)-C(6)  108.28(14) | C(21)-C(30)-C(31)  110.72(14)
C(1)-Si(1)-C(39)  1055(3) | C(33)-C(7)-C(32) 107.24(15) | C(21)-C(30)-C(29) 111.96(14)
C(38)-Si(1)-C(40)  106.45(11) | C(34)-C(7)-C(32) 110.03(17) | C(31)-C(30)-C(29)  109.77(15)
C(39)-Si(1)-C(40)  106.15(12)

Table A.21: Crystal Data and Structure Refinement for 2-CH,SiMe3(CH,CMej3)
A. Crystal Data

Crystallographer Masood Parvez University of Calgary
Empirical Formula CasH7sN2ScSi
Formula Weight 705.11

0.28 x 0.25 x 0.20 mm3
orthorhombic

Crystal size

Crystal System

Space Group P212121

Lattice Parameters a=18.3993(2) A
b=19.1857(2) A
¢ =25.5578(4) A

Volume 9022.0(2) A3

z 8

Density (calculated) 1.038 Mg/m3

B. Data Collection and Refinement Conditions

Diffractometer Nonius Kappa CCD

Radiation (AM[A])
Temperature

Reflections Collected
Independent Reflections
Structure Solution
Refinement Method

Data / Restraints / Parameters
Goodness-of-Fit

Final R Indices [1>2sigma(l)]
R Indices (all data)

Largest Difference Peak & Hole

Graphite-monochromated MoK, (0.71073)
173(2) K

24452

24452 [R(int) = 0.00]

Direct Methods

Full-matrix least-squares on F2
24452/ 14 /912

1.01

R1=0.078, wR2 =0.1961
R1=0.112, wR2 = 0.223

1.65 and -1.16 e.A-3
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Table A.22: Atomic Coordinates and Equivalent Isotropic Displacement Parameters
for 2-CH28iM€3(CH2CM€3)

X y z U(eq) X y z U(eq)
Sc(l) 4871(1) 2708(1) 3485(1) 27(1) Sc(1A)  129(2) 2713(2) 1381(1) 24(1)
Si(1) 6684(1) 3383(1) 3886(1) 47(1) Si(1)  1552(1) 3598(1) 1271(1) 49(1)
N(1) 4113(1) 3428(1) 3822(1) 25(1) C(l)  -474(3) 1940(3) 2287(1) 57(1)
N(2) 4611(1) 1906(1) 4027(1) 25(1) C(2)  920(3) 3133(3) 1711(2) 60(1)
C(l) 4423(2) 2312(2) 2727(1) 37(1) N(1)  -36(1) 1720(1) 1011(1) 26(1)
C(2) 6012(2) 3098(2) 3419(2) 42(1) N2)  -967(1) 3038(1) 1205(1) 28(1)
C(3) 3801(2) 3997(2) 4716(1) 36(1) C@)  270(2) 1628(2) 28(1) 41(1)
C(4)  4109(2) 3419(2) 4343(1) 26(1) c@)  -89(2) 1966(2) 520(1)  27(1)
C(5) 4431(2) 2858(2) 4624(1) 28(1) C()  -441(2) 2596(2) 409(1)  28(1)
C(6) 4583(2) 2150(2) 4520(1) 25(1) C(6)  -940(2) 3039(2) 687(1)  29(1)
C(7) 4763(2) 1721(2) 5022(1) 34(1) C(7)  -1406(2)  3496(2) 304(2)  41(1)
C(8) 3745(2) 3927(2) 3486(1) 28(1) c@) 612 996(2)  1154(1) 30(1)
C(9) 4118(2) 4529(2) 3311(1) 33(1) CO)  709(2) 776(2)  1392(1) 36(1)
C(10) 3739(2) 4991(2) 2983(2) 40(1) C(10)  763(2) 77(2) 1550(2)  46(1)
C(11) 3048(2) 4869(2) 2826(2) 43(1) C(11)  193(3) -383(2) 1486(2) 52(1)
C(12) 2706(2) 4255(2) 2975(2) 39(1) C(12)  -434(3) -156(2) 1260(2) 48(1)
C(13) 3045(2) 3768(2) 3295(1) 30(1) C(13) -528(2) 537(2)  1092(2) 37(1)
C(14) 2275(3) 2795(3) 2938(2) 56(1) C(14) -1864(3) 609(3) 1257(2) 63(1)
C(15) 2651(2) 3096(2) 3423(2) 35(1) C(15) -1255(2)  749(2) 867(2)  48(1)
C(16) 2098(4) 3175(3) 3863(3) 80(2) C(16") -1438(3) 365(3) 345(2)  70(2)
C(17) 5365(2) 4785(2) 2969(2) 53(1) C(17) 1573(3) 1295(3) 2052(2) 54(1)
C(18) 4887(2) 4718(2) 3458(2) 42(1) C(18)  1366(2) 1236(2) 1472(2) 39(1)
C(19) 4942(3) 5399(2) 3773(2) 62(1) C(19)  2034(3) 990(3)  1162(2) 65(1)
C(20) 4576(2) 1187(2) 3872(1) 30(1) C(20) -1471(2)  3426(2) 1526(1) 33(1)
C(21) 5201(2) 837(2) 3701(1) 36(1) C(21) -1287(2)  4108(2) 1697(2) 37(1)
C(22) 5133(3) 151(2)  3527(2) 48(1) C(22") -1788(3)  4469(2) 1995(2) 49(1)
C(23) 4475(3) -187(2) 3519(2) 50(1) C(23) -2455(3)  4177(3) 2139(2) 58(1)
C(24) 3860(3) 157(2)  3684(2) 48(1) C(24) -2610(2)  3509(3) 1993(2) 52(1)
C(25) 3891(2) 852(2)  3850(2) 38(1) C(25) -2121(2)  3103(2) 1694(2) 38(1)
C(26) 2812(3) 912(4)  4476(3) 91(2) C(26') -2889(3)  2319(3) 1135(2) 68(1)
C(27) 3183(2) 1223(2) 3992(2) 53(1) C(27) -2320(2)  2359(2) 1569(2) 42(1)
C(28) 2651(3) 1203(3) 3539(3) 71(2) C(28) -2602(2)  1979(2) 2056(2) 49(1)
C(29) 6492(3) 759(3)  4045(2) 62(1) C(29) -671(3) 5136(3) 1252(2) 67(1)
C(30) 5953(2) 1160(2) 3705(2) 41(1) C(30) -571(2) 4461(2) 1576(2) 45(1)
C(31) 6259(3) 1228(3) 3146(2) 57(1) C(31) -172(3) 4649(2) 2081(2) 58(1)
C(32) 5505(3) 1966(3) 5221(2) 60(1) C(32) -877(3) 4005(3) 29(2) 61(1)
C(33) 4809(3) 928(2)  4959(2) 48(1) C(33) -2014(2)  3939(2) 549(2)  50(1)
C(34) 4189(3) 1846(2) 5449(2) 58(1) C(34) -1763(3)  3016(3) -105(2) 65(1)
C(35) 4453(3) 4347(2) 4992(2) 56(1) C(35)  958(4) 2058(3) -89(3)  91(2)
C(36) 3344(2) 4577(2) 4457(2) 40(1) C(36) 527(3) 873(2)  86(2) 47(1)
C(37) 3303(3) 3664(3) 5136(2) 62(1) C(37) -237(4) 1638(3) -450(2) 82(2)
C(38) 4456(1) 2543(1) 2138(1) 49(1) C(38) -447(2) 2208(1) 2844(1) 117(2)
C(39) 4197(2) 3303(1) 2085(2) 58(1) C(39) 273(2) 2354(4) 3129(3) 132(4)
C(40) 5260(1) 2487(3) 1961(2) 70(2) C(40)  -958(2) 2857(2) 2919(2) 58(1)
C(41) 3985(2) 2065(2) 1789(2) 58(1) C(41) -838(4) 1605(2) 3162(3) 117(3)
C(42) 6280(3) 3869(4) 4406(3) 86(2) C(42) 2265(3) 3016(4) 1124(4) 114(3)
C(43) 7394(3) 3934(3) 3589(3) 77(2) C(43)  1956(6) 4338(5) 1584(4) 127(3)



C(44) 7135(3) 2641(3)

Sc(1)  -81(1)

2497(1)

4188(3) 86(2)
1594(1) 24(1)

C(44)

1075(4)

3911(4)

683(3)

88(2)
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Table A.23: Anisotropic Displacement Parameters for 2-CH,SiMe3(CH,CMej3)

Atom U1l U22 U33 u23 U13 U12
Sc(1) 25(1) 28(1) 29(1) 2(1) 3(1) 1(1)
Si(1) 33(1) 54(1) 54(1) 6(1) -6(1) -4(1)
N(1) 27(1) 23(1) 25(1) 0(1) 1(1) 0(1)
N(2) 31(1) 20(1) 25(1) -1(1) -1(1) 1(1)
c(1) 30(2) 42(2) 39(2) 1(2) 3(1) -1(1)
c2) 33(2) 45(2) 49(2) 5(2) 3(2) -3(1)
c@3) 48(2) 30(2) 31(2) -4(1) 3(2) 10(2)
C(4) 30(1) 24(1) 23(1) -1(1) 1(1) -1(1)
c() 37(2) 26(2) 20(1) -3(1) -4(1) 1(1)
C(6) 28(1) 22(1) 25(1) 1(1) -3(1) 2(1)
c(7) 51(2) 29(2) 23(2) 5(1) 0(1) 10(1)
c(8) 32(2) 26(1) 25(1) -1(1) 1(1) 2(1)
C(9) 45(2) 26(2) 27(2) 2(1) -7(1) -3(1)
C(10) 54(2) 31(2) 36(2) 7(2) -3(2) 1(2)
c(11) 50(2) 38(2) 41(2) 9(2) -6(2) 12(2)
c(12) 33(2) 43(2) 42(2) 2(2) -6(2) 8(1)
C(13) 30(2) 31(2) 29(2) -1(1) 0(1) 4(2)
C(14) 56(3) 59(3) 54(3) 1(2) -17(2) -20(2)
C(15) 27(2) 33(2) 43(2) 0(2) -1(1) 0(1)
C(16) 97(4) 58(3) 86(4) -15(3) 53(4) -23(3)
c(17) 50(2) 56(3) 54(3) 15(2) -10(2) -15(2)
C(18) 52(2) 37(2) 38(2) 10(2) -13(2) -13(2)
C(19) 85(3) 45(2) 57(3) 4(2) -14(3) -28(2)
C(20) 42(2) 22(1) 25(1) 1(1) -2(1) 3(2)
c(21) 54(2) 29(2) 26(2) -1(1) -4(2) 11(2)
c(22) 69(3) 34(2) 40(2) -6(2) -6(2) 19(2)
C(23) 82(3) 23(2) 44(2) -6(2) 7(2) 2(2)
C(24) 71(3) 26(2) 47(2) 1(2) -11(2) -8(2)
C(25) 52(2) 25(2) 36(2) -1(1) 2(2) -6(1)
C(26) 64(3) 134(6) 76(4) -4(4) 18(3) -20(4)
c@n) 43(2) 37(2) 80(3) -6(2) 8(2) -14(2)
C(28) 55(3) 58(3) 99(5) -2(3) -13(3) 1(2)
C(29) 50(2) 74(3) 60(3) -2(3) -12(2) 23(2)
C(30) 43(2) 43(2) 37(2) -5(2) 1(2) 12(2)
C(31) 57(3) 76(3) 38(2) -11(2) 7(2) 11(2)
C(32) 71(3) 51(2) 57(3) 16(2) -28(2) -1(2)
C(33) 79(3) 30(2) 33(2) 10(2) 0(2) 14(2)
C(34) 98(4) 44(2) 31(2) 14(2) 22(2) 19(2)
C(35) 78(3) 40(2) 49(2) -19(2) -21(2) 11(2)
C(36) 54(2) 31(2) 35(2) -5(2) 3(2) 15(2)
C(37) 78(3) 57(3) 50(3) 9(2) 29(2) 27(2)
C(38) 43(1) 62(2) 42(1) -4(1) 2(1) 1(1)
C(39) 67(3) 66(3) 42(2) 1(2) 1(2) -14(2)
C(40) 53(3) 110(4) 47(2) 7(3) -3(2) 4(3)
C(41) 58(3) 63(3) 52(3) -1(2) -3(2) 12(2)



C(42)
C(43)
C(44)
Sc(1))
Sc(1A)
Si(1)
C(1)
C(2)
N(1)
N(2)
C(3)
C4)
c(5)
c(6)
c(7)
c(8)
c(9)
C(10)
c(11)
c(12)
c(13)
c(14)
C(15)
C(16)
c(17)
c(18)
C(19)
C(20)
c(21)
c(22)
C(23)
C(24)
C(25)
C(26)
c@27)
C(28)
C(29)
C(30)
C(31)
C(32)
C(33)
C(34)
C(35)
C(36)
c(37)
C(38)
C(39)
C(40)
C(41)
C(42)

58(3)
55(3)
72(3)
27(1)
24(1)
49(1)
53(3)
65(3)
30(1)
30(1)
65(2)
29(1)
33(2)
30(2)
43(2)
45(2)
53(2)
72(3)
95(3)
76(3)
48(2)
58(3)
45(2)
57(3)
49(2)
40(2)
49(3)
34(2)
46(2)
66(3)
58(3)
43(2)
32(2)
68(3)
31(2)
38(2)
91(4)
58(2)
74(3)
73(3)
48(2)
53(3)
104(4)
69(3)
144(6)
175(4)
56(3)
85(3)
177(9)
53(3)

123(5)
95(4)
68(3)
24(1)
23(1)
44(1)
66(3)
51(3)
21(1)
29(1)
31(2)
27(1)
29(2)
29(2)
51(2)
22(1)
28(2)
30(2)
23(2)
27(2)
28(2)
58(3)
42(2)
93(4)
63(3)
37(2)
80(3)
35(2)
31(2)
37(2)
61(3)
62(3)
47(2)
76(3)
51(2)
57(3)
48(3)
32(2)
38(2)
57(3)
60(3)
100(4)
48(3)
35(2)
71(3)
58(2)
237(11)
51(3)
100(6)
83(4)

77(4)
80(4)
118(6)
22(1)
24(2)
55(1)
52(3)
63(3)
28(1)
25(1)
28(2)
24(1)
24(1)
27(2)
30(2)
23(1)
27(2)
35(2)
38(2)
41(2)
34(2)
72(3)
56(3)
61(3)
50(2)
39(2)
66(3)
28(2)
34(2)
43(2)
54(3)
52(2)
36(2)
59(3)
43(2)
51(2)
63(3)
45(2)
62(3)
55(3)
44(2)
40(2)
121(5)
36(2)
31(2)
118(3)
101(6)
37(2)
76(5)
205(10)

-11(4)
11(3)
22(4)
-2(1)
1(1)
0(1)
-1(2)
-3(2)
1(1)
0(1)
-3(1)
-3(1)
1(1)
5(1)
10(2)
0(1)
4(1)
2(2)
6(2)
-5(2)
-2(1)
-16(3)
-1(2)
-9(3)
2(2)
6(2)
-1(3)
5(1)
51)
-2(2)
9(2)
12(2)
8(2)
10(3)
7(2)
11(2)
13(2)
-8(2)
-8(2)
29(2)
16(2)
-6(2)
-3(3)
-1(2)
-15(2)
-19(2)
-89(7)
-1(2)
22(4)
34(5)

-23(3)
-5(3)
-32(4)
-1(1)
-2(1)
-7(1)
3(2)
-9(2)
4(1)
0(1)
16(2)
5(1)
3(1)
0()
-3(1)
8(1)
7(1)
7(2)
10(2)
15(2)
9(2)
21(2)
(2)
-1(2)
-9(2)
3(2)
18(2)
3(1)
8(2)
10(2)
20(2)
15(2)
4(1)
-18(2)
3(1)
8(2)
12(3)
10(2)
-1(2)
15(2)
-2(2)
-18(2)
90(4)
20(2)
-12(3)
-105(3)
-6(3)
-8(2)
-19(5)
-20(4)

2(3)
-12(3)
-18(3)
2(1)
-2(1)
-7(1)
2(2)
-2(2)
-1(1)
4(1)
3(2)
-4(1)
-3(2)
0(1)
14(2)
2(1)
9(1)
14(2)
4(2)
-14(2)
-6(1)
-25(2)
-14(2)
-17(3)
0(2)
10(1)
9(2)
10(1)
9(1)
17(2)
29(2)
20(2)
13(2)
-9(3)
1(2)
-1(2)
-4(2)
2(2)
0(2)
22(2)
24(2)
21(3)
-8(3)
6(2)
42(4)
26(2)
7(5)
4(2)
-1(6)
2(3)
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C(43) 178(9) 112(6) 91(6) -12(5) 19(6) -31(6)

C(44") 97(5) 86(4) 81(4) 26(4) 7(4) 3(4)

Table A.24: Bond Lengths [A] for 2-(CH,SiMes)(CH,CMes)

Sc(1)-N(2) 2.126(3) C(20)-C(25)  1.415(5) C(3)-C(37) 1.537(7)
Sc(1)-N(1) 2.144(3) C(21)-C(22)  1.395(5) C(3)-C(35) 1.540(7)
Sc(1)-C(2) 2.234(4) C(21)-C(30)  1.516(6) C(3)-C(4) 1.560(4)
Sc(1)-C(1) 2.239(3) C(22)-C(23)  1.373(7) C(4)-C(5) 1.400(4)
Si(1)-C(42) 1.785(7) C(23)-C(24)  1.376(7) C(5')-C(6") 1.440(5)
Si(1)-C(2) 1.803(4) C(24)-C(25)  1.400(5) C(6)-C(7") 1.571(5)
Si(1)-C(44) 1.818(6) C(25)-C(27)  1.529(6) C(7)-C(34) 1.539(7)
Si(1)-C(43) 1.844(6) C(26)-C(27)  1.532(8) C(7)-C(33) 1.537(6)
N(1)-C(4) 1.332(4) C(27)-C(28)  1.517(8) C(7)-C(32) 1.547(6)
N(1)-C(8) 1.454(4) C(29)-C(30)  1.527(6) C(8)-C(9) 1.404(5)
N(2)-C(6) 1.345(4) C(30)-C(31)  1.542(6) C(8)-C(13) 1.405(5)
N(2)-C(20) 1.438(4) C(38)-C(39)  1.539(2) C(9)-C(10) 1.403(5)
C(1)-C(38) 1.571(3) C(38)-C(41)  1.546(2) C(9)-C(18) 1.511(6)
C(3)-C(35) 1.545(6) C(38)-C(40)  1.550(2) C(10)-C(11")  1.381(6)
C(3)-C(36) 1.543(5) Sc(1)-N(1) 2.110(3) C(11)-C(12")  1.361(7)
C(3)-C(37) 1.551(6) Sc(1)-N(2) 2.173(3) C(12)-C(13)  1.409(5)
C(3)-C(4) 1.568(5) Sc(1)-C(1) 2.192(5) C(13)-C(15")  1.512(6)
C(4)-C(5) 1.422(4) Sc(1)-C(2) 2.227(5) C(14)-C(15")  1.524(6)
C(5)-C(6) 1.413(4) Sc(1)-C(38)  3.314(4) C(15)-C(16")  1.562(7)
C(6)-C(7) 1.560(4) Sc(1A)-C(2)  1.864(5) C(17)-C(18)  1.535(6)
C(7)-C(32) 1.530(6) Sc(1A)-N(1)  2.148(3) C(18)-C(19)  1.537(6)
C(7)-C(33) 1.532(5) Sc(1A)-N(2)  2.158(3) C(20)-C(25")  1.413(5)
C(7)-C(34) 1.539(5) Sc(1A)-C(4)  2.657(4) C(20)-C(21")  1.420(5)
C(8)-C(13) 1.411(5) Sc(1A)-C(5)  2.705(4) C(21)-C(22")  1.382(5)
C(8)-C(9) 1.416(5) Sc(1A)-C(6)  2.721(4) C(21)-C(30")  1.514(6)
C(9)-C(10) 1.406(5) Sc(1A)-Si(1)  3.133(4) C(22)-C(23)  1.398(7)
C(9)-C(18) 1.508(5) Si(1)-C(42')  1.763(7) C(23)-C(24)  1.365(7)
C(10)-C(11)  1.355(6) Si(1)-C(43)  1.791(9) C(24)-C(25)  1.415(5)
C(11)-C(12)  1.389(6) Si(1)-C(2) 1.848(6) C(25)-C(27)  1.510(6)
C(12)-C(13) 1.390(5) Si(1)-C(44")  1.840(7) C(26')-C(27")  1.528(6)
C(13)-C(15) 1.515(5) C(1)-C(38) 1.516(3) C(27)-C(28)  1.532(6)
C(14)-C(15) 1.531(6) N(1)-C(4) 1.346(4) C(29)-C(30")  1.548(6)
C(15)-C(16) 1.524(6) N(1)-C(8) 1.447(4) C(30)-C(31")  1.528(7)
C(17)-C(18) 1.534(6) N(2)-C(6') 1.323(4) C(38)-C(39)  1.537(3)
C(18)-C(19) 1.538(6) N(2)-C(20) 1.446(4) C(38)-C(40")  1.573(3)
C(20)-C(21)  1.401(5) C(3')-C(36") 1.531(5) C(38)-C(41)  1.587(3)
Table A.25: Bond Angles [°] for 2-(CH,SiMe3)(CH,CMe;

N(2)-Sc(1)-N(1)  93.32(10) | C(25)-C(27)-C(26)  112.9(5) | C(36)-C(3)-C(4) 116.5(3)
N(2)-Sc(1)-C(2)  120.17(13) | C(29)-C(30)-C(21)  113.0(4) | C(37)-C(3)-C(4) 112.3(4)
N(1)-Sc(1)-C(2)  115.18(13) | C(29)-C(30)-C(31)  109.4(4) | C(35)-C(3)-C(4) 106.4(3)
N(2)-Sc(1)-C(1)  103.58(11) | C(21)-C(30)-C(31)  111.3(3) | N(1)-C(4)-C(5) 121.7(3)
N(1)-Sc(1)-C(1)  109.11(12) | C(39)-C(38)-C(41)  109.7(2) | N(1)-C(4)-C(3) 125.1(3)
C(2)-Sc(1)-C(1)  113.28(14) | C(39)-C(38)-C(40)  109.7(2) | C(5)-C(4)-C(3) 113.1(3)
C(42)-Si(1)-C(2)  111.4(2) | C(41)-C(38)-C(40)  109.02) | N(1')-C(4)-Sc(1A) 53.49(17)




C(42)-Si(1)-C(44)
C(2)-Si(1)-C(44)
C(42)-Si(1)-C(43)
C(2)-Si(1)-C(43)
C(44)-Si(1)-C(43)
C(4)-N(1)-C(8)
C(4)-N(1)-Sc(1)
C(8)-N(1)-Sc(1)
C(6)-N(2)-C(20)
C(6)-N(2)-Sc(1)
C(20)-N(2)-Sc(1)
C(38)-C(1)-Sc(1)
Si(1)-C(2)-Sc(L)
C(35)-C(3)-C(36)
C(35)-C(3)-C(37)
C(36)-C(3)-C(37)
C(35)-C(3)-C(4)
C(36)-C(3)-C(4)
C(37)-C(3)-C(4)
N(L)-C(4)-C(5)
N(1)-C(4)-C(3)
C(5)-C(4)-C(3)
C(6)-C(5)-C(4)
N(2)-C(6)-C(5)
N(2)-C(6)-C(7)
C(5)-C(6)-C(7)
C(32)-C(7)-C(33)
C(32)-C(7)-C(34)
C(33)-C(7)-C(34)
C(32)-C(7)-C(6)
C(33)-C(7)-C(6)
C(34)-C(7)-C(6)
C(13)-C(8)-C(9)
C(13)-C(8)-N(1)
C(9)-C(8)-N(1)
C(10)-C(9)-C(8)
C(10)-C(9)-C(18)
C(8)-C(9)-C(18)
C(11)-C(10)-C(9)
C(10)-C(11)-C(12)
C(11)-C(12)-C(13)
C(12)-C(13)-C(8)
C(12)-C(13)-C(15)
C(8)-C(13)-C(15)
C(13)-C(15)-C(16)
C(13)-C(15)-C(14)
C(16)-C(15)-C(14)
C(9)-C(18)-C(17)
C(9)-C(18)-C(19)
C(17)-C(18)-C(19)

106.4(4)
110.9(2)
107.5(3)
112.7(2)
107.5(3)
126.7(3)
113.4(2)
119.3(2)
126.2(3)
111.56(19)
121.7(2)
135.9(2)
134.1(2)
107.8(3)
108.8(4)
105.8(3)
107.7(3)
116.5(3)
110.0(3)
120.8(3)
126.8(3)
112.3(3)
135.7(3)
121.2(3)
125.4(3)
113.2(3)
106.9(3)
109.1(4)
105.4(3)
107.6(3)
116.7(3)
110.9(3)
120.7(3)
119.2(3)
119.8(3)
117.5(3)
117.6(3)
125.0(3)
122.4(4)
119.3(3)
122.0(3)
117.9(3)
119.0(3)
123.2(3)
113.1(3)
111.3(3)
109.5(4)
110.8(3)
113.4(4)
108.5(3)

C(39)-C(38)-C(1)
C(41)-C(38)-C(1)
C(40)-C(38)-C(1)
N(1)-Sc(1)-N(2")
N(1)-Sc(1)-C(1")
N(2')-Sc(1)-C(1")
N(1")-Sc(1)-C(2)
N(2')-Sc(1)-C(2")
C(1)-Sc(1)-C(2)
N(1%-Sc(1)-C(38")
N(2')-Sc(1)-C(38")
C(1")-Sc(1")-C(38")
C(2")-Sc(1")-C(38")
C(2')-Sc(1A)-N(1")
C(2')-Sc(1A)-N(2)
N(1")-Sc(1A)-N(2")
C(2)-Sc(1A)-C(4)
N(1")-Sc(1A)-C(4")
N(2')-Sc(1A)-C(4")
C(2)-Sc(1A)-C(5)
N(1)-Sc(1A)-C(5")
N(2")-Sc(1A)-C(5)
C(4)-Sc(1A)-C(5)
C(2')-Sc(1A)-C(6")
N(1")-Sc(1A)-C(6")
N(2')-Sc(1A)-C(6")
C(4")-Sc(1A)-C(6")
C(5")-Sc(1A)-C(6")
C(2)-Sc(1A)-Si(1")
N(1")-Sc(1A)-Si(1")
N(2')-Sc(1A)-Si(1")
C(4")-Sc(1A)-Si(1")
C(5")-Sc(1A)-Si(1")
C(6")-Sc(1A)-Si(1")
C(42")-Si(1)-C(43)
C(42)-Si(1)-C(2)
C(43)-Si(1)-C(2)
C(42))-Si(1)-C(44")
C(43")-Si(1')-C(44")
C(2)-Si(1)-C(44")
C(42")-Si(1)-Sc(1A)
C(43")-Si(1)-Sc(1A)
C(2)-Si(1)-Sc(1A)
C(44Y)-Si(1)-Sc(1A)
C(38)-C(1")-Sc(1)
Si(1)-C(2)-Sc(1A)
Si(1)-C(2)-Sc(1)
Sc(1A)-C(2)-Sc(1)
C(4)-N(1)-C(8)
C(4")-N(1)-Sc(1)

109.8(3)
111.3(3)
107.3(3)
92.52(10)
103.79(14)
110.78(16)
116.71(17)
114.85(17)
115.54(19)
124.77(10)
111.64(10)
21.81(11)
97.48(15)
133.8(2)
134.3(2)
91.87(13)
136.5(3)
30.23(10)
80.92(12)
138.9(3)
57.88(11)
58.03(11)
30.27(10)
139.4(2)
79.38(12)
28.61(10)
58.36(11)
30.78(10)
32.29(19)
124.03(15)
127.24(16)
110.14(15)
106.63(16)
114.89(16)
106.7(5)
107.0(3)
111.8(4)
112.9(4)
107.7(4)
110.8(3)
107.3(2)
137.4(3)
32.61(17)
81.5(2)
125.7(3)
115.1(3)
134.6(3)
19.67(12)
125.6(3)
114.1(2)

C(5)-C(4)-Sc(1A)
C(3)-C(4)-Sc(1A)
C(4)-C(5)-C(6")
C(4)-C(5)-Sc(1A)
C(6)-C(5)-Sc(1A)
N(2)-C(6)-C(5")
N(2)-C(6')-C(7")
C(5)-C(6)-C(7")
N(2)-C(6')-Sc(1A)
C(5)-C(6)-Sc(1A)
C(7)-C(6)-Sc(1A)
C(34)-C(7')-C(33)
C(34)-C(7)-C(32)
C(33)-C(7')-C(32)
C(34")-C(7")-C(6")
C(33)-C(7)-C(6")
C(32)-C(7)-C(6")
C(9)-C(8)-C(13)
C(9)-C(8)-N(1)
C(13)-C(8)-N(1)
C(10)-C(9)-C(8)
C(10)-C(9")-C(18)
C(8)-C(9)-C(18")
C(11)-C(10)-C(9")
C(12)-C(11')-C(10")
C(11)-C(12)-C(13)
C(12)-C(13)-C(8)
C(12)-C(13)-C(15")
C(8)-C(13)-C(15")
C(13))-C(15')-C(14")
C(13))-C(15')-C(16')
C(14)-C(15)-C(16)
C(9)-C(18)-C(17')
C(9)-C(18)-C(19')
C(17)-C(18)-C(19")
C(25)-C(20)-C(21")
C(25)-C(20)-N(2)
C(21')-C(20)-N(2)
C(22))-C(21')-C(20')
C(22)-C(21)-C(30")
C(20)-C(21)-C(30")
C(21)-C(22)-C(23")
C(24)-C(23)-C(22))
C(23)-C(24)-C(25")
C(20)-C(25)-C(24")
C(20)-C(25))-C(27)
C(24')-C(25')-C(27")
C(25)-C(27)-C(28")
C(25)-C(27')-C(26')
C(28)-C(27)-C(26')
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76.76(19)
145.8(3)
134.8(3)
72.97(18)
75.24(18)
121.0(3)
127.3(3)
111.7(3)
51.33(18)
73.98(19)
158.4(3)
107.3(3)
109.8(4)
107.2(4)
108.7(3)
116.8(3)
107.0(3)
121.1(3)
120.2(3)
118.5(3)
118.1(4)
117.6(4)
124.2(3)
121.6(4)
119.3(3)
122.3(4)
117.6(4)
118.6(4)
123.8(3)
110.7(4)
113.0(4)
108.4(4)
111.9(3)
112.9(4)
108.8(4)
120.8(3)
119.3(3)
119.7(3)
118.2(4)
117.9(4)
123.9(3)
122.0(4)
119.2(4)
122.1(4)
117.5(4)
123.8(3)
118.7(4)
111.1(4)
111.5(4)
109.6(4)
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C(21)-C(20)-C(25) 120.1(3) | C(8)-N(1)-Sc(1) 1203(2) | C(21)-C(30)-C(31")  110.6(4)
C(21)-C(20)-N(2) 1205(3) | C(4)-N(1)-Sc(1A)  96.3(2) C(21)-C(30)-C(29)  112.4(4)
C(25)-C(20)-N(2) 119.2(3) | C(8)-N(1)-Sc(1A)  136.3(2) | C(31)-C(30)-C(29)  108.2(4)
C(22)-C(21)-C(20) 118.5(4) | Sc(1')-N(1)-Sc(1A)  21.23(9) | C(1)-C(38)-C(39)  122.3(4)
C(22)-C(21)-C(30) 118.0(3) | C(6)-N(2)-C(20" 126.1(3) | C(1)-C(38)-C(40)  111.2(3)
C(20)-C(21)-C(30) 123.5(3) | C(6)-N(2)-Sc(1A)  100.1(2) | C(39)-C(38)-C(40")  108.3(2)
C(23)-C(22)-C(21) 122.0(4) | C(20)-N(2)-Sc(1A) 129.1(2) | C(1)-C(38)-C(41)  102.7(4)
C(22)-C(23)-C(24) 119.6(3) | C(6')-N(2)-Sc(1) 1155(2) | C(39)-C(38)-C(41)  106.4(2)
C(23)-C(24)-C(25) 121.1(4) | C(20)-N(2)-Sc(1')  117.92) | C(40)-C(38)-C(41)  104.2(2)
C(24)-C(25)-C(20) 118.7(4) | Sc(1IA)-N(2)-Sc(1')  20.89(9) | C(1)-C(38)-Sc(1)  32.5(2)
C(24)-C(25)-C(27) 118.7(4) | C(36)-C(3)-C(37')  106.0(3) | C(39)-C(38)-Sc(l)  104.5(3)
C(20)-C(25)-C(27) 122.6(3) | C(36)-C(3)-C(35)  105.7(4) | C(40)-C(38)-Sc(l)  96.0(2)
C(28)-C(27)-C(25) 110.9(4) | C(37)-C(3)-C(35)  109.7(5) | C(41)-C(38)-Sc(l)  135.1(3)
C(28)-C(27)-C(26) 108.7(4)

Table A.26: Crystal Data and Structure Refinement for 2-Br(CsHs)

A. Crystal Data

Crystallographer

Robert McDonald

University of Alberta

Empirical Formula
Formula Weight

Crystal Dimensions (mm)
Crystal System

Space Group

Lattice Parameters

pcaled (g cm-3)
1 (mm-1)

C3HssBrN,Sc

667.73

0.54 x 0.50 x 0.13

monoclinic

P21/n (a nonstandard setting of P21/c [No. 14])

a(A) 12.0594 (7)

b (A) 16.2933 (10)
c(A) 19.2164 (11)
S (deg) 101.1698 (12)
V (A3) 3704.3 (4)

Z 4

1.197

1.304

B. Data Collection and Refinement Conditions

Diffractometer

Radiation (4 [A])
Temperature (°C)

Total Data Collected
Independent Reflections
Number of Observations (NO)
Structure Solution

Refinement

Absorption Correction Method
Data/Restraints/Parameters

Bruker P4/RA/SMART 1000 CCD
Graphite-monochromated Mo K« (0.71073)
-80°C

19795 (-15<h<14,-20<k<20,-21<1<24)
7573

4916 [Fo2 > 20(Fo2)]

Direct methods/fragment search (DIRDIF-96c)
Full-matrix least-squares on F2 (SHELXL-93d)
SADABS

7573 [Fo2 > -30(F02)]/ 0/ 379
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Goodness-of-Fit
Final R indices

0.940 [Fo2 > -30( Fo2)]

R1 [Fo2 > 20(Fo2)] 0.714
WR2 [Fo2 > -30( Fo2)] 0.2559
Largest Difference Peak & Hole 0.449 and -0.820 e A-3 0.0408

Table A.27: Atomic Coordinates and Equivalent Isotropic Displacement Parameters
for 2-Br(CsHs)

Atom X y z Ueq, A2
Br 0.19181(3) 0.12485(2) 0.304698(17) 0.06675(13)*
Sc 0.00528(3) 0.13542(3) 0.21589(2) 0.02836(12)*
N1 0.03592(14) 0.22030(11) 0.13982(10) 0.0292(4)*
N2 -0.10333(14) 0.21283(11) 0.25974(9) 0.0246(4)*
Cl1A -0.1366(2) 0.07120(17) 0.12463(17) 0.0513(8)*
C1B -0.0161(3) -0.00985(17) 0.21394(17) 0.0584(8)*
cic -0.1182(3) 0.01962(17) 0.18177(17) 0.0544(8)*
Cc3 0.1698(3) 0.34648(19) 0.16209(17) 0.0586(9)*
c4 0.07486(18) 0.28791(15) 0.17790(13) 0.0336(6)*
C5 0.03848(18) 0.30800(14) 0.24070(13) 0.0308(5)*
c6 -0.05256(17) 0.28533(14) 0.27424(12) 0.0268(5)*
Cc7 -0.07578(19) 0.35051(15) 0.32938(13) 0.0331(6)*
cs8 0.03903(19) 0.20851(15) 0.06615(13) 0.0337(6)*
c9 -0.0314(2) 0.25641(17) 0.01423(14) 0.0417(6)*
C10 -0.0270(3) 0.24371(19) -0.05683(15) 0.0543(8)*
c11 0.0424(3) 0.1854(2) -0.07673(16) 0.0593(9)*
C12 0.1061(2) 0.13585(18) -0.02662(16) 0.0497(8)*
c13 0.10509(19) 0.14500(16) 0.04551(14) 0.0379(6)*
cl4 0.1631(2) -0.00272(18) 0.07565(16) 0.0542(8)*
Cc15 0.1770(2) 0.08725(17) 0.09784(15) 0.0449(7)*
C16 0.3026(2) 0.1101(2) 0.1118(2) 0.0867(13)*
c17 -0.2353(3) 0.2870(2) 0.00512(19) 0.0776(11)*
c18 -0.1160(3) 0.31804(19) 0.03239(16) 0.0556(8)*
C19 -0.1034(4) 0.4042(2) 0.0015(2) 0.0877(12)*
c20 -0.20265(18) 0.18266(14) 0.28467(12) 0.0284(5)*
c21 -0.30845(18) 0.19112(15) 0.24082(13) 0.0322(6)*
c22 -0.4018(2) 0.15896(18) 0.26485(15) 0.0485(7)*
c23 -0.3906(3) 0.11823(19) 0.32807(17) 0.0590(9)*
C24 -0.2848(3) 0.10744(17) 0.36906(16) 0.0504(7)*
c25 -0.1886(2) 0.13824(15) 0.34902(13) 0.0384(6)*
C26 -0.0425(3) 0.0341(2) 0.40023(16) 0.0743(10)*
c27 -0.0748(2) 0.12411(17) 0.39761(14) 0.0463(7)*
C28 -0.0738(3) 0.1534(2) 0.47401(15) 0.0587(8)*
C29 -0.4128(2) 0.1887(2) 0.11358(15) 0.0580(8)*
C30 -0.32548(19) 0.23323(15) 0.16916(13) 0.0362(6)*
c31 -0.3598(3) 0.3227(2) 0.17366(18) 0.0735(10)*
c32 -0.0840(2) 0.43654(16) 0.29559(16) 0.0487(7)*
c33 0.0252(2) 0.34864(18) 0.39250(14) 0.0501(7)*
C34 -0.1845(2) 0.33838(16) 0.35011(14) 0.0408(6)*
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C35 0.2742(3) 0.3295(3) 0.2199(2) 0.0974(15)*
C36 0.1321(4) 0.4362(2) 0.1662(2) 0.0947(15)*
C37 0.2067(3) 0.3356(2) 0.09053(18) 0.0739(11)*
Table A.28: Anisotropic Displacement Parameters for 2-Br(CsHs)

Ull U22 U33 u23 U13 U12
Br  0.0605(2) 0.0767(3) 0.0526(2) -0.01046(17)  -0.01482(15)  0.03080(17)
Sc  0.0328(2) 0.0276(3) 0.0250(2) -0.00118(19)  0.00632(18) 0.00370(19)
N1  0.0276(9) 0.0313(11)  0.0303(11)  -0.0058(9) 0.0098(8) -0.0062(8)
N2  0.0277(9) 0.0259(10)  0.0205(10)  0.0020(8) 0.0056(8) 0.0007(8)
C1A 0.0526(16) 0.0428(17)  0.056(2) -0.0261(15) 0.0042(14) -0.0085(14)
C1B 0.093(2) 0.0352(17)  0.054(2) -0.0025(14) 0.0309(18) 0.0049(16)
C1C 0.069(2) 0.0349(17)  0.068(2) -0.0232(16) 0.0355(17) -0.0208(15)
C3  0.0618(19) 0.060(2) 0.063(2) -0.0276(16) 0.0362(16) -0.0387(16)
C4  0.0301(12) 0.0336(14)  0.0396(15)  -0.0044(11) 0.0126(11) -0.0079(10)
C5  0.0289(12) 0.0283(13)  0.0348(14)  -0.0091(10) 0.0048(10) -0.0064(10)
C6  0.0277(11) 0.0275(13)  0.0242(13)  -0.0003(10) 0.0028(9) 0.0028(10)
C7  0.0374(13) 0.0307(14)  0.0327(14)  -0.0059(11) 0.0103(11) -0.0004(10)
C8  0.0330(12) 0.0388(15)  0.0337(14)  -0.0053(11) 0.0169(11) -0.0147(11)
C9  0.0525(16) 0.0416(16)  0.0344(15)  0.0014(12) 0.0164(13) -0.0112(13)
C10 0.076(2) 0.0544(19)  0.0357(17)  0.0033(14) 0.0194(15) -0.0129(16)
C11 0.089(2) 0.062(2) 0.0359(17)  -0.0067(15) 0.0326(17) -0.0222(18)
C12 0.0573(17) 0.0513(18)  0.0498(19)  -0.0155(15) 0.0336(15) -0.0161(14)
C13 0.0328(12) 0.0425(16)  0.0423(16)  -0.0131(12) 0.0175(11) -0.0152(11)
C14 0.0530(16) 0.0549(19)  0.0562(19)  -0.0104(15) 0.0141(14) 0.0068(14)
C15 0.0324(13) 0.0562(18)  0.0484(17)  -0.0188(14) 0.0132(12) -0.0018(12)
C16 0.0360(16) 0.094(3) 0.125(4) -0.028(2) 0.0035(19) -0.0043(17)
C17 0.066(2) 0.105(3) 0.063(2) 0.028(2) 0.0165(18) 0.018(2)
C18 0.070(2) 0.059(2) 0.0393(17)  0.0125(14) 0.0140(15) 0.0145(16)
C19 0.124(3) 0.060(2) 0.081(3) 0.010(2) 0.026(3) 0.016(2)
C20 0.0364(12) 0.0244(13)  0.0277(13)  -0.0056(10) 0.0145(10) -0.0050(10)
C21 0.0327(12) 0.0319(14)  0.0349(14)  -0.0081(11) 0.0135(11) -0.0047(10)
C22 0.0396(14) 0.0570(19)  0.0524(19)  -0.0142(15) 0.0177(13) -0.0142(13)
C23  0.069(2) 0.061(2) 0.060(2) -0.0158(16) 0.0421(18) -0.0309(16)
C24 0.074(2) 0.0470(18)  0.0370(16)  -0.0027(13) 0.0274(15) -0.0191(15)
C25 0.0574(16) 0.0305(14)  0.0306(14)  -0.0043(11) 0.0169(12) -0.0063(12)
C26 0.128(3) 0.057(2) 0.0402(19)  0.0125(16) 0.0206(19) 0.027(2)
C27 0.0659(18) 0.0478(17)  0.0262(14)  0.0093(12) 0.0109(13) 0.0051(14)
C28 0.084(2) 0.061(2) 0.0301(16)  0.0026(14) 0.0074(15) -0.0004(17)
C29 0.0411(15) 0.080(2) 0.0494(19)  -0.0035(16) 0.0011(13) -0.0162(15)
C30 0.0301(12) 0.0393(15)  0.0380(15)  -0.0022(11) 0.0038(11) -0.0014(11)
C31 0.102(3) 0.055(2) 0.057(2) 0.0026(16) -0.001(2) 0.0233(19)
C32  0.0564(16) 0.0306(15)  0.065(2) -0.0034(13) 0.0259(15) 0.0018(13)
C33  0.0537(16) 0.0595(19)  0.0371(16)  -0.0182(14) 0.0089(13) -0.0078(14)
C34 0.0498(15) 0.0361(15)  0.0406(16)  -0.0100(12) 0.0192(12) -0.0012(12)
C35 0.0503(19) 0.152(4) 0.097(3) -0.048(3) 0.032(2) -0.057(2)
C36  0.150(4) 0.055(2) 0.102(3) -0.025(2) 0.082(3) -0.058(2)
C37 0.082(2) 0.075(2) 0.082(3) -0.0312(19) 0.059(2) -0.0520(19)
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Table A.29: Bond Lengths (A) for 2-Br(CzHs)

Br Sc  25524(5) C3 C36 1.538(5) Cl4 C15 1.527(4)
Sc N1  2.0965(19) C3 C37 1535(4) Cl5 C16 1.533(4)
Sc N2 2.1081(18) C4 C5  1.400(3) C17 Cl18 1.519(4)
Sc  CIA 2437(3) C5 C6 1.425(3) C18 C19 1.544(4)
Sc  C1B 2.381(3) C6 C7 1563(3) C20 C21 1.393(3)
Sc  CIC 2.414(3) C7 C32 1.540(3) C20 C25 1.414(3)
Sc Cc4 276502t C7 C33 1544(4) C21 C22 1.398(3)
Sc C5  2867(2)t C7 C34 1541(3) C21 C30 1516(3)
Sc  C6 28312t C8 C9 1.413(4) C22 C23 1.368(4)
NI C4  1.355(3) C8 C13 1.409(3) C23 C24 1.374(4)
N1 C8  1.436(3) C9 Cl10 1.392(4) C24 C25 1.386(4)
N2 C6  1.335(3) C9 Cl18 1.519(4) C25 C27 1.520(4)
N2 C20 1.459(3) C10 C11 1.369(4) C26 C27 1517(4)
CIA CIC 1.366(4) Cll Cl12 1.372(4) C27 C28 1541(4)
CiB Cl1C 1.353(4) Cl2 C13 1.396(4) C29 C30 1.530(3)
C3 C4 1565(3) Cl3 C15 1520(4) C30 C31 1522(4)
C3 C35 1534(5)

tNonbonded Distance
Table A.30: Bond Angles (°) for 2-Br(C3Hs)
Br Sc N1 105.02(5) C6 c7 C34  116.2(2)
Br Sc N2 107.97(5) c32 C7 C33  109.0(2)
Br Sc CIA  149.03(7) c32 C7 C34  106.5(2)
Br Sc C1B  91.28(9) Cc33 C7 C34  107.7(2)
Br Sc C1C  123.10(9) N1 c8 c9 119.7(2)
N1 Sc N2 95.23(7) N1 c8 C13  120.0(2)
N1 Sc C1A  88.60(9) c9 c8 C13  120.1(2)
N1 Sc CciB 132.70(9) C8 C9 C10 118.6(3)
N1 Sc cic 120.59(10) C8 C9 C18 122.8(2)
N2 Sc CIA  98.07(8) Clo0 ©9 Cl8  118.6(3)
N2 Sc CIB  121.82(9) C9 Cl0 C11  121.3(3)
N2 Sc Ci1C 100.26(8) C10 Cl1 C12 120.1(3)
Cl1A Sc C1B 60.18(11) Cl1 C12 C13 121.5(3)
Cl1A Sc Ci1C 32.72(10) C8 C13 C12 118.2(3)
C1B Sc Ci1C 32.78(10) C8 C13 C15 123.3(2)
Sc N1 C4 104.42(15) C12 C13 Ci15 118.5(2)
Sc N1 Cc8 129.85(15) C13 Ci15 Cl4 113.1(2)
c4 N1 cs 124.65(19) C13 C15 C16 1125(Q3)
Sc N2 C6 108.51(13) Cl4 C15 Cl6  109.4(2)
Sc N2 C20 122.87(14) C9 C18 C17 109.5(3)
C6 N2 c20 127.03(18) C9 C18 C19 113.1(3)
Sc Cl1A Ci1C 72.74(16) C17 C18 C19 109.1(3)
Sc C1B Ci1C 74.97(17) N2 C20 c21 118.8(2)
Sc Cci1C Cl1A 74.55(16) N2 C20 C25 119.5(2)
Sc Ci1C ClB 72.25(17) c21 C20 C25 121.3(2)
CIA CIC CI1B 1253(3) C20 C21 C22 117702
ca c3 C35  106.1(3) C20 C21 C30 122.77(19)
C4 C3 C36 109.6(2) Cc22 c21 C30 119.6(2)
C4 C3 C37 117.0(2) c21 Cc22 Cc23 121.9(3)




C35 €3 €36  110.1(3)
C35 €3 €37  106.7(3)
C36 C3  C37 107.2(3)
NI C4 C3  1255()
NI C4 C5  1215(Q)
C3 C4 C5  1128(2
C4 C5 C6  1366(2
N2 C6 C5  119.8()
N2 C6 C7  127.42(19)
C5 €6 C7  112.66(19)
c6 C7  C32 109.7(2)
C6 C7  C33  107.55(19)
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C22 C23 C24 1195(2)
C23 C24 C25 121.9(3)
C20 C25 C24  117.6(3)
C20 C25 C271 1237(2)
C24 C25 C27  11856(2)
C25 C27 C26 111.3(2)
C25 C27 C28 112.2(2)
C26 C27 C28 108.3(2)
C21  C30 C29  111.9(2)
C21  C30 C31 111.8(2)
C29 C30 C31 109.6(2)

Table A.31: Crystal Data and Structure Refinement for 3-CH,SiMe3

A. Crystal Data

Crystallographer

Empirical Formula
Formula Weight
Crystal size
Crystal System

Space Group
Lattice Parameters

Volume
Z
Density (calculated)

Masood Parvez
C39H63N28C8i
632.96
0.25x0.20 x 0.12 mm3
monoclinic

P21/I"I
a=12.1877(4) A
b =18.0214(7) A
c=17.8569(7) A
3909.4(3) A3

4

1.075 Mg/m3

University of Calgary

B = 94.6109(13)°.

B. Data Collection and Refinement Conditions

Diffractometer

Radiation (AM[A])
Temperature

Reflections Collected
Independent Reflections
Structure Solution
Refinement Method

Data / Restraints / Parameters
Goodness-of-Fit

Final R Indices [I1>2sigma(l)]
R Indices (all data)

Largest Difference Peak & Hole

Nonius Kappa CCD
Graphite-monochromated MoKa. (0.71073)
173(2) K

25154

6867 [R(int) = 0.069]

Direct Methods

Full-matrix least-squares on F2
6867 /0/481

1.17

R1=0.077, wR2 =0.172
R1=0.120, wR2 = 0.190

0.27 and -0.22 e.A-3
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Table A.32: Atomic Coordinates and Equivalent Isotropic Displacement for

3-CH,SiMes
X y z U(eq) X y z U(eq)

Sc(l) 6184(1)  964(1)  2005(1) 48(1) C(8)  4596(3) 1605(2) 2787(2) 51(1)
C(2) 6084(7)  -1(5) 1192(6)  59(2) C(9) 4125(3) 912(2)  2936(2) 60(1)
C(26) 9181(5)  2533(3) 2400(3) 59(2) C(10) 4033(4) 712(3)  3681(3) 79(2)
C(28) 9194(8) 3071(7) 1114(55) 67(2) C(11) 4401(5) 1177(3) 4262(3) 88(2)
C(29) 6825(9) -467(6) -12(5)  66(2) C(12) 4840(4) 1856(3) 4102(3) 76(1)
Sc(l) 6677(3)  1567(2) 2257(2) 56(1) C(13) 4961(3) 2083(3) 3383(2) 61(1)
C(2) 6490(50) -340(30) 1050(30) 250(40) | C(14) 4886(5) 3486(3) 3611(3) 93(2)
C(26") 8010(20) 2451(14) 2293(12) 91(7) C(15) 5473(4) 2840(3) 3244(3) 69(1)
C(28) 9560(30) 2960(30) 1450(30) 132(19) | C(16) 6680(5) 2852(4) 3505(5) 130(3)
C(29) 6870(50) -270(30) -360(20) 170(30) | C(17) 4224(5) -412(3) 2465(4) 96(2)
Si(1) 8335(7) 238(6)  3472(5) 63(2) C(18) 3714(4) 372(3)  2323(3) 75(1)
C(1)  7463(18) 901(11) 2990(13) 72(5) C(19) 2454(4) 290(3)  2285(4) 95(2)
C(37) 8077(13) -764(10) 3054(7) 67(3) C(20) 7695(3) 1335(2) 986(2)  46(1)
C(38) 8330(20) 325(14) 4496(8) 207(10) | C(21) 7748(3) 610(2) 709(2)  52(1)
C(39) 9708(8) 592(8)  3190(9) 135(6) | C(22) 8777(4) 292(3) 670(2)  62(1)
Si(l) 7985(9)  142(7)  3562(7) 59(2) C(23) 9716(4) 655(3) 910(3)  71(1)
C(l)  7190(20) 658(16) 2922(19) 98(9) C(24) 9663(3) 1363(3) 1203(2) 63(1)
C(37) 8480(30) -733(16) 3350(20) 223(19) | C(25) 8658(3) 1725(2) 1255(2) 49(1)
C(38) 7081(17) 26(8) 4333(7) 115(7) | C(27) 8616(3) 2494(2) 1581(2) 57(1)
C(39) 9395(15) 313(10) 3995(12) 144(10) | C(30) 6685(3) 193(2) 473(3)  60(1)
N(1) 4890(3) 1751(2) 2041(2) 49(1) C(31) 3520(4) 3464(2) 1455(3) 76(2)
N(2) 6635(2) 1647(2) 1101(2) 42(1) C(32) 2572(3) 2350(3) 869(3)  79(2)
C(3)  3332(3) 2624(2) 1537(2) 56(1) C(33) 2722(4) 2504(3) 2245(3) 69(1)
C(4)  4449(3) 2206(2) 1514(2) 45(1) C(34) 7307(4) 2002(3) -458(2) 60(1)
C(5)  4976(3)  2326(2) 854(2)  43(1) C(35) 6390(4) 3173(2) -144(3) T71(1)
C(6) 5993(3) 2062(2) 635(2)  42(1) C(36) 5299(4) 2104(3) -726(2) 76(1)
C(7)  6263(3) 2322(2) -161(2)  53(1)
Table A.33: Anisotropic Displacement Parameters for 3-CH,SiMe3

Atom U1l u22 u33 u23 U13 u12
Sc(1) 45(1) 49(1) 50(1) 5(1) 10(1) 5(1)
C(2) 41(3) 52(4) 86(5) 11(3) 13(3) 12(3)
C(26) 50(3) 80(4) 45(3) -1(3) 0(2) -12(3)
C(28) 55(6) 81(6) 64(5) 8(4) 7(4) -14(5)
C(29) 64(5) 67(4) 67(7) -13(4) 3(5) 5(4)
Sc(1) 38(2) 80(3) 50(2) -1(2) 3(2) 3(2)
C(2) 290(80) 270(70) 160(50) 110(50) -110(50) -210(60)
C(26") 89(18) 120(20) 68(14) -16(13) -1(12) 7(15)
C(28) 70(30) 80(20) 260(70) -30(40) 30(30) -19(19)
C(29) 150(40) 240(60) 100(30) -80(30) -70(30) 90(40)
Si(1) 51(4) 80(4) 56(3) 3(2) 1(2) 10(3)
C(1) 76(14) 52(9) 82(8) 5(7) -33(9) -15(7)
C@37) 70(7) 68(7) 61(6) -8(5) 4(5) 1(5)
C(38) 200(30) 330(30) 85(11) -27(13) -8(12) 10(20)
C(39) 54(7) 163(13) 185(15) 66(11) -12(8) 4(7)
Si(1") 59(5) 61(3) 58(3) 7(2) 2(3) 1(4)
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c(1) 55(11) 110(20) 124(19) 38(16) -17(11) -26(12)
c(37) 240(40) 73(15) 370(50) 10(30) 120(30) 30(20)
C(38) 193(19) 89(10) 73(9) 28(7) 64(10) 31(10)
C(39) 114(14) 133(14) 170(20) -3(13) -85(15) -16(11)
N(1) 40(2) 58(2) 50(2) -1(2) 14(2) 4(2)

N(2) 29(2) 51(2) 46(2) -1(1) 5(1) 0(1)

c@) 39(2) 57(3) 73(3) -3(2) 16(2) 5(2)

c(4) 32(2) 46(2) 57(2) 7(2) 70) 2(2)

) 35(2) 47(2) 48(2) 202) 5(2) 4(2)

C(6) 37(2) 46(2) 43(2) -4(2) 4(2) -2(2)

c(7) 49(2) 63(3) 47(2) 8(2) 92) 8(2)

Cc(8) 41(2) 61(3) 52(2) 2(2) 16(2) 3(2)

C(9) 50(3) 61(3) 70(3) 3(2) 21(2) -3(2)

C(10) 81(4) 69(3) 91(4) 14(3) 39(3) -2(3)

C(11) 103(4) 104(5) 60(3) 15(3) 34(3) 7(4)

c(12) 78(4) 95(4) 60(3) 73) 25(3) -10(3)
c(13) 52(3) 78(3) 55(3) -6(2) 22(2) 6(2)

C(14) 93(4) 83(4) 110(4) -33(3) 43(3) -20(3)
C(15) 71(3) 69(3) 71(3) -18(2) 32(2) -16(3)
C(16) 68(4) 107(5) 215(8) -15(5) 17(5) -26(4)
c(17) 95(4) 68(4) 130(5) -2(3) 28(4) -3(3)

C(18) 61(3) 71(3) 95(4) -6(3) 19(3) -18(3)
C(19) 63(3) 86(4) 135(5) 11(4) 4(3) -19(3)
C(20) 33(2) 64(3) 43(2) 8(2) 902) 8(2)

c(21) 41(2) 63(3) 53(2) 2(2) 6(2) 11(2)

C(22) 55(3) 69(3) 64(3) -4(2) 8(2) 19(2)

C(23) 45(3) 96(4) 72(3) 0(3) 11(2) 26(3)

C(24) 34(2) 91(4) 63(3) 3(2) 6(2) 8(2)

C(25) 36(2) 64(3) 48(2) 3(2) 92) 3(2)

c(27) 41(2) 71(3) 61(3) 1(2) 10(2) 7(2)

C(30) 50(3) 58(3) 70(3) -6(2) 1) 5(2)

C(31) 69(3) 60(3) 103(4) 8(3) 33(3) 22(2)

C(32) 33(2) 110(4) 94(4) -17(3) 202) 15(3)

C(33) 46(3) 74(3) 91(3) 3(3) 31(2) 10(2)

C(34) 62(3) 76(3) 44(2) 6(2) 17(2) 9(2)

C(35) 76(3) 66(3) 73(3) 18(2) 24(2) 5(2)

C(36) 66(3) 112(4) 47(3) 8(3) -2(2) 1(3)
Table A.34: Bond Lengths [A] for 3-CH,SiMe3

Sc(1)-N(1) 2.126(3) Si(1)-C(38)  1.836(17) C(8)-C(9)  1.409(6)
Sc(1)-N(2) 2.136(3) Si(1)-C(39)  1.896(13) C(8)-C(13)  1.412(6)
Sc(1)-C(1) 2.26(2) Si(1)-C(37)  1.97(2) C(9)-C(10)  1.391(6)
Sc(1)-C(2) 2.263(9) Si(1)-c(1)  1.71(3) C(9)-C(18)  1.521(6)
Sc(1)-C(8) 2.732(4) Si(1)-(37)  1.74(3) C(10)-C(11)  1.381(7)
Sc(1)-C(20)  2.773(4) Si(1)-(38")  1.842(15) C(11)-C(12)  1.375(7)
C(2)-C(30) 1.569(11) Si(1)-(39)  1.853(17) C(12)-C(13)  1.368(6)
C(26)-C(27)  1.566(6) N(1)-C(4)  1.329(5) C(13)-C(15)  1.528(6)
C(28)-C(27)  1538(12) N(1)-C(8)  1.430(5) C(14)-C(15) 1.541(6)
C(29)-C(30)  1.489(11) N(2)-C(6)  1.327(5) C(15)-C(16)  1.507(7)




295

Sc(1)-N(2) 2.065(4) N(2)-C(20)  1.439(4) C(17)-C(18)  1.556(7)
Sc(1)-C(1) 2.09(3) C(3)-C(32)  1.532(6) C(18)-C(19)  1.539(7)
Sc(1)-N(1) 2.206(4) C(3)-C(33)  1.534(6) C(20)-C(21)  1.400(6)
Sc(1)-C(26") 2.27(2) C(3)-C(31)  1.539(6) C(20)-C(25) 1.418(5)
Sc(1')-C(20) 2.705(5) C(3)-C(4) 1.559(5) C(21)-C(22) 1.385(5)
Sc(1)-C(8) 2.778(5) C(4)-C(5) 1.403(5) C(21)-C(30)  1.527(6)
C(2)-C(30) 1.45(5) C(5)-C(6) 1.411(5) C(22)-C(23) 1.356(6)
C(26")-C(27) 1.52(2) C(6)-C(7) 1.558(5) C(23)-C(24) 1.384(6)
C(28)-C(27)  1.46(4) C(7)-C(34)  1.530(5) C(24)-C(25)  1.398(5)
C(29)-C(30) 1.73(5) C(7)-C(36)  1.537(6) C(25)-C(27)  1.507(6)
Si(1)-C(1) 1.77(3) C(7)-C(35)  1.541(6)

Table A.35: Bond Angles [°] for 3-CH,SiMe3

N(1)-Sc(1)-N(2) 82.84(12) C(4)-N(1)-Sc(1)  130.5(2) | C(12)-C(13)-C(15) 119.7(4)
N(1)-Sc(1)-C(1) 118.5(6) C(8)-N(1)-Sc(1)  98.5(2) C(8)-C(13)-C(15) 122.0(4)
N(2)-Sc(1)-C(1) 114.5(5) C(4)-N(1)-Sc(1)  123.6(3) | C(16)-C(15)-C(13)  111.4(5)
N(1)-Sc(1)-C(2) 122.0(2) C(8)-N(1)-Sc(1)  97.3(2) | C(16)-C(15)-C(14)  109.4(5)
N(2)-Sc(1)-C(2) 87.8(3) Sc(1)-N(1)-Sc(1)  34.97(11) | C(13)-C(15)-C(14) 113.3(4)
C(1)-Sc(1)-C(2) 117.4(6) C(6)-N(2)-C(20)  128.4(3) | C(9)-C(18)-C(19) 111.2(4)
N(1)-Sc(1)-C(8) 31.20(12) C(6)-N(2)-Sc(1)  129.2(3) | C(9)-C(18)-C(17) 111.1(4)
N(2)-Sc(1)-C(8) 112.24(12) | C(20)-N(2)-Sc(1) 99.5(2) C(19)-C(18)-C(17) 107.7(4)
C(1)-Sc(1)-C(8) 95.5(7) C(6)-N(2)-Sc(1)  128.6(2) | C(21)-C(20)-C(25) 121.5(3)
C(2)-Sc(1)-C(8) 130.5(2) C(20)-N(2)-Sc(1)  99.9(2) C(21)-C(20)-N(2) 118.8(3)
N(1)-Sc(1)-C(20) 113.12(12) | Sc(1)-N(2)-Sc(1)  36.11(12) | C(25)-C(20)-N(2) 119.1(3)
N(2)-Sc(1)-C(20) 30.74(11) | C(32)-C(3)-C(33) 107.1(4) | C(21)-C(20)-Sc(1)  118.5(3)
C(1)-Sc(1)-C(20) 94.0(6) C(32)-C(3)-C(31) 109.2(4) | C(25)-C(20)-Sc(1) 93.6(2)
C(2)-Sc(1)-C(20) 76.6(3) C(33)-C(3)-C(31) 107.7(4) | N(2)-C(20)-Sc(1) 48.82(17)
C(8)-Sc(1)-C(20) 140.23(13) | C(32)-C(3)-C(4)  107.3(3) | C(21)-C(20)-Sc(1) 93.4(2)
C(30)-C(2)-Sc(1) 110.4(5) C(33)-C(3)-C(4)  115.8(4) | C(25)-C(20)-Sc(1) 118.2(3)
N(2)-Sc(1)-C(1) 127.1(10) C(31)-C(3)-C(4)  109.6(3) | N(2)-C(20)-Sc(1) 49.36(16)
N(2)-Sc(1')-N(1) 82.57(16) N(1)-C(4)-C(5) 120.2(3) | Sc(1')-C(20)-Sc(1) 27.50(9)
C(1)-Sc(1)-N(1) 117.7(8) N(1)-C(4)-C(3)  125.7(3) | C(22)-C(21)-C(20)  118.1(4)
N(2)-Sc(1')-C(26") 86.6(6) C(5)-C(4)-C(3) 114.1(3) | C(22)-C(21)-C(30) 122.3(4)
C(1)-Sc(1')-(26" 110.5(9) C(4)-C(5)-C(6) 130.8(4) | C(20)-C(21)-C(30) 119.6(3)
N(1)-Sc(1')-C(26") 126.4(7) N(2)-C(6)-C(5) 120.1(3) | C(23)-C(22)-C(21) 122.0(4)
N(2)-Sc(1)-C(20) 31.64(12) N(2)-C(6)-C(7) 125.8(3) | C(22)-C(23)-C(24) 120.0(4)
C(1")-Sc(1')-C(20) 102.5(10) C(5)-C(6)-C(7) 114.0(3) | C(23)-C(24)-C(25) 121.5(4)
N(1)-Sc(1')-C(20) 112.96(17) | C(34)-C(7)-C(36) 106.8(4) | C(24)-C(25)-C(20) 116.9(4)
C(26")-Sc(1)-C(20)  75.9(6) C(34)-C(7)-C(35) 107.3(4) | C(24)-C(25)-C(27) 120.8(4)
N(2)-Sc(1')-C(8) 112.89(17) | C(36)-C(7)-C(35) 109.8(4) | C(20)-C(25)-C(27) 122.3(3)
C(1)-Sc(1')-C(8) 93.9(9) C(34)-C(7)-C(6)  116.4(3) | C(28)-C(27)-C(25)  114.8(19)
N(1)-Sc(1')-C(8) 30.71(12) C(36)-C(7)-C(6)  108.4(3) | C(28)-C(27)-C(26")  127(2)
C(26")-Sc(1)-C(8) 130.1(6) C(35)-C(7)-C(6)  108.0(3) | C(25)-C(27)-C(26" 108.0(10)
C(20)-Sc(1')-C(8) 141.50(18) | C(9)-C(8)-C(13)  120.4(4) | C(28")-C(27)-C(28) 28.4(17)
C(27)-C(26)-Sc(1)  114.0(12) C(9)-C(8)-N(1) 118.4(4) | C(25)-C(27)-C(28) 112.4(6)
C(1)-Si(1)-C(38) 112.1(12) C(13)-C(8)-N(1)  120.1(4) | C(26')-C(27)-C(28) 139.6(11)
C(1)-Si(1)-C(39) 98.7(8) C(9)-C(8)-Sc(1)  92.2(3) C(28)-C(27)-C(26) 80.4(19)
C(38)-Si(1)-C(39)  107.9(10) | C(13)-C(8)-Sc(1) 116.7(3) | C(25)-C(27)-C(26)  112.1(4)
C(1)-Si(1)-C(37) 111.3(8) N(1)-C(8)-Sc(1)  50.34(17) | C(26)-C(27)-C(26)  55.2(9)
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C(38)-Si(1)-C(37)  116.3(10) | C(9)-C(8)-Sc(1)  116.1(3) | C(28)-C(27)-C(26)  106.9(5)
C(39)-Si(1)-C(37)  109.0(8) C(13)-C(8)-Sc(1) 91.8(3) | C(2)-C(30)-C(29) 85(3)

Si(1)-C(1)-Sc(1) 139.5(10) | N(1)-C(8)-Sc(1')  51.97(18) | C(2')-C(30)-C(21) 108.4(19)
C(1)-Si(1)-C(37)  122.2(18) | Sc(1)-C(8)-Sc(l) 27.36(9) | C(29)-C(30)-C(21)  114.8(5)
C(1)-Si(1)-C(38)  102.9(13) | C(10)-C(9)-C(8)  118.4(4) | C(2)-C(30)-C(2) 32(3)

C(37)-Si(1)-C(38)  107.4(13) | C(10)-C(9)-C(18) 118.4(4) | C(29)-C(30)-C(2) 112.3(6)
C(1)-Si(1)-C(39)  130.0(11) | C(8)-C(9)-C(18)  123.1(4) | C(21)-C(30)-C(2) 109.0(5)
C(37)-Si(1)-C(39)  85.1(17) C(11)-C(10)-C(9) 121.0(5) | C(2)-C(30)-C(29)  109(3)
C(38)-Si(1)-C(39) 107.3(12) | C(12)-C(11)-C(10) 119.5(5) | C(29)-C(30)-C(29)  24.6(19)
Si(1)-C(1)-Sc(l)  159.1(13) | C(13)-C(12)-C(11) 122.3(5) | C(21)-C(30)-C(29)  108(2)
C(4)-N(1)-C(8) 131.0(3) C(12)-C(13)-C(8) 118.3(4) | C(2)-C(30)-C(29") 134(2)

Table A.36: Crystal Data and Structure Refinement for 4-H,B(C¢Fs)

A. Crystal Data

Crystallographer

Empirical Formula
Formula Weight
Crystal Size
Crystal System
Space Group
Lattice Parameters

Masood Parvez University of Calgary

CsoH57B2F20N2Sc.CeH14

1326.82

0.27 x 0.22 x 0.20 mm3

monoclinic

P21/n

a=13.47120(10) A = 90°.

b =18.5810(2) A B=90.8990(10)°.
c=26.1801(2) A y=90°.

Volume 6552.29(10) A3
zZ 4
Density (calculated) 1.345 Mg/m3

B. Data Collection and Refinement Conditions

Diffractometer

Radiation (A[A])
Temperature

Reflections Collected
Independent Reflections
Structure Solution
Refinement Method

Data / Restraints / Parameters
Goodness-of-Fit

Final R Indices [I>2sigma(l)]
R Indices (all data)

Largest Difference Peak & Hole

Nonius Kappa CCD
Graphite-monochromated MoKa. (0.71073)
173(2) K

35187

18604 [R(int) = 0.037]

Direct Methods

Full-matrix least-squares on F2
18604 /0 /822

1.02

R1=0.057, wR2 =0.144
R1=0.097, wR2 = 0.165

0.40 and -0.42 e.A-3




297

Table A.37: Atomic Coordinates and Equivalent Isotropic Displacement for

4-H,B(CeFs);

X y z U(eq) X y z U(eq)
Sc(l) -1902(1)  2169(1) 742(1)  24(1) | C(26) -1961(2) 2627(2) 2799(1)  61(1)
F(1) 2162(1)  1513(1) 941(1) 59(1) | C(27) -1382(2)  2455(1) 2315(1)  44(1)
F(2) 2576(1)  415(1) 1560(1) 70(1) | C(28) -519(2) 1945(1)  2451(1)  50(1)
F(3) 1108(1)  -280(1) 2059(1) 69(1) | C(29) -1724(3) 5119(2) 888(1) 83(1)
F(4)  -822(1) 147(1) 1919(1) 58(1) | C(30) -1394(2)  4326(1) 858(1) 51(1)
F(5) -1240(1) 1271(1) 1293(1) 38(1) | C(31) -590(2) 4255(2)  457(1) 62(1)
F(6)  899(1) 1660(1) -270(1) 60(1) | C(32) -3138(2)  4155(2) 1950(1)  61(1)
F(7) 2331(2)  2367(1) -762(1) 91(1) | C(33) -4212(2) 4215(2) 1167(1)  65(1)
F(8) 3185(1)  3548(1) -331(1) 106(1) | C(34) -4506(2) 3272(2) 1838(1)  66(1)
FO) 2569(2)  4022(1) 585(1) 123(1) | C(35) -4560(2)  1181(1)  102(1) 48(1)
F(10) 1131(1)  3320(1) 1080(1) 83(1) | C(36) -5459(2)  1366(2)  916(1) 54(1)
F(11) -3030(1) 4081(1) -25(1)  61(1) | C(37) -5347(2) 2349(2)  288(1) 51(1)
F(12) -4659(2)  4561(1) -511(1) 94(1) | C(38) 431(1) 1422(1) 1080(1)  34(1)
F(13) -5631(1) 3720(1) -1207(1) 101(1) | C(39) 1396(2) 1182(1)  1170(1)  42(1)
F(14) -4965(1) 2353(1) -1387(1) 86(1) | C(40) 1628(2)  621(2)  1490(1)  49(1)
F(15) -3308(1) 1881(1) -924(1) 57(1) | C(41) 886(2) 260(1)  1743(1)  48(1)
F(16) -1165(1) 3834(1) -713(1) 58(1) | C(42) -86(2) 475(1)  1672(1)  41(1)
F(17) 108(1) 3750(1) -1489(1) 72(1) | C(43) -265(1) 1046(1)  1349(1)  35(1)
F(18) 714(1) 2454(1) -1837(1) 76(1) | C(44) 907(2) 2487(1)  410(1) 40(1)
F(19) 33(2) 1230(1) -1393(1) 79(1) | C(45) 1262(2)  2268(1)  -55(1) 45(1)
F(20) -1253(1) 1298(1) -633(1) 59(1) | C(46) 2015(2)  2619(2) -310(1)  61(1)
N(1) -3049(1) 1511(1) 950(1)  27(1) | C(47) 2443(2)  3209(2) -93(1) 71(1)
N(2) -2140(1) 2974(1) 1316(1) 30(1) | C(48) 2138(2)  3449(2) 371(1) 72(1)
C(3) -4773(1) 1722(1) 533(1) 38(1) | C(49) 1383(2)  3079(2) 618(1) 57(1)
C(4) -3799(1) 1968(1) 811(1) 29(1) | C(50) -3104(2)  2954(1) -447(1)  41(2)
C(5) -3679(1) 2703(1) 900(1) 32(1) | C(51) -3487(2) 3633(1) -362(1)  49(1)
C(6) -3087(1) 3123(1) 1267(1) 32(1) | C(52) -4330(2) 3896(2) -608(1)  64(1)
C(7) -3703(2) 3697(1) 1552(1) 47(1) | C(53) -4823(2) 3467(2) -960(1)  72(1)
C(8) -3177(1) 749(1) 1055(1) 33(1) | C(54) -4482(2) 2787(2) -1054(1) 62(1)
C(9) -2830(2) 221(1) 713(1) 38(1) | C(55) -3629(2) 2546(2) -807(1)  48(1)
C(10) -2977(2) -504(1) 830(1) 55(1) | C(56) -1252(2)  2571(1) -627(1)  35(1)
C(11) -3434(2) -711(1) 1271(1) 69(1) | C(57) -874(2) 3177(1)  -865(1)  42(1)
C(12) -3726(2) -193(2) 1617(1) 61(1) | C(58) -216(2) 3146(1) -1266(1)  50(1)
C(13) -3591(2) 540(1) 1525(1) 42(1) | C(59) 79(2) 2492(2)  -1448(1)  51(1)
C(14) -3066(2) 958(2) 2386(1) 65(1) | C(60) -271(2) 1874(1) -1228(1)  52(1)
C(15) -3818(2)  1064(1) 1951(1) 47(1) | C(61) -932(2) 1926(1) -828(1)  42(1)
C(16) -4863(2) 986(2) 2173(1) 69(1) | B(L)  49(2) 2060(1)  707(1) 33(1)
C(17) -1193(2) 168(1) 263(1) 47(1) | B(2) -2098(2)  2635(1) -195(1)  32(1)
C(18) -2286(2) 389(1) 221(1)  38(1) | C(1S) -7837(5)  77(3) 3346(2)  146(2)
C(19) -2740(2) 7(2) -252(1)  56(1) | C(2S) -7494(8)  647(6)  3105(3)  234(5)
C(20) -1400(1) 3398(1) 1595(1) 35(1) | C(3S) -7700(6)  1258(4) 2964(4)  179(3)
C(21) -1033(2)  4028(1) 1372(1) 42(1) | C(4S) -7383(4) 1885(5) 2723(2)  140(2)
C(22) -275(2) 4396(1) 1631(1) 50(1) | C(5S) -7649(7) 2539(8) 2812(5)  121(4)
C(23) 105(2) 4151(1) 2092(1) 54(1) | C(5S) -7380(17) 2472(10) 2396(9)  240(11)
C(24) -258(2) 3530(1) 2301(1) 49(1) | C(6S) -7218(5) 3119(4) 2359(4)  206(4)
C(25) -1011(2) 3131(1) 2059(1) 39(1)




298

Table A.38: Anisotropic Displacement Parameters for 4-H,B(CgFs)2

Atom U1l U22 U33 U23 U13 U12
Sc(l) 22(1) 27(1) 24(1) 0(1) 1(1) 0(1)
F(1) 24(1) 80(1) 75(1) 2(1) 6(1) 4(1)
F(2) 39(1) 93(1) 76(1) -1(1) -13(1) 29(1)
F(3) 70(1) 68(1) 69(1) 16(1) -16(1) 26(1)
F(4) 54(1) 56(1) 65(1) 23(1) 7(1) 5(1)
F(5) 24(1) 43(1) 46(1) 8(1) 3(1) 4(1)
F(6) 57(1) 63(1) 59(1) -15(1) 15(1) 9(1)
F(7) 80(1) 114(2) 80(1) 24(1) 49(1) 27(1)
F(8) 57(1) 84(1) 178(2) 62(1) 54(1) 5(1)
F(9) 82(2) 80(2) 207(3) -31(2) 30(2) -47(1)
F(10) 65(1) 91(1) 95(1) -46(1) 16(1) -31(1)
F(11) 74(1) 54(1) 55(1) -1(1) -8(1) 23(1)
F(12) 98(1) 105(2) 78(1) 24(1) 0(1) 62(1)
F(13) 61(1) 182(2) 61(1) 43(1) -14(1) 35(1)
F(14) 69(1) 144(2) 44(1) 10(1) -25(1) -22(1)
F(15) 61(1) 71(1) 39(1) -7(1) -5(1) -10(1)
F(16) 90(1) 37(1) 49(1) 1(1) 15(1) -5(1)
F(17) 97(1) 65(1) 55(1) 7(1) 24(1) -36(1)
F(18) 72(1) 97(1) 59(1) -8(1) 39(1) -16(1)
F(19) 98(1) 62(1) 80(1) -16(1) 41(1) 10(1)
F(20) 80(1) 37(1) 62(1) 0(1) 29(1) -5(1)
N(1) 22(1) 30(1) 29(1) 2(1) 3(1) 1(1)
N(2) 30(1) 32(1) 29(1) -4(1) -2(1) 4(1)
c(3) 23(1) 48(1) 43(1) 0(1) -4(1) -1(1)
c(4) 22(1) 36(1) 27(1) 3(1) 2(1) 2(1)
C(5) 26(1) 37(1) 33(1) 2(1) -3(1) 6(1)
C(6) 34(1) 32(1) 30(1) -2(1) 0(1) 9(1)
c(7) 42(1) 48(1) 49(1) -13(1) 0(1) 19(1)
c(8) 26(1) 33(1) 38(1) 5(1) 4(1) -3(1)
C(9) 37(1) 32(1) 43(1) 2(1) 7(1) -4(1)
C(10) 70(2) 31(1) 66(2) 2(1) 15(1) -4(1)
C(11) 92(2) 35(1) 81(2) 13(1) 23(2) -9(1)
C(12) 72(2) 51(2) 60(2) 17(1) 22(1) -7(1)
C(13) 38(1) 44(1) 43(1) 10(1) 10(1) -1(1)
C(14) 62(2) 80(2) 53(2) 2(1) 4(1) -3(2)
C(15) 51(1) 52(1) 39(1) 11(1) 16(1) 4(1)
C(16) 56(2) 101(2) 50(1) 12(1) 23(1) 15(2)
c(17) 45(1) 36(1) 61(1) -8(1) 11(1) 1(1)
C(18) 42(1) 31(1) 42(1) -6(1) 10(1) -4(1)
C(19) 57(2) 56(2) 55(1) -15(1) 7(1) -7(1)
C(20) 32(1) 37(1) 37(1) -13(1) -4(1) 5(1)
C(21) 45(1) 32(1) 48(1) -10(1) -6(1) 0(1)
C(22) 52(1) 37(1) 61(1) -13(1) -6(1) -6(1)
C(23) 45(1) 56(2) 59(1) -25(1) -10(1) -5(1)
C(24) 44(1) 62(2) 40(1) -16(1) -11(1) 4(1)
C(25) 36(1) 47(1) 35(1) -11(1) -4(1) 6(1)
C(26) 50(1) 87(2) 45(1) 0(1) 6(1) 10(1)
C(27) 46(1) 56(1) 29(1) -3(1) -8(1) 1(1)
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C(28) 56(1) 58(2) 37(1) -5(1) -10(1) 6(1)
C(29) 108(3) 35(1) 104(2) 7(1) -33(2) 3(2)

C(30) 64(2) 30(1) 58(1) 3(1) -14(1) -7(1)
C(31) 79(2) 55(2) 52(1) 12(1) -10(1) -24(1)
C(32) 64(2) 59(2) 60(2) -28(1) -4(1) 25(1)
C(33) 65(2) 55(2) 74(2) -14(1) -14(1) 36(1)
C(34) 54(2) 84(2) 62(2) -16(1) 20(1) 16(1)
C(35) 36(1) 63(2) 45(1) -9(1) -6(1) 5(1)
C(36) 29(1) 75(2) 58(1) 2(1) 3(1) -9(1)
c(37) 33(1) 67(2) 53(1) 0(1) -12(1) 7(1)

C(38) 25(1) 40(1) 36(1) -8(1) 0(1) 3(1)

C(39) 26(1) 55(1) 45(1) -8(1) 1(1) 6(1)

C(40) 32(1) 63(2) 52(1) -9(1) -7(1) 16(1)
C(41) 53(1) 47(1) 45(1) 1(1) -12(1) 19(1)
C(42) 41(1) 44(1) 40(1) 3(1) 0(1) 4(1)

c(43) 25(1) 39(1) 39(1) 2(1) 2(1) 7(1)

C(44) 29(1) 37(1) 53(1) 1) 8(1) 1(1)

C(45) 35(1) 43(1) 58(1) 8(1) 11(1) 11(1)
C(46) 46(1) 67(2) 71(2) 26(1) 27(1) 21(1)
Cc(47) 42(1) 55(2) 116(2) 35(2) 30(2) 9(1)

C(48) 45(1) 47(2) 123(3) 0(2) 13(2) -13(1)
C(49) 38(1) 52(2) 82(2) -10(1) 12(1) -10(1)
C(50) 38(1) 58(1) 26(1) 7(1) 2(1) 5(1)

C(51) 49(1) 63(2) 35(1) 1) (1) 12(1)
C(52) 62(2) 85(2) 46(1) 21(1) 5(1) 32(2)
C(53) 48(1) 129(3) 38(1) 28(2) -4(1) 20(2)
C(54) 48(1) 106(2) 32(1) 14(1) -8(1) -6(2)
C(55) 44(1) 70(2) 29(1) 7(1) -1(1) -1(1)
C(56) 35(1) 42(1) 29(1) 2(1) 2(1) -3(1)
C(57) 50(1) 42(1) 35(1) 0(1) 5(1) -7(1)
C(58) 56(1) 56(2) 38(1) 4(2) 9(1) -19(1)
C(59) 48(1) 68(2) 38(1) 3(1) 16(1) -10(1)
C(60) 56(1) 50(1) 50(1) -9(1) 15(1) 1(0)
C(61) 46(1) 40(1) 41(1) 2(1) 11(1) -4(1)

B(1) 26(1) 36(1) 37(1) -5(1) 3(1) 0(1)

B(2) 33(1) 36(1) 27(1) 2(1) 1(1) -1(1)
C(19) 186(6) 108(4) 145(5) -15(4) 16(4) 9(4)
C(29) 318(14) 196(10) 185(7) 63(7) -80(8) -20(10)
C(39) 155(6) 107(5) 273(10) -30(6) -58(6) 27(5)
c(4S) 92(4) 194(8) 136(5) 8(5) 203) 14(5)
C(55) 58(5) 151(11) 154(10) -28(8) 24(5) -3(6)
C(5S) 280(20) 121(13) 320(30) 81(17) 100(20) 1(14)
C(6S) 106(5) 158(7) 355(12) 53(8) 7(6) -18(5)
Table A.39: Bond Lengths [A] for 4-H,B(CgFs),

Sc(1)-N(1) 2.0517(15) C(3)-C(4)  1559(3) C(38)-B(1) 1.615(3)
Sc(1)-N(2) 2.1475(15) C(4)-C(5)  1.394(3) C(39)-C(40)  1.372(3)
Sc(1)-F(5) 2.3704(12) C(5)-C(6)  1.463(3) C(40)-C(41)  1.380(4)
Sc(1)-C(4) 2.5911(17) CO)-C(7)  1.552(3) C(41)-C(42)  1.378(3)
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Sc(1)-C(5) 2.6302(18) C(7)-C(32)  1.537(3) C(42)-C(43) 1.376(3)
Sc(1)-C(6) 2.7642(18) C(7)-C(34)  1.542(4) C(44)-C(45) 1.377(3)
F(1)-C(39) 1.349(3) C(7)-C(33)  1.547(3) C(44)-C(49) 1.381(3)
F(2)-C(40) 1.341(2) C(8)-C(9) 1.413(3) C(44)-B(1) 1.612(3)
F(3)-C(41) 1.333(3) C(8)-C(13)  1.414(3) C(45)-C(46) 1.385(3)
F(4)-C(42) 1.339(3) C(9)-C(10)  1.396(3) C(46)-C(47) 1.358(5)
F(5)-C(43) 1.385(2) C(9)-C(18)  1.523(3) C(47)-C(48) 1.365(5)
F(6)-C(45) 1.351(3) C(10)-C(11)  1.372(4) C(48)-C(49)  1.395(4)
F(7)-C(46) 1.349(3) C(11)-C(12)  1.382(4) C(50)-C(51)  1.381(3)
F(8)-C(47) 1.343(3) C(12)-C(13)  1.396(3) C(50)-C(55) 1.395(3)
F(9)-C(48) 1.332(3) C(13)-C(15) 1.514(3) C(50)-B(2) 1.610(3)
F(10)-C(49) 1.338(3) C(14)-C(15) 1.526(4) C(51)-C(52) 1.387(3)
F(11)-C(51) 1.353(3) C(15)-C(16)  1.539(3) C(52)-C(53) 1.381(5)
F(12)-C(52) 1.339(3) C(17)-C(18) 1.531(3) C(53)-C(54) 1.367(5)
F(13)-C(53) 1.343(3) C(18)-C(19) 1.543(3) C(54)-C(55) 1.383(3)
F(14)-C(54) 1.350(3) C(20)-C(21)  1.401(3) C(56)-C(61)  1.381(3)
F(15)-C(55) 1.346(3) C(20)-C(25)  1.408(3) C(56)-C(57) 1.388(3)
F(16)-C(57) 1.346(3) C(21)-C(22) 1.397(3) C(56)-B(2) 1.622(3)
F(17)-C(58) 1.341(3) C(21)-C(30)  1.528(3) C(57)-C(58) 1.385(3)
F(18)-C(59) 1.343(2) C(22)-C(23) 1.380(4) C(58)-C(59) 1.367(4)
F(19)-C(60) 1.340(3) C(23)-C(24) 1.370(4) C(59)-C(60) 1.373(4)
F(20)-C(61) 1.346(2) C(24)-C(25)  1.400(3) C(60)-C(61) 1.387(3)
N(1)-C(4) 1.365(2) C(25)-C(27) 1.511(3) C(1S)-C(2S)  1.320(9)
N(1)-C(8) 1.453(2) C(26)-C(27) 1.534(3) C(2S)-C(3S)  1.225(9)
N(2)-C(6) 1.309(2) C(27)-C(28) 1.537(3) C(3S)-C(4S)  1.394(9)
N(2)-C(20) 1.457(2) C(29)-C(30) 1.542(4) C(4S)-C(5S)  1.289(13)
C(3)-C(36) 1.524(3) C(30)-C(31) 1.525(4) C(4S)-C(5S')  1.388(16)
C(3)-C(37) 1.534(3) C(38)-C(43) 1.373(3) C(5S)-C(6S)  1.710(16)
C(3)-C(35) 1.543(3) C(38)-C(39)  1.391(3) C(5S)-C(6S)  1.226(16)
Table A.40: Bond Angles [°] for 4-H,B(CgFs),

N(1)-Sc(1)-N(2)  96.18(6) C(10)-C(11)-C(12) 119.4(2) | F(8)-C(47)-C(46) 120.0(3)
N(1)-Sc(1)-F(5)  72.28(5) C(11)-C(12)-C(13) 121.9(2) | F(8)-C(47)-C(48) 119.7(3)
N(2)-Sc(1)-F(5)  97.08(5) C(12)-C(13)-C(8) 118.1(2) | C(46)-C(47)-C(48)  120.2(2)
N(1)-Sc(1)-C(4)  31.55(6) C(12)-C(13)-C(15) 118.27(19) | F(9)-C(48)-C(47) 120.0(3)
N(2)-Sc(1)-C(4)  83.85(6) C(8)-C(13)-C(15)  123.5(2) F(9)-C(48)-C(49) 121.0(3)
F(5)-Sc(1)-C(4)  102.55(5) | C(13)-C(15)-C(14) 109.1(2) | C(47)-C(48)-C(49)  118.9(3)
N(1)-Sc(1)-C(5)  59.46(6) C(13)-C(15)-C(16) 114.4(2) F(10)-C(49)-C(44)  120.0(2)
N(2)-Sc(1)-C(5)  58.72(6) C(14)-C(15)-C(16) 107.86(19) | F(10)-C(49)-C(48)  116.8(2)
F(5)-Sc(1)-C(5)  120.27(5) | C(9)-C(18)-C(17) 111.04(18) | C(44)-C(49)-C(48)  123.2(3)
C(4)-Sc(1)-C(5)  30.96(6) C(9)-C(18)-C(19) 113.23(18) | C(51)-C(50)-C(55)  114.8(2)
N(1)-Sc(1)-C(6)  78.87(6) C(17)-C(18)-C(19) 107.62(18) | C(51)-C(50)-B(2) 125.7(2)
N(2)-Sc(1)-C(6)  27.41(6) C(21)-C(20)-C(25) 121.62(19) | C(55)-C(50)-B(2) 119.4(2)
F(5)-Sc(1)-C(6)  111.30(5) | C(21)-C(20)-N(2) 119.12(17) | F(11)-C(51)-C(50)  120.0(2)
C(4)-Sc(1)-C(6)  58.67(6) C(25)-C(20)-N(2) 119.03(19) | F(11)-C(51)-C(52)  116.5(2)
C(5)-Sc(1)-C(6)  31.35(6) C(22)-C(21)-C(20) 117.9(2) | C(50)-C(51)-C(52)  123.5(3)
C(43)-F(5)-Sc(1)  128.68(11) | C(22)-C(21)-C(30) 118.0(2) F(12)-C(52)-C(53)  120.2(3)
C(4)-N(1)-C(8) 124.59(15) | C(20)-C(21)-C(30) 124.04(19) | F(12)-C(52)-C(51)  120.6(3)
C(4)-N(1)-Sc(1)  96.58(11) | C(23)-C(22)-C(21) 121.4(2) | C(53)-C(52)-C(51)  119.2(3)
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C(8)-N(1)-Sc(1)  136.35(12) | C(24)-C(23)-C(22) 119.7(2) F(13)-C(53)-C(54)  120.6(3)
C(6)-N(2)-C(20)  126.35(16) | C(23)-C(24)-C(25) 121.8(2) | F(13)-C(53)-C(52)  119.7(3)
C(6)-N(2)-Sc(1)  103.54(12) | C(24)-C(25)-C(20) 117.5(2) | C(54)-C(53)-C(52)  119.6(2)
C(20)-N(2)-Sc(1)  128.18(12) | C(24)-C(25)-C(27) 118.92(19) | F(14)-C(54)-C(53)  120.6(3)
C(36)-C(3)-C(37)  107.28(18) | C(20)-C(25)-C(27) 123.59(18) | F(14)-C(54)-C(55)  119.7(3)
C(36)-C(3)-C(35)  108.7(2) C(25)-C(27)-C(26) 111.6(2) | C(53)-C(54)-C(55)  119.7(3)
C(37)-C(3)-C(35)  106.72(18) | C(25)-C(27)-C(28) 111.2(2) | F(15)-C(55)-C(54)  117.4(2)
C(36)-C(3)-C(4)  109.61(16) | C(26)-C(27)-C(28) 109.22(18) | F(15)-C(55)-C(50)  119.4(2)
C(37)-C(3)-C(4)  112.81(18) | C(31)-C(30)-C(21) 110.9(2) | C(54)-C(55)-C(50)  123.2(3)
C(35)-C(3)-C(4)  111.58(16) | C(31)-C(30)-C(29) 109.0(2) | C(61)-C(56)-C(57)  114.44(18)
N(1)-C(4)-C(5) 118.86(16) | C(21)-C(30)-C(29) 112.9(2) | C(61)-C(56)-B(2) 123.81(18)
N(1)-C(4)-C(3) 123.75(17) | C(43)-C(38)-C(39) 113.26(19) | C(57)-C(56)-B(2) 121.38(19)
C(5)-C(4)-C(3) 117.32(16) | C(43)-C(38)-B(1) 118.01(16) | F(16)-C(57)-C(58)  117.0(2)
N(1)-C(4)-Sc(1)  51.87(8) C(39)-C(38)-B(1) 128.72(18) | F(16)-C(57)-C(56)  119.51(19)
C(5)-C(4)-Sc(1)  76.07(10) | F(1)-C(39)-C(40) 116.67(19) | C(58)-C(57)-C(56)  123.5(2)
C()-C(4)-Sc(l)  146.41(12) | F(1)-C(39)-C(38) 119.9(2) | F(17)-C(58)-C(59)  119.5(2)
C(4)-C(5)-C(6) 133.75(17) | C(40)-C(39)-C(38) 123.4(2) | F(17)-C(58)-C(57)  120.8(2)
C(4)-C(5)-Sc(1)  72.97(10) | F(2)-C(40)-C(39) 120.4(2) | C(59)-C(58)-C(57)  119.6(2)
C(6)-C(5)-Sc(1)  79.38(10) | F(2)-C(40)-C(41) 119.4(2) F(18)-C(59)-C(58)  120.3(2)
N(2)-C(6)-C(5) 118.20(16) | C(39)-C(40)-C(41) 120.1(2) | F(18)-C(59)-C(60)  120.2(2)
N(2)-C(6)-C(7) 128.73(18) | F(3)-C(41)-C(42) 120.2(2) | C(58)-C(59)-C(60)  119.5(2)
C(5)-C(6)-C(7) 113.07(16) | F(3)-C(41)-C(40)  120.4(2) F(19)-C(60)-C(59)  120.2(2)
N(2)-C(6)-Sc(1)  49.05(9) C(42)-C(41)-C(40) 119.3(2) F(19)-C(60)-C(61)  120.6(2)
C(5)-C(6)-Sc(1)  69.26(10) | F(4)-C(42)-C(43) 121.55(19) | C(59)-C(60)-C(61)  119.2(2)
C(7)-C(6)-Sc(l)  176.29(15) | F(4)-C(42)-C(41) 120.9(2) F(20)-C(61)-C(56)  120.23(18)
C(32)-C(7)-C(34)  107.4(2) C(43)-C(42)-C(41) 1175(2) | F(20)-C(61)-C(60)  116.1(2)
C(32)-C(7)-C(33)  107.9(2) C(38)-C(43)-C(42) 126.38(18) | C(56)-C(61)-C(60)  123.7(2)
C(34)-C(7)-C(33)  109.1(2) C(38)-C(43)-F(5)  116.51(17) | C(44)-B(1)-C(38) 115.39(16)
C(32)-C(7)-C(6)  116.37(18) | C(42)-C(43)-F(5) 117.11(17) | C(50)-B(2)-C(56) 109.77(15)
C(34)-C(7)-C(6)  105.44(19) | C(45)-C(44)-C(49) 114.7(2) | C(3S)-C(2S)-C(1S)  143.9(12)
C(33)-C(7)-C(6)  110.40(18) | C(45)-C(44)-B(1) 122.86(19) | C(2S)-C(3S)-C(4S)  147.3(10)
C(9)-C(8)-C(13)  120.12(18) | C(49)-C(44)-B(1) 122.30(19) | C(5S)-C(4S)-C(5S")  51.2(10)
C(9)-C(8)-N(2) 120.97(16) | F(6)-C(45)-C(44)  119.10(19) | C(5S)-C(4S)-C(3S)  128.2(9)
C(13)-C(8)-N(1)  118.76(17) | F(6)-C(45)-C(46) 117.2(2) | C(5S')-C(4S)-C(3S) 160.0(12)
C(10)-C(9)-C(8)  118.65(19) | C(44)-C(45)-C(46) 123.6(2) | C(4S)-C(5S)-C(6S) 111.8(8)
C(10)-C(9)-C(18)  117.06(19) | F(7)-C(46)-C(47) 120.5(2) | C(6S)-C(5S)-C(4S) 145(2)
C(8)-C(9)-C(18)  124.28(18) | F(7)-C(46)-C(45) 120.2(3) | C(5S)-C(6S)-C(5S) 42.7(12)
C(11)-C(10)-C(9)  121.6(2) C(47)-C(46)-C(45) 119.3(3)

Table A.41: Crystal Data and Structure Refinement for 7-CgFs

A. Crystal Data

Crystallographer Masood Parvez  University of Calgary
Empirical Formula Cs4H44BF20N2Sc - 0.25 CgHaa

Formula Weight 1178.22

Crystal Size 0.30 x 0.25 x 0.20 mm3

Crystal System triclinic

Space Group P-1
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Lattice Parameters a=1222252) A o =82.7740(6)°.
b=13.9703(2) A B =73.6650(6)°.
c=16.9809(3) A  y=73.6860(8)°.

Volume 2667.00(7) A3

z 2

Density (calculated) 1.467 Mg/m3

B. Data Collection and Refinement Conditions

Diffractometer Nonius Kappa CCD

Radiation (A[A]) Graphite-monochromated MoKa (0.71073)
Temperature 170(2) K

Reflections Collected 16150

Independent Reflections 8321 [R(int) = 0.023]
Structure Solution Direct Methods

Refinement Method Full-matrix least-squares on F2
Data / Restraints / Parameters 8321/0/716

Goodness-of-Fit 1.09

Final R Indices [1>2sigma(l)] R1=0.074, wR2 = 0.233

R Indices (all data) R1 =0.090, wR2 = 0.252
Largest Difference Peak and Hole 0.70 and -0.70 e.A-3

Table A.42: Atomic Coordinates and Equivalent Isotropic Displacement for 7-CgFs
X y z U(eq) X y z U(eq)
Sc(l) 8476(1) 2132(1)  2464(1) 32(1) | C(39) 6605(4) 6149(3)  2257(3)  42(1)
B(1) 8207(4) 4947(3) 2953(3) 33(1) | C(40) 5491(5) 6720(4)  2211(3) 57(1)
N(1) 7298(3) 1228(2) 2852(2) 34(1) | C(41) 4574(4) 6825(4)  2902(4) 57(1)
N(2) 8347(3) 2089(2) 1270(2) 33(1) | C(42) 4786(4) 6384(4)  3629(3) 55(1)
C(1) 8465(4) 4082(3) 2290(2) 35(1) | C(43) 5917(4) 5826(3)  3648(3) 43(1)
C(3) 6458(4) -157(4)  2735(3) 52(1) | C(44) 9248(4) 5556(3)  2635(2) 37(1)
C(4) 7163(4) 604(3) 2372(3) 40(1) | C(45) 9092(4) 6578(4)  2506(3)  45(1)
C(5) 7642(4) 604(3) 1520(3) 39(1) | C(46) 10002(6) 7041(4)  2235(3) 58(1)
C(6) 8143(4) 1300(3) 999(3) 37(1) | C(47) 11149(5) 6478(5)  2098(3)  62(2)
C(7) 8435(55) 1177(4) 87(3)  52(1) | C(48) 11361(4) 5459(5)  2230(3) 59(1)
C(8) 8554(4) 2914(3) 674(2) 35(1) | C(49) 10424(4) 5030(4)  2494(3)  44(1)
C(9) 7575(4) 3634(3) 525(3) 41(1) | C(50) 10247(4) 1156(4)  2491(3)  48(1)
C(10) 7780(5) 4466(3)  -1(3) 50(1) | C(51) 10983(6) 1321(5)  2898(4)  72(2)
C(11) 8892(5) 4556(3) -356(3) 51(1) | C(52) 12091(6) 772(5) 2931(4)  73(2)
C(12) 9855(5) 3819(3) -224(3) 47(1) | C(53) 12597(6) -105(5)  2493(5) 83(2)
C(13) 9713(4) 2985(3) 289(2) 39(1) | C(54) 11935(6) -358(5)  2049(5)  79(2)
C(14) 5719(6) 3481(5) 230(5) 81(2) | C(55) 10803(6) 246(5) 2056(4)  71(2)
C(15) 6312(4) 3553(4) 895(3) 49(1) |F(1) 8072(2) 2823(2) 3657(1) 42(1)
C(16) 5564(4) 4444(4)  1421(3) 56(1) |F(2) 8495(3) 2036(2) 5061(2) 56(1)
C(17) 11541(5) 1746(4) -439(3) 62(2) | F(3) 8892(3) 3126(2)  6129(2) 61(1)
C(18) 10800(4) 2187(3) 386(3) 44(1) | F(4) 8804(3) 5098(2)  5734(2) 62(1)
C(19) 11579(4) 2580(4) 777(3) 53(1) | F(5) 8392(3) 5936(2)  4317(2)  55(1)
C(20) 6688(4) 1232(3) 3723(3) 38(1) | F(6) 7464(3) 6075(2)  1543(2) 56(1)
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C(21) 5681(4) 2013(3) 3993(3) 45(1) | F(7) 5311(3) 7151(3)  1482(2) 83(1)
C(22) 5118(5) 2040(4)  4823(3) 58(1) | F(8) 3482(3) 7357(3)  2879(3) 85(1)
C(23) 5552(5) 1315(4) 5378(3) 65(2) | F(9) 3905(3) 6471(3)  4318(2) 78(1)
C(24) 6522(5) 549(4) 5106(3) 58(1) | F(10) 6014(2) 5416(2)  4397(2) 58(1)
C(25) 7132(4) 482(3) 4274(3) 46(1) | F(11) 7995(3) 7210(2)  2652(2) 61(1)
C(26) 4348(8) 2474(6)  3051(7) 112(3) | F(12) 9768(4) 8043(3)  2128(2) 86(1)
C(27) 5180(4) 2808(3) 3389(3) 48(1) | F(13) 12043(3) 6911(3)  1829(2) 90(1)
C(28) 4648(7) 3832(4) 3735(4) 83(2) | F(14) 12475(3) 4888(3)  2099(2) 87(1)
C(29) 9229(5) -281(4)  4351(4) 65(2) | F(15) 10713(2) 4023(2)  2618(2) 57(1)
C(30) 8232(4) -365(3)  4019(3) 51(1) | F(16) 10563(4) 2170(3)  3345(3)  95(1)
C(31) 7983(6) -1407(4) 4291(4) 68(2) | F(17) 12721(4) 1031(3)  3352(3) 99(1)
C(32) 8303(3) 4425(3) 3869(2) 34(1) | F(18) 13660(4) -625(3) 2498(3)  112(2)
C(33) 8312(3) 3455(3) 4138(2) 33(1) | F(19) 12409(4) -1178(3) 1606(3) 118(2)
C(34) 8514(4) 2993(3)  4866(2) 39(1) | F(20) 10209(4) -53(3) 1612(3)  89(1)
C(35) 8707(4) 3546(4) 5404(3) 44(1) | C(56) 4800(18) 164(15)  432(11) 115(5)
C(36) 8663(4) 4530(4) 5201(3) 43(1) | C(57) 4990(20) 1022(19) 321(17) 154(8)
C(37) 8459(4) 4949(3)  4461(3) 40(1) | C(58) 4650(30) 1210(20) 1100(20) 192(12)
Table A.43: Anisotropic Displacement Parameters for 7-CgFs

Atom U1l u22 u33 u23 U13 u12
Sc(1) 35(1) 34(1) 28(1) 2(1) -10(1) -11(1)
B(1) 35(2) 39(2) 27(2) -2(2) -4(2) -15(2)
N(1) 38(2) 35(2) 31(2) 3(1) -10(2) -12(2)
N(2) 39(2) 29(2) 28(2) 2(1) -9(1) -6(1)
Cc(1) 40(2) 40(2) 25(2) 1(2) -6(2) -11(2)
C@3) 58(3) 53(3) 54(3) 1(2) -15(2) -29(2)
C(4) 39(2) 35(2) 45(3) 4(2) -13(2) -11(2)
C(5) 48(2) 30(2) 43(2) -5(2) -15(2) -10(2)
C(6) 42(2) 32(2) 34(2) -3(2) -11(2) -2(2)
Cc() 75(3) 46(3) 39(3) -9(2) -15(2) -16(2)
C(8) 51(2) 29(2) 23(2) -2(2) -11(2) -5(2)
Cc(9) 55(3) 38(2) 33(2) -4(2) -21(2) -3(2)
C(10) 80(4) 35(2) 38(2) 1(2) -29(3) -5(2)
Cc(11) 86(4) 37(2) 28(2) 6(2) -14(2) -16(2)
C(12) 69(3) 35(2) 30(2) -3(2) -3(2) -12(2)
C(13) 59(3) 33(2) 23(2) -5(2) -4(2) -11(2)
C(14) 78(4) 83(4) 98(5) -28(4) -55(4) -1(3)
C(15) 49(3) 46(3) 54(3) 0(2) -28(2) -4(2)
C(16) 51(3) 59(3) 56(3) -4(2) -22(2) -1(2)
c(17) 67(3) 43(3) 56(3) -13(2) 9(3) -6(2)
C(18) 48(3) 35(2) 39(2) -1(2) 2(2) -8(2)
C(19) 45(3) 52(3) 55(3) -5(2) -6(2) -8(2)
C(20) 43(2) 41(2) 35(2) 5(2) -10(2) -20(2)
C(21) 50(3) 46(3) 40(2) 0(2) 702) -20(2)
C(22) 63(3) 53(3) 49(3) 2(2) 3(2) -22(2)
C(23) 81(4) 68(4) 41(3) 9(3) 0(3) -32(3)
C(24) 78(4) 60(3) 41(3) 16(2) -14(3) -33(3)
C(25) 57(3) 46(3) 42(3) 9(2) -17(2) -25(2)
C(26) 112(6) 88(5) 172(9) 20(5) -95(6) -33(5)
c(27) 47(3) 46(3) 44(3) 1(2) -9(2) -6(2)



C(28)
C(29)
C(30)
C(31)
C(32)
C(33)
C(34)
C(35)
C(36)
C(37)
C(38)
C(39)
C(40)
C(41)
C(42)
C(43)
C(44)
C(45)
C(46)
C(47)
C(48)
C(49)
C(50)
C(51)
C(52)
C(53)
C(54)
C(55)
F(1)

F(2)

F(3)

F(4)

F(S)

F(6)

F(7)

F(8)

F(9)

F(10)
F(11)
F(12)
F(13)
F(14)
F(15)
F(16)
F(17)
F(18)
F(19)
F(20)

114(5)
71(4)
61(3)
88(4)
29(2)
31(2)
37(2)
39(2)
39(2)
42(2)
37(2)
48(3)
68(3)
43(3)
36(2)
39(2)
43(2)
54(3)
90(4)
71(4)
41(3)
44(3)
43(2)
81(4)
73(4)
73(4)
91(5)
78(4)
56(2)
77(2)
68(2)
80(2)
86(2)
66(2)
90(2)
53(2)
40(2)
44(2)
70(2)
129(3)
91(3)
40(2)
40(1)
102(3)
105(3)
91(3)
119(4)
98(3)

59(4)
58(3)
43(3)
48(3)
43(2)
42(2)
43(2)
66(3)
69(3)
49(3)
35(2)
42(2)
48(3)
46(3)
55(3)
44(2)
49(3)
54(3)
58(3)
102(5)
103(5)
61(3)
60(3)
63(4)
77(4)
66(4)
57(4)
69(4)
45(1)
46(2)
81(2)
86(2)
50(2)
62(2)
80(2)
77(2)
88(2)
79(2)
41(2)
77(2)
143(3)
138(3)
64(2)
88(3)
105(3)
97(3)
82(3)
80(2)

62(4)
75(4)
53(3)
73(4)
28(2)
25(2)
29(2)
25(2)
26(2)
30(2)
36(2)
37(2)
59(3)
80(4)
67(3)
40(2)
23(2)
34(2)
43(3)
34(3)
38(3)
31(2)
44(3)
64(4)
84(4)
108(6)
91(5)
78(4)
29(1)
40(2)
34(1)
34(1)
35(1)
34(1)
76(2)
120(3)
81(2)
35(1)
73(2)
78(2)
67(2)
82(2)
64(2)
95(3)
108(3)
150(4)
146(4)
97(3)

-5(3)
18(3)
13(2)
15(3)
-6(2)
-6(2)
1(2)
2(2)
-11(2)
-6(2)
-2(2)
-1(2)
5(2)
-5(3)
-10(3)
-4(2)
-3(2)
-2(2)
9(2)
53)
-5(3)
0(2)
14(2)
-3(3)
7(3)
6(4)
-8(3)
0(3)
0(1)
8(1)
5(1)
-10(1)
-7(1)
10(1)
19(2)
3(2)
-4(2)
0(1)
-3(1)
18(2)
12(2)
-6(2)
-6(1)
-19(2)
92
2(3)
-26(3)
-3(2)

-21(4)
-42(3)
-25(2)
-27(3)
-1(2)
-3(2)
-4(2)
-11(2)
-6(2)
-3(2)
-9(2)
-12(2)
-31(3)
-25(3)
-4(2)
-4(2)
-6(2)
-9(2)
-20(3)
-11(2)
-8(2)
-10(2)
-18(2)
-6(3)
-41(3)
-37(4)
-31(4)
-36(3)
-10(1)
-16(1)
-26(1)
-18(1)
-9(1)
-10(1)
-48(2)
-38(2)
9(2)
3(1)
-17(2)
-34(2)
-16(2)
72)
-13(1)
-27(2)
-52(3)
-54(3)
-44(3)
-44(2)

2(3)
-18(3)
-17(2)
-25(3)
-10(2)
-8(2)
-4(2)
-8(2)
-19(2)
-17(2)
-12(2)
-11(2)
-9(2)
0(2)
-8(2)
-9(2)
-20(2)
-24(2)
-47(3)
-61(4)
-31(3)
-20(2)
-19(2)
-18(3)
-26(3)
-8(3)
-11(3)
-22(3)
-22(1)
-9(1)
-12(2)
-37(2)
-29(1)
-10(1)
-4(2)
3(2)
-2(2)
-5(1)
-19(1)
-71(2)
-89(3)
-31(2)
-7(1)
-18(2)
-43(2)
-9(2)
4(2)
-20(2)

304




305

Table A.44: Bond Lengths [A] for 7-CgFs

Sc(1)-N(2) 2.087(3) C(20)-C(25) 1.409(6) C(41)-C(42) 1.367(8)
Sc(1)-N(1) 2.094(3) C(21)-C(22) 1.383(7) C(42)-F(9) 1.340(6)
Sc(1)-C(50) 2.220(5) C(21)-C(27) 1.532(7) C(42)-C(43) 1.391(7)
Sc(1)-F(1) 2.221(2) C(22)-C(23)  1.391(8) C(43)-F(10) 1.351(5)
B(1)-C(44) 1.655(6) C(23)-C(24) 1.366(8) C(44)-C(45) 1.384(6)
B(1)-C(32) 1.654(6) C(24)-C(25) 1.402(7) C(44)-C(49) 1.386(6)
B(1)-C(38) 1.655(6) C(25)-C(30) 1.518(7) C(45)-F(11) 1.358(6)
B(1)-C(1) 1.660(6) C(26)-C(27) 1.498(9) C(45)-C(46) 1.381(7)
N(1)-C(4) 1.337(6) C(27)-C(28) 1.512(7) C(46)-F(12) 1.346(6)
N(1)-C(20) 1.457(5) C(29)-C(30) 1.517(7) C(46)-C(47) 1.372(8)
N(2)-C(6) 1.354(5) C(30)-C(31)  1.557(7) C(47)-F(13) 1.338(6)
N(2)-C(8) 1.465(5) C(32)-C(33)  1.373(6) C(47)-C(48)  1.375(8)
C(3)-C(4) 1.518(6) C(32)-C(37) 1.398(6) C(48)-F(14) 1.343(6)
C(4)-C(5) 1.399(6) C(33)-C(34) 1.374(6) C(48)-C(49) 1.378(7)
C(5)-C(6) 1.385(6) C(33)-F(1) 1.413(5) C(49)-F(15) 1.355(6)
C(6)-C(7) 1.509(6) C(34)-F(2) 1.341(5) C(50)-C(51) 1.359(8)
C(8)-C(9) 1.391(6) C(34)-C(35) 1.375(7) C(50)-C(55) 1.447(8)
C(8)-C(13) 1.409(6) C(35)-F(3) 1.346(5) C(51)-C(52) 1.368(9)
C(9)-C(10) 1.410(6) C(35)-C(36)  1.364(7) C(51)-F(16) 1.382(7)
C(9)-C(15) 1.525(7) C(36)-F(4) 1.349(5) C(52)-F(17) 1.329(7)
C(10)-C(11) 1.358(8) C(36)-C(37) 1.376(6) C(52)-C(53) 1.407(10)
C(11)-C(12) 1.380(7) C(37)-F(5) 1.352(5) C(53)-F(18) 1.300(8)
C(12)-C(13) 1.385(6) C(38)-C(43) 1.382(6) C(53)-C(54) 1.386(10)
C(13)-C(18) 1.510(6) C(38)-C(39) 1.380(6) C(54)-F(19) 1.346(8)
C(14)-C(15) 1.529(7) C(39)-F(6) 1.355(5) C(54)-C(55) 1.401(9)
C(15)-C(16) 1.538(7) C(39)-C(40) 1.389(7) C(55)-F(20) 1.351(7)
C(17)-C(18) 1.533(6) C(40)-F(7) 1.355(6) C(56)-C(57)  1.26(3)
C(18)-C(19) 1.546(7) C(40)-C(41)  1.366(8) C(56)-C(56)#1 1.50(4)
C(20)-C(21) 1.403(6) C(41)-F(8) 1.341(6) C(57)-C(58) 1.31(3)
Table A.45: Bond Angles [°] for 7-CgFs
N(2)-Sc(1)-N(1)  87.92(13) | C(22)-C(21)-C(20)  118.6(4) | F(9)-C(42)-C(43) 120.0(5)
N(2)-Sc(1)-C(50)  105.23(16) | C(22)-C(21)-C(27)  119.9(4) | C(41)-C(42)-C(43) 119.7(5)
N(1)-Sc(1)-C(50)  106.49(15) | C(20)-C(21)-C(27)  121.5(4) | F(10)-C(43)-C(38) 121.5(4)
N(2)-Sc(1)-F(1)  154.64(12) | C(21)-C(22)-C(23)  120.6(5) | F(10)-C(43)-C(42) 114.3(4)
N(1)-Sc(1)-F(1)  96.67(11) | C(24)-C(23)-C(22)  120.2(5) | C(38)-C(43)-C(42)  124.2(4)
C(50)-Sc(1)-F(1)  97.37(15) | C(23)-C(24)-C(25) 121.8(5) | C(45)-C(44)-C(49) 113.1(4)
C(44)-B(1)-C(32)  106.7(3) C(24)-C(25)-C(20)  117.0(5) | C(45)-C(44)-B(1) 127.2(4)
C(44)-B(1)-C(38) 112.7(3) C(24)-C(25)-C(30)  119.0(4) | C(49)-C(44)-B(1) 119.7(4)
C(32)-B(1)-C(38) 112.4(3) C(20)-C(25)-C(30)  124.0(4) | F(11)-C(45)-C(46) 114.6(4)
C(44)-B(1)-C(1)  108.3(3) C(26)-C(27)-C(28)  112.6(6) | F(11)-C(45)-C(44) 120.9(4)
C(32)-B(1)-C(1)  110.7(3) C(26)-C(27)-C(21)  111.2(5) | C(46)-C(45)-C(44) 124.5(5)
C(38)-B(1)-C(1)  106.0(3) | C(28)-C(27)-C(21)  113.4(4) | F(12)-C(46)-C(47) 119.9(5)
C(4)-N(1)-C(20)  119.7(3) | C(29)-C(30)-C(25)  112.2(4) | F(12)-C(46)-C(45) 120.4(5)
C(4)-N(1)-Sc(1)  124.1(3) C(29)-C(30)-C(31)  109.2(4) | C(47)-C(46)-C(45) 119.6(5)
C(20)-N(1)-Sc(1)  115.9(3) C(25)-C(30)-C(31)  112.1(4) | F(13)-C(47)-C(46) 120.6(6)
C(6)-N(2)-C(8) 117.5(3) C(33)-C(32)-C(37)  111.5(4) | F(13)-C(47)-C(48) 120.8(6)
C(6)-N(2)-Sc(1)  123.0(3) C(33)-C(32)-B(1) 127.0(4) | C(46)-C(47)-C(48) 118.6(4)
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C(8)-N(2)-Sc(1)  119.4(3) | C(37)-C(32)-B(1)  121.4(4) | F(14)-C(48)-C(47)  119.9(5)
N(1)-C(4)-C(5)  1235(4) | C(32)-C(33)-C(34) 127.0(4) | F(14)-C(48)-C(49)  120.5(5)
N(1)-C(4)-C(3)  120.7(4) | C(32)-C(33)-F(1)  120.2(3) | C(47)-C(48)-C(49)  119.6(5)
C(5)-C(4)-C(3)  115.8(4) | C(34)-C(33)-F(1)  112.8(3) | F(15)-C(49)-C(48)  115.6(4)
C(6)-C(5)-C(4)  129.2(4) | F(2)-C(34)-C(35)  120.5(4) | F(15)-C(49)-C(44)  119.8(4)
N(2)-C(6)-C(5)  123.2(4) | F(2)-C(34)-C(33)  121.3(4) | C(48)-C(49)-C(44)  124.6(5)
N(2)-C(6)-C(7)  119.4(4) | C(35)-C(34)-C(33) 118.1(4) | C(51)-C(50)-C(55)  109.6(5)
C()-C(6)-C(7)  117.4(4) | F(3)-C(35)-C(36)  121.2(4) | C(51)-C(50)-Sc(l)  126.0(4)
C(9)-C(8)-C(13)  121.7(4) | F(3)-C(35)-C(34)  120.0(4) | C(55)-C(50)-Sc(l)  124.4(4)
C(9)-C(8)-N(2)  117.9(4) | C(36)-C(35)-C(34) 118.8(4) | C(50)-C(51)-C(52)  129.5(6)
C(13)-C(8)-N(2)  120.4(4) | F(4)-C(36)-C(35)  119.8(4) | C(50)-C(51)-F(16)  115.9(6)
C(8)-C(9)-C(10)  117.6(4) | F(4)-C(36)-C(37)  119.9(4) | C(52)-C(51)-F(16)  114.6(6)
C(8)-C(9)-C(15)  123.1(4) | C(35)-C(36)-C(37) 120.3(4) | F(17)-C(52)-C(51)  123.1(6)
C(10)-C(9)-C(15) 119.3(4) | F(5)-C(37)-C(36)  116.7(4) | F(17)-C(52)-C(53)  118.1(6)
C(11)-C(10)-C(9) 121.2(4) | F(5)-C(37)-C(32)  119.1(4) | C(51)-C(52)-C(53)  118.8(6)
C(10)-C(11)-C(12) 120.5(4) | C(36)-C(37)-C(32) 124.2(4) | F(18)-C(53)-C(54)  122.7(7)
C(11)-C(12)-C(13) 121.1(5) | C(43)-C(38)-C(39) 113.2(4) | F(18)-C(53)-C(52)  119.9(7)
C(12)-C(13)-C(8) 117.9(4) | C(43)-C(38)-B(1)  1255(4) | C(54)-C(53)-C(52)  117.4(6)
C(12)-C(13)-C(18) 118.7(4) | C(39)-C(38)-B(1)  121.1(4) | F(19)-C(54)-C(53)  118.8(6)
C(8)-C(13)-C(18) 123.4(4) | F(6)-C(39)-C(38)  119.6(4) | F(19)-C(54)-C(55)  121.4(6)
C(14)-C(15)-C(9) 111.6(5) | F(6)-C(39)-C(40)  115.9(4) | C(53)-C(54)-C(55)  119.9(6)
C(14)-C(15)-C(16) 109.4(4) | C(38)-C(39)-C(40)  124.5(4) | F(20)-C(55)-C(54)  116.4(6)
C(9)-C(15)-C(16) 111.4(4) | F(7)-C(40)-C(41)  120.3(5) | F(20)-C(55)-C(50)  118.8(5)
C(13)-C(18)-C(17) 111.5(4) | F(7)-C(40)-C(39)  120.1(5) | C(54)-C(55)-C(50)  124.8(6)
C(13)-C(18)-C(19) 112.1(4) | C(41)-C(40)-C(39) 119.5(5) | C(33)-F(1)-Sc(1) 149.2(2)
C(17)-C(18)-C(19) 109.3(4) | F(8)-C(41)-C(42)  119.9(5) | C(57)-C(56)-C(S56)#1 101(2)
C(21)-C(20)-C(25) 121.7(4) | F(8)-C(41)-C(40)  121.2(5) | C(56)#1-C(56)-C(58) 144(2)
C(21)-C(20)-N(1) 118.2(4) | C(42)-C(41)-C(40) 118.8(4) | C(56)-C(57)-C(58)  95(2)

C(25)-C(20)-N(1) 120.0(4) | F(9)-C(42)-C(41)  120.3(4)

Table A.46: Crystal Data and Structure Refinement for 10-Me

A. Crystal Data

Crystallographer

Empirical Formula

Formula Weight

Crystal Dimensions (mm)

Crystal System
Space Group

Lattice Parameters

pcaled (g cm-3)

Robert McDonald
CssHesBFsN,Sc

1131.9

0.58 x 0.13 x 0.12

monoclinic

P21/c (No. 14)

a (A)

b (A)

c (A)
B (deg)
V (A3)
Z
1.244

University of Alberta

13.6896 (10)
17.6084 (13)
25.0796 (16)
92.0504 (15)

6041.6 (7)
4
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i (mm-1) 0.204

B. Data Collection and Refinement Conditions

Diffractometer Bruker P4/RA/SMART 1000 CCD
Radiation (4 [A]) Graphite-monochromated Mo Ke (0.71073)

Temperature (°C) -80°C
Total Data Collected 33569 (-16 <h<17,-22<k<21,-31<1<21)
Independent Reflections 12367

Number of Observations (NO)
Structure Solution
Refinement

4098 [Fo2 > 20(Fo2)]
Direct methods/fragment search (DIRDIF-96c)
Full-matrix least-squares on F2 (SHELXL-93d)

Absorption Correction Method  SADABS
Data/Restraints/Parameters 12367 [Fo2 > -30(Fo2)] / 9e / 689
Extinction Coefficient 0.0018 (3)

Goodness-of-Fit
Final R Indices

0.956 [Fo2 > —36( Fo2)]

R1 [Fo2 > 20(Fo2)]
WR2 [Fo2 > -30( Fo2)]
Largest Difference Peak & Hole 0.871 and —0.282 e A-3

0.0714
0.2559

Table A.47: Atomic Coordinates and Equivalent Isotropic Displacement
Parameters for 10-Me

Atom X y z Ueq, A2

Sc 0.24182(8) 0.23203(6) 0.11735(4) 0.0403(3)*
F42 0.3711(3) 0.2061(2) 0.05840(14) 0.0649(11)*
F43 0.3911(4) 0.1422(3) -0.03482(17) 0.0976(15)*
F44 0.5526(4) 0.1666(3) -0.09298(16) 0.1045(17)*
F45 0.6963(3) 0.2621(2) -0.05393(15) 0.0862(14)*
F46 0.6821(3) 0.3252(2) 0.04174(13) 0.0545(10)*
F52 0.3876(2) 0.41666(18) 0.04987(12) 0.0470(9)*
F53 0.4073(2) 0.56477(18) 0.03183(13) 0.0521(10)*
F54 0.5728(3) 0.63922(18) 0.06389(13) 0.0558(10)*
F55 0.7195(3) 0.5599(2) 0.11622(14) 0.0621(11)*
F56 0.6979(2) 0.41590(19) 0.14016(13) 0.0544(10)*
F62 0.5434(3) 0.3787(2) 0.21880(13) 0.0604(11)*
F63 0.6466(3) 0.3204(2) 0.30128(13) 0.0735(12)*
F64 0.7621(3) 0.1971(2) 0.28847(14) 0.0682(11)*
F65 0.7684(3) 0.1310(2) 0.19133(14) 0.0723(12)*
F66 0.6631(3) 0.1831(2) 0.10901(13) 0.0584(10)*
N1 0.2393(4) 0.2065(3) 0.19743(19) 0.0447(13)*
N2 0.1522(3) 0.3279(3) 0.12232(17) 0.0361(12)*
c1 0.1664(4) 0.1417(3) 0.0697(2) 0.0357(14)*
c2 0.4100(4) 0.3089(3) 0.1372(2) 0.0441(16)*
c3 0.1012(5) 0.1325(4) 0.2404(3) 0.0573(19)*
C4 0.1446(5) 0.1946(3) 0.2048(2) 0.0475(17)*
cs 0.0726(4) 0.2356(3) 0.1749(2) 0.0459(16)*



C6

C7

C8

C9

C10
Cl11
C12
C13
Cl4
C15
Cl6
C17
C18
C19
C20
C21
C22
C23
C24
C25
C26
C27
C28
C29
C30
C31
C32
C33
C34
C35
C36
C37
C41
C42
C43
C44
C45
C46
C51
C52
C53
C54
C55
C56
C61
C62
C63
C64
C65
C66

0.0713(4)
-0.0342(5)
0.3215(5)
0.3839(5)
0.4625(5)
0.4797(6)
0.4213(5)
0.3408(5)
0.2256(7)
0.2807(6)
0.3434(6)
0.4627(6)
0.3700(6)
0.3409(7)
0.1644(4)
0.1462(4)
0.1594(5)
0.1869(5)
0.2075(5)
0.1985(4)
0.2071(6)
0.1185(5)
0.0365(7)
0.1465(5)
0.2287(5)
0.3221(5)
0.0597(5)
0.0203(5)
0.1725(5)
-0.0823(5)
-0.0442(5)
-0.0955(5)
0.5259(4)
0.4568(5)
0.4635(6)
0.5429(7)
0.6164(6)
0.6057(5)
0.5393(4)
0.4700(4)
0.4789(5)
0.5625(5)
0.6343(5)
0.6214(4)
0.5941(4)
0.5964(5)
0.6503(5)
0.7068(5)
0.7109(5)
0.6548(4)

0.3037(3)
0.3365(4)
0.1856(4)
0.1260(4)
0.1101(5)
0.1502(5)
0.2092(5)
0.2283(4)
0.2828(6)
0.2978(5)
0.3680(5)
0.0810(4)
0.0805(4)
-0.0043(4)
0.3987(3)
0.4002(4)
0.4707(5)
0.5335(5)
0.5300(4)
0.4619(3)
0.2975(4)
0.3303(4)
0.3453(5)
0.4862(4)
0.4580(4)
0.5030(4)
0.0711(4)
0.1660(4)
0.0930(4)
0.3437(4)
0.4157(4)
0.2806(4)
0.2722(3)
0.2243(4)
0.1886(4)
0.2000(4)
0.2490(4)
0.2817(3)
0.4084(3)
0.4509(3)
0.5277(4)
0.5651(3)
0.5254(4)
0.4495(4)
0.2831(3)
0.3150(3)
0.2882(3)
0.2262(4)
0.1923(3)
0.2211(3)

0.1440(2)
0.1362(3)
0.2330(3)
0.2191(3)
0.2538(3)
0.2996(3)
0.3119(3)
0.2788(3)
0.3468(3)
0.2939(3)
0.2996(3)
0.1347(3)
0.1684(3)
0.1817(4)
0.0944(2)
0.0380(3)
0.0124(3)
0.0401(4)
0.0945(3)
0.1218(3)
-0.0192(3)
0.0065(3)
-0.0376(3)
0.2153(3)
0.1803(3)
0.1932(3)
0.2037(3)
0.2750(3)
0.2806(3)
0.1907(3)
0.1097(3)
0.1017(3)
0.0550(2)
0.0324(3)
-0.0158(3)
-0.0450(3)
-0.0251(3)
0.0239(2)
0.0998(2)
0.0709(2)
0.0597(2)
0.0750(2)
0.1022(2)
0.1138(2)
0.1588(2)
0.2099(2)
0.2531(2)
0.2472(2)
0.1984(3)
0.1553(2)

0.0410(15)*
0.0523(18)*
0.0501(18)*
0.0543(19)*
0.070(2)*
0.077(3)*
0.067(2)*
0.0564(19)*
0.117(4)*
0.073(2)*
0.087(3)*
0.087(3)*
0.072(2)*
0.118(4)*
0.0390(15)*
0.0500(17)*
0.066(2)*
0.073(2)*
0.060(2)*
0.0449(16)*
0.075(2)*
0.0574(19)*
0.105(3)*
0.080(2)*
0.0490(17)*
0.064(2)*
0.076(2)*
0.071(2)*
0.083(3)*
0.067(2)*
0.065(2)*
0.068(2)*
0.0363(14)*
0.0509(17)*
0.064(2)*
0.066(2)*
0.061(2)*
0.0427(16)*
0.0335(14)*
0.0365(14)*
0.0397(15)*
0.0423(16)*
0.0433(16)*
0.0418(16)*
0.0348(14)*
0.0429(16)*
0.0475(17)*
0.0464(16)*
0.0468(16)*
0.0398(15)*
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B 0.5187(5) 0.3172(4) 0.1120(3) 0.0383(17)*
ClSa 0.2154(12) -0.0097(11) -0.0752(6) 0.140(3)

C2Sa 0.2250(8) -0.0595(11) -0.0249(7) 0.140(3)

C3Sa 0.1243(9) -0.0695(10) -0.0005(5) 0.140(3)

C4Sa 0.1302(13) -0.1292(7) 0.0442(5) 0.140(3)

C5Sa 0.0623(13) -0.1071(10) 0.0892(5) 0.140(3)

C6Sa 0.0828(14) -0.1578(11) 0.1383(5) 0.140(3)

Table A.48: Anisotropic Displacement Parameters for 10-Me

Atom U1l u22 u33 u23 u13 u12

Sc 0.0362(7) 0.0368(7) 0.0475(7) 0.0064(6) -0.0049(6)  -0.0005(6)
F42  0.059(3) 0.069(3) 0.066(2) -0.002(2) -0.005(2) -0.016(2)
F43  0.115(4) 0.100(4) 0.076(3) -0.025(3) -0.023(3) -0.014(3)
F44  0.149(5) 0.112(4) 0.052(3) -0.024(3) 0.001(3) 0.023(3)
F45  0.090(3) 0.106(3) 0.065(3) 0.004(2) 0.035(3) 0.024(3)
F46  0.040(2) 0.065(2) 0.059(2) 0.0072(19)  0.0148(19)  0.005(2)
F52  0.037(2) 0.054(2) 0.049(2) 0.0160(17)  -0.0046(18)  0.0003(17)
F53  0.047(2) 0.052(2) 0.058(2) 0.0207(18)  0.0034(19)  0.0121(18)
F54  0.075(3) 0.035(2) 0.058(2) 0.0067(17)  0.005(2) -0.0018(19)
F55  0.061(3) 0.061(2) 0.063(2) 0.0089(19)  -0.015(2) -0.020(2)
F56  0.038(2) 0.060(2) 0.064(2) 0.0181(18)  -0.0141(19)  -0.0023(18)
F62  0.079(3) 0.056(2) 0.046(2) -0.0008(17)  0.004(2) 0.023(2)
F63  0.114(4) 0.065(3) 0.041(2) -0.0064(19)  -0.009(2) 0.014(2)
F64  0.076(3) 0.072(3) 0.055(2) 0.017(2) -0.021(2) 0.005(2)
F65  0.080(3) 0.072(3) 0.064(2) 0.009(2) -0.008(2) 0.038(2)
F66  0.070(3) 0.061(2) 0.043(2) -0.0031(18)  -0.0037(19)  0.024(2)
N1 0.035(3) 0.046(3) 0.053(3) 0.014(2) -0.006(3) -0.001(3)
N2 0.027(3) 0.038(3) 0.043(3) 0.011(2) -0.001(2) -0.003(2)
C1 0.035(4) 0.031(3) 0.041(3) 0.003(3) -0.004(3) -0.005(3)
C2 0.035(4) 0.044(4) 0.053(4) 0.015(3) 0.004(3) 0.001(3)
C3 0.044(4) 0.059(5) 0.069(5) 0.027(4) -0.006(4) -0.011(4)
C4 0.034(4) 0.052(4) 0.057(4) 0.021(3) -0.001(3) -0.007(3)
C5 0.029(4) 0.052(4) 0.057(4) 0.015(3) -0.002(3) -0.007(3)
C6 0.030(4) 0.047(4) 0.045(4) 0.004(3) -0.005(3) -0.005(3)
C7 0.032(4) 0.061(5) 0.065(4) 0.017(4) 0.005(4) 0.003(3)
C8 0.032(4) 0.061(5) 0.057(4) 0.031(4) -0.003(4) -0.007(3)
C9 0.042(4) 0.053(4) 0.068(5) 0.025(4) -0.006(4) 0.009(4)
C10  0.042(5) 0.078(6) 0.092(6) 0.037(5) -0.002(5) 0.009(4)
Cll  0.042(5) 0.118(8) 0.071(6) 0.045(5) -0.010(5) 0.002(5)
Cl2  0.041(5) 0.111(7) 0.047(4) 0.021(4) -0.003(4) -0.001(5)
C13  0.042(4) 0.080(5) 0.047(4) 0.022(4) 0.001(4) 0.001(4)
Cl4  0.100(7) 0.161(10) 0.093(6) -0.045(6) 0.040(6) -0.037(7)
C15  0.057(5) 0.121(7) 0.041(4) -0.002(4) -0.003(4) 0.002(5)
C16  0.093(7) 0.091(6) 0.079(6) 0.012(5) 0.017(5) 0.005(6)
C17  0.087(7) 0.074(6) 0.101(6) 0.007(5) -0.009(6) 0.016(5)
C18  0.055(5) 0.047(5) 0.112(7) 0.014(4) -0.019(5) 0.008(4)
C19  0.099(8) 0.055(6) 0.200(11) 0.001(6) 0.012(7) -0.010(5)
C20  0.022(3) 0.043(4) 0.053(4) 0.013(3) 0.003(3) 0.007(3)
C21  0.030(4) 0.058(5) 0.062(5) 0.014(4) 0.000(3) 0.005(3)
C22  0.037(4) 0.087(6) 0.074(5) 0.044(5) 0.002(4) 0.009(4)



C23  0.041(5) 0.056(5) 0.121(8) 0.041(5) 0.011(5) 0.005(4)
C24  0.041(4) 0.049(5) 0.092(6) 0.019(4) 0.013(4) 0.006(3)
C25  0.032(4) 0.039(4) 0.065(4) 0.006(3) 0.010(3) 0.007(3)
C26  0.078(6) 0.078(5) 0.071(5) 0.007(4) 0.014(5) 0.005(5)
C27  0.047(5) 0.076(5) 0.048(4) 0.012(4) -0.008(4) 0.003(4)
C28  0.099(7) 0.126(8) 0.083(6) -0.001(6) -0.041(6) 0.012(6)
C29  0.051(5) 0.098(6) 0.094(6) -0.023(5) 0.017(5) 0.005(5)
C30  0.040(4) 0.044(4) 0.064(4) -0.008(3) 0.013(4) 0.001(3)
C31  0.056(5) 0.058(5) 0.080(5) -0.005(4) 0.009(4) -0.006(4)
C32  0.065(5) 0.066(5) 0.096(6) 0.038(5) 0.008(5) -0.007(4)
C33  0.059(5) 0.086(6) 0.071(5) 0.024(4) 0.013(4) -0.015(4)
C34  0.056(5) 0.092(6) 0.101(6) 0.065(5) -0.009(5) -0.016(4)
C35  0.050(5) 0.074(5) 0.078(5) 0.020(4) 0.007(4) 0.014(4)
C36  0.041(4) 0.071(5) 0.083(5) 0.025(4) 0.002(4) 0.015(4)
C37  0.037(4) 0.086(6) 0.081(5) 0.019(4) -0.015(4) -0.009(4)
C41  0.031(4) 0.040(4) 0.037(3) 0.012(3) -0.005(3) 0.003(3)
C42  0.051(5) 0.060(4) 0.042(4) 0.008(4) -0.005(4) 0.007(4)
C43  0.073(6) 0.060(5) 0.057(5) -0.003(4) -0.013(5) -0.003(4)
C44  0.084(6) 0.077(6) 0.038(4) -0.006(4) 0.000(5) 0.021(5)
C45  0.064(5) 0.075(6) 0.045(4) 0.011(4) 0.008(4) 0.021(4)
C46  0.053(5) 0.035(4) 0.039(4) 0.003(3) 0.000(4) 0.015(3)
C51  0.027(4) 0.043(4) 0.030(3) 0.006(3) 0.003(3) 0.005(3)
C52  0.029(4) 0.050(4) 0.031(3) 0.000(3) 0.004(3) -0.002(3)
C53  0.036(4) 0.050(4) 0.034(3) 0.012(3) 0.011(3) 0.012(3)
C54  0.055(5) 0.035(4) 0.037(4) 0.005(3) 0.007(3) 0.002(3)
C55  0.040(4) 0.048(4) 0.041(4) 0.004(3) -0.004(3) -0.013(3)
C56  0.034(4) 0.053(4) 0.038(3) 0.007(3) -0.005(3) 0.006(3)
C61  0.032(4) 0.039(4) 0.034(3) 0.003(3) 0.005(3) 0.002(3)
C62  0.046(4) 0.036(4) 0.047(4) 0.011(3) 0.004(3) 0.007(3)
C63  0.063(5) 0.038(4) 0.043(4) 0.005(3) 0.007(4) 0.005(3)
C64  0.051(4) 0.052(4) 0.036(4) 0.014(3) -0.013(3) -0.010(4)
C65  0.039(4) 0.040(4) 0.061(4) 0.011(3) -0.001(4) 0.014(3)
C66  0.036(4) 0.043(4) 0.040(4) 0.005(3) -0.001(3) 0.004(3)
B 0.030(4) 0.044(4) 0.040(4) 0.004(3) 0.000(3) 0.008(3)
Table A.49: Bond Lengths for 10-Me

Sc  F42  2.390(4) c2 B 1.643(9) C23 C24 1.384(10)
Sc N1  2.060(5) C3 C4 1543(8) C24 C25 1.387(8)
Sc N2 2.093(5) C3 €32 1.518(9) C25 C30 1.512(8)
Sc  Cl1  2.221(5) C3 €33 1.547(9) C26 C27 1.507(9)
Sc C2  2.703(6)t C3 C34 1.544(9) C27 C28 1.569(9)
Sc C4  2.688(6)t C4 C5 1.416(8) C29 C30 1.535(8)
Sc C5  2.773(6)t C5 C6 1.427(8) C30 C31 1.529(8)
Sc Cé6  2.757(6)t C6 C7 1.561(8) C41 C42 1.376(8)
Sc  H2A 2.3 C7 C35 1.545(8) C41 C46 1.376(8)
Sc  H2B 2.3 C7 C36 1.547(8) Cc41 B 1.641(9)
F42 C42 1.400(7) C7 C37 1.540(9) C42 C43 1.367(9)
F43 C43 1.358(8) C8 C9  1.405(9) C43 C44 1.347(10)
F44 C44  1.350(7) C8 C13 1.390(9) C44 C45 1.403(10)
F45 C45 1.352(8) C9 C10 1.387(9) C45 C46 1.370(9)
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F46 C46 1.358(7) C9 C18 1.510(10) C51 C52 1.391(7)
F52 C52 1.368(6) C10 Cl11 1.362(10) C51 C56 1.372(8)
F53 C53 1.352(6) Cll C12 1.353(10) C51 B 1.661(9)
F54 C54 1.343(6) Cl12 C13 1.397(9) C52 C53 1.388(8)
F55 C55 1.350(6) C13 C15 1.529(10) C53 C54 1.364(8)
F56 C56 1.353(6) Cl4 C15 1.571(10) C54 C55 1.369(8)
F62 C62 1.359(6) C15 C16 1.509(10) C55 C56 1.382(8)
F63 C63 1.337(7) C17 C18 1.549(10) C6l1 C62 1.398(8)
F64 C64 1.360(6) C18 C19 1.584(10) C6l C66 1.377(7)
F65 C65 1.351(6) C20 C21 1.427(8) C6l B  1.647(8)
F66 C66 1.349(6) C20 C25 1.381(8) C62 C63 1.374(8)
N1 C4  1.333(7) C21 C22 1.413(9) C63 C64 1.349(8)
N1 C8  1.457(7) C21 C27 1.505(9) C64 C65 1.366(8)
N2 C6 1.322(7) C22 C23 1.352(10) C65 C66 1.397(8)
N2 C20 1.443(7)

tNonbonded Distance

Table A.50: Bond Angles (°) for 10-Me

F42  Sc N1 126.86(17) C26 C27 C28  109.3(6)
F42  Sc N2 129.72(16) C25 C30 C29  111.1(6)
F42  Sc C1 82.60(17) C25 C30 C31 112.2(5)
N1 Sc N2 95.06(19) C29 C30 C31  109.6(5)
N1 Sc C1 110.14(19) C42 C41  C46  112.9(6)
N2 Sc C1 110.32(19) C42 C41 B 126.4(6)
Sc F42 ~ C42  153.7(4) C46 C41 B 120.7(5)
Sc N1 C4 102.7(4) F42  C42 C41  1215(6)
Sc N1 C8 127.8(4) F42  C42  C43  113.0(7)
C4 N1 c8 127.5(5) C41 Cd42  C43  125.4(7)
Sc N2 C6 105.4(4) F43  C43 C42  121.0(8)
Sc N2 C20  126.1(4) F43  C43  C44  119.47)
C6 N2 C20  126.3(5) C42 C43 Ca4  1195(7)
C4 C3 C32  107.4(6) F44  C44  C43  121.8(8)
C4 C3 C33  110.7(6) F44  C44 C45  119.5(8)
C4 C3 C34  116.7(5) C43 C44 C45  118.7(7)
C32 C3 C33  110.6(6) F45  C45 C44  119.9(7)
c32 C3 C34  106.8(6) FA5 C45 C46  121.5(7)
c33 C3 C34  104.7(6) C44 C45 C46  118.6(7)
N1 C4 C3 126.1(5) F46  C46  C41  119.9(5)
N1 C4 C5 120.5(5) F46  C46  C45  115.3(6)
C3 C4 C5 113.1(5) C4l C46 C45  124.8(7)
C4 C5 C6 135.4(6) C52 C51 C56  112.8(5)
N2 C6 C5 120.0(5) C52 C51 B 119.9(5)
N2 C6 C7 127.8(5) C56 C51 B 127.3(5)
c5 C6 c7 111.9(5) F52 C52 C51  120.1(5)
C6 C7 C35 109.9(5) F52 C52 C53 115.3(5)
C6 c7 C36  117.1(5) C51 C52 C53  124.5(6)
C6 c7 C37  108.5(5) F53 C53 C52  120.6(6)
C35  C7 C36  105.8(5) F53  C53 C54  119.8(5)
C35  C7 C37  107.9(5) C52 C53 C54  119.5(6)
C36 C7 C37  107.3(5) F54  C54 C53  120.3(6)




N1 C8 C9

N1 C8 C13
C9 C8 C13
C8 C9 C10
C8 C9 C18
C10 C9 C18
C9 C10 Cl11
C10 Cl1 C12
Cl1 C12 C13
C8 C13 Ci12
C8 C13 C15
C12 C13 C15
C13 C15 C14
C13 C15 C16
Cl4 C15 Cl6
Cc9 C18 C17
C9 C18 C19
C17 C18 C19
N2 C20 C21
N2 C20 C25
Cc21 C20 C25
C20 C21 C22
C20 C21 C27
C22 C21 C27
C21 C22 C23
C22 C23 C24
C23 C24 C25
C20 C25 C24
C20 C25 C30
C24 C25 C30
C21 C27 C26
C21 C27 C28

119.9(6)
119.3(6)
120.6(6)
117.4(7)
123.1(6)
119.6(7)
122.1(8)
120.3(7)
120.6(8)
118.9(7)
123.3(6)
117.8(7)
110.7(7)
111.7(6)
110.2(6)
112.0(6)
110.3(7)
109.7(6)
118.5(5)
119.8(5)
121.5(6)
116.5(6)
122.5(6)
120.9(6)
121.5(7)
120.9(7)
120.4(7)
119.0(6)
121.4(5)
119.6(6)
110.3(6)
113.1(6)

F54  C54 C55  121.4(6)
C53 C54 C55  118.3(6)
F55 C55 C54  119.9(6)
F55 C55 C56  119.8(6)
C54 C55 C56  120.3(6)
F56 C56 C51  120.5(5)
F56 C56 C55  115.0(5)
C51 C56 C55  124.5(6)
C62 CB6L C66  112.4(5)
c62 C61 B 120.0(5)
Cc66 C61 B 127.5(5)
F62 C62 C6L  119.2(5)
F62 C62 C63  1154(5)
C61 C62 CB3  1255(6)
F63 C63 C62  122.1(6)
F63 C63 C64  118.8(6)
C62 C63 C64  119.0(6)
F64 C64 C63  121.8(6)
F64 C64 C65  118.6(6)
C63 C64 C65 119.6(6)
F65 C65 C64  120.6(6)
F65 C65 C66  119.7(6)
C64 CB65 C66  119.7(6)
F66 C66 C61  121.1(5)
F66 C66 C65  115.1(5)
C61 C66 C65  123.8(6)

c2 B C41  112.0(5)
c2 B C51  108.6(5)
c2 B C61  104.4(4)
c4l B C51  106.8(5)
c4l B c61  112.9(5)
c51 B C6l  112.2(5)
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Table A.51: Crystal Data and Structure Refinement for 10-CH,SiMe,CH,SiMe;

A. Crystal Data

Crystallographer

Empirical Formula
Formula Weight
Crystal size
Crystal System
Space Group
Lattice Parameters

Volume
Z

Masood Parvez University of Calgary

C61H75BF15N28CSi2

1233.18

0.20x 0.18 x 0.15 mm3

triclinic

P-1

a=12.75520(10) A & =77.7032(5)°.
b =14.0148(2) A B = 76.5540(5)°.
c=19.7212(3) A v = 68.6369(8)°.
3160.99(7) A3

2



Density (calculated)

1.296 Mg/m3
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B. Data Collection and Refinement Conditions

Diffractometer

Radiation (A[A])
Temperature
Reflections Collected

Independent Reflections

Structure Solution
Refinement Method
Data / Restraints / Parameters

Goodness-of-Fit

Final R Indices [1>2sigma(l)]
R Indices (all data)
Largest diff. peak and hole

Nonius Kappa CCD

Graphite-monochromated MoKa (0.71073)

173(2) K

27049
14404 [R(int) = 0.026]
Direct Methods
Full-matrix least-squares on F2
14404/ 12/ 764

1.01

R1 =0.060, wR2 = 0.163
R1=0.083, wR2 = 0.183
0.97 and -0.80 e.A-3

Table A.52: Atomic Coordinates and Equivalent Isotropic Displacement Parameters
for 10-CH28iM€2CH25iMe3

X y z U(eq) X y z U(eq)
Sc(l) 3206(1) 3445(1) 7564(1) 23(1) | C(15) 3808(2)  157(2)  7794(2)  44(1)
F(1)  414(1)  6224(1) 6467(1) 45(1) | C(16) 3955(4)  -661(5) 8436(2) 117(2)
F(2) 772(2)  7181(2) 5161(1) 74(1) | C(17) 29(3) 4122(2) 7205(2)  50(1)
F(3)  1944(2) 8551(2) 4855(1) 90(1) | C(18) 207(2) 3412(2) 7902(2)  36(1)
F(4)  2801(2) 8882(2) 5902(1) 86(1) | C(19) -955(2)  3509(3) 8379(2) 54(1)
F(5)  2458(2) 7941(1) 7197(1) 51(1) | C(20) 5855(2)  2953(2) 7434(1)  27(1)
F(6)  2719(1) 5509(1) 8784(1) 49(1) | C(21) 6006(2)  3925(2) 7205(1)  31(1)
F(7)  2958(2) 6463(2) 9733(1) 64(1) | C(22) 7019(2) 3964(2) 6758(1) 37(1)
F(8)  1708(2) 8492(2) 9827(1) 57(1) | C(23) 7854(2) 3086(2) 6536(1) 40(1)
FO)  181(2)  9536(1) 8940(1) 48(1) | C(24) 7680(2) 2137(2) 6749(1) 38(1)
F(10)  -65(1) 8596(1) 7970(1) 41(1) | C(25) 6678(2)  2048(2) 7193(1) 31(1)
F(11) -1116(1) 7842(1) 7094(1) 46(1) | C(26) 7067(6)  344(3)  7993(3)  119(2)
F(12) -3201(1) 7800(2) 7627(1) 63(1) | C(27) 6512(2) 999(2) 7380(2) 42(1)
F(13) -3634(1) 6600(2) 8859(1) 61(1) | C(28) 6929(5) 410(3) 6764(2) 95(2)
F(14) -1867(1) 5375(1) 9545(1) 48(1) | C(29) 5605(3)  5578(3) 7713(2)  58(1)
F(15) 254(1)  5343(1) 9009(1) 37(1) | C(30) 5121(2)  4936(2) 7405(1) 36(1)
N(1) 2620(2) 2264(1) 8140(1) 24(1) | C(31) 4588(33) 5577(2) 6767(2) 52(1)
N(2)  4795(2) 2888(1) 7884(1) 24(1) | C(32) 4753(2) 3804(2) 9421(2) 43(1)
C(l) 1896(2) 5252(2) 7682(1) 27(1) | C(33) 6562(2) 2759(3) 8756(1)  41(1)
C(2) 3497(3) 3052(2) 6533(1) 48(1) | C(34) 5435(3)  1865(3) 9681(2) 50(1)
Si(1)  3924(1) 3455(1) 5592(1) 35(1) | C(35) 1038(2)  2917(2) 9743(2)  43(1)
Si(2) 2642(2) 2392(2) 4860(1) 89(1) | C(36) 1269(2)  1238(2) 9385(1)  40(1)
C(40) 3993(4) 2507(3) 5035(2) 61(1) | C(37) 2637(3)  1302(3) 10064(2) 55(1)
C(41) 1600(5) 2333(5) 5657(3) 88(2) | C(38) 5396(3) 3520(3) 5437(2) 64(1)
C(42) 2095(7) 3425(6) 4141(4) 121(2) | C(39) 2869(3)  4738(3) 5327(2)  74(1)
C(43) 3021(9) 1133(7) 4523(5) 153(3) | C(44) 1338(2)  7082(2) 6918(1) 32(1)
Si(1)  3405(6) 3220(4) 5632(3) 39(2) | C(45) 983(2) 6907(2) 6357(1)  38(1)
Si(2) 2556(6) 1675(5) 5042(3) 56(2) | C(46) 1169(3)  7385(3) 5671(2) 52(1)



C(40)
c(4r)
C(42)
C(43)
CE)
C(4)
C()
C(6)
C(7)
C(8)
C(9)
C(10)
C(11)
C(12)
C(13)
C(14)

2631(15)
1408(17)
2438(19)
3833(14)
1923(2)
2704(2)
3500(2)
4564(2)
5331(2)
1990(2)
870(2)
304(2)
828(2)
1955(3)
2563(2)
4444(3)

2277(13)
1099(18)
2625(16)
593(13)
1914(2)
2254(2)
2653(2)
2772(2)
2799(2)
1756(2)
2297(2)
1782(2)
773(2)
260(2)
743(2)
-344(4)

5787(8)
5325(13)
4181(9)
4760(10)
9484(1)
8811(1)
8953(1)
8587(1)
9093(1)
7901(1)
7778(1)
7530(1)
7404(2)
7501(2)
7736(1)
7147(2)

45(4)
70(6)
60(5)
46(4)
33(1)
26(1)
28(1)
26(1)
33(1)
27(1)
29(1)
38(1)
42(1)
42(1)
33(1)
84(1)

C(47)
C(48)
C(49)
C(50)
C(51)
C(52)
C(53)
C(54)
C(55)
C(56)
C(57)
C(58)
C(59)
C(60)
C(61)
B(1)

1762(3)
2182(3)
1969(2)
1314(2)
2061(2)
2208(2)
1581(2)
809(2)
696(2)
-283(2)
-1230(2)
-2333(2)
-2559(2)
-1670(2)
-570(2)
1071(2)

8070(3)
8246(2)
7752(2)
7003(2)
6520(2)
6998(2)
8016(2)
8548(2)
8032(2)
6537(2)
7171(2)
7183(2)
6581(2)
5967(2)
5961(2)
6480(2)

5519(2)
6044(2)
6721(1)
8319(1)
8790(1)
9291(1)
9343(1)
8893(1)
8402(1)
7994(1)
7686(1)
7963(2)
8585(2)
8930(1)
8627(1)
7722(1)

314

59(1)
57(1)
40(1)
28(1)
35(1)
41(1)
40(1)
35(1)
31(1)
28(1)
35(1)
42(1)
42(1)
36(1)
30(1)
26(1)

Table A.53: Anisotropic Displacement Parameters for 10-CH,SiMe,CH,SiMe3

Atom U1l U22 U33 U23 U13 U12
Sc(1) 23(1) 23(1) 22(1) -2(1) -5(1) -8(1)
F(1) 55(1) 51(1) 37(1) -8(1) -16(1) -19(1)
F(2) 91(2) 98(2) 30(1) -6(1) -19(1) -22(1)
F(3) 132(2) 83(2) 33(1) 17(1) 6(1) -35(2)
F(4) 131(2) 71(1) 61(1) -3(1) 24(1) -68(2)
F(5) 70(1) 48(1) 46(1) -14(1) 7(1) -39(1)
F(6) 49(1) 44(1) 52(1) -15(1) -26(1) 3(1)
F(7) 60(1) 78(1) 64(1) -24(1) -37(1) -11(1)
F(8) 71(1) 70(1) 50(1) -27(1) -10(1) -37(1)
F(9) 73(1) 32(1) 40(1) -12(1) 2(1) -22(1)
F(10) 55(1) 26(1) 39(1) -4(1) -14(1) -6(1)
F(11) 42(1) 42(1) 44(1) 6(1) -15(1) -2(1)
F(12) 35(1) 71(1) 72(1) -7(1) -21(1) 2(1)
F(13) 31(1) 88(1) 65(1) -25(1) 3(1) -21(1)
F(14) 51(1) 60(1) 36(1) -7(1) 6(1) -29(1)
F(15) 36(1) 40(1) 31(1) 2(1) -8(1) -11(1)
N(1) 24(1) 25(1) 26(1) -2(1) -6(1) -10(1)
N(2) 24(1) 28(1) 22(1) -2(1) -3(1) -11(1)
c(1) 29(1) 25(1) 28(1) -4(1) -6(1) -9(1)
C(2) 55(2) 52(2) 32(1) -10(1) -11(1) -7(1)
Si(1) 39(1) 44(1) 23(1) -5(1) -5(1) -15(1)
Si(2) 142(1) 148(2) 29(1) -13(1) -1(1) -117(1)
Si(1) 41(3) 45(3) 31(2) -2(2) 7(2) -14(2)
Si(2) 87(4) 51(4) 43(3) -13(3) -14(3) -32(3)
k) 35(1) 38(1) 27(1) -1(1) 0(1) -19(1)
C(4) 25(1) 25(1) 25(1) -3(1) -2(1) -8(1)
C(5) 26(1) 33(1) 24(1) -2(1) -4(1) -12(1)
C(6) 26(1) 28(1) 24(1) -3(1) -5(1) -9(1)
c(7) 28(1) 49(2) 24(1) -2(1) -9(1) -15(1)
c(8) 30(1) 27(1) 27(1) -4(1) -3(1) -16(1)
C(9) 30(1) 29(1) 34(1) -5(1) -5(1) -14(1)



C(10)
c(11)
c(12)
C(13)
C(14)
C(15)
C(16)
c@7)
C(18)
C(19)
C(20)
c(21)
c(22)
C(23)
C(24)
C(25)
C(26)
c@7)
C(28)
C(29)
C(30)
C(31)
C(32)
C(33)
C(34)
C(35)
C(36)
c(37)
C(38)
C(39)
C(44)
C(45)
C(46)
C(47)
C(48)
C(49)
C(50)
C(51)
C(52)
C(53)
C(54)
C(55)
C(56)
C(57)
C(58)
C(59)
C(60)
C(61)
B(1)

41(1)
53(2)
55(2)
37(1)
54(2)
38(1)
67(3)
53(2)
27(1)
31(1)
23(1)
29(1)
35(1)
28(1)
28(1)
26(1)
232(7)
37(1)
176(5)
65(2)
36(1)
45(2)
37(1)
28(1)
43(2)
43(2)
48(2)
61(2)
56(2)
73(2)
39(1)
44(1)
61(2)
80(2)
78(2)
53(2)
30(1)
34(1)
40(1)
50(2)
45(1)
37(1)
31(1)
36(1)
31(1)
29(1)
39(1)
30(1)
29(1)

39(1)
39(2)
34(1)
28(1)
100(3)
32(1)
144(5)
34(2)
33(1)
52(2)
38(1)
41(1)
51(2)
64(2)
54(2)
40(1)
46(2)
34(1)
66(3)
52(2)
35(1)
46(2)
64(2)
70(2)
65(2)
53(2)
42(2)
70(2)
89(3)
72(2)
24(1)
35(1)
55(2)
50(2)
42(2)
30(1)
30(1)
35(1)
54(2)
52(2)
31(1)
29(1)
24(1)
30(1)
44(2)
53(2)
41(1)
29(1)
23(1)

43(1)
46(2)
45(2)
35(1)
68(2)
56(2)
60(3)
71(2)
54(2)
85(2)
21(1)
24(1)
31(1)
31(1)
32(1)
25(1)
91(3)
45(2)
59(2)
70(2)
39(1)
50(2)
38(1)
31(1)
37(2)
37(1)
34(1)
36(2)
50(2)
52(2)
28(1)
30(1)
29(1)
29(1)
42(2)
34(1)
27(1)
37(1)
38(1)
33(1)
33(1)
27(1)
29(1)
35(1)
48(2)
48(2)
31(1)
30(1)
27(1)

-5(1)
-7(1)
-8(1)
-4(1)
-29(2)
-10(1)
17(3)
-2(1)
-11(1)
-28(2)
-2(1)
-3(1)
-2(1)
-9(1)
-7(1)
-5(1)
21(2)
-4(1)
-17(2)
-20(2)
-5(2)
7(1)
-17(1)
-7(1)
14(1)
-16(1)
-5(1)
20(1)
-11(2)
12(2)
-4(1)
-3(1)
-3(1)
6(1)
-1(1)
-8(1)
-4(1)
-10(1)
-10(1)
-16(1)
-10(1)
-3(1)
-8(1)
-7(1)
-14(1)
-23(1)
-12(1)
-7(1)
-4(1)

-10(1)
-12(1)
-6(1)
-4(1)
-1(2)
-5(1)
-6(2)
-30(2)
-11(1)
-3(1)
-5(1)
-5(1)
-3(1)
-2(1)
-4(1)
-6(1)
-90(4)
1(1)
2(3)
2(2)
1(1)
-1(1)
-11(1)
-10(1)
-18(1)
12(1)
6(1)
-12(1)
-3(2)
-13(2)
-3(2)
-8(1)
-10(1)
5(1)
13(2)
3(1)
-2(1)
-8(1)
-13(1)
0(1)
6(1)
-2(1)
-7(1)
-9(1)
-14(1)
2(1)
1(1)
-7(1)
-6(1)

-23(1)
-27(1)
-22(1)
-14(1)
13(2)
-6(1)
36(3)
-15(1)
-12(1)
-13(1)
-13(1)
-16(1)
-25(1)
-19(1)
-13(1)
-9(1)
-39(3)
-7(1)
-68(3)
-36(2)
-19(1)
-10(1)
-20(1)
-18(1)
-18(1)
-27(1)
-27(1)
-36(2)
-29(2)
-6(2)
-7(1)
-8(1)
7(2)
-14(2)
-27(2)
-16(1)
-14(1)
-9(1)
-18(1)
-31(1)
-19(1)
-13(1)
-7(1)
-4(1)
-1(1)
-13(1)
-17(1)
-7(1)
-7(1)
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Table A.54: Bond Lengths [A] for 10-CH,SiMe,CH,SiMe;

Sc(1)-N(1)  2.0722(18) Si(2)-C(42)  1.855(8) C(20)-C(25) 1.411(3)
Sc(1)-N(2)  2.0858(18) Si(2)-C(43)  1.875(9) C(21)-C(22) 1.397(3)
Sc(1)-C(2)  2.133(3) Si(2)-C(40)  1.902(4) C(21)-C(30) 1.518(4)
Sc(1)-C(1)  2.499(2) Si(1)-(40)  1.859(14) C(22)-C(23) 1.377(4)
Sc(1)-C(4)  2.746(2) Si(1)-C(39)  1.985(7) C(23)-C(24) 1.388(4)
Sc(1)-C(6)  2.755(2) Si(2)-(43)  1.844(14) C(24)-C(25)  1.402(3)
Sc(1)-C(5)  2.785(2) Si(2)-(41)  1.841(15) C(25)-C(27) 1.517(4)
F(1)-C(45)  1.355(3) Si(2')-(40)  1.880(13) C(26)-C(27) 1.502(5)
F(2)-C(46)  1.346(4) Si(2)-(42)  1.922(15) C(27)-C(28)  1.499(5)
F(3)-C(47)  1.349(3) C(3)-C(36)  1.536(3) C(29)-C(30)  1.540(4)
F(4)-C(48)  1.341(4) C(3)-C(37)  1.540(4) C(30)-C(31) 1.526(4)
F(5)-C(49)  1.357(3) C(3)-C(35)  1.546(4) C(44)-C(45)  1.384(4)
F(6)-C(51)  1.360(3) C(3)-C(4) 1.562(3) C(44)-C(49)  1.390(4)
F(7)-C(52)  1.351(3) C(4)-C(5) 1.427(3) C(44)-B(1)  1.653(3)
F(8)-C(53)  1.344(3) C(5)-C(6) 1.431(3) C(45)-C(46)  1.383(4)
F(9)-C(54)  1.334(3) C(6)-C(7) 1.565(3) C(46)-C(47)  1.373(5)
F(10)-C(55)  1.354(3) C(7)-C(32)  1.534(4) C(47)-C(48) 1.373(5)
F(11)-C(57)  1.350(3) C(7)-C(34)  1.542(4) C(48)-C(49) 1.383(4)
F(12)-C(58) 1.347(3) C(7)-C(33)  1.542(3) C(50)-C(51) 1.380(3)
F(13)-C(59)  1.344(3) C(8)-C(9) 1.403(3) C(50)-C(55)  1.393(3)
F(14)-C(60)  1.343(3) C(8)-C(13)  1.409(3) C(50)-B(1)  1.649(3)
F(15)-C(61)  1.359(3) C(9)-C(10)  1.405(3) C(51)-C(52) 1.384(4)
N(1)-C(4) 1.349(3) C(9)-C(18)  1.523(3) C(52)-C(53) 1.371(4)
N(1)-C(8) 1.452(3) C(10)-C(11)  1.376(4) C(53)-C(54) 1.379(4)
N(2)-C(6) 1.337(3) C(11)-C(12)  1.392(4) C(54)-C(55) 1.386(3)
N(2)-C(20)  1.456(3) C(12)-C(13)  1.398(4) C(56)-C(61) 1.384(3)
C(1)-B(1) 1.667(3) C(13)-C(15) 1.519(4) C(56)-C(57) 1.395(3)
C(2)-Si(1)  1.768(6) C(14)-C(15)  1.504(5) C(56)-B(1)  1.663(3)
C(2)-Si(1)  1.834(3) C(15)-C(16)  1.513(5) C(57)-C(58)  1.380(4)
Si(1)-C(40)  1.864(4) C(17)-C(18)  1.525(4) C(58)-C(59) 1.368(4)
Si(1)-C(38)  1.864(4) C(18)-C(19) 1.537(4) C(59)-C(60)  1.374(4)
Si(1)-C(39)  1.866(4) C(20)-C(21)  1.409(3) C(60)-C(61) 1.389(3)
Si(2)-C(41)  1.815(6)

Table A.55: Bond Angles [°] for 10-CH,SiMe,CH,SiMe3

N(1)-Sc(1)-N(2)  96.65(7) | N(1)-C(4)-C(5) 120.06(19) | C(45)-C(44)-B(1)  121.3(2)
N(1)-Sc(1)-C(2)  99.29(11) | N(1)-C(4)-C(3) 125.7(2) | C(49)-C(44)-B(1)  125.4(2)
N(2)-Sc(1)-C(2)  106.34(10) | C(5)-C(4)-C(3) 114.02(19) | F(1)-C(45)-C(46) 116.0(2)
N(1)-Sc(1)-C(1)  116.51(8) | N(1)-C(4)-Sc(1) 46.84(10) | F(1)-C(45)-C(44) 119.4(2)
N(2)-Sc(1)-C(1)  121.29(8) | C(5)-C(4)-Sc(1) 76.55(13) | C(46)-C(45)-C(44)  124.6(3)
C(2)-Sc(1)-C(1)  113.49(10) | C(3)-C(4)-Sc(1) 156.14(16) | F(2)-C(46)-C(47) 120.5(3)
N(1)-Sc(1)-C(4)  28.35(7) | C(4)-C(5)-C(6) 135.2(2) | F(2)-C(46)-C(45) 120.4(3)
N(2)-Sc(1)-C(4)  80.57(7) | C(4)-C(5)-Sc(l)  73.56(13) | C(47)-C(46)-C(45) 119.1(3)
C(2)-Sc(1)-C(4)  126.25(10) | C(6)-C(5)-Sc(1)  73.86(12) | F(3)-C(47)-C(48) 120.4(3)
C(1)-Sc(1)-C(4)  106.12(7) | N(2)-C(6)-C(5) 120.28(19) | F(3)-C(47)-C(46) 120.0(3)
N(1)-Sc(1)-C(6)  80.54(7) | N(2)-C(6)-C(7) 126.68(19) | C(48)-C(47)-C(46)  119.5(3)
N(2)-Sc(1)-C(6)  27.95(7) | C(5)-C(6)-C(7) 112.98(19) | F(4)-C(48)-C(47) 120.6(3)
C(2)-Sc(1)-C(6)  131.44(10) | N(2)-C(6)-Sc(1)  46.98(10) | F(4)-C(48)-C(49) 120.3(3)




C(1)-Sc(1)-C(6)
C(4)-Sc(1)-C(6)
N(1)-Sc(1)-C(5)
N(2)-Sc(1)-C(5)
C(2)-Sc(1)-C(5)
C(1)-Sc(1)-C(5)
C(4)-Sc(1)-C(5)
C(6)-Sc(1)-C(5)
C(4)-N(1)-C(8)
C(4)-N(1)-Sc(1)
C(8)-N(1)-Sc(1)
C(6)-N(2)-C(20)
C(6)-N(2)-Sc(1)
C(20)-N(2)-Sc(1)
B(1)-C(1)-Sc(1)
Si(1)-C(2)-Si(1)
Si(1)-C(2)-Sc(1)
Si(1)-C(2)-Sc(1)
C(2)-Si(1)-C(40)
C(2)-Si(1)-C(38)
C(40)-Si(1)-C(38)
C(2)-Si(1)-C(39)
C(40)-Si(1)-C(39)
C(38)-Si(1)-C(39)
C(41)-Si(2)-C(42)
C(41)-Si(2)-C(43)
C(42)-Si(2)-C(43)
C(41)-Si(2)-C(40)
C(42)-Si(2)-C(40)
C(43)-Si(2)-C(40)
Si(1)-C(40)-Si(2)
C(2)-Si(1)-C(40")
C(2)-Si(1)-C(39)
C(40')-Si(1')-(39)
C(43)-Si(2)-(41))
C(43)-Si(2)-(40")
C(41)-Si(2)-(40")
C(43)-Si(2)-(42)
C(41))-Si(2)-(42)
C(40')-Si(2)-(42)
Si(1)-C(40')-Si(2)
C(36)-C(3)-C(37)
C(36)-C(3)-C(35)
C(37)-C(3)-C(35)
C(36)-C(3)-C(4)
C(37)-C(3)-C(4)
C(35)-C(3)-C(4)

109.41(7)
57.42(7)
57.12(7)
56.92(7)
144.31(10)
101.59(8)
29.89(7)
29.93(6)
127.09(18)
104.81(14)
126.37(14)
127.32(18)
105.07(14)
124.77(14)
176.77(17)
26.3(2)
158.3(3)
144.47(19)
112.47(18)
109.25(16)
105.77(19)
108.28(16)
109.5(2)
111.6(2)
114.7(3)
105.3(4)
106.2(4)
112.5(2)
109.2(3)
108.6(3)
121.3(2)
92.6(5)
105.9(3)
129.7(7)
104.1(10)
116.1(9)
108.9(9)
101.1(9)
114.4(10)
112.1(9)
121.1(9)
106.7(2)
108.1(2)
108.9(2)
116.0(2)
110.2(2)
106.78(19)

C(5)-C(6)-Sc(1)
C(7)-C(6)-Sc(1)
C(32)-C(7)-C(34)
C(32)-C(7)-C(33)
C(34)-C(7)-C(33)
C(32)-C(7)-C(6)
C(34)-C(7)-C(6)
C(33)-C(7)-C(6)
C(9)-C(8)-C(13)
C(9)-C(8)-N(1)
C(13)-C(8)-N(1)
C(8)-C(9)-C(10)
C(8)-C(9)-C(18)
C(10)-C(9)-C(18)
C(11)-C(10)-C(9)
C(10)-C(11)-C(12)
C(11)-C(12)-C(13)
C(12)-C(13)-C(8)
C(12)-C(13)-C(15)
C(8)-C(13)-C(15)
C(14)-C(15)-C(16)
C(14)-C(15)-C(13)
C(16)-C(15)-C(13)
C(17)-C(18)-C(9)
C(17)-C(18)-C(19)
C(9)-C(18)-C(19)
C(21)-C(20)-C(25)
C(21)-C(20)-N(2)
C(25)-C(20)-N(2)
C(22)-C(21)-C(20)
C(22)-C(21)-C(30)
C(20)-C(21)-C(30)
C(23)-C(22)-C(21)
C(22)-C(23)-C(24)
C(23)-C(24)-C(25)
C(24)-C(25)-C(20)
C(24)-C(25)-C(27)
C(20)-C(25)-C(27)
C(28)-C(27)-C(26)
C(28)-C(27)-C(25)
C(26)-C(27)-C(25)
C(21)-C(30)-C(31)
C(21)-C(30)-C(29)
C(31)-C(30)-C(29)
Si(1)-C(39)-Si(1)
C(45)-C(44)-C(49)

76.20(12)
159.40(16)
109.3(2)
107.3(2)
106.2(2)
108.19(19)
109.3(2)
116.34(19)
120.8(2)
120.5(2)
118.5(2)
118.5(2)
124.6(2)
116.9(2)
121.4(2)
119.4(2)
121.4(2)
118.3(2)
118.6(2)
123.2(2)
109.0(3)
111.2(3)
112.7(3)
110.9(2)
109.6(2)
111.6(2)
121.1(2)
119.7(2)
119.1(2)
118.2(2)
118.0(2)
123.7(2)
121.8(3)
119.5(2)
121.5(2)
117.9(2)
119.1(2)
123.0(2)
109.4(3)
112.0(3)
113.0(3)
109.9(2)
113.3(2)
109.8(3)
24.4(2)
113.2(2)

C(47)-C(48)-C(49)
F(5)-C(49)-C(48)
F(5)-C(49)-C(44)
C(48)-C(49)-C(44)
C(51)-C(50)-C(55)
C(51)-C(50)-B(1)
C(55)-C(50)-B(1)
F(6)-C(51)-C(50)
F(6)-C(51)-C(52)
C(50)-C(51)-C(52)
F(7)-C(52)-C(53)
F(7)-C(52)-C(51)
C(53)-C(52)-C(51)
F(8)-C(53)-C(52)
F(8)-C(53)-C(54)
C(52)-C(53)-C(54)
F(9)-C(54)-C(53)
F(9)-C(54)-C(55)
C(53)-C(54)-C(55)
F(10)-C(55)-C(54)
F(10)-C(55)-C(50)
C(54)-C(55)-C(50)
C(61)-C(56)-C(57)
C(61)-C(56)-B(1)
C(57)-C(56)-B(1)
F(11)-C(57)-C(58)
F(11)-C(57)-C(56)
C(58)-C(57)-C(56)
F(12)-C(58)-C(59)
F(12)-C(58)-C(57)
C(59)-C(58)-C(57)
F(13)-C(59)-C(58)
F(13)-C(59)-C(60)
C(58)-C(59)-C(60)
F(14)-C(60)-C(59)
F(14)-C(60)-C(61)
C(59)-C(60)-C(61)
F(15)-C(61)-C(56)
F(15)-C(61)-C(60)
C(56)-C(61)-C(60)
C(50)-B(1)-C(44)
C(50)-B(1)-C(56)
C(44)-B(1)-C(56)
C(50)-B(1)-C(1)
C(44)-B(1)-C(1)
C(56)-B(1)-C(1)
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119.1(3)
114.8(3)
120.7(2)
124.4(3)
113.0(2)
127.2(2)
119.7(2)
120.3(2)
115.3(2)
124.4(2)
119.8(2)
120.4(3)
119.8(2)
120.7(3)
120.2(3)
119.1(2)
120.0(2)
121.3(2)
118.7(2)
116.0(2)
119.0(2)
125.0(2)
113.0(2)
119.0(2)
127.8(2)
115.5(2)
120.9(2)
123.6(2)
119.3(2)
120.2(3)
120.6(2)
120.6(3)
120.6(3)
118.8(2)
120.2(2)
121.0(2)
118.9(2)
120.1(2)
114.9(2)
125.1(2)
111.92(19)
103.28(18)
114.58(19)
113.65(19)
104.35(18)
109.36(18)
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Table A.56: Crystal Data and Structure Refinement for 14-CgDsBr
A. Crystal Data

Crystallographer Masood Parvez University of Calgary
Empirical Formula CesHasD10BBraF2oN,Sc

Formula Weight 1480.76

Crystal Size 0.12 x 0.10 x 0.09 mm3

Crystal System monoclinic

Space Group P2:/n

Lattice Parameters a=18.789(3) A

b =14.249(3) A B =106.697(11)°.
¢ =24.539(4) A

Volume 6293(2) A3

Z 4

Density (calculated) 1.562 Mg/m3

B. Data Collection and Refinement Conditions

Diffractometer Nonius Kappa CCD

Radiation (A[A]) Graphite-monochromated MoKa (0.71073)
Temperature 173(2) K

Reflections Collected 21312

Independent Reflections 11042 [R(int) = 0.0502]
Structure Solution Direct Methods

Refinement method Full-matrix least-squares on F2
Data / Restraints / Parameters 11042 /0/ 848
Goodness-of-Fit 1.014

Final R Indices [1>2sigma(l)] R1=0.0533, wR2 = 0.1289

R Indices (all data) R1=0.1072, wR2 = 0.1608
Largest Difference Peak & Hole 0.443 and -0.884 e.A-3

Table A.57: Atomic Coordinates and Equivalent Isotropic Displacement Parameters
for 14-C¢DsBr

X y z U(eq) X y z U(eq)
Sc(1) 4305(1) 6966(1)  1429(1) 30(1) | C(44)  2348(2) 3991(3) -521(2)  35(1)
N(1) 5308(2) 6428(2) 1955(1) 32(1) | C(45)  2376(2) 4843(3) -791(2) 37(1)
N(2) 4872(2) 8090(2) 1184(1) 31(1) |C@6)  3030(3) 5279(3) -798(2)  41(1)
C(1) 4000(3) 6041(3) 701(2) 41(1) |C(47) 3703(2) 4888(4) -529(2)  41(1)
C(3) 6545(3) 5815(3) 1983(2) 43(1) | C(48)  3712(2) 4052(4) -247(2)  41(1)
C(4) 5901(2) 6472(3) 1756(2) 33(1) | C(49) 3057(2) 3629(3) -254(2) 38(1)
C(5) 5963(2) 7116(3) 1337(2) 32(1) | C(50) 804(2)  3857(3) -838(2) 30(1)
C(6) 5526(2) 7886(3) 1094(2) 31(1) | C(51) 652(2)  4676(3) -586(2)  33(1)
C(7) 5835(3) 8516(3) 725(2) 42(1) |C(52) -17(3)  5142(3) -744(2) 37(1)
C(8) 5342(2) 5854(3) 2454(2) 35(1) | C(53) -594(2) 4780(3) -1171(2) 37(1)
C(9) 5151(2) 4899(3) 2395(2) 40(1) | C(54)  -485(2) 3966(3) -1423(2) 36(1)
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C(10) 5169(3) 4409(4)  2891(3) 54(1) C(55)  198(2)  3533(3) -1264(2) 32(1)
C(11) 5367(3) 4831(4)  3414(2) 59(2) C(56)  1760(2) 2507(3) -1018(2) 33(1)
C(12) 5555(3) 5773(4)  3463(2) 51(1) C(57)  1985(2) 1583(3) -898(2)  35(1)
C(13) 5553(2) 6310(4)  2990(2) 41(1) C(58)  2172(2) 984(3)  -1282(2) 43(1)
C(14) 5584(3) 7822(4)  3556(2) 61(2) C(59)  2164(3) 1313(4) -1808(2) 46(1)
C(15) 5773(3) 7334(4)  3059(2) 44(1) C(60)  1946(3) 2210(4) -1956(2) 44(1)
C(16) 6597(3) 7470(5)  3125(3) 66(2) C(61)  1750(2) 2781(3) -1573(2) 38(1)
C(17) 4136(3) 4009(4)  1680(3) 67(2) F(1) 2449(2) 3930(2) 643(1)  49(1)
C(18) 4934(3) 4383(3)  1829(2) 48(1) F(2) 2240(2) 3218(2) 1579(1) 62(1)
C(19) 5463(3) 3561(4) 1814(3) 61(2) F(3) 1187(2) 1878(2) 1528(1)  66(1)
C(20) 4540(2) 8999(3)  1013(2) 32(1) F(4) 358(2)  1237(2) 494(1)  58(1)
C(21) 4707(3) 9737(3)  1415(2) 38(1) F(5) 597(1)  1882(2) -458(1)  41(1)
C(22) 4364(3) 10601(3) 1258(2) 46(1) F(6) 1748(1) 5293(2) -1084(1) 44(1)
C(23) 3873(3) 10744(3) 723(2) 43(1) F(7) 3010(2) 6101(2) -1084(1) 55(1)
C(24) 3720(3) 10022(3) 339(2) 43(1) F(8) 4336(2) 5304(2) -551(1)  58(1)
C(25) 4051(2) 9136(3)  465(2) 37(1) F(9) 4366(1) 3640(2)  26(1) 53(1)
C(26) 4122(3) 8700(4) -517(2) 59(2) F(10)  3108(1) 2783(2) 7(1) 43(1)
C(27) 3887(3) 8382(3) 8(2 44(1) F(11)  1186(1) 5049(2) -149(1)  43(1)
C(28) 3058(3) 8133(4) -185(2) 57(1) F(12)  -109(2) 5953(2) -482(1)  49(1)
C(29) 6005(3) 10068(7) 2007(3) 112(3) | F(13)  -1257(2) 5228(2) -1336(1) 56(1)
C(30) 5266(3) 9617(4)  1998(2) 52(1) F(14)  -1055(1) 3585(2) -1840(1) 53(1)
C(31) 5009(3) 10027(4) 2484(2) 56(1) F(15)  242(1)  2727(2) -1554(1) 38(1)
C(32) 2748(2) 6920(4)  1280(2) 41(1) F(16)  2046(2) 1215(2) -380(1)  46(1)
C(33) 2960(2) 7848(3)  1327(2) 38(1) F(17)  2388(2) 101(2)  -1127(1) 60(1)
C(34) 3473(2) 8173(4) 1822(2) 41(1) F(18)  2355(2) 738(2)  -2183(1) 65(1)
C(35) 3783(3) 7551(4)  2261(2) 46(1) F(19)  1941(2) 2550(2) -2472(1) 58(1)
C(36) 3575(3) 6617(4) 2216(2) 44(1) F(20)  1547(2) 3661(2) -1746(1) 43(1)
C(37) 3059(3) 6301(4) 1722(2) 45(1) Br(2)  2790(1) 610(2)  2094(1) 89(1)
Br(l) 2027(1) 6479(1)  636(1) 62(1) Br(2A) 2101(8) -737(9) 2334(3) 163(7)
B(1) 1615(3) 3324(4) -586(2) 31(1) Br(2B) 2654(6) 38(13)  2330(5) 89(3)
C(38) 1557(2) 2914(3) 34(2)  33(1) C(62)  2117(3) -100(5) 1512(3) 72(2)
C(39) 1940(3) 3232(3) 572(2) 38(1) C(63)  2094(3) 94(4) 967(4)  76(2)
C(40) 1833(3) 2883(4)  1071(2) 45(1) C(64)  1585(4) -411(5) 491(3)  79(2)
C(41) 1306(3) 2223(4)  1044(2) 46(1) C(65)  1164(3) -1043(5) 617(4)  82(2)
C(42) 889(3) 1885(3) 525(2) 42(1) C(66)  1192(4) -1256(5) 1186(4) 87(2)
C(43) 1026(2) 2241(3)  43(2)  35(1) C(67)  1668(4) -776(6)  1633(4)  88(2)
Table A.58: Anisotropic Displacement Parameters for 14-CsDsBr
Atom U1l u22 u33 u23 u13 u12

Sc(1) 30(1) 31(1) 29(1) 1(1) 9(1) 1(1)

N(1) 31(2) 31(2) 32(2) 2(2) 9(2) -1(2)

N(2) 35(2) 29(2) 27(2) -2(2) 9(2) 2(2)

C(1) 41(3) 33(3) 47(3) 1(2) 10(2) 3(2)

Cc@) 37(3) 46(3) 49(3) 5(2) 16(2) 6(2)

C(4) 34(2) 29(3) 36(2) -1(2) 7(2) 1(2)

C(5) 34(2) 35(3) 31(2) -4(2) 14(2) 0(2)

C(6) 36(2) 33(3) 25(2) 0(2) 9(2) 1(2)

C(7) 38(3) 46(3) 48(3) 12(2) 22(2) 6(2)

C(8) 28(2) 41(3) 34(2) 9(2) 7(2) 2(2)

C(9) 34(3) 38(3) 47(3) 14(2) 10(2) 6(2)



C(10)
C(11)
C(12)
C(13)
C(14)
C(15)
C(16)
C(17)
C(18)
C(19)
C(20)
C(21)
C(22)
C(23)
C(24)
C(25)
C(26)
C(27)
C(28)
C(29)
C(30)
C(31)
C(32)
C(33)
C(34)
C(35)
C(36)
C(37)
Br(1)
B(1)

C(38)
C(39)
C(40)
C(41)
C(42)
C(43)
C(44)
C(45)
C(46)
C(@47)
C(48)
C(49)
C(50)
C(51)
C(52)
C(53)
C(54)
C(55)
C(56)
C(57)

43(3)
52(3)
44(3)
32(2)
63(4)
43(3)
54(3)
51(3)
48(3)
65(4)
34(2)
39(3)
51(3)
45(3)
40(3)
39(3)
71(4)
52(3)
62(4)
44(4)
65(4)
60(3)
34(3)
31(2)
33(3)
41(3)
41(3)
44(3)
49(1)
31(3)
32(2)
36(3)
43(3)
48(3)
40(3)
35(2)
32(2)
33(3)
43(3)
31(3)
29(3)
36(3)
30(2)
30(2)
44(3)
32(2)
31(3)
39(3)
23(2)
28(2)

44(3)
71(4)
73(4)
51(3)
77(4)
52(3)
85(5)
40(3)
32(3)
40(3)
31(3)
38(3)
38(3)
32(3)
49(3)
34(3)
65(4)
38(3)
59(4)
236(10)
46(3)
61(4)
48(3)
42(3)
42(3)
65(4)
57(3)
40(3)
68(1)
32(3)
32(3)
40(3)
60(3)
57(3)
45(3)
40(3)
33(3)
38(3)
33(3)
50(3)
47(3)
37(3)
31(3)
36(3)
29(3)
40(3)
41(3)
27(2)
37(3)
35(3)

76(4)
56(4)
38(3)
39(3)
48(3)
35(3)
67(4)
98(5)
58(3)
73(4)
34(2)
39(3)
49(3)
56(3)
41(3)
38(3)
45(3)
34(3)
49(3)
54(4)
39(3)
46(3)
43(3)
43(3)
52(3)
39(3)
38(3)
57(3)
65(1)
30(3)
34(2)
37(3)
27(3)
34(3)
43(3)
29(2)
37(2)
42(3)
50(3)
44(3)
43(3)
41(3)
29(2)
32(2)
43(3)
42(3)
32(2)
30(2)
39(3)
40(3)

25(3)
30(3)
14(3)
8(2)
-15(3)
-1(2)
-22(3)
1(3)
4(2)
2(3)
3(2)
-3(2)
-5(2)
6(2)
10(2)
4(2)
-6(3)
2(2)
-3(3)
-39(5)
-10(2)
-17(3)
-10(2)
-6(2)
-9(2)
-12(3)
7(2)
33)
-16(1)
-2(2)
-2(2)
-5(2)
-6(2)
10(2)
7(2)
2(2)
-6(2)
-1(2)
-3(2)
-16(2)
-15(2)
-10(2)
-1(2)
0(2)
0(2)
11(2)
7(2)
1(2)
-5(2)
-5(2)

20(3)
22(3)
14(2)
11(2)
27(3)
8(2)
30(3)
0(3)
7(3)
14(3)
14(2)
15(2)
15(3)
20(3)
12(2)
11(2)
20(3)
1(2)
16(3)
9(3)
6(3)
16(3)
17(2)
14(2)
20(2)
20(2)
19(2)
22(3)
9(1)
8(2)
8(2)
7(2)
4(2)
16(2)
17(2)
7(2)
7(2)
12(2)
18(2)
12(2)
6(2)
11(2)
6(2)
10(2)
22(2)
12(2)
4(2)
11(2)
9(2)
6(2)

4(2)
13(3)
9(3)
0(2)
-16(3)
-8(2)
-24(3)
-4(3)
-5(2)
7(3)
0(2)
4(2)
6(2)
10(2)
4(2)
2(2)
-1(3)
7(2)
-17(3)
14(5)
15(3)
-11(3)
-6(2)
2(2)
1(2)
-2(3)
5(2)
-3(2)
-16(1)
4(2)
8(2)
11(2)
18(3)
19(3)
8(2)
(2)
2(2)
1(2)
-5(2)
-12(2)
1(2)
-2(2)
3(2)
-2(2)
8(2)
12(2)
0(2)
2(2)
-1(2)
1(2)
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C(58) 29(2) 31(3) 59(3) -13(2) 0(2) 6(2)

C(59) 29(2) 59(4) 47(3) -25(3) 7(2) 2(2)

C(60) 34(3) 56(4) 42(3) -12(2) 12(2) -10(2)
C(61) 32(2) 39(3) 42(3) -4(2) 11(2) 1(2)

F(1) 48(2) 50(2) 41(2) -12(1) 3(1) 1(1)

F(2) 66(2) 82(2) 30(2) -9(1) 1(1) 23(2)

F(3) 76(2) 92(2) 37(2) 20(2) 27(2) 28(2)

F(4) 53(2) 69(2) 57(2) 19(2) 26(2) 1(2)

F(5) 42(2) 43(2) 38(1) 0(1) 12(1) -6(1)

F(6) 37(2) 37(2) 58(2) 10(1) 13(1) 5(1)

F(7) 52(2) 44(2) 74(2) 5(2) 24(2) -8(1)

F(8) 37(2) 69(2) 71(2) -12(2) 21(2) -17(1)

F(9) 29(2) 63(2) 62(2) -10(2) 4(1) 2(1)

F(10) 37(2) 36(2) 51(2) 2(1) 6(1) 8(1)

F(11) 41(2) 41(2) 44(2) -15(1) 8(1) 0(1)

F(12) 56(2) 38(2) 56(2) 3(0) 23(2) 14(1)

F(13) 41(2) 60(2) 62(2) 6(2) 8(1) 21(1)

F(14) 37(2) 60(2) 51(2) -4(1) -4(1) 0(1)

F(15) 37(2) 36(2) 38(1) -9(1) 4(1) 1(1)

F(16) 51(2) 37(2) 48(2) 5(1) 11(1) 9(1)

F(17) 55(2) 39(2) 77(2) -14(2) 4(2) 13(1)

F(18) 52(2) 78(2) 64(2) -41(2) 15(2) 8(2)

F(19) 59(2) 79(2) 42(2) -16(2) 24(2) -14(2)

F(20) 52(2) 41(2) 38(1) 3(1) 15(1) 1(1)

Br(2) 53(1) 107(2) 97(1) 51(1) 4(1) 20(1)
Br(2A) 230(13) 194(13) 81(5) 37(6) 73(7) 135(11)
Br(2B) 79(5) 110(7) 77(5) -35(5) 19(4) 40(5)

C(62) 49(4) 74(5) 91(5) -22(4) 17(4) 23(3)

C(63) 52(4) 48(4) 135(7) -7(4) 40(4) A(3)

C(64) 92(5) 62(5) 95(5) 23(4) 46(5) 35(4)

C(65) 40(4) 73(5) 120(7) -26(5) 1(4) 7(3)

C(66) 50(4) 74(5) 145(8) 11(5) 42(5) 3(4)

C(67) 73(5) 98(6) 103(6) 8(5) 43(5) 30(5)
Table A.59: Bond Distances (A) for 14-CsDsBr

Sc(1)-N(1) 2.100(4) C(24)-C(25)  1.402(6) C(47)-C(48)  1.376(7)
Sc(1)-N(2) 2.105(4) C(25-C(27)  1.519(6) C(48)-F(9) 1.352(5)
Sc(1)-C(1) 2.162(5) C(26)-C(27)  1.544(7) C(48)-C(49)  1.367(6)
Sc(1)-C(35)  2.640(4) C(27)-C(28)  1.535(7) C(49)-F(10)  1.354(5)
Sc(1)-C(34)  2.682(4) C(29)-C(30)  1.525(9) C(50)-C(55)  1.385(6)
Sc(1)-C(36)  2.715(4) C(30)-C(31)  1.524(7) C(50)-C(51)  1.389(6)
Sc(1)-C(33)  2.767(4) C(32)-C(33)  1.376(6) C(51)-F(11)  1.348(5)
Sc(1)-C(37)  2.802(5) C(32)-C(37)  1.389(7) C(51)-C(52)  1.376(6)
Sc(1)-C(32)  2.842(4) C(32)-Br(l)  1.871(5) C(52)-F(12)  1.358(5)
N(1)-C(4) 1.339(5) C(33)-C(34)  1.395(6) C(52)-C(53)  1.374(6)
N(1)-C(8) 1.459(5) C(34)-C(35)  1.389(7) C(53)-F(13)  1.354(5)
N(2)-C(6) 1.340(5) C(35)-C(36)  1.382(7) C(53)-C(54)  1.357(6)
N(2)-C(20) 1.447(5) C(36)-C(37)  1.392(7) C(54)-F(14)  1.362(5)
C(3)-C(4) 1.503(6) B(1)-C(44) 1.643(7) C(54)-C(55)  1.376(6)
C(4)-C(5) 1.409(6) B(1)-C(56) 1.649(6) C(55)-F(15)  1.365(5)




322

C(5)-C(6) 1.397(6) B(1)-C(50) 1.654(6) C(56)-C(57)  1.388(6)
C(6)-C(7) 1.506(6) B(1)-C(38) 1.663(6) C(56)-C(61)  1.411(6)
C(8)-C(9) 1.405(6) C(38)-C(39)  1.388(6) C(57)-F(16) 1.349(5)
C(8)-C(13) 1.417(6) C(38)-C(43)  1.389(6) C(57)-C(58)  1.391(6)
C(9)-C(10) 1.394(7) C(39)-F(1) 1.356(5) C(58)-F(17) 1.343(5)
C(9)-C(18) 1.520(7) C(39)-C(40)  1.387(7) C(58)-C(59)  1.368(7)
C(10)-C(11) 1.369(8) C(40)-F(2) 1.348(5) C(59)-F(18) 1.354(5)
C(11)-C(12)  1.384(8) C(40)-C(41)  1.355(7) C(59)-C(60)  1.360(7)
C(12)-C(13)  1.389(6) C(41)-F(3) 1.361(5) C(60)-F(19)  1.353(5)
C(13)-C(15) 1.513(7) C(41)-C(42)  1.377(7) C(60)-C(61)  1.369(6)
C(14)-C(15) 1.532(6) C(42)-F(4) 1.345(6) C(61)-F(20) 1.344(5)
C(15)-C(16) 1.522(7) C(42)-C(43)  1.376(6) Br(2)-C(62) 1.903(7)
C(17)-C(18) 1.533(7) C(43)-F(5) 1.361(5) Br(2A)-C(62)  2.221(12)
C(18)-C(19) 1.543(7) C(44)-C(45)  1.391(6) Br(2B)-C(62)  1.982(11)
C(20)-C(25) 1.407(6) C(44)-C(49)  1.403(6) C(62)-C(63)  1.354(9)
C(20)-C(21) 1.413(6) C(45)-F(6) 1.353(5) C(62)-C(67)  1.368(10)
C(21)-C(22) 1.392(7) C(45)-C(46)  1.381(6) C(63)-C(64)  1.468(10)
C(21)-C(30) 1.523(7) C(46)-F(7) 1.360(5) C(64)-C(65)  1.294(10)
C(22)-C(23) 1.386(7) C(46)-C(47)  1.366(7) C(65)-C(66)  1.416(10)
C(23)-C(24) 1.370(7) C(47)-F(8) 1.344(5) C(66)-C(67)  1.381(11)
Table A.60: Bond Angles (°) for 14-C¢DsBr

N(1)-Sc(1)-N(2)  90.79(14) C(9)-C(18)-C(19) 112.6(4) | C(45)-C(44)-C(49) 112.5(4)
N(1)-Sc(1)-C(1)  105.22(16) C(17)-C(18)-C(19) 108.8(4) | C(45)-C(44)-B(1)  127.1(4)
N(2)-Sc(1)-C(1)  105.23(16) C(25)-C(20)-C(21) 121.1(4) | C(49)-C(44)-B(1)  119.3(4)
N(1)-Sc(1)-C(35)  96.21(15) C(25)-C(20)-N(2) 120.7(4) | F(6)-C(45)-C(46)  115.1(4)
N(2)-Sc(1)-C(35)  108.18(15) C(21)-C(20)-N(2) 118.2(4) | F(6)-C(45)-C(44)  121.3(4)
C(1)-Sc(1)-C(35)  139.74(17) C(22)-C(21)-C(20) 118.3(4) | C(46)-C(45)-C(44) 123.6(4)
N(1)-Sc(1)-C(34)  121.82(14) C(22)-C(21)-C(30) 119.9(4) | F(7)-C(46)-C(47)  119.0(4)
N(2)-Sc(1)-C(34)  90.59(14) C(20)-C(21)-C(30) 121.8(4) | F(7)-C(46)-C(45)  120.1(4)
C(1)-Sc(1)-C(34)  130.15(16) C(23)-C(22)-C(21) 121.4(5) | C(47)-C(46)-C(45) 120.9(5)
C(35)-Sc(1)-C(34) 30.23(15) C(24)-C(23)-C(22) 119.5(5) | F(8)-C(47)-C(46)  120.6(5)
N(1)-Sc(1)-C(36)  92.57(14) C(23)-C(24)-C(25) 122.1(5) | F(8)-C(47)-C(48)  121.2(4)
N(2)-Sc(1)-C(36)  138.00(15) C(24)-C(25)-C(20) 117.6(4) | C(46)-C(47)-C(48) 118.2(4)
C(1)-Sc(1)-C(36)  114.12(17) C(24)-C(25)-C(27) 119.3(4) | F(9)-C(48)-C(49)  120.1(5)
C(35)-Sc(1)-C(36) 29.87(15) C(20)-C(25)-C(27) 123.1(4) | F(9)-C(48)-C(47)  120.2(4)
C(34)-Sc(1)-C(36) 52.90(15) C(25)-C(27)-C(28) 111.4(4) | C(49)-C(48)-C(47) 119.6(4)
N(1)-Sc(1)-C(33)  149.00(14) C(25)-C(27)-C(26) 111.3(4) | F(10)-C(49)-C(48) 116.4(4)
N(2)-Sc(1)-C(33)  98.80(14) C(28)-C(27)-C(26) 108.6(4) | F(10)-C(49)-C(44) 118.5(4)
C(1)-Sc(1)-C(33)  100.59(16) C(31)-C(30)-C(29) 108.6(5) | C(48)-C(49)-C(44) 125.1(5)
C(35)-Sc(1)-C(33)  52.79(15) C(31)-C(30)-C(21) 113.9(4) | C(55)-C(50)-C(51) 112.7(4)
C(34)-Sc(1)-C(33) 29.61(13) C(29)-C(30)-C(21) 110.3(5) | C(55)-C(50)-B(1)  126.7(4)
C(36)-Sc(1)-C(33) 60.89(14) C(33)-C(32)-C(37) 119.9(5) | C(51)-C(50)-B(1)  120.3(4)
N(1)-Sc(1)-C(37)  112.84(14) C(33)-C(32)-Br(1) 121.0(4) | F(11)-C(51)-C(52) 116.4(4)
N(2)-Sc(1)-C(37)  149.23(14) C(37)-C(32)-Br(1) 119.1(4) | F(11)-C(51)-C(50) 119.0(4)
C(1)-Sc(1)-C(37)  87.91(17) C(33)-C(32)-Sc(1) 72.8(2) C(52)-C(51)-C(50)  124.6(4)
C(35)-Sc(1)-C(37) 52.13(16) C(37)-C(32)-Sc(1) 74.2(3) F(12)-C(52)-C(53)  120.1(4)
C(34)-Sc(1)-C(37)  60.61(15) Br(1)-C(32)-Sc(1) 125.8(2) | F(12)-C(52)-C(51)  120.5(4)
C(36)-Sc(1)-C(37) 29.17(15) C(32)-C(33)-C(34) 120.2(5) | C(53)-C(52)-C(51) 119.4(4)
C(33)-Sc(1)-C(37) 50.89(14) C(32)-C(33)-Sc(1) 78.8(3) F(13)-C(53)-C(54)  120.9(4)
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N(1)-Sc(1)-C(32)  141.28(14) C(34)-C(33)-Sc(1) 71.8(2) F(13)-C(53)-C(52)  120.5(4)
N(2)-Sc(1)-C(32)  124.61(14) C(35)-C(34)-C(33) 119.7(5) | C(54)-C(53)-C(52) 118.6(4)
C(1)-Sc(1)-C(32)  82.02(16) C(35)-C(34)-Sc(1) 73.2(3) C(53)-C(54)-F(14)  119.6(4)
C(35)-Sc(1)-C(32) 60.67(14) C(33)-C(34)-Sc(1) 78.6(3) C(53)-C(54)-C(55)  120.3(4)
C(34)-Sc(1)-C(32) 51.45(14) C(36)-C(35)-C(34) 120.4(5) | F(14)-C(54)-C(55) 120.1(4)
C(36)-Sc(1)-C(32) 51.40(14) C(36)-C(35)-Sc(1) 78.1(3) F(15)-C(55)-C(54)  114.8(4)
C(33)-Sc(1)-C(32) 28.37(13) C(34)-C(35)-Sc(1) 76.5(3) F(15)-C(55)-C(50)  120.9(4)
C(37)-Sc(1)-C(32) 28.48(14) C(35)-C(36)-C(37) 119.5(55) | C(54)-C(55)-C(50) 124.3(4)
C(4)-N(1)-C(8) 119.4(4) C(35)-C(36)-Sc(1) 72.1(3) C(57)-C(56)-C(61)  112.7(4)
C(4)-N(1)-Sc(1)  117.0(3) C(37)-C(36)-Sc(1) 78.9(3) C(57)-C(56)-B(1)  129.0(4)
C(8)-N(1)-Sc(1)  122.3(3) C(32)-C(37)-C(36) 120.4(5) | C(61)-C(56)-B(1)  117.8(4)
C(6)-N(2)-C(20)  119.0(3) C(32)-C(37)-Sc(1) 77.4(3) F(16)-C(57)-C(56)  120.5(4)
C(6)-N(2)-Sc(1)  116.5(3) C(36)-C(37)-Sc(1) 72.0(3) F(16)-C(57)-C(58)  115.5(4)
C(20)-N(2)-Sc(1)  123.6(3) C(44)-B(1)-C(56) 100.5(3) | C(56)-C(57)-C(58) 123.9(4)
N(1)-C(4)-C(5) 123.2(4) C(44)-B(1)-C(50) 115.3(4) | F(17)-C(58)-C(59) 120.6(4)
N(1)-C(4)-C(3) 120.1(4) C(56)-B(1)-C(50) 112.9(4) | F(17)-C(58)-C(57) 119.8(5)
C(5)-C(4)-C(3) 116.7(4) C(44)-B(1)-C(38) 112.8(4) | C(59)-C(58)-C(57) 119.6(5)
C(6)-C(5)-C(4) 131.4(4) C(56)-B(1)-C(38) 114.0(4) | F(18)-C(59)-C(60)  120.4(5)
N(2)-C(6)-C(5) 123.7(4) C(50)-B(1)-C(38) 102.0(3) | F(18)-C(59)-C(58) 120.0(5)
N(2)-C(6)-C(7) 120.0(4) C(39)-C(38)-C(43) 112.9(4) | C(60)-C(59)-C(58) 119.6(4)
C(5)-C(6)-C(7) 116.3(4) C(39)-C(38)-B(1) 127.1(4) | F(19)-C(60)-C(59) 120.4(4)
C(9)-C(8)-C(13)  122.3(4) C(43)-C(38)-B(1) 119.6(4) | F(19)-C(60)-C(61) 119.9(5)
C(9)-C(8)-N(1) 120.5(4) F(1)-C(39)-C(40) 115.2(4) | C(59)-C(60)-C(61) 119.7(5)
C(13)-C(8)-N(1)  117.1(4) F(1)-C(39)-C(38) 121.1(4) | F(20)-C(61)-C(60) 116.5(4)
C(10)-C(9)-C(8)  117.0(5) C(40)-C(39)-C(38) 123.7(5) | F(20)-C(61)-C(56) 119.0(4)
C(10)-C(9)-C(18)  119.2(5) F(2)-C(40)-C(41) 120.2(5) | C(60)-C(61)-C(56) 124.5(5)
C(8)-C(9)-C(18)  123.8(4) F(2)-C(40)-C(39) 120.1(5) | C(63)-C(62)-C(67) 120.8(7)
C(11)-C(10)-C(9)  122.0(5) C(41)-C(40)-C(39) 119.8(4) | C(63)-C(62)-Br(2) 117.3(6)
C(10)-C(11)-C(12) 120.0(5) C(40)-C(41)-F(3) 120.7(5) | C(67)-C(62)-Br(2)  121.9(7)
C(11)-C(12)-C(13) 121.5(5) C(40)-C(41)-C(42) 120.0(4) | C(63)-C(62)-Br(2B) 147.5(9)
C(12)-C(13)-C(8)  117.1(5) F(3)-C(41)-C(42) 119.3(5) | C(67)-C(62)-Br(2B) 90.9(9)
C(12)-C(13)-C(15) 120.2(5) F(4)-C(42)-C(41)  120.4(4) | C(63)-C(62)-Br(2A) 167.4(7)
C(8)-C(13)-C(15)  122.7(4) F(4)-C(42)-C(43) 121.6(4) | C(62)-C(63)-C(64) 121.0(6)
C(13)-C(15)-C(16) 111.8(4) C(41)-C(42)-C(43) 118.0(5) | C(65)-C(64)-C(63) 117.0(7)
C(13)-C(15)-C(14) 114.1(4) F(5)-C(43)-C(42) 115.4(4) | C(64)-C(65)-C(66) 122.2(7)
C(16)-C(15)-C(14) 108.6(4) F(5)-C(43)-C(38) 119.1(4) | C(67)-C(66)-C(65) 120.6(7)
C(9)-C(18)-C(17)  112.0(5) C(42)-C(43)-C(38) 125.5(4) | C(62)-C(67)-C(66) 118.4(7)
Table A.61: Crystal Data and Structure Refinement for 14-C;Hg

A. Crystal Data

Crystallographer Masood Parvez University of Calgary

Empirical Formula Ce7H57BBrF,0N,Sc

Formula Weight 1405.83

Crystal Size 0.20 x 0.20 x 0.18 mm3

Crystal System monoclinic

Space Group P2:/n

Lattice Parameters

a=18.9115(4) A



Volume

V4

Density (calculated)

b =14.0831(3) A
c = 24.6274(6) A
6270.6(2) A3

4

1.489 Mg/m3

B= 107.0566(9)°.
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B. Data Collection and Refinement Conditions

Diffractometer
Radiation (A[A])

Temperature
Reflections Collected

Independent Reflections

Structure Solution
Refinement Method
Data / Restraints / Parameters

Goodness-of-Fit

Final R Indices [I1>2sigma(l)]
R Indices (all data)
Largest Difference Peak & Hole

Nonius Kappa CCD
Graphite-monochromated MoKa (0.71073)
173(2) K

18966

10673 [R(int) = 0.040]

Direct Methods

Full-matrix least-squares on F2
10673 /0/835

1.02

R1 =0.056, wR2 = 0.130
R1=0.104, wR2 = 0.156

0.53 and -0.58 e.A-3

Table A.62: Atomic Coordinates and Equivalent Isotropic Displacement Parameters for

14-C;Hg

X y z U(eq) X y z U(eq)
Sc(1) -4296(1) -3079(1)  3570(1) 33(1) | F(8)  -2372(1) 761(2)  7173(1) 70(1)
N(1) -5300(2) -3613(2)  3045(1) 35(1) | F(@)  -1955(1)  2591(2) 7457(1) 60(1)
N(2) -4858(2) -1935(2)  3812(1) 33(1) | F(10) -1559(1)  3711(2) 6731(1) 48(1)
C(1) -4003(2) -4016(3)  4310(2) 39(1) | F(11) -3133(1) 2795(2) 4989(1) 46(1)
C(3) -6544(2) -4214(3) 3005(2) 44(1) | F(12) -4386(1)  3640(2) 4992(1) 58(1)
C(4) -5897(2) -3560(2) 3238(2) 35(1) | F(13) -4356(1) 5308(2) 5572(1) 64(1)
C(5) -5954(2) -2913(2)  3656(2) 36(1) | F(14) -3032(1) 6131(2) 6094(1) 61(1)
C(6) -5513(2) -2131(2)  3898(1) 33(1) | F(15) -1775(1) 5346(2) 6068(1) 49(1)
C(7) -5818(2) -1492(3)  4264(2) 45(1) | F(16) -1240(1) 5103(2) 5120(1) 51(1)
C(8) -5346(2) -4190(3)  2547(2) 40(1) | F(17)  49(1) 6025(2) 5437(1) 60(1)
C(9) -5160(2) -5169(3)  2609(2) 45(1) | F(18) 1210(1)  5301(2) 6284(1) 70(1)
C(10) -5176(2) -5675(3)  2116(2) 58(1) | F(19) 1026(1)  3660(2) 6806(1) 61(1)
C(11) -5364(3) -5238(4)  1594(2) 64(1) | F(20) -262(1)  2781(2) 6534(1) 45(1)
C(12) -5548(2) -4289(4)  1544(2) 57(1) | B(l)  -1640(2)  3354(3) 5568(2) 35(1)
C(13) -5549(2) -3741(3)  2013(2) 43(1) | C(39) -1586(2)  2933(3) 4956(2) 36(1)
C(14) -5565(3) -2207(4)  1447(2) 67(1) | C(40) -1056(2)  2256(3) 4950(2) 39(1)
C(15) -5761(2) -2703(3)  1945(2) 48(1) | C(41) -928(2)  1901(3) 4465(2) 46(1)
C(16) -6585(3) -2565(4)  1877(2) 75(2) | C(42) -1353(3)  2225(3) 3945(2) 51(1)
C(17) -4156(3) -6090(4)  3322(2) 76(2) | C(43) -1879(2) 2887(3) 3921(2) 49(1)
C(18) -4955(2) -5691(3)  3173(2) 53(1) | C(44) -1978(2)  3247(3) 4417(2) 43(1)
C(19) -5487(3) -6509(3)  3180(2) 65(1) | C(45) -1772(2)  2536(3) 6013(2) 35(1)
C(20) -4529(2) -1007(3)  3986(2) 34(1) | C(46) -1999(2)  1598(3) 5895(2) 39(1)
C(21) -4693(2) -268(3)  3586(2) 41(1) | C(47) -2185(2)  1004(3) 6277(2) 44(1)
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C(22) -4360(2) 610(3) 3742(2) 49(1) | C(48) -2176(2)  1328(3) 6799(2) 48(1)
C(23) -3874(2)  742(3) 4275(2) 51(1) | C(49) -1962(2)  2245(3) 6944(2) 45(1)
C(24) -3716(2) 23(3) 4664(2) 45(1) | C(50) -1761(2)  2814(3) 6560(2) 39(1)
C(25) -4036(2) -874(3) 4533(2) 39(1) | C(51) -2381(2)  4027(3) 5515(2) 37(1)
C(26) -4109(3) -1321(4)  5513(2) 66(1) | C(52) -3081(2)  3648(3) 5253(2) 39(1)
C(27) -3868(2) -1637(3)  4990(2) 49(1) | C(53) -3732(2)  4062(3) 5256(2) 45(1)
C(28) -3051(3) -1891(3)  5183(2) 63(1) | C(54) -3724(2)  4897(3) 5542(2) 48(1)
C(29) -5997(3)  72(6) 2985(2) 111(3) | C(55) -3054(2)  5310(3) 5805(2) 45(1)
C(30) -5255(3)  -384(3) 3004(2) 58(1) | C(56) -2407(2)  4882(3) 5783(2) 42(1)
C(31) -5003(3) 14(4) 2516(2) 64(1) | C(57) -838(2) 3912(2) 5820(2) 34(1)
C(32) -2770(2) -3167(3)  3734(2) 49(1) | C(58) -698(2) 4732(3) 5559(2) 39(1)
C(33) -2975(2) -2216(3)  3674(2) 46(1) | C(59) -29(2) 5208(3) 5706(2) 44(1)
C(34) -3478(2) -1885(3)  3174(2) 46(1) | C(60) 548(2) 4849(3) 6129(2) 46(1)
C(35) -3785(2)  -2508(3)  2734(2) 53(1) | C(61)  451(2) 4029(3) 6392(2) 43(1)
C(36) -3582(3)  -3455(4)  2790(2) 56(1) | C(62) -227(2) 3585(3) 6238(2) 36(1)
C(37) -3085(2) -3783(3)  3284(2) 54(1) | Br(1) -2216(1)  5550(1) 2103(1) 107(1)
C(38) -2173(3) -3529(4)  4254(2) 76(2) | Br(1A) -3006(6)  4135(8) 2272(3) 162(4)
F(1) -623(1) 1905(2) 5448(1) 45(1) | Br(1B) -2399(5)  4917(6) 2319(3) 114(2)
F(2)  -399(1) 1249(2) 4497(1) 63(1) | C(63) -2889(2)  4850(3) 1510(2) 90(2)
F(3) -1235(2)  1882(2) 3468(1) 74(1) | C(64) -3359(3)  4158(4) 1611(2) 97(2)
F(4) -2291(2)  3224(2) 3413(1) 68(1) | C(65) -3838(2)  3675(3) 1159(3) 102(2)
F(5) -2491(1)  3951(2) 4345(1) 54(1) | C(66) -3847(2)  3884(3) 605(2)  96(2)
F(6) -2059(1)  1219(2) 5375(1) 50(1) | C(67) -3377(3)  4577(3) 504(2)  102(2)
F(7)  -2400(1)  101(2) 6126(1) 63(1) | C(68) -2898(2)  5060(2) 956(3)  86(2)
Table A.63: Anisotropic Displacement Parameters for 14-C;Hg
Atom U1l u22 u33 u23 u13 u12

Sc(1) 33(1) 36(1) 32(1) -1(2) 10(1) -1(2)

N(1) 36(2) 34(2) 33(2) -3(1) 8(1) 1(2)

N(2) 38(2) 32(2) 29(2) -1(1) 10(1) -5(1)

C(1) 43(2) 40(2) 33(2) 1(2) 8(2) 0(2)

C(3) 38(2) 42(2) 52(2) -7(2) 13(2) -6(2)

C(4) 36(2) 33(2) 33(2) 4(2) 7(2) 1(2)

C(5) 37(2) 37(2) 35(2) 2(2) 16(2) -2(2)

C(6) 36(2) 35(2) 29(2) 3(2) 9(2) 2(2)

c(?) 46(2) 46(2) 47(2) -6(2) 22(2) -4(2)

C(8) 32(2) 45(2) 43(2) -11(2) 11(2) -3(2)

C(9) 35(2) 42(2) 55(3) -15(2) 8(2) -5(2)

C(10) 50(3) 54(3) 71(3) -23(3) 20(2) -4(2)

Cc(11) 58(3) 77(4) 64(3) -33(3) 26(3) -9(3)

C(12) 49(3) 77(3) 44(3) -10(2) 15(2) -2(2)

C(13) 34(2) 59(3) 34(2) -7(2) 10(2) -1(2)

C(14) 69(3) 84(4) 55(3) 16(3) 27(3) 11(3)

C(15) 45(2) 64(3) 32(2) 4(2) 10(2) 7(2)

C(16) 58(3) 95(4) 76(3) 25(3) 28(3) 23(3)

Cc(17) 54(3) 58(3) 100(4) -1(3) -1(3) 4(2)

C(18) 49(3) 39(2) 65(3) -6(2) 5(2) 3(2)

C(19) 65(3) 46(3) 78(3) -1(2) 13(3) -6(2)

C(20) 35(2) 35(2) 36(2) -6(2) 15(2) -3(2)

C(21) 45(2) 38(2) 41(2) 2(2) 14(2) -4(2)



C(22)
C(23)
C(24)
C(25)
C(26)
C(27)
C(28)
C(29)
C(30)
C(31)
C(32)
C(33)
C(34)
C(35)
C(36)
C(37)
C(38)
F(1)

F(2)

F(3)

F(4)

F(5)

F(6)

F(7)

F(8)

F(9)

F(10)
F(11)
F(12)
F(13)
F(14)
F(15)
F(16)
F(17)
F(18)
F(19)
F(20)
B(1)

C(39)
C(40)
c(41)
C(42)
C(43)
C(44)
C(45)
C(46)
C(47)
C(48)
C(49)
C(50)

58(3)
56(3)
47(2)
41(2)
74(3)
53(3)
69(3)
45(3)
76(3)
68(3)
34(2)
38(2)
38(2)
45(3)
53(3)
53(3)
64(3)
44(1)
61(2)
86(2)
73(2)
53(2)
52(1)
56(2)
55(2)
62(2)
58(2)
40(1)
35(1)
47(2)
64(2)
44(1)
54(2)
73(2)
51(2)
41(1)
41(1)
35(2)
37(2)
40(2)
44(2)
62(3)
52(3)
43(2)
26(2)
32(2)
29(2)
33(2)
34(2)
32(2)

40(2)
38(2)
43(2)
38(2)
80(3)
46(2)
69(3)
218(8)
45(2)
77(3)
57(3)
53(3)
50(2)
76(3)
75(3)
47(2)
70(3)
49(1)
73(2)
101(2)
91(2)
59(2)
41(1)
44(1)
83(2)
83(2)
47(2)
43(1)
68(2)
71(2)
47(1)
42(1)
48(1)
51(1)
78(2)
72(2)
44(1)
38(2)
37(2)
44(2)
50(2)
62(3)
63(3)
43(2)
39(2)
42(2)
37(2)
60(3)
63(3)
42(2)

54(3)
64(3)
45(2)
41(2)
45(3)
39(2)
48(3)
66(4)
48(3)
49(3)
54(3)
50(2)
56(3)
43(2)
50(3)
72(3)
96(4)
40(1)
62(2)
44(1)
32(1)
43(1)
53(1)
79(2)
71(2)
43(1)
42(1)
51(1)
65(2)
74(2)
75(2)
61(2)
50(1)
63(2)
77(2)
60(2)
45(1)
31(2)
35(2)
32(2)
50(3)
36(2)
31(2)
41(2)
39(2)
41(2)
61(3)
49(3)
38(2)
41(2)

5(2)
-11(2)
-10(2)
-6(2)
3(2)
-2(2)
5(2)
45(4)
12(2)
14(2)
7(2)
-2(2)
9(2)
(2)
-19(2)
-6(2)
18(3)
-3(1)
-20(1)
-23(1)
9(1)
14(1)
-5(1)
16(1)
44(2)
14(1)
-4(1)
-1(1)
9(1)
10(1)
-2(1)
-7(1)
11(1)
1(1)
-8(2)
0(1)
5(1)
0(2)
-2(2)
0(2)
-13(2)
-12(2)
3(2)
6(2)
4(2)
5(2)
12(2)
26(2)
10(2)
5(2)

22(2)
23(2)
12(2)
15(2)
19(2)
1(2)

13(2)
8(3)

9(2)

19(2)
13(2)
17(2)
22(2)
19(2)
30(2)
36(3)
28(3)
11(1)
30(1)
34(1)
3(1)

4(1)

11(1)
6(1)

19(1)
25(1)
18(1)
7(1)

4(1)

21(1)
28(1)
16(1)
15(1)
33(1)
15(1)
-2(1)
7(1)

8(2)

10(2)
8(2)

22(2)
24(2)
8(2)

10(2)
9(2)

6(2)

5(2)

10(2)
12(2)
10(2)
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-4(2)
-15(2)
-1(2)
-4(2)
-6(3)
-1(2)
10(3)
-11(4)
-15(2)
12(3)
2(2)
-10(2)
-1(2)
-1(2)
-13(2)
1(2)
12(3)
5(1)
-2(1)
-30(2)
-21(2)
-3(1)
-12(1)
-14(1)
-5(1)
11(2)
-2(1)
-9(1)
-3(1)
18(1)
7(1)
-6(1)
-7(1)
-22(1)
-33(1)
-7(1)
-4(1)
-4(2)
-13(2)
-10(2)
-9(2)
-24(2)
-24(2)
-11(2)
-1(2)
-1(2)
-10(2)
1(2)
8(2)
0(2)
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C(51) 37(2) 34(2) 39(2) 6(2) 12(2) 5(2)
C(52) 42(2) 37(2) 39(2) 9(2) 12(2) -12)
C(53) 36(2) 49(2) 48(2) 16(2) 8(2) -2(2)
C(54) 37(2) 49(3) 59(3) 19(2) 17(2) 12(2)
C(55) 55(3) 33(2) 50(2) 4(2) 20(2) 6(2)

C(56) 38(2) 41(2) 46(2) 8(2) 11(2) -2(2)
C(57) 37(2) 33(2) 34(2) 7(2) 14(2) 7(2)
C(58) 42(2) 40(2) 35(2) 12) 12(2) 0Q)

C(59) 56(3) 36(2) 47(2) 6(2) 29(2) -15(2)
C(60) 38(2) 53(3) 50(3) -10(2) 16(2) -15(2)
Cc(61) 38(2) 54(3) 36(2) -6(2) 7(2) -3(2)
C(62) 37(2) 35(2) 36(2) -5(2) 12(2) -5(2)

Br(1) 63(1) 124(1) 121(1) -62(1) 9(1) 24(1)
Br(1A) 192(8) 204(9) 109(5) 30(5) 72(6) 108(8)
Br(1B) 133(6) 113(5) 112(5) -27(4) 61(4) 36(5)
C(63) 53(4) 95(5) 122(6) -26(4) 23(4) 28(3)
C(64) 76(4) 114(5) 114(6) 18(5) 49(4) 36(4)
C(65) 65(4) 96(5) 157(7) 2(5) 50(5) 1(4)

C(66) 34(3) 86(4) 155(7) -40(5) 6(3) 9(3)

C(67) 132(6) 78(4) 114(5) 42(4) 66(5) 60(4)
C(68) 65(4) 63(3) 134(6) -12(4) 35(4) 8(3)
Table A.64: Bond Lengths [A] for 14-C;Hs

Sc(1)-N(1) 2.098(3) C(25)-C(27)  1.520(5) C(39)-C(40)  1.387(5)
Sc(1)-N(2) 2.109(3) C(26)-C(27)  1.553(6) C(39)-C(44)  1.388(5)
Se(1)-C(1) 2.186(4) C(27)-C(28)  1.519(6) C(40)-C(41)  1.378(5)
Sc(1)-C(35)  2.643(4) C(29)-C(30)  1.532(8) C(41)-C(42)  1.376(6)
Sc(1)-C(34)  2.655(4) C(30)-C(31)  1.524(6) C(42)-C(43)  1.352(6)
Sc(1)-C(36)  2.704(4) C(32)-C(33)  1.389(6) C(43)-C(44)  1.386(6)
Sc(1)-C(33)  2.722(4) C(32)-C(37)  1.395(6) C(45)-C(46)  1.393(5)
Sc(1)-C(37)  2.769(4) C(32)-C(38)  1.526(6) C(45)-C(50)  1.398(5)
Sc(1)-C(32)  2.796(4) C(33)-C(34)  1.397(6) C(46)-C(47)  1.381(5)
N(1)-C(4) 1.349(4) C(34)-C(35)  1.383(6) C(47)-C(48)  1.359(6)
N(1)-C(8) 1.452(5) C(35)-C(36)  1.384(6) C(48)-C(49)  1.370(6)
N(2)-C(6) 1.345(4) C(36)-C(37)  1.381(6) C(49)-C(50)  1.374(5)
N(2)-C(20) 1.456(4) F(1)-C(40) 1.353(4) C(51)-C(56)  1.380(5)
C(3)-C(4) 1.504(5) F(2)-C(41) 1.343(5) C(51)-C(52)  1.399(5)
C(4)-C(5) 1.402(5) F(3)-C(42) 1.347(4) C(52)-C(53)  1.365(6)
C(5)-C(6) 1.404(5) F(4)-C(43) 1.351(5) C(53)-C(54)  1.368(6)
C(6)-C(7) 1.504(5) F(5)-C(44) 1.362(5) C(54)-C(55)  1.373(6)
C(8)-C(13) 1.407(5) F(6)-C(46) 1.360(4) C(55)-C(56)  1.379(6)
C(8)-C(9) 1.420(5) F(7)-C(47) 1.353(4) C(57)-C(62)  1.382(5)
C(9)-C(10) 1.401(6) F(8)-C(48) 1.351(4) C(57)-C(58)  1.385(5)
C(9)-C(18) 1.516(6) F(9)-C(49) 1.351(4) C(58)-C(59)  1.383(5)
C(10)-C(11)  1.373(7) F(10)-C(50)  1.352(4) C(59)-C(60)  1.366(6)
C(11)-C(12)  1.378(7) F(11)-C(52)  1.355(4) C(60)-C(61)  1.362(6)
C(12)-C(13)  1.390(6) F(12)-C(53)  1.353(4) C(61)-C(62)  1.376(5)
C(13)-C(15)  1512(6) F(13)-C(54)  1.349(4) Br(1)-Br(1B)  1.142(9)
C(14)-C(15)  1.548(6) F(14)-C(55)  1.353(4) Br(1)-C(63)  1.907(4)
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C(15)-C(16)  1.529(6) F(15)-C(56)  1.363(4) Br(1)-Br(1A)  2.598(12)
C(17)-C(18) 1.552(6) F(16)-C(58) 1.358(4) Br(1A)-Br(1B) 1.571(13)
C(18)-C(19) 1.534(6) F(17)-C(59) 1.357(4) Br(1A)-C(63)  2.198(10)
C(20)-C(21) 1.403(5) F(18)-C(60) 1.356(4) Br(1B)-C(63)  1.937(9)
C(20)-C(25) 1.409(5) F(19)-C(61) 1.357(4) C(63)-C(64) 1.39
C(21)-C(22) 1.391(5) F(20)-C(62) 1.358(4) C(63)-C(68) 1.39
C(21)-C(30) 1.522(6) B(1)-C(39) 1.651(5) C(64)-C(65) 1.39
C(22)-C(23) 1.376(6) B(1)-C(45) 1.657(5) C(65)-C(66) 1.39
C(23)-C(24) 1.367(6) B(1)-C(57) 1.658(5) C(66)-C(67) 1.39
C(24)-C(25) 1.397(5) B(1)-C(51) 1.664(6) C(67)-C(68) 1.39
Table A.65: Bond Angles [°] for 14-C;Hg

N(1)-Sc(1)-N(2)  90.48(11) | C(22)-C(21)-C(20) 118.5(4) | F(8)-C(48)-C(47) 121.1(4)
N(1)-Sc(1)-C(1)  105.03(13) | C(22)-C(21)-C(30) 119.4(4) | F(8)-C(48)-C(49) 120.0(4)
N(2)-Sc(1)-C(1)  104.54(13) | C(20)-C(21)-C(30) 122.1(3) | C(47)-C(48)-C(49) 118.9(4)
N(1)-Sc(1)-C(35)  95.79(13) | C(23)-C(22)-C(21) 120.4(4) | F(9)-C(49)-C(48) 120.3(4)
N(2)-Sc(1)-C(35)  108.51(13) | C(24)-C(23)-C(22) 121.1(4) | F(9)-C(49)-C(50) 120.4(4)
C(1)-Sc(1)-C(35)  140.51(15) | C(23)-C(24)-C(25) 121.1(4) | C(48)-C(49)-C(50) 119.4(4)
N(1)-Sc(1)-C(34)  121.37(12) | C(24)-C(25)-C(20) 117.5(4) | F(10)-C(50)-C(49) 116.1(3)
N(2)-Sc(1)-C(34)  90.93(12) | C(24)-C(25)-C(27) 119.0(3) | F(10)-C(50)-C(45) 119.0(3)
C(1)-Sc(1)-C(34)  130.94(14) | C(20)-C(25)-C(27) 123.4(3) | C(49)-C(50)-C(45) 124.9(4)
C(35)-Sc(1)-C(34) 30.27(13) | C(25)-C(27)-C(28) 111.8(4) | C(56)-C(51)-C(52) 113.1(3)
N(1)-Sc(1)-C(36)  92.43(13) | C(25)-C(27)-C(26) 111.3(4) | C(56)-C(51)-B(1) 127.4(3)
N(2)-Sc(1)-C(36)  138.42(14) | C(28)-C(27)-C(26) 109.1(3) | C(52)-C(51)-B(1) 118.7(3)
C(1)-Sc(1)-C(36)  114.60(15) | C(21)-C(30)-C(31) 114.2(4) | F(11)-C(52)-C(53) 116.3(3)
C(35)-Sc(1)-C(36) 29.96(14) | C(21)-C(30)-C(29) 111.4(4) | F(11)-C(52)-C(51) 119.1(3)
C(34)-Sc(1)-C(36) 52.95(14) | C(31)-C(30)-C(29) 108.5(4) | C(53)-C(52)-C(51) 124.6(4)
N(1)-Sc(1)-C(33)  149.09(12) | C(33)-C(32)-C(37) 118.3(4) | F(12)-C(53)-C(52) 120.5(4)
N(2)-Sc(1)-C(33)  99.05(12) | C(33)-C(32)-C(38) 121.7(4) | F(12)-C(53)-C(54) 119.7(4)
C(1)-Sc(1)-C(33)  100.91(14) | C(37)-C(32)-C(38) 119.8(4) | C(52)-C(53)-C(54) 119.8(4)
C(35)-Sc(1)-C(33) 53.30(13) | C(33)-C(32)-Sc(1) 72.5(2) | F(13)-C(54)-C(53) 121.4(4)
C(34)-Sc(1)-C(33) 30.08(12) | C(37)-C(32)-Sc(1) 74.4(2) | F(13)-C(54)-C(55) 120.1(4)
C(36)-Sc(1)-C(33) 61.21(13) | C(38)-C(32)-Sc(1) 128.0(3) | C(53)-C(54)-C(55) 118.5(4)
N(1)-Sc(1)-C(37)  112.42(13) | C(32)-C(33)-C(34) 120.8(4) | F(14)-C(55)-C(54) 119.5(4)
N(2)-Sc(1)-C(37)  150.21(12) | C(32)-C(33)-Sc(1) 78.4(2) | F(14)-C(55)-C(56) 120.3(4)
C(1)-Sc(1)-C(37)  88.22(14) | C(34)-C(33)-Sc(1) 72.3(2) | C(54)-C(55)-C(56) 120.2(4)
C(35)-Sc(1)-C(37) 52.60(14) | C(35)-C(34)-C(33) 120.0(4) | F(15)-C(56)-C(51) 121.1(3)
C(34)-Sc(1)-C(37) 61.27(13) | C(35)-C(34)-Sc(1) 74.4(2) | F(15)-C(56)-C(55) 115.0(3)
C(36)-Sc(1)-C(37) 29.20(13) | C(33)-C(34)-Sc(1) 77.6(2) | C(51)-C(56)-C(55) 123.8(4)
C(33)-Sc(1)-C(37) 51.59(13) | C(34)-C(35)-C(36) 119.5(4) | C(62)-C(57)-C(58)  113.1(3)
N(1)-Sc(1)-C(32)  141.45(12) | C(34)-C(35)-Sc(1) 75.4(2) | C(62)-C(57)-B(1) 126.4(3)
N(2)-Sc(1)-C(32)  125.23(12) | C(36)-C(35)-Sc(1) 77.5(2) | C(58)-C(57)-B(1) 120.0(3)
C(1)-Sc(1)-C(32)  81.59(14) | C(37)-C(36)-C(35) 120.5(4) | F(16)-C(58)-C(59) 116.2(3)
C(35)-Sc(1)-C(32) 61.89(13) | C(37)-C(36)-Sc(1) 78.0(2) | F(16)-C(58)-C(57) 119.2(3)
C(34)-Sc(1)-C(32) 52.68(12) | C(35)-C(36)-Sc(1) 72.6(2) | C(59)-C(58)-C(57) 124.6(4)
C(36)-Sc(1)-C(32) 52.06(13) | C(36)-C(37)-C(32) 120.9(4) | F(17)-C(59)-C(60) 120.6(4)
C(33)-Sc(1)-C(32) 29.11(12) | C(36)-C(37)-Sc(1) 72.8(2) | F(17)-C(59)-C(58) 120.3(4)
C(37)-Sc(1)-C(32) 29.03(13) | C(32)-C(37)-Sc(1) 76.6(2) | C(60)-C(59)-C(58) 119.0(4)
C(4)-N(1)-C(8) 118.6(3) C(39)-B(1)-C(45) 114.6(3) | F(18)-C(60)-C(59) 120.4(4)
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C(4)-N(1)-Sc(1)  117.6(2) C(39)-B(1)-C(57) 102.5(3) | F(18)-C(60)-C(61)  120.4(4)
C(8)-N(1)-Sc(1)  122.7(2) C(45)-B(1)-C(57) 112.3(3) | C(59)-C(60)-C(61)  119.2(4)
C(6)-N(2)-C(20)  118.2(3) C(39)-B(1)-C(51) 114.2(3) | F(19)-C(61)-C(60)  119.4(4)
C(6)-N(2)-Sc(1)  116.8(2) C(45)-B(1)-C(51) 99.3(3) | F(19)-C(61)-C(62)  120.6(4)
C(20)-N(2)-Sc(1)  124.1(2) C(57)-B(1)-C(51) 114.5(3) | C(60)-C(61)-C(62)  120.0(4)
N(1)-C(4)-C(5)  123.1(3) C(40)-C(39)-C(44) 113.2(3) | F(20)-C(62)-C(61)  114.8(3)
N(1)-C(4)-C(3)  120.2(3) C(40)-C(39)-B(1) 119.7(3) | F(20)-C(62)-C(57)  121.1(3)
C(5)-C(4)-C(3)  116.7(3) C(44)-C(39)-B(1) 126.8(3) | C(61)-C(62)-C(57)  124.1(3)
C(4)-C(5)-C(6)  131.1(3) F(1)-C(40)-C(41) 116.1(3) | Br(1B)-Br(1)-C(63)  74.2(4)
N(2)-C(6)-C(5)  123.6(3) F(1)-C(40)-C(39)  119.2(3) | Br(1B)-Br(1)-Br(1A) 19.8(5)
N(2)-C(6)-C(7)  120.4(3) C(41)-C(40)-C(39) 124.7(4) | C(63)-Br(1)-Br(1A)  55.9(3)
C(5)-C(6)-C(7)  116.1(3) F(2)-C(41)-C(42) 120.1(4) | Br(1B)-Br(1A)-C(63) 59.1(4)
C(13)-C(8)-C(9)  121.9(4) F(2)-C(41)-C(40) 121.0(4) | Br(1B)-Br(1A)-Br(1) 14.3(3)
C(13)-C(8)-N(1)  118.1(3) C(42)-C(41)-C(40) 118.9(4) | C(63)-Br(LA)-Br(1)  45.9(2)
C(9)-C(8)-N(1)  120.0(3) F(3)-C(42)-C(43) 121.1(4) | Br(1)-Br(1B)-Br(1A) 145.9(7)
C(10)-C(9)-C(8)  117.3(4) F(3)-C(42)-C(41) 119.5(4) | Br(1)-Br(1B)-C(63)  71.3(4)

C(10)-C(9)-C(18)  118.8(4)
C(8)-C(9)-C(18)  124.0(4)
C(11)-C(10)-C(9)  121.2(4)
C(10)-C(11)-C(12) 120.5(4)
C(11)-C(12)-C(13) 121.7(4)
C(12)-C(13)-C(8) 117.5(4)
C(12)-C(13)-C(15) 120.6(4)
C(8)-C(13)-C(15)  121.9(3)
C(13)-C(15)-C(16) 111.3(4)
C(13)-C(15)-C(14) 114.0(3)
C(16)-C(15)-C(14) 109.2(4)

C(43)-C(42)-C(41) 119.4(4)
C(42)-C(43)-F(4)  120.0(4)
C(42)-C(43)-C(44) 120.0(4)
F(4)-C(43)-C(44)  119.9(4)
F(5)-C(44)-C(43)  115.2(4)
F(5)-C(44)-C(39)  121.2(4)
C(43)-C(44)-C(39) 123.7(4)
C(46)-C(45)-C(50) 112.4(3)
C(46)-C(45)-B(1) 128.2(3)
C(50)-C(45)-B(1) 118.7(3)
F(6)-C(46)-C(47)  115.8(3)

Br(1A)-Br(1B)-C(63) 76.8(5)
C(64)-C(63)-C(68) 120
C(64)-C(63)-Br(l)  123.0(4)
C(68)-C(63)-Br(1)  117.0(4)
C(64)-C(63)-Br(1B)  89.3(5)
C(68)-C(63)-Br(1B)  149.6(5)
Br(1)-C(63)-Br(1B)  34.6(3)
C(64)-C(63)-Br(1A)  45.2(4)
C(68)-C(63)-Br(1A)  163.6(4)
Br(1)-C(63)-Br(1A)  78.2(4)
Br(1B)-C(63)-Br(1A) 44.1(4)

C(9)-C(18)-C(19)  112.5(4) F(6)-C(46)-C(45)  120.2(3) | C(65)-C(64)-C(63) 120
C(9)-C(18)-C(17)  111.3(4) C(47)-C(46)-C(45) 123.9(4) | C(64)-C(65)-C(66) 120
C(19)-C(18)-C(17) 108.7(4) F(7)-C(47)-C(48)  119.8(4) | C(67)-C(66)-C(65) 120
C(21)-C(20)-C(25) 121.4(3) F(7)-C(47)-C(46)  119.8(4) | C(68)-C(67)-C(66) 120
C(21)-C(20)-N(2) 118.2(3) C(48)-C(47)-C(46) 120.4(4) | C(67)-C(68)-C(63) 120

C(25)-C(20)-N(2)  120.4(3)

Table A.66: Crystal Data and Structure Refinement for 14-CgH1»
A. Crystal Data

Crystallographer Masood Parvez University of Calgary
Empirical Formula CeoHs1BBrFoN,Sc

Formula Weight 1433.88

Crystal size 0.18 x 0.08 x 0.06 mm3

Crystal System Triclinic

Space Group P-1

Lattice Parameters

Volume

a=13.744(4) A
b =13.999(4) A
c=17.774(6) A
3195.6(17) A3

o = 82.391(12)°.
B =72.792(13)°.

v = 78.948(14)°.



V4

Density (calculated)

2

1.490 Mg/m3
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B. Data Collection and Refinement Conditions

Diffractometer
Radiation (A[A])

Temperature
Reflections Collected
Independent Reflections
Structure Solution
Refinement Method
Data / Restraints / Parameters

Goodness-of-Fit

Final R Indices [I>2sigma(l)]
R Indices (all data)
Largest Difference Peak & Hole

Nonius Kappa CCD

Graphite-monochromated MoKa (0.71073)

173(2) K
21619

11318 [R(int) = 0.082]
Direct Methods

Full-matrix least-squares on F2

11318/0/860

1.01

R1=0.063, wR2 = 0.143
R1=0.149, wR2 = 0.181

0.71 and -0.86 e.A-3

Table A.67: Atomic Coordinates and Equivalent Isotropic Displacement Parameters
for 14-C9H12

X y z U(eq) X y z U(eq)
Br(l) 4428(1)  1850(1) 5514(1) 102(1) | C(25) 7283(4)  6247(3)  2144(3) 36(1)
Sc(1) 5643(1)  4255(1) 2124(1) 33(1) | C(26) 6942(5)  7794(3)  1287(3) 57(2)
F(1) -1331(2) 8548(2) 2916(2) 43(1) | C(27) 6492(4)  6910(3)  1790(3) 40(1)
F(2) -2847(2) 9814(2) 3702(2) 48(1) | C(28) 5518(4)  7281(4)  2427(3) 52(1)
F(3) -2472(2) 11126(2) 4544(2) 57(1) | C(29) 9540(5)  3460(4)  1437(3) 62(2)
F(4) -496(2)  11196(2) 4509(2) 62(1) | C(30) 8695(4)  3570(3)  2213(3) 41(1)
F(5) 1067(2)  10014(2) 3635(2) 58(1) | C(31) 9064(5)  2940(4)  2879(3) 53(2)
F6) 680(2) 10698(2) 2064(2) 50(1) | C(32) 3957(4)  4239(3)  3448(3) 41(1)
F(7) 1989(2)  11524(2) 873(2) 62(1) | C(33) 4512(4)  4896(4)  3604(3) 45(1)
F(8) 3895(3)  10537(2) 198(2) 67(1) | C(34) 5499(4)  4627(3)  3690(3) 42(1)
F(9) 4436(2)  8646(2) 735(2) 57(1) | C(35) 5964(4)  3661(4)  3572(3) 42(1)
F(10) 3089(2)  7753(2) 1867(2) 45(1) | C(36) 5457(4)  2974(3)  3416(3) 40(1)
F(11) -69(2) 9186(2) 1516(2) 43(1) | C(37) 4449(4)  3290(4)  3356(3) 41(1)
F(12) -480(2)  8138(2) 534(2) 53(1) | C(38) 2850(5)  4566(4)  3417(4) 63(2)
F(13) 170(2) 6173(2) 563(2) 57(1) | C(39) 5993(5)  5309(4)  3983(3) 56(2)
F(14) 1257(2) 5289(2) 1595(2) 53(1) | C(40) 5935(5)  1914(4)  3375(3) 56(2)
F(15) 1661(2)  6297(2) 2573(2) 49(1) | C(41) -33(4) 9232(3)  3199(3) 36(1)
F(16) 19(2) 7108(2) 3821(2) 50(1) | C(42) -1053(4)  9203(3)  3282(3) 35(1)
F(17) 619(3) 6040(3) 5009(2) 80(1) | C(43) -1873(4)  9842(3)  3709(3) 36(1)
F(18) 2441(3)  6205(3) 5259(2) 95(1) | C(44) -1692(4)  10513(3)  4119(3) 41(1)
F(19) 3601(3)  7498(3) 4325(2) 85(1) | C(45) -690(4)  10544(3)  4101(3) 44(1)
F(20) 2985(2)  8638(2) 3181(2) 60(1) | C(46) 95(4) 9921(4)  3652(3) 43(1)
N(1) 6079(3) 3180(2) 1299(2) 32(1) | C(47) 1826(4)  9167(3)  2047(3) 37(1)
N(@2) 7053(3) 4764(2) 1622(2) 32(1) | C(48) 1604(4)  10135(4) 1760(3) 43(1)
C(l) 4587(4) 5388(3) 1629(3) 35(1) | C(49) 2281(5)  10587(4) 1142(3) 48(1)
C(3) 6617(4)  2943(3) -141(3) 41(1) | C(50) 3234(4)  10092(4) 791(3)  50(1)
C(4) 6554(4)  3481(3) 554(3) 35(1) | C(51) 3501(4)  9142(4)  1063(3) 43(1)



331

C(5) 7050(4)  4305(3) 358(3) 35(1) | C(52) 2794(4)  8717(3)  1655(3) 39(1)
C(6) 7365(4)  4845(3) 828(3) 33(1) | C(53) 775(4) 7805(3) 2130(3)  33(1)
C(7) 8117(4)  5532(3) 384(3) 39(1) | C(54) 263(4) 8208(3) 1568(3)  36(1)
C(8) 5799(4)  2206(3) 1451(3) 35(1) | C(55) 55(4) 7683(4) 1049(3)  39(1)
C(9) 4755(4)  2111(3) 1667(3) 39(1) | C(56) 386(4) 6694(4) 1065(3)  42(1)
C(10) 4496(5)  1164(4) 1897(3) 51(2) | C(57) 913(4) 6258(3) 1583(3)  37(1)
C(11) 5257(5)  359(4)  1887(4) 55(2) | C(58) 1099(4)  6815(3)  2094(3) 36(1)
C(12) 6282(5)  470(3)  1633(3) 51(2) | C(59) 1485(4)  7902(3)  3417(3) 41(1)
C(13) 6587(4)  1380(3) 1408(3) 38(1) | C(60) 922(4) 7243(4)  3930(3) 44(1)
C(14) 8270(4)  1131(4) 1772(3) 52(1) | C(61) 1199(5)  6681(4)  4545(4) 56(2)
C(15) 7733(4)  1425(3) 1117(3) 43(1) | C(62) 2108(6)  6767(5)  4679(4) 66(2)
C(16) 8281(4)  777(4)  422(3) 53(1) | C(63) 2688(5)  7409(5)  4212(4) 60(2)
C(17) 2822(4)  2800(4) 2098(4) 60(2) | C(64) 2367(4)  7984(4)  3594(3) 49(1)
C(18) 3902(4)  2971(3) 1612(3) 45(1) | C(65) 3462(6) 1747(5)  4979(4) 68(2)
C(19) 3917(5)  3271(4) 757(3) 59(2) | C(66) 2608(7)  2434(6)  5054(4) 90(2)
C(20) 7575(4)  5236(3) 2043(3) 33(1) | C(67) 1880(6)  2363(7)  4649(5) 97(2)
C(21) 8336(4)  4659(3) 2364(3) 37(1) | C(68) 2049(7) 1608(7)  4217(5) 90(2)
C(22) 8799(4)  5094(4) 2794(3) 44(1) | C(69) 2892(8)  914(6) 4132(4) 89(2)
C(23) 8524(4)  6088(4) 2903(3) 43(1) | C(70) 3625(6)  974(5) 4526(4)  75(2)
C(24) 7786(4)  6646(4) 2581(3) 42(1) | B(1) 1013(5)  8525(4)  2707(4) 38(1)
Table A.68: Anisotropic Displacement Parameters for 14-CgqH1»

Atom U1l u22 u33 u23 u13 u12
Br(1) 116(1) 139(1) 71(1) -19(1) -21(1) -68(1)
Sc(1) 39(1) 26(1) 35(1) -2(1) -14(1) -2(1)

F(1) 42(2) 39(2) 50(2) -12(1) -14(1) -7(1)
F(2) 34(2) 48(2) 58(2) -7(1) -10(2) -2(1)
F(3) 47(2) 54(2) 62(2) -25(2) -7(2) 8(2)
F(4) 60(2) 62(2) 71(2) -39(2) -21(2) 1(2)
F(5) 41(2) 64(2) 77(2) -36(2) -22(2) 0(2)
F(6) 44(2) 35(2) 67(2) -8(1) -13(2) 2(1)
F(7) 66(2) 45(2) 75(2) 4(2) -21(2) -12(2)
F(8) 56(2) 69(2) 69(2) 2(2) -4(2) -23(2)
F(9) 38(2) 67(2) 64(2) -20(2) -4(2) -8(2)
F(10) 38(2) 42(2) 53(2) -16(1) -11(1) 2(1)
F(11) 49(2) 32(2) 49(2) -4(1) -20(2) 2(1)
F(12) 56(2) 65(2) 46(2) -9(2) -28(2) 0(2)
F(13) 61(2) 62(2) 57(2) -28(2) -19(2) -12(2)
F(14) 66(2) 30(2) 59(2) -13(1) -11(2) -2(1)
F(15) 63(2) 39(2) 46(2) -7(1) -25(2) 10(1)
F(16) 55(2) 50(2) 46(2) -1(1) -18(2) -7(2)
F(17) 100(3) 76(2) 51(2) 13(2) -23(2) 8(2)
F(18) 107(3) 115(3) 58(2) -10(2) -50(2) 41(2)
F(19) 58(2) 128(3) 80(3) -53(2) -43(2) 26(2)
F(20) 42(2) 76(2) 71(2) -34(2) -24(2) 1(2)
N(L) 38(2) 23(2) 38(3) -5(2) -17(2) 0(2)
N(2) 40(2) 23(2) 32(2) -3(2) -14(2) 3(2)
C(1) 37(3) 26(2) 42(3) -1(2) -13(2) -4(2)
C@) 57(4) 32(3) 37(3) -5(2) -16(3) -5(2)
C(4) 37(3) 31(3) 40(3) -2(2) -19(3) 2(2)



C(5)

C(6)

c(?)

c(8)

C(9)

C(10)
C(11)
C(12)
C(13)
C(14)
C(15)
C(16)
C(17)
C(18)
C(19)
C(20)
C(21)
C(22)
C(23)
C(24)
C(25)
C(26)
C(27)
C(28)
C(29)
C(30)
C(31)
C(32)
C(33)
C(34)
C(35)
C(36)
c(37)
C(38)
C(39)
C(40)
C(41)
C(42)
C(43)
C(44)
C(45)
C(46)
C(47)
C(48)
C(49)
C(50)
C(51)
C(52)
C(53)
C(54)

47(3)
39(3)
52(3)
47(3)
50(4)
59(4)
66(4)
65(4)
45(3)
53(4)
53(4)
57(4)
49(4)
43(3)
60(4)
35(3)
35(3)
41(3)
44(3)
47(3)
40(3)
75(4)
47(3)
53(4)
69(4)
50(3)
61(4)
39(3)
57(4)
55(4)
43(3)
47(3)
41(3)
53(4)
69(4)
62(4)
36(3)
40(3)
30(3)
41(3)
47(4)
33(3)
36(3)
40(3)
55(4)
44(4)
27(3)
39(3)
32(3)
36(3)

26(2)
23(2)
32(3)
29(3)
31(3)
43(3)
31(3)
27(3)
29(3)
45(3)
25(3)
46(3)
54(3)
38(3)
57(4)
29(3)
34(3)
48(3)
48(3)
35(3)
28(2)
32(3)
29(3)
42(3)
47(3)
30(3)
43(3)
40(3)
36(3)
37(3)
51(3)
36(3)
43(3)
56(4)
60(4)
39(3)
35(3)
30(3)
37(3)
38(3)
41(3)
49(3)
34(3)
43(3)
36(3)
59(4)
50(3)
38(3)
32(3)
32(3)

32(3)
36(3)
33(3)
31(3)
41(3)
62(4)
75(4)
67(4)
43(3)
60(4)
49(3)
55(4)
82(5)
62(4)
65(4)
36(3)
40(3)
47(3)
43(3)
42(3)
39(3)
63(4)
42(3)
62(4)
57(4)
41(3)
57(4)
38(3)
36(3)
35(3)
32(3)
33(3)
36(3)
73(4)
43(3)
58(4)
40(3)
38(3)
39(3)
39(3)
47(3)
48(3)
41(3)
50(3)
57(4)
50(4)
57(4)
44(3)
34(3)
38(3)

0(2)
-5(2)
0(2)
-4(2)
0(2)
2(3)
1Q3)
-3(3)
-3(2)
-5(3)
12)
-11(3)
-12(3)
-5(3)
2(3)
-6(2)
-4(2)
-3(3)
-9(2)
-9(2)
-4(2)
5(3)
-6(2)
-10(3)
-6(3)
-3(2)
-3(3)
-4(2)
-6(2)
12)
4(2)
5(2)
2(2)
-9(3)
-6(3)
4(3)
-3(2)
-3(2)
12)
-9(2)
-17(3)
-16(3)
-11(2)
-15(3)
-3(3)
-9(3)
-21(3)
-13(2)
-3(2)
-6(2)

-14(2)
-14(2)
-9(3)

-15(2)
-20(3)
-28(3)
-27(3)
-30(3)
-21(3)
-24(3)
-21(3)
-16(3)
-28(3)
-26(3)
-38(3)
-10(2)
-8(2)

-19(3)
-15(3)
-4(3)

-8(2)

-24(3)
-12(3)
-19(3)
-11(3)
-15(3)
-28(3)
-7(3)

-8(3)

-17(3)
-14(3)
-10(3)
-13(3)
-15(3)
-20(3)
-13(3)
-16(2)
-16(3)
-8(2)

-8(3)

-12(3)
-12(3)
-15(3)
-14(3)
-18(3)
-9(3)

-13(3)
-16(3)
-9(2)

-11(2)

-1(2)
5(2)
-10(2)
-3(2)
-8(2)
-18(3)
-14(3)
-1(3)
-2(2)
3(3)
7(2)
2(3)
-3(3)
-6(2)
3(3)
-4(2)
-3(2)
-4(3)
-12(3)
-11(3)
-5(2)
-9(3)
-3(2)
-1(3)
93)
2(2)
3(3)
0(2)
13)
-8(3)
-5(3)
-3(2)
-3(2)
7(3)
-11(3)
3(3)
-2(2)
-5(2)
-4(2)
6(2)
-3(3)
0(3)
2(2)
-6(3)
-10(3)
-21(3)
-1(3)
-5(3)
-3(2)
1(2)
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C(55) 29(3) 53(3) 33(3) -8(2) -10(2) 0(2)
C(56) 41(3) 47(3) 39(3) -17(2) -7(3) -8(3)
C(57) 40(3) 30(3) 40(3) -8(2) -8(3) 0(2)
C(58) 34(3) 34(3) 38(3) -4(2) -11(2) 0(2)
C(59) 43(3) 42(3) 41(3) -18(2) -20(3) 8(2)
C(60) 48(4) 43(3) 40(3) -12(3) -19(3) 9(3)
C(61) 61(4) 56(4) 46(4) -17(3) -18(3) 12(3)
C(62) 78(5) 76(4) 40(4) -18(3) -31(4) 28(4)
C(63) 43(4) 88(5) 57(4) -42(4) -30(3) 23(3)
C(64) 43(4) 54(3) 51(4) -25(3) -20(3) 11(3)
C(65) 78(5) 71(4) 52(4) -13(3) 1(4) -33(4)
C(66) 103(7) 94(6) 57(5) -9(4) 16(5) -35(5)
C(67) 70(6) 109(7) 92(6) 10(5) 5(5) -25(5)
C(68) 96(7) 102(6) 80(6) 0(5) -12(5) -59(6)
C(69) 136(8) 79(5) 65(5) -6(4) -25(5) -56(6)
C(70) 102(6) 67(4) 61(4) 4(3) -14(4) 41(4)
B(1) 36(4) 373) 46(4) 11(3) -19(3) 2(3)
Table A.69: Bond Lengths [A] for 14-CoH,

Br(1)-C(65)  1.884(7) C(4)-C(5) 1.404(6) C(36)-C(40)  1.505(7)
Sc(1)-N(2) 2.097(4) C(5)-C(6) 1.401(6) C(41)-C(42) 1.373(6)
Sc(1)-N(1) 2.120(4) C(6)-C(7) 1.520(6) C(41)-C(46)  1.400(6)
Sc(1)-C(1) 2.212(4) C(8)-C(9) 1.400(7) C(41)-B(1)  1.659(7)
Sc(1)-C(37)  2.694(5) C(8)-C(13) 1.417(6) C(42)-C(43) 1.391(7)
Sc(1)-C(36)  2.701(5) C(9)-C(10) 1.416(6) C(43)-C(44) 1.361(6)
Sc(1)-C(35)  2.736(5) C(9)-C(18) 1.526(7) C(44)-C(45)  1.376(7)
Sc(1)-C(32)  2.773(5) C(10)-C(11)  1.381(7) C(45)-C(46)  1.369(7)
Sc(1)-C(33)  2.795(5) C(11)-C(12)  1.378(8) C(47)-C(52) 1.378(7)
Sc(1)-C(34)  2.843(5) C(12)-C(13)  1.389(6) C(47)-C(48) 1.393(7)
F(1)-C(42) 1.361(5) C(13)-C(15)  1.517(7) C(47)-B(1)  1.663(8)
F(2)-C(43) 1.350(5) C(14)-C(15)  1.529(7) C(48)-C(49) 1.382(7)
F(3)-C(44) 1.341(5) C(15)-C(16)  1.549(7) C(49)-C(50) 1.366(8)
F(4)-C(45) 1.347(5) C(17)-C(18)  1.526(7) C(50)-C(51)  1.373(7)
F(5)-C(46) 1.358(5) C(18)-C(19)  1.517(7) C(51)-C(52)  1.363(7)
F(6)-C(48) 1.360(6) C(20)-C(21)  1.407(6) C(53)-C(58) 1.376(6)
F(7)-C(49) 1.363(6) C(20)-C(25)  1.415(6) C(53)-C(54) 1.388(6)
F(8)-C(50) 1.342(6) C(21)-C(22)  1.385(6) C(53)-B(1)  1.666(7)
F(9)-C(51) 1.340(6) C(21)-C(30)  1.543(6) C(54)-C(55)  1.374(6)
F(10)-C(52)  1.369(5) C(22)-C(23)  1.393(7) C(55)-C(56)  1.371(7)
F(11)-C(54)  1.356(5) C(23)-C(24)  1.375(7) C(56)-C(57)  1.351(7)
F(12-C(55)  1.360(5) C(24)-C(25)  1.406(6) C(57)-C(58) 1.379(6)
F(13)-C(56)  1.351(5) C(25)-C(27)  1.516(7) C(59)-C(64) 1.367(7)
F(14-C(57)  1.349(5) C(26)-C(27)  1.545(7) C(59)-C(60)  1.383(7)
F(15)-C(58)  1.362(5) C(27)-C(28)  1.528(7) C(59)-B(1)  1.658(7)
F(16)-C(60)  1.362(6) C(29)-C(30)  1.521(7) C(60)-C(61)  1.364(7)
F(17)-C(61)  1.345(7) C(30)-C(31)  1.532(7) C(61)-C(62)  1.369(9)
F(18)-C(62)  1.348(7) C(32)-C(37)  1.378(7) C(62)-C(63)  1.348(9)
F(19)-C(63)  1.360(6) C(32)-C(33)  1.401(7) C(63)-C(64)  1.403(8)
F(20)-C(64)  1.360(6) C(32)-C(38)  1.518(7) C(65)-C(66)  1.353(10)
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N(1)-C(4) 1.343(6) C(33)-C(34)  1.385(7) C(65)-C(70)  1.378(8)

N(1)-C(8) 1.456(5) C(34)-C(35)  1.396(7) C(66)-C(67) 1.417(11)
N(2)-C(6) 1.344(6) C(34)-C(39)  1.495(7) C(67)-C(68) 1.334(11)
N(2)-C(20) 1.462(5) C(35)-C(36)  1.389(6) C(68)-C(69) 1.347(11)
C(3)-C(4) 1.503(6) C(36)-C(37)  1.403(7) C(69)-C(70)  1.406(10)

Table A.70: Bond Angles [°] for 14-CgH1,

N(2)-Sc(1)-N(1)  90.53(14) | C(9)-C(18)-C(17) 114.4(4) | C(48)-C(47)-B(1) 126.6(5)

N(2)-Sc(1)-C(1)  101.19(16) | C(21)-C(20)-C(25) 121.4(4) | F(6)-C(48)-C(49) 115.2(5)
N(1)-Sc(1)-C(1)  102.66(16) | C(21)-C(20)-N(2) 118.7(4) | F(6)-C(48)-C(47) 121.5(5)
N(2)-Sc(1)-C(37)  147.55(15) | C(25)-C(20)-N(2) 119.8(4) | C(49)-C(48)-C(47)  123.3(5)
N(1)-Sc(1)-C(37)  99.24(15) | C(22)-C(21)-C(20) 118.9(4) | F(7)-C(49)-C(50) 119.9(5)
C(1)-Sc(1)-C(37)  106.62(17) | C(22)-C(21)-C(30) 119.8(4) | F(7)-C(49)-C(48) 119.8(5)

N(2)-Sc(1)-C(36)  118.56(15) | C(20)-C(21)-C(30) 121.2(4) | C(50)-C(49)-C(48)  120.3(5)
N(1)-Sc(1)-C(36)  95.45(15) | C(21)-C(22)-C(23) 120.9(5) | F(8)-C(50)-C(49) 120.2(5)
C(1)-Sc(1)-C(36)  136.00(17) | C(24)-C(23)-C(22) 119.8(4) | F(8)-C(50)-C(51) 121.0(5)
C(37)-Sc(1)-C(36) 30.14(14) | C(23)-C(24)-C(25) 122.1(4) | C(49)-C(50)-C(51)  118.8(5)
N(2)-Sc(1)-C(35)  95.80(15) | C(24)-C(25)-C(20) 116.9(4) | F(9)-C(51)-C(52) 121.3(5)
N(1)-Sc(1)-C(35)  116.26(15) | C(24)-C(25)-C(27) 119.3(4) | F(9)-C(51)-C(50) 119.9(5)
C(1)-Sc(1)-C(35)  137.19(17) | C(20)-C(25)-C(27) 123.8(4) | C(52)-C(51)-C(50)  118.8(5)
C(37)-Sc(1)-C(35) 52.14(15) | C(25)-C(27)-C(28) 111.8(4) | C(51)-C(52)-F(10)  115.8(4)
C(36)-Sc(1)-C(35) 29.59(14) | C(25)-C(27)-C(26) 111.3(4) | C(51)-C(52)-C(47)  126.0(5)
N(2)-Sc(1)-C(32)  144.66(14) | C(28)-C(27)-C(26) 109.0(4) | F(10)-C(52)-C(47)  118.2(4)
N(1)-Sc(1)-C(32)  122.79(15) | C(29)-C(30)-C(31) 109.6(4) | C(58)-C(53)-C(54)  112.8(4)
C(1)-Sc(1)-C(32)  83.93(17) | C(29)-C(30)-C(21) 110.3(4) | C(58)-C(53)-B(1) 127.1(4)
C(37)-Sc(1)-C(32) 29.14(14) | C(31)-C(30)-C(21) 114.3(4) | C(54)-C(53)-B(1) 119.9(4)
C(36)-Sc(1)-C(32) 52.90(15) | C(37)-C(32)-C(33) 117.0(5) | F(11)-C(54)-C(55)  116.3(4)
C(35)-Sc(1)-C(32) 60.80(15) | C(37)-C(32)-C(38) 122.3(5) | F(11)-C(54)-C(53)  119.2(4)
N(2)-Sc(1)-C(33)  115.65(15) | C(33)-C(32)-C(38) 120.6(5) | C(55)-C(54)-C(53)  124.5(4)
N(1)-Sc(1)-C(33)  150.26(15) | C(37)-C(32)-Sc(1) 72.2(3) | F(12)-C(55)-C(56)  120.6(4)
C(1)-Sc(1)-C(33)  86.60(17) | C(33)-C(32)-Sc(1) 76.3(3) | F(12)-C(55)-C(54)  120.4(4)
C(37)-Sc(1)-C(33) 51.10(15) | C(38)-C(32)-Sc(l) 123.2(4) | C(56)-C(55)-C(54)  119.1(4)
C(36)-Sc(1)-C(33) 60.52(15) | C(34)-C(33)-C(32) 123.3(5) | C(57)-C(56)-F(13)  121.3(4)
C(35)-Sc(1)-C(33) 50.72(16) | C(34)-C(33)-Sc(l) 77.7(3) | C(57)-C(56)-C(55)  119.5(4)
C(32)-Sc(1)-C(33) 29.14(14) | C(32)-C(33)-Sc(l) 74.6(3) | F(13)-C(56)-C(55)  119.2(5)
N(2)-Sc(1)-C(34)  94.59(15) | C(33)-C(34)-C(35) 116.9(4) | F(14)-C(57)-C(56)  120.1(4)
N(1)-Sc(1)-C(34)  145.12(14) | C(33)-C(34)-C(39) 121.3(5) | F(14)-C(57)-C(58)  120.6(4)
C(1)-Sc(1)-C(34)  110.07(17) | C(35)-C(34)-C(39) 121.5(5) | C(56)-C(57)-C(58)  119.3(4)
C(37)-Sc(1)-C(34) 60.41(14) | C(33)-C(34)-Sc(1) 73.9(3) | F(15)-C(58)-C(53)  121.4(4)
C(36)-Sc(1)-C(34) 52.19(14) | C(35)-C(34)-Sc(l) 71.3(3) | F(15)-C(58)-C(57)  113.8(4)
C(35)-Sc(1)-C(34) 28.90(14) | C(39)-C(34)-Sc(l) 130.6(3) | C(53)-C(58)-C(57)  124.8(4)
C(32)-Sc(1)-C(34) 51.76(15) | C(36)-C(35)-C(34) 122.6(5) | C(64)-C(59)-C(60)  113.6(5)
C(33)-Sc(1)-C(34) 28.42(15) | C(36)-C(35)-Sc(l) 73.8(3) | C(64)-C(59)-B(1) 127.8(5)
C(4)-N(1)-C(8)  118.4(4) C(34)-C(35)-Sc(1) 79.8(3) | C(60)-C(59)-B(1) 118.5(4)
C(4)-N(1)-Sc(1)  115.4(3) C(35)-C(36)-C(37) 117.5(5) | F(16)-C(60)-C(61)  115.2(5)
C(8)-N(1)-Sc(1)  125.8(3) C(35)-C(36)-C(40) 121.5(5) | F(16)-C(60)-C(59)  119.1(4)
C(6)-N(2)-C(20)  117.9(4) C(37)-C(36)-C(40) 120.9(4) | C(61)-C(60)-C(59)  125.7(5)
C(6)-N(2)-Sc(1)  115.2(3) C(35)-C(36)-Sc(1) 76.6(3) | F(17)-C(61)-C(60)  122.2(5)
C(20)-N(2)-Sc(1)  125.3(3) C(37)-C(36)-Sc(1) 74.6(3) | F(17)-C(61)-C(62)  119.5(6)




335

N(1)-C(4)-C(5) 123.3(4) C(40)-C(36)-Sc(1) 122.6(3) | C(60)-C(61)-C(62) 118.3(6)
N(1)-C(4)-C(3) 122.3(4) C(32)-C(37)-C(36) 122.6(5) | C(63)-C(62)-F(18) 119.6(6)
C(5)-C(4)-C(3) 114.4(4) C(32)-C(37)-Sc(1) 78.6(3) | C(63)-C(62)-C(61) 119.4(6)
C(6)-C(5)-C(4) 130.9(4) C(36)-C(37)-Sc(1) 75.2(3) | F(18)-C(62)-C(61) 121.0(7)
N(2)-C(6)-C(5) 123.5(4) C(42)-C(41)-C(46) 112.6(4) | C(62)-C(63)-F(19) 120.5(6)
N(2)-C(6)-C(7) 120.8(4) C(42)-C(41)-B(1) 129.2(4) | C(62)-C(63)-C(64) 120.5(5)
C(5)-C(6)-C(7) 115.7(4) C(46)-C(41)-B(1) 118.1(4) | F(19)-C(63)-C(64) 118.9(7)
C(9)-C(8)-C(13)  121.6(4) F(1)-C(42)-C(41) 121.1(4) | F(20)-C(64)-C(59) 121.8(5)
C(9)-C(8)-N(1) 119.0(4) F(1)-C(42)-C(43)  114.6(4) | F(20)-C(64)-C(63) 115.8(5)
C(13)-C(8)-N(1)  119.3(4) C(41)-C(42)-C(43) 124.3(4) | C(59)-C(64)-C(63) 122.4(6)
C(8)-C(9)-C(10)  118.0(5) F(2)-C(43)-C(44)  119.9(4) | C(66)-C(65)-C(70) 121.0(7)
C(8)-C(9)-C(18)  122.7(4) F(2)-C(43)-C(42) 120.1(4) | C(66)-C(65)-Br(1) 119.0(6)
C(10)-C(9)-C(18)  119.2(5) C(44)-C(43)-C(42) 119.9(4) | C(70)-C(65)-Br(1) 120.0(6)
C(11)-C(10)-C(9)  120.6(5) F(3)-C(44)-C(43)  120.9(5) | C(65)-C(66)-C(67) 119.3(7)
C(12)-C(11)-C(10) 120.1(5) F(3)-C(44)-C(45) 120.2(4) | C(68)-C(67)-C(66) 118.8(9)
C(11)-C(12)-C(13) 122.1(5) C(43)-C(44)-C(45) 118.9(5) | C(67)-C(68)-C(69)  123.1(8)
C(12)-C(13)-C(8)  117.4(5) F(4)-C(45)-C(46) 121.2(5) | C(68)-C(69)-C(70)  118.9(7)
C(12)-C(13)-C(15) 118.3(4) F(4)-C(45)-C(44)  119.7(5) | C(65)-C(70)-C(69) 118.9(7)
C(8)-C(13)-C(15)  124.3(4) C(46)-C(45)-C(44) 119.1(4) | C(59)-B(1)-C(41) 103.3(4)
C(13)-C(15)-C(14) 112.5(4) F(5)-C(46)-C(45)  116.1(4) | C(59)-B(1)-C(47) 114.4(4)
C(13)-C(15)-C(16) 111.6(4) F(5)-C(46)-C(41)  118.7(4) | C(41)-B(1)-C(47) 112.1(4)
C(14)-C(15)-C(16) 109.2(4) C(45)-C(46)-C(41) 125.1(5) | C(59)-B(1)-C(53) 112.8(4)
C(19)-C(18)-C(9)  110.7(4) C(52)-C(47)-C(48) 112.8(5) | C(41)-B(1)-C(53) 113.6(4)
C(19)-C(18)-C(17) 110.1(4) C(52)-C(47)-B(1) 120.2(4) | C(47)-B(1)-C(53) 101.1(4)
Table A.71: Crystal Data and Structure Refinement for 18-1(THF)

A. Crystal Data

Crystallographer Masood Parvez University of Calgary

Empirical Formula CasHagl2N20Y - 0.5 C7Hg

Formula Weight 878.52

Crystal size 0.16 x 0.14 x 0.14 mm3
Crystal System monoclinic

Space Group P2i/c

a=14.995(2) A
b=12.339(2) A
c=21.238(2) A

Lattice Parameters
B =102.309(5)°.

Volume 3839.2(9) A3
Z 4
Density (calculated) 1.520 Mg/m3

B. Data Collection and Refinement Conditions

Diffractometer
Radiation (AM[A])
Temperature

Reflections Collected

Nonius Kappa CCD
Graphite-monochromated MoK, (0.71073)

173(2) K
32944



Independent Reflections

Structure Solution

Refinement Method
Data / Restraints / Parameters
Goodness-of-Fit
Final R Indices [I>2sigma(l)]
R Indices (all data)

Largest Difference Peak & Hole

8820 [R(int) = 0.042]
Direct Methods
Full-matrix least-squares on F2
8820/ 14 /422
1.03
R1 =0.030, wR2 = 0.064
R1=0.048, wR2 = 0.070

0.57 and -0.68 e.A-3
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Table A.72: Atomic Coordinates and Equivalent Isotropic Displacement Parameters

for 18-1(THF)

X y z U(eq) X y z U(eq)

I(1) 2676(1) 5978(1) 5160(1)  37(1) | C(23) 3367(3) 8964(3) 2346(2) 65(1)
1)  1110(3) 6411(4) 2628(2) 50(1) | C(24) 3386(3) 9055(3) 2992(2) 55(1)
1)  1074(5) 6589(13) 2720(7) 66(2) | C(25) 3485(2) 8140(2) 3390(2) 38(1)
Y(1) 2291(1) 5447(1) 3783(1)  24(1) | C(26) 4201(3) 9127(3) 4422(2) 64(1)
N(1) 3048(1) 3866(2) 3793(1) 24(1) | C(27) 3501(2) 8291(2) 4105(2) 43(1)
N(2) 3569(2) 6141(2) 3493(1) 26(1) | C(28) 2553(3) 8594(3) 4208(2) 66(1)
C(3) 4420(2) 2729(2) 4172(2)  39(1) | C(29) 4556(3) 5606(4) 2124(2) 83(1)
C(4) 3955(2) 3810(2) 3998(1)  26(1) | C(30) 3588(2) 5926(3) 2132(2) 48(1)
C(5) 4532(2) 4713(2) 4058(1)  30(1) | C(31) 3000(4) 5854(4) 1458(2) 91(2)
C(6) 4385(2) 5756(2) 3790(1) 29(1) | O(1) 867(1) 4680(2) 3852(1) 31(1)
C(7) 5229(2) 6456(3) 3846(2) 41(1) | C(32) 248(2) 5351(2) 4122(2) 47(1)
C(8) 2515(2) 2878(2) 3669(1) 25(1) | C(33) -698(3) 4991(9) 3818(8) 55(5)
C(9) 2250(2) 2302(2) 4172(1)  27(1) | C(34) -582(4) 3834(7) 3642(7) 54(3)
C(10) 1678(2) 1406(2) 4013(1)  34(1) | C(35) 365(4) 3805(7) 3502(6) 32(3)
C(11) 1382(2) 1083(2) 3383(2)  40(1) | C(33) -680(4) 4845(13) 3938(9) 58(5)
C(12) 1643(2) 1648(2) 2896(1)  39(1) | C(34") -632(3) 4261(7) 3291(4) 43(2)
C(13) 2207(2) 2556(2) 3021(1) 29(1) | C(35') 288(6) 3949(8) 3348(6) 27(3)
C(14) 1713(3) 3246(4) 1875(2)  63(1) | C(1S) 44(7) 4537(9)  444(5)  69(2)
C(15) 2480(2) 3165(3) 2469(1)  39(1) | C(2S) 488(7)  5511(10) 595(6)  75(3)
C(16) 3323(3) 2691(4) 2305(2) 79(1) | C(3S) 332(6) 5680(8) 175(5) 67(2)
C(17) 1739(2) 2972(3) 5158(2)  45(1) | C(4S) 629(13) 6436(17) -27(10) 63(5)
C(18) 2547(2) 2603(2) 4879(1)  32(1) | C(1S) -233(6) 3946(7) 559(4) 63(2)
C(19) 3019(2) 1644(3) 5279(2)  45(1) | C(2S) 248(6) 4963(8) 668(4) 47(2)
C(20) 3543(2) 7122(2) 3109(1)  31(1) | C(3S) 660(11) 6301(15) 247(8) 104(5)
C(21) 3529(2) 7019(3) 2447(1)  41(1) | C(4S) 803(11) 6854(15) 372(8) 56(4)
C(22) 3447(3) 7962(3) 2075(2)  56(1)

Table A.73: Anisotropic Displacement Parameters for 18-1(THF)

Atom U1l u22 u33 u23 U13 U12

1(1) 39(1) 43(1) 29(1) -8(1) 7(1) -3()

1(2) 34(1) 66(1) 43(1) 24(1) -6(1) -1(2)

12" 33(1) 76(3) 78(3) 47(2) -9(2) -2(1)

Y(1) 22(1) 26(1) 25(1) 1(1) 4(1) 2(1)

N(1) 24(1) 24(1) 22(1) 1(1) 4(1) 2(1)

N(2) 25(1) 27(1) 27(1) 1(1) 3(1) -1(1)
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C(3) 31(2) 34(2) 49(2) 7(1) 5(1) 8(1)

C(4) 27(1) 31(1) 22(1) 4(1) 4(1) 5(1)

Cc(5) 23(1) 37(2) 28(1) 3(1) 1(1) 1(1)

C(6) 26(1) 33(2) 28(1) -4(1) 6(1) -4(1)
c(7) 27(2) 44(2) 52(2) 5(2) 5(1) -7(2)
C(8) 26(1) 22(1) 26(1) -2(1) 2(1) 6(1)

C(9) 29(1) 24(1) 29(1) 0(1) 4(1) 1(1)
C(10) 33(2) 29(2) 38(2) 4(1) 4(1) 2(1)
C(11) 43(2) 28(2) 44(2) -4(1) -3(1) -7(2)
C(12) 44(2) 36(2) 32(2) -9(1) -5(1) 3(1)
C(13) 34(2) 28(1) 24(1) -4(1) 3(1) 6(1)
Cc(14) 69(3) 87(3) 32(2) 12(2) 6(2) 12(2)
C(15) 55(2) 39(2) 24(1) -3(1) 7(2) 2(2)
C(16) 64(3) 119(4) 62(3) 31(3) 34(2) 27(3)
c@7) 55(2) 48(2) 37(2) 2(2) 21(2) 1(2)
C(18) 39(2) 30(2) 26(1) 1(1) 7(1) -6(1)
C(19) 55(2) 41(2) 33(2) 7(1) -1(1) 2(2)
C(20) 23(1) 34(2) 34(2) 9(1) 1(1) -5(1)
C(21) 38(2) 48(2) 35(2) 8(1) 4(1) -10(1)
C(22) 64(2) 65(2) 36(2) 16(2) 2(2) -18(2)
C(23) 72(3) 52(2) 65(3) 28(2) -1(2) -9(2)
C(24) 60(2) 34(2) 65(2) 12(2) 3(2) -3(2)
C(25) 37(2) 29(2) 46(2) 9(1) 4(1) -3(1)
C(26) 89(3) 38(2) 60(2) -8(2) 4(2) -8(2)
C(27) 53(2) 27(2) 51(2) 0(1) 13(2) 3(1)
C(28) 75(3) 49(2) 80(3) 6(2) 28(2) 17(2)
C(29) 73(3) 86(3) 92(4) -23(3) 24(3) -2(3)
C(30) 54(2) 56(2) 33(2) 2(2) 12(2) -15(2)
C(31) 109(4) 105(4) 48(2) -21(2) -8(2) -6(3)
o(1) 27(1) 33(1) 35(1) -4(1) 9(1) -2(1)
C(32) 39(2) 52(2) 55(2) -14(2) 23(2) -4(2)
C(33) 30(7) 95(11) 43(7) -6(6) 12(4) 18(6)
C(34) 24(4) 44(5) 93(9) -6(5) 12(4) 1(3)
C(35) 31(5) 30(5) 26(7) 5(4) -11(3) 3(3)
C(33) 39(7) 82(8) 55(8) -24(6) 14(4) -10(6)
C(34) 26(3) 36(4) 60(5) -2(3) -5(3) 7(3)
C(35") 33(4) 27(4) 20(5) 0(4) 0(3) 2(3)
Table A.74: Bond Lengths [A] for 18-1(THF)

1(1)-Y(1) 2.9322(4) C(12)-C(13)  1.394(4) 0(1)-C(35") 1.522(8)
1(2)-Y (1) 2.952(5) C(13)-C(15)  1.521(4) C(32)-C(33) 1.496(5)
1(2)-Y(1) 2.943(7) C(14)-C(15)  1.519(4) C(32)-C(33) 1.499(7)
Y(1)-N(1) 2.255(2) C(15)-C(16)  1.499(5) C(33)-C(34) 1.495(5)
Y(1)-N(2) 2.300(2) C(17)-c(18)  1.527(4) C(34)-C(35) 1.512(4)
Y(1)-0(1) 2.3685(17) C(18)-C(19)  1.539(4) C(33)-C(34) 1.568(14)
N(1)-C(4) 1.339(3) C(20)-C(25)  1.401(4) C(34')-C(35) 1.411(9)
N(1)-C(8) 1.451(3) C(20)-C(21)  1.407(4) C(1S)-C(3S)#1 1.341(12)
N(2)-C(6) 1.338(3) C(21)-C(22)  1.398(4) C(1S)-C(2S) 1.377(15)
N(2)-C(20)  1.455(3) C(21)-C(30)  1.517(5) C(1S)-C(3S) 1.614(14)
C(3)-C(4) 1.514(4) C(22)-C(23)  1.379(6) C(1S)-C(4S)#1 1.69(2)
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C(4)-C(5) 1.399(4) C(23)-C(24)  1.371(6) C(25)-C(3S) 0.897(12)
C(5)-C(6) 1.405(4) C(24)-C(25)  1.399(4) C(2S)-C(4S) 1.79(2)
C(6)-C(7) 1.515(4) C(25)-C(27)  1.527(4) C(3S)-C(4S) 1.16(2)
C(8)-C(9) 1.408(4) C(26)-C(27)  1.523(5) C(3S)-C(1S)#1 1.341(12)
C(8)-C(13)  1.414(3) C(27)-C(28)  1.530(5) C(4S)-C(1S)#1 1.69(2)
C(9)-C(10)  1.396(4) C(29)-C(30)  1.507(6) C(18)-C(2S) 1.442(13)
C(9)-C(18)  1.519(4) C(30)-C(31)  1.516(5) C(1S)-C(3S")#1 1.722(19)
C(10)-C(11) 1.376(4) 0(1)-C(35) 1.430(4) C(2S)-C(3S) 2.035(19)
C(11)-C(12)  1.373(4) 0(1)-C(32) 1.450(3) C(3S)-C(18)#1 1.722(19)
Table A.75: Bond Angles [°] for 18-1(THF)

N(1)-Y(1)-N(2)  82.99(8) C(10)-C(9)-C(8)  118.4(2) | C(29)-C(30)-C(31) 110.0(4)
N(1)-Y(1)-O(1)  96.45(7) C(10)-C(9)-C(18) 117.9(2) | C(29)-C(30)-C(21) 112.6(3)
N(2)-Y(1)-O(1) 168.26(7) | C(8)-C(9)-C(18)  123.8(2) | C(31)-C(30)-C(21) 113.1(3)
N(1)-Y(1)-1(1)  101.12(5) | C(11)-C(10)-C(9) 121.2(3) | C(35)-O(1)-C(32) 109.0(2)
N(2)-Y(1)-1(1)  100.72(5) | C(12)-C(11)-C(10) 120.1(3) | C(35)-O(1)-C(35') 13.9(10)
O(L)-Y(1)-I(1)  90.91(4) C(11)-C(12)-C(13) 121.6(3) | C(32)-O(1)-C(35) 107.4(3)
N(1)-Y(1)-1(2")  130.5(4) C(12)-C(13)-C(8) 118.1(3) | C(35)-O(1)-Y(1) 130.6(3)
N(2)-Y(1)-1(2") 91.83(17) | C(12)-C(13)-C(15) 120.2(2) | C(32)-O(1)-Y(1) 117.21(14)
O(1)-Y(1)-1(2) 79.58(16) | C(8)-C(13)-C(15) 121.8(2) | C(35)-O(1)-Y(1) 125.5(4)
1(1)-Y(1)-1(2)  128.0(4) C(16)-C(15)-C(14) 111.1(3) | O(1)-C(32)-C(33) 106.8(3)
N(1)-Y(1)-1(2)  124.57(10) | C(16)-C(15)-C(13) 111.4(3) | O(1)-C(32)-C(33) 107.2(3)
N(2)-Y(1)-1(2)  90.78(11) | C(14)-C(15)-C(13) 113.0(3) | C(33)-C(32)-C(33) 11.9(15)
O(L)-Y(1)-1(2)  79.84(11) | C(9)-C(18)-C(17) 111.6(2) | C(34)-C(33)-C(32) 103.9(4)
()-Y()-1(2)  133.99(9) | C(9)-C(18)-C(19) 111.2(2) | C(33)-C(34)-C(35) 103.7(4)
12)-Y(1)-1(2)  6.0(4) C(17)-C(18)-C(19) 109.0(2) | O(1)-C(35)-C(34) 107.0(3)
C(4)-N(1)-C(8)  119.9(2) C(25)-C(20)-C(21) 121.1(3) | C(32)-C(33)-C(34") 101.9(7)
C(4)-N(1)-Y(1) 121.49(17) | C(25)-C(20)-N(2) 120.3(2) | C(35')-C(34)-C(33) 106.1(6)
C(8)-N(1)-Y(1) 117.93(15) | C(21)-C(20)-N(2) 118.5(3) | C(34)-C(35)-O(1) 107.5(5)
C(6)-N(2)-C(20) 118.2(2) C(22)-C(21)-C(20) 118.1(3) | C(3S)#1-C(1S)-C(2S)  118.9(10)
C(6)-N(2)-Y(1) 118.15(17) | C(22)-C(21)-C(30) 119.8(3) | C(3S)-C(1S)-C(4S)#1  127.5(11)
C(20)-N(2)-Y(1) 122.35(16) | C(20)-C(21)-C(30) 122.1(3) | C(1S)-C(2S)-C(4S) 120.7(11)
N(1)-C(4)-C(5) 123.6(2) C(23)-C(22)-C(21) 121.1(3) | C(2S)-C(3S)-C(4S) 121.1(18)
N(1)-C(4)-C(3)  120.6(2) C(24)-C(23)-C(22) 120.3(3) | C(2S)-C(3S)-C(1S)#1  153.3(15)
C(5)-C(4)-C(3)  115.8(2) C(23)-C(24)-C(25) 121.0(3) | C(2S5)-C(3S)-C(3S)#1  100.2(13)
C(4)-C(5)-C(6)  130.7(2) C(24)-C(25)-C(20) 118.4(3) | C(4S)-C(3S)-C(3S)#1  137.5(15)
N(2)-C(6)-C(5)  124.4(2) C(24)-C(25)-C(27) 118.7(3) | C(2S)-C(1S")-(3S)#1 112.4(9)
N(2)-C(6)-C(7)  119.9(2) C(20)-C(25)-C(27) 122.9(3) | C(1S)-C(2S")-C(3S") 145.5(8)
C(5)-C(6)-C(7) 115.7(2) C(26)-C(27)-C(25) 112.7(3) | C(4S)-C(3S)-(1S")#1 122(2)
C(9)-C(8)-C(13) 120.7(2) C(26)-C(27)-C(28) 110.2(3) | C(4S)-C(3S")-C(2S") 133(3)
C(9)-C(8)-N(1) 121.4(2) C(25)-C(27)-C(28) 110.8(3) | C(1S)#1-C(3S)C(2S")  102.1(10)

C(13)-C(8)-N(1) 117.7(2)

Table A.76: Crystal Data and Structure Refinement for 19-1

A. Crystal Data

Crystallographer

Empirical Formula
Formula Weight

Masood Parvez University of Calgary

CaHe1l2N2Y
936.64
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Crystal Size 0.20 x 0.18 x 0.08 mm3
Crystal System Monoclinic

Space Group P2:/n

Lattice Parameters a=13.131(2) A

b =20.410(4) A B =112.410(8)°.
c=16.979(4) A

Volume 4206.8(14) A3

z 4

Density (calculated) 1.479 Mg/m3

B. Data Collection and Refinement Conditions

Diffractometer Nonius Kappa CCD

Radiation (A[A]) Graphite-monochromated MoKa (0.71073)
Temperature 173(2) K

Reflections Collected 18313

Independent Reflections 9616 [R(int) = 0.055]
Structure Solution Direct Methods

Refinement Method Full-matrix least-squares on F2
Data / Restraints / Parameters 9616 /0/417

Goodness-of-Fit 0.99

Final R Indices [I1>2sigma(l)] R1=0.042, wR2 = 0.080

R Indices (all data) R1=0.089, wR2 = 0.094
Largest Difference Peak & Hole 0.94 and -0.55 e.A-3

Table A.77: Atomic Coordinates and Equivalent Isotropic Displacement Parameters
for 19-1

X y z___U(eq) X y z U(eq)
(1)  4747(1) -1101(1) 2917(1) 36(1) | C(25) 7144(4)  750(2) 2795(3)  35(1)
1(2)  3424(1) 207(1) 4686(1) 30(1) | C(26) 8433(4)  263(3) 4171(3)  52(1)
Y(1) 4796(1) 227(1) 3557(1) 22(1) | C(27) 7390(4)  155(2) 3370(3)  39(1)
N(1) 3231(3) 553(2) 2374(2) 23(1) | C(28) 7474(4)  -476(2) 2925(4)  51(1)
N() 5556(3) 1073(2)  3120(2) 21(1) | C(29) 6029(4)  3002(2) 2294(3)  44(1)
C(3) 2035(3) 1586(2)  2223(3) 27(1) | C(30) 5405(4)  2344(2) 2094(3)  33(1)
C(4) 3070(3) 1145(2)  2603(3) 24(1) | C(31) 4524(4)  2385(2) 1192(3)  45(1)
C(5) 3960(3) 1438(2)  3347(2) 22(1) | C(32) 1275(4)  1403(2) 1312(3)  41(0)
C(6) 5075(3) 1507(2)  3492(2) 23(1) | C(33) 1402(4)  1534(2) 2810(3)  39(1)
C(7) 5743(3) 1993(2)  4214(3) 28(1) | C(34) 2394(4)  2301(2) 2212(3)  42(1)
C(8) 2540(3) 183(2) 1628(3) 27(1) | C(35) 5703(4)  1718(2) 5046(3)  36(1)
C(9) 2795(4) 200(2) 897(3) 33(1) | C(36) 5247(4)  2685(2)  4086(3)  34(1)
C(10) 2181(4) -190(2)  220(3) 47(1) | C(37) 6958(3)  2040(2)  4324(3) 40(1)
C(11) 1353(4) -589(3)  247(3) 56(2) | C(38) 5441(10) 2384(6) 9133(7)  42(3)
C(12) 1123(4) -613(2)  971(3) 46(1) | C(39) 6550(12) 2019(6) 9357(8)  42(3)
C(13) 1713(3) -229(2)  1681(3) 31(1) | C(40) 7639(13) 2323(8) 9918(10) 56(4)
C(14) 1695(4) -962(2)  2874(3) 44(1) | C(41) 7505(14) 2970(8) 10216(7) 42(3)
C(15) 1415(4) -287(2)  2464(3) 36(1) | C(42) 6463(15) 3267(6) 9972(9)  42(3)
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C(16) 189(4) -140(2)  2249(4) 46(1) | C(43) 5381(15) 3073(8) 9437(10) 71(4)
C(17) 4748(4) 179(3) 1019(3) 53(2) | C(44) 4341(10) 2197(6) 8627(8)  67(3)
C(18) 3733(4) 605(2) 842(3) 39(1) | C(38) 5653(11) 2643(8) 9355(9)  56(4)
C(19) 3427(5) 945(3) -26(3) 58(2) | C(39) 6115(10) 2142(5) 9261(6)  25(2)
C(20) 6320(3) 1220(2)  2733(3) 28(1) | C(40) 7279(17) 2177(8) 9694(11) 71(5)
C(21) 6204(4) 1773(2)  2200(3) 31(1) | C(41) 7847(13) 2708(10)  10219(9) 67(4)
C(22) 6870(4) 1820(2)  1733(3) 47(1) | C(42) 7050(15) 3174(7) 10172(8) 46(3)
C(23) 7659(5) 1356(3)  1786(4) 53(2) | C(43) 5995(18)  3113(9) 9738(12) 68(5)
C(24) 7798(4) 836(3) 2327(3) 48(1) | C(44) 4520(20) 2741(13)  8948(16) 180(10)
Table A.78: Anisotropic Displacement Parameters for 19-1

Atom Uil u22 U33 U23 U13 U1z
I(1) 43(1) 27(1) 39(1) -6(1) 16(1) 1(1)
1(2) 28(1) 37(2) 25(1) 7(1) 11(2) 6(1)
Y(1) 24(1) 21(2) 21(1) 2(1) 9(1) 2(1)
N(1) 24(2) 23(2) 21(2) 0(2) 8(2) 0(2)
N(2) 21(2) 23(2) 24(2) 4(2) 14(2) 4(2)
C(3) 26(2) 24(2) 29(2) 5(2) 8(2) 7(2)
C(4) 26(2) 25(2) 26(2) 5(2) 15(2) 0(2)
C(5) 28(2) 23(2) 18(2) 1(2) 12(2) 3(2)
C(6) 28(2) 21(2) 21(2) 4(2) 9(2) 2(2)
C(7) 29(2) 24(2) 29(2) -4(2) 9(2) 1(2)
C(8) 25(2) 24(2) 24(2) -3(2) -1(2) 3(2)
C(9) 39(3) 36(3) 21(2) -5(2) 9(2) 5(2)
C(10) 57(3) 56(3) 28(3) -12(2) 16(2) 1(3)
C(11) 52(4) 62(4) 43(3) -28(3) 6(3) -11(3)
C(12) 36(3) 38(3) 53(3) -9(3) 5(3) -12(2)
C(13) 27(2) 28(2) 34(2) -4(2) 7(2) 0(2)
C(14) 36(3) 32(3) 63(4) 7(2) 19(3) -5(2)
C(15) 27(2) 30(2) 51(3) 2(2) 17(2) -2(2)
C(16) 28(3) 47(3) 65(4) 6(3) 19(3) 1(2)
C(17) 51(3) 73(4) 42(3) -5(3) 25(3) -3(3)
C(18) 45(3) 50(3) 25(2) -4(2) 18(2) -1(3)
C(19) 84(4) 60(4) 35(3) 6(3) 30(3) 1(3)
C(20) 27(2) 32(2) 26(2) -1(2) 11(2) 1(2)
C(21) 32(3) 30(2) 34(3) 7(2) 16(2) 6(2)
C(22) 55(3) 45(3) 53(3) 20(3) 37(3) 13(3)
C(23) 65(4) 56(3) 61(4) 21(3) 50(3) 19(3)
C(24) 46(3) 53(3) 61(4) 23(3) 39(3) 25(3)
C(25) 34(3) 36(3) 41(3) 6(2) 22(2) 7(2)
C(26) 39(3) 59(3) 55(3) 23(3) 15(3) 15(3)
C(27) 36(3) 39(3) 52(3) 13(2) 27(2) 11(2)
C(28) 53(3) 42(3) 77(4) 17(3) 47(3) 11(3)
C(29) 46(3) 32(3) 61(3) 9(2) 30(3) -2(2)
C(30) 33(3) 34(3) 34(3) 9(2) 14(2) 6(2)
C(31) 52(3) 44(3) 42(3) 13(2) 20(3) 12(3)
C(32) 34(3) 40(3) 37(3) 1(2) 0(2) 11(2)
C(33) 33(3) 44(3) 49(3) 3(2) 25(2) 11(2)
C(34) 42(3) 26(2) 51(3) 9(2) 9(2) 12(2)
C(35) 47(3) 31(2) 24(2) -6(2) 8(2) -1(2)
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C(36) 47(3) 24(2) 34(3) -5(2) 17(2) 5(2)
C(37) 30(3) 39(3) 47(3) -9(2) 8(2) -4(2)

Table A.79: Bond Lengths [A] for 19-1

1(1)-Y (1) 2.9119(7) C(7)-C(37) 1.537(6) C(25)-C(27)  1.514(6)
1(2)-Y(1) 3.0915(7) C(7)-C(35) 1.539(6) C(26)-C(27)  1.535(7)
1(2)-Y(1)#1 3.1363(7) C(8)-C(13) 1.403(6) C(27)-C(28)  1.518(7)
Y(1)-N(2) 2.256(3) C(8)-C(9) 1.403(6) C(29)-C(30)  1.541(6)
Y (1)-N(1) 2.356(3) C(9)-C(10) 1.379(6) C(30)-C(31)  1.529(6)
Y(1)-C(6) 2.645(4) C(9)-C(18) 1.515(6) C(38)-C(44)  1.422(16)
Y(1)-C(5) 2.673(4) C(10)-C(11)  1.373(7) C(38)-C(43)  1.511(19)
Y(1)-C(4) 2.909(4) C(11)-C(12)  1.374(7) C(38)-C(39)  1.549(16)
Y(1)-1(2)#1 3.1363(7) C(12)-C(13)  1.399(6) C(39)-C(40)  1.517(19)
N(L)-C(4) 1.310(5) C(13)-C(15)  1.526(6) C(40)-C(41)  1.45(2)
N(L)-C(8) 1.458(5) C(14)-C(15)  1.524(6) C(41)-C(42)  1.407(18)
N(2)-C(6) 1.373(5) C(15)-C(16)  1.540(6) C(42)-C(43)  1.42(2)
N(2)-C(20) 1.425(5) C(17)-C(18)  1.523(7) C(38)-C(43)  1.15(2)
C(3)-C(33) 1.525(6) C(18)-C(19)  1.537(6) C(38)-C(39)  1.230(18)
C(3)-C(32) 1.534(6) C(20)-C(21)  1.418(6) C(38)-C(44)  1.40(3)
C(3)-C(34) 1.535(6) C(20)-C(25)  1.420(6) C(39)-C(40)  1.42(2)
C(3)-C(4) 1.552(5) C(21)-C(22)  1.389(6) C(40)-C(41)  1.42(2)
C(4)-C(5) 1.481(5) C(21)-C(30)  1.533(6) C(41)-C(42)  1.39(2)
C(5)-C(6) 1.395(5) C(22)-C(23)  1.380(7) C(42)-C(43)  1.30(2)
C(6)-C(7) 1.562(5) C(23)-C(24)  1.371(7) C(43)-C(44)  2.04(3)
C(7)-C(36) 1.536(6) C(24)-C(25)  1.386(6)

Table A.80: Bond Angles [°] for 19-1

Y(1)-1(2-Y(1)#L 101.21(2) | C(32)-C(3)-C(4)  114.0(4) | C(9)-C(18)-C(19) 112.6(4)
N@2)-Y(1)-N(1)  8167(11) | C(34)-C(3)-C(4)  109.4(3) | C(17)-C(18)-C(19)  109.7(4)
N@2)-Y(1)-C(6)  31.28(12) | N(1)-C(4)-C(5)  117.5(4) | C(21)-C(20)-C(25)  118.6(4)
N()-Y(1)-C(6)  77.02(11) | N(1)-C(4)-C(3)  128.8(4) | C(21)-C(20)-N(2) 122.6(4)
N@)-Y(1)-C(5)  57.25(12) | C(5)-C(4)-C(3)  113.6(3) | C(25)-C(20)-N(2) 118.3(4)
N(1)-Y(1)-C(5)  56.27(11) | N(1)-C(4)-Y(1)  52.6(2) | C(22)-C(21)-C(20)  118.8(4)
C(6)-Y(1)-C(5)  30.42(12) |C(5)-C(4)-Y(1) 659(2) |C(22)-C(21)-C(30)  115.6(4)
N@)-Y(1)-C@4)  70.91(11) | C(3)-C(4)-Y(1)  168.0(3) | C(20)-C(21)-C(30)  125.6(4)
N(1)-Y(1)-C@4)  26.21(11) | C(6)-C(5)-C(4)  128.7(4) | C(23)-C(22)-C(21)  122.4(5)
C(6)-Y(1)-C(4)  5541(12) | C(6)-C(G)-Y(I)  737(2) |C(24)-C(23)-C(22)  118.7(5)
C()-Y(1)-C(4)  3039(11) | C(4)-CG)-Y(1)  837(2) |C(23)-C(24)-C(25)  121.9(4)
N(2)-Y(1)-1(1) 122.62(8) | N(2)-C(6)-C(5)  119.4(4) | C(24)-C(25)-C(20)  119.6(4)
N(1)-Y(1)-1(1) 93.27(8) N(2)-C(6)-C(7)  123.4(4) | C(24)-C(25)-C(27)  116.3(4)
C(6)-Y(1)-1(1) 152.52(9) | C(5)-C(6)-C(7)  116.1(4) | C(20)-C(25)-C(27)  124.1(4)
C(5)-Y(1)-1(2) 14951(8) | N(2)-C(6)-Y(1)  58.56(19) | C(25)-C(27)-C(28)  113.5(4)
C(4)-Y(1)-1(1) 119.34(8) | C(5)-C(6)-Y(1)  75.9(2) | C(25)-C(27)-C(26)  110.8(4)
N(2)-Y(1)-1(2) 13051(8) | C(7)-C(6)-Y(1)  129.8(3) | C(28)-C(27)-C(26)  110.7(4)
N(L)-Y(1)-1(2) 90.42(8) C(36)-C(7)-C(37) 109.0(4) | C(31)-C(30)-C(21)  112.4(4)
C(6)-Y(1)-1(2) 99.31(9) C(36)-C(7)-C(35) 107.6(4) | C(31)-C(30)-C(29)  108.1(4)
C(B)-Y(1)-1(2) 77.80(9) C(37)-C(7)-C(35) 107.9(4) | C(21)-C(30)-C(29)  110.8(4)




C(4)-Y(1)-1(2)
1(1)-Y(1)-1(2)
N(2)-Y(1)-1(2)#1
N(L)-Y (1)-1(2)#1
C(6)-Y(1)-1(2#1
C(5)-Y(1)-1(2)#1
C(4)-Y(1)-1(2)#1
1(1)-Y(1)-1Q2)#1
1(2)-Y(1)-12)#1
C(4)-N(1)-C(8)
C(4)-N(1)-Y(1)
C(8)-N(1)-Y(1)
C(6)-N(2)-C(20)
C(6)-N(2)-Y(1)
C(20)-N(2)-Y(1)
C(33)-C(3)-C(32)
C(33)-C(3)-C(34)
C(32)-C(3)-C(34)
C(33)-C(3)-C(4)

80.76(8)
106.49(2)
105.42(8)
169.21(8)
104.69(8)
120.50(8)
148.35(8)
89.67(2)
78.79(2)
128.3(3)
101.2(2)
130.2(2)
127.2(3)
90.2(2)
142.2(3)
109.6(4)
108.7(4)
107.7(4)
107.3(3)

C(36)-C(7)-C(6)
C(37)-C(7)-C(6)
C(35)-C(7)-C(6)
C(13)-C(8)-C(9)
C(13)-C(8)-N(1)
C(9)-C(8)-N(1)
C(10)-C(9)-C(8)
C(10)-C(9)-C(18)
C(8)-C(9)-C(18)
C(11)-C(10)-C(9)
C(12)-C(11)-C(10)
C(11)-C(12)-C(13)
C(12)-C(13)-C(8)
C(12)-C(13)-C(15)
C(8)-C(13)-C(15)
C(14)-C(15)-C(13)
C(14)-C(15)-C(16)
C(13)-C(15)-C(16)
C(9)-C(18)-C(17)

113.1(3)
112.5(4)
106.4(3)
121.6(4)
119.7(4)
118.4(4)
117.5(4)
119.6(4)
122.9(4)
122.2(5)
119.9(5)
120.9(5)
117.9(4)
117.8(4)
124.3(4)
111.7(4)
109.5(4)
111.8(4)
110.3(4)

C(44)-C(38)-C(43)
C(44)-C(38)-C(39)
C(43)-C(38)-C(39)
C(40)-C(39)-C(38)
C(41)-C(40)-C(39)
C(42)-C(41)-C(40)
C(41)-C(42)-C(43)
C(42)-C(43)-C(38)
C(43)-C(38)-C(39)
C(43)-C(38)-C(44")
C(39)-C(38)-C(44")
C(38')-C(39)-C(40")
C(41)-C(40)-C(39")
C(42))-C(41))-C(40")
C(43))-C(42')-C(41')
C(38)-C(43)-C(42")
C(38)-C(43)-C(44")
C(42)-C(43)-C(44")
C(38))-C(44)-C(43")
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106.4(11)
131.5(12)
122.1(12)
122.0(10)
112.4(12)
121.6(12)
133.7(12)
108.0(13)
131.4(17)
105.9(19)
122.7(19)
112.2(12)
124.5(14)
106.3(12)
125.5(13)
120.0(17)
41.3(12)

161.2(17)
32.9(10)
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Appendix 2: Publications Arising from Thesis

Author’s Contribution to Publications Contained in Appendix 2

The author’s contribution to publication #1 is the basis of the majority of this
publication. Several of the compounds were not synthesized by the author. In addition,
the author did not perform the X-ray crystal data collection and analysis. The author was
responsible for all material, except the X-ray crystal data collection and analysis,

presented in publications #2 and #3.

Publications:

1. Hayes, P. G.; Piers, W. E.; Lee, L. W. M.; Knight, L. K.; Parvez, M.; Elsegood,
M. R. J.; Clegg, W. “Synthesis, Characterization and Thermal Stability of a New

Family of Organoscandium Complexes” Organometallics 2001, 20, 2533-2544.

2. Hayes, P. G.; Piers, W. E.; McDonald, R. “Cationic Scandium Methyl Complexes
Supported by a B-Diketiminato (“Nacnac”) Ligand Framework” J. Am. Chem.

Soc. 2002, 124, 2132-2133.

3. Hayes, P.G.; Piers, W.E.; Parvez, M. “Cationic Organoscandium [-Diketiminato
Chemistry: Arene Exchange in Solvent Separated lon Pairs” J. Am. Chem. Soc.

2003, 125, 5622-5623.
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Dialkylscandium Complexes Supported by
p-Diketiminato Ligands: Synthesis, Characterization,
and Thermal Stability of a New Family of
Organoscandium Complexes
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Several diorganoscandium complexes stabilized by the g-diketiminato ligands (Ar)NC(R)-
CHC(R)N(Ar) (Ar = 2,6-iPr-C¢Hs; R = CHj; (ligand a), R = tBu (ligand b)) have been
synthesized. Reaction of the lithium salts of the ligands with ScCl;-3THF leads to the
complexes LScCl,(THF),, which may be readily alkylated to form the dialkyl derivatives.
Most are isolated as base-free, four-coordinate complexes. Several have been characterized
via X-ray crystallography, and a detailed discussion of their structures is presented. Steric
interactions between Ar and the Sc—alkyl groups force the scandium to adopt an out-of-
plane bonding mode. In solution, this is manifested via a fluxional process which equilibrates
the two diastereotopic alkyl groups and ligand groups as well. The barriers to this process
roughly correlate with the steric bulk of the alkyl substituents. At elevated temperatures,
the dialkyl derivatives LScR, undergo a metalation process whereby one of the alkyl groups
is eliminated as RH, and a ligand iPr group is metalated in the methyl position. These
reactions are first order in scandium complex, and activation parameters of AH* = 19.7(6)
kcal mol~* and AS* = —17(2) cal mol~* K1 were measured for the loss of Me,Si from (Ligb)-
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SC(CHzSI M63)2.

Introduction

Organoscandium chemistry has to date been domi-
nated by complexes with a dianionic complement of
ancillary ligands and one hydrocarbyl ligand.34 While
much elegant chemistry of fundamental importance has
been uncovered, the inherent limitations of only one
reactive organyl group has been a roadblock toward
further development of the organometallic chemistry of
scandium in comparison to the group 4 elements, where
dialkyl derivatives are plentiful.

The difficulty in synthesizing well-defined compounds
of general formula LScR,, where L is a monoanionic
ancillary ligand, stems from the tendency of these types
of compounds to undergo redistribution reactions, to

* To whom correspondence should be addressed. Phone: 403-220-
5746. FAX: 403-289-9488. E-mail: wpiers@ucalgary.ca.

T University of Calgary.

# University of Newcastle.
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S. Robert Blair Professor of Chemistry 2000—2005.

(2) Present address: University of Loughborough, Department of
Chemistry, Loughborough, Leicestershire LE1 3TU, U.K.

(3) Reviews: (a) Piers, W. E.; Shapiro, P. J.; Bunel, E. E.; Bercaw,
J. E. Synlett 1990, 74. (b) Meehan, P. R.; Aris, D. R.; Willey, G. R.
Coord. Chem. Rev. 1999, 181, 121. (c) Edelmann, F. T. In Comprehen-
sive Organometallic Chemistry IlI; Abel, E. W., Stone, F. G. A.,
Wilkinson, G.;, Lappert, M. F., Eds.; Elsevier Science: New York, 1995;
Vol. 4. (d) Cotton, S. A. Polyhedron 1999, 18, 1691.

(4) Recent papers: (a) Herberich, G. E.; Englert, U.; Fischer, A.; Ni,
J.; Schmitz, A. Organometallics 1999, 18, 5496. (b) Abrams, M. B.;
Yoder, J. C.; Loeber, C.; Day, M. E.; Bercaw, J. E. Organometallics
1999, 18, 1389. (c) Yoder, J. C.; Day, M. W.; Bercaw, J. E. Organome-
tallics 1998, 17, 4946. (d) Fryzuk, M. D.; Geisbrecht, G. R.; Rettig, S.
J. Can. J. Chem. 2000, 78, 1003.
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dimerize or oligomerize, or to retain molecules of donor
ligand in the metal's coordination sphere. Indeed, this
is also a long standing set of problems for organoyttrium
and organolanthanide chemistry.5 The circumvention of
these problems is mainly a question of ligand choice;
desirable ligands offer enough steric bulk and electron
donation to prevent the aforementioned chemical prob-
lems, but not so much as to shut down organometallic
reactivity. Thus, while some examples of LScR, com-
plexes exist in the literature,® the ligand modifications
necessary to achieve these targets have also resulted
in rather uninteresting compounds from an organome-
tallic reactivity point of view.

We recently turned to the g-diketiminato ligand
framework as a promising template for developing the
organometallic chemistry of the ScR, molecular frag-
ment.” This family of ligands, imine analogues of the
ubiquitous “acac” grouping of ligands, has been known
for some time,® but their coordination chemistry has
only recently begun to be developed. When the nitrogen
substituents are sterically bulky, they are particularly
suited to stabilizing organometallic compounds of Lewis

(5) Bambirra, S.; Brandsma, M. J. R.; Brussee, E. A. C.; Meetsma,
A.; Hessen, B.; Teuben, J. H. Organometallics 2000, 19, 3197 and
references therein.
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Batchilder, S. D.; Zaworotko, M. J.; Young, V. G., Jr. Can. J. Chem.
1997, 75, 702. (b) Fryzuk, M. D.; Giesbrecht, G. R.; Rettig, S. J.
Organometallics 1996, 15, 3329.

(7) Lee, L. W. M.;. Piers, W. E.; Elsegood, M. R. J.; Clegg, W.; Parvez,
M. Organometallics 1999, 18, 2947.

(8) McGeachin, S. G. Can. J. Chem. 1968, 46, 1903.
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acidic metals in group 2,° group 4,9 and group 13.1!
Herein we describe the synthesis of several g-diketimi-
nato-supported bis(hydrocarbyl)scandium derivatives,
where use of 2,6-iPrCgH3 aryl groups on nitrogen offers
adequate steric protection to the metal center. While a
bis-Cp* scandocene derivative containing a -diketimi-
nato ligand has been reported,’?2 the compounds re-
ported here are the first of scandium supported by a
p-diketiminato ancillary ligand.

Results and Discussion

Synthesis and General Properties. The -diketim-
inato ligands employed in this study incorporate the
bulky 2,6-diisopropylphenyl group as the substituent on
nitrogen and differ only in the nature of the backbone
substituent R. The “a” series of compounds utilizes
methyl groups in these positions, while the “b” series
exploits the bulkier tert-butyl group, which renders the
aryl groups more sterically active about the metal center
by pushing them forward and holding them more
upright with respect to the N—C—C—C—N plane of the
ligand.190.13 The lithium salts of these ligands'® may
be used in conjunction with ScCl3-3THF to attach the
p-diketiminato framework to the scandium metal
(Scheme 1). For the methyl-substituted ligand, dichlo-
ride 1a retains one THF donor, while the more sterically
demanding tBu-adorned ligand precludes THF ligation
and the “base-free” dichloride complex 1b is obtained.
This is consistent with the greater steric demands of
the b ligand, as are the somewhat more forcing condi-
tions required to institute this donor into the scandium
coordination sphere.

Dichlorides 1 serve as starting materials for the
preparation of a variety of base-free dialkylscandium
derivatives. Reactions between the dichlorides and 2
equiv of R'Li or PhCH,;MgCl occur under mild conditions
(room temperature, 0.5—2 h) to give the products in
moderate to good yields. Only in one reaction involving

(9) (a) Gibson, V. C.; Segal, J. A.; White, A. J. P.; Williams, D. J. J.
Am. Chem. Soc. 2000, 122, 7120. (b) Bailey, P. J.; Dick, C. M. E.; Fabre,
S.; Parsons, S. J. Chem. Soc., Dalton Trans. 2000, 1655. (c) Caro, C.
F.; Hitchcock, P. B.; Lappert, M. F. Chem. Commun. 1999, 1433. (d)
Chisholm, M. H.; Huffman, J. C.; Phomphrai, K. J. Chem. Soc., Dalton
Trans. 2001, 222.

(10) (a) Qian, B.; Scanlon, W. J.; Smith, M. R., I11. Organometallics
1999, 18, 1693. (b) Budzelaar, P. H. M.; van Oort, A. B.; Orpen, A. G.
Eur. J. Inorg. Chem. 1998, 1485. (c) Kakaliou, L.; Scanlon, W. J.; Qian,
B.; Back, S. W.; Smith, M. R., I11; Motry, D. H. Inorg. Chem. 1999, 38,
5964. (d) Rahim, M.; Taylor, N. J.; Xin, S.; Collins, S. Organometallics
1998, 17, 1315. (e) Lappert, M. F.; Liu, D. S. J. Organomet. Chem.
1995, 500, 203. (f) Hitchcock, P. B.; Lappert, M. F.; Liu, D.-S. 3. Chem.
Soc., Chem. Commun. 1994, 2637. (g) Kim, W.-K.; Fevola, M. J.; Liable-
Sands, L. M.; Rheingold, A. L.; Theopold, K. H. Organometallics 1998,
17, 4541. (h) Vollmerhaus, R.; Rahim, M.; Tomaszewski, R.; Xin, S;
Taylor, N. J.; Collins, S. Organometallics 2000, 19, 2161.
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2000, 1991. (b) Cui, C.; Roesky, H. W.; Schmidt, H.-G.; Noltemeyer,
M.; Hao, H.; Cimposesu, F. Angew. Chem., Int. Ed. 2000, 39, 4274. (c)
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18, 2405.
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Table 1. UV—Vis Data for 1a, 2a, 4a, 5a, and 1b—6b

compd A € compd A €
la 322 3800 1b 358 10 800
2a 318 20 600 2b 366 11 000
4a 348 4300 3b 366 20800
5a 346 28 900 4b 366 11 300
6a 344 19 400 5b 367 22100
6b 370 22 200

the a series, that producing the dimethyl derivative 2a,
is the THF ligand in the starting dichloride retained.
For the dibenzyl, dineopentyl, and bis((trimethylsilyl)-
methyl) examples, the alkyl group is large enough to
preclude THF coordination; compounds 4a—6a are
isolated base-free as formally eight-electron complexes,
assuming the diketiminato ligand donates four electrons
to the scandium center (vide infra). In the tBu-
substituted b series, all of the dialkyl complexes remain
base-free, even when exposed to THF, attesting again
to the greater steric saturation about the metal center
with this ligand. Notably, the diethyl derivative 3b is
also accessible and stable toward decomposition path-
ways involving g-elimination (vide infra).

The compounds are all white to pale yellow solids
which exhibit intense LMCT absorptions in the UV—
visible spectra taken in hexane (Table 1). Maximum
absorptions for five-coordinate compounds la and 2a
are at shorter wavelength than the four-coordinate
species due to the different geometry and greater
electronic saturation at the metal. Anax for the dialkyl
members of the a series is about 10—15 nm lower
(higher energy) than the values for the b series.

The mixed-alkyl derivative L,Sc(CH3)CH,SiMe; (8b)
was prepared via the pathway shown in Scheme 2. A
solution of 1b and 2b in a 1:1 ratio underwent almost
complete comproportionation to give solutions which
were comprised of about 85% of the mixed methyl—
chloro derivative 7b and residual starting materials.
This appears to be an equilibrium ratio, as the addition
of B(CsFs)s as a catalyst'* did not drive the reaction
further toward the mixed species. Alkylation of the

(14) Zhang, S.; Piers, W. E.; Gao, X.; Parvez, M. J. Am. Chem. Soc.
2000, 122, 5499.
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Figure 1. ORTEP diagram of the five-coordinate complex
2a (30% ellipsoids).

mixture with LiCH,SiMe3z gave samples of 8b contami-
nated with 2b and 6b. The mixed-alkyl species 8b could
be obtained about 95% pure via successive recrystalli-
zations; discussion of the solution structure of this
compound is presented below. Interestingly, 8b cannot
be prepared via redistribution between the two dialkyls
2b and 6b, even in the presence of catalytic B(CsFs)s;
evidently, a ligand capable of bridging the scandium
centers is required for this process.

X-ray Crystal Structures. Several of the derivatives
prepared as shown in Scheme 1 have been structurally
characterized.

The structure of the five-coordinate dichloride 1a was
reported in a preliminary account;” the structural
features of the dimethyl congener are comparable, and
an ORTEP diagram of 2a is shown in Figure 1. Table 2
gives selected metrical data for both of these compounds
for comparison; full details for 2a and all of the other
compounds reported herein can be found in the Sup-
porting Information. The scandium center in 2a has a
distorted-trigonal-bipyramidal geometry, with N(1) and
O(1) occupying the apical sites (N(1)—Sc(1)—0O(1) =
175.5(3)°). Perusal of the Sc(1) to ligand atom distances
(bonding distances to N(1) and N(2) and nonbonding
distances to the three carbon atoms) suggests that the
ligand is essentially symmetrically bound to the scan-
dium center; additionally, the five ligand atoms are
virtually coplanar, with the highest deviation from the
plane defined by these atoms being 0.064(8) A for C(6).
The scandium atom sits 0.815 A out of this plane (cf.
0.694 A for 1a), somewhat less than the values for this
parameter observed for the four-coordinate complexes
discussed below. The torsion angles included in Table
2 are an indication as to how “upright” the aryl moieties
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Table 2. Selected Metrical Parameters for
Five-Coordinate Structures la and 2a

param? la 2a
Bond Distances (A)
Sc—N(1) 2.175(4) 2.201(6)
Sc—N(2) 2.107(4) 2.190(7)
Sc—0(1) 2.203(4) 2.228(5)
Sc—E(1) 2.3556(17) 2.210(9)
Sc—E(2) 2.3795(18) 2.245(9)
Sc—C(4) 3.066(5) 3.116(9)
Sc—C(5) 3.327(6) 3.383(9)
Sc—C(6) 3.062(6) 3.098(9)
N(1)—C(4) 1.312(7) 1.337(9)
C(4)—C(5) 1.399(8) 1.385(10)
C(5)—C(6) 1.387(7) 1.414(10)
C(6)—N(2) 1.363(6) 1.311(9)
Bond Angles (deg)
E(1)—Sc—E(2) 131.47(8) 123.8(4)
N(1)—Sc—E(1) 94.85(13) 96.4(3)
N(1)—Sc—E(2) 92.33(12) 93.1(3)
N(2)—Sc—E(1) 104.53(13) 105.9(3)
N(2)—Sc-E(2) 123.79(13) 130.1(3)
N(1)—Sc—N(2) 86.77(17) 85.2(3)
N(1)-Sc—-0(1) 175.31(16) 175.5(3)
N(2)—Sc—0(1) 95.82(16) 93.7(2)
Sc—N(1)—C(4) 121.1(4) 121.5(6)
N(1)—C(4)—C(3) 120.2(5) 119.6(8)
N(1)—C(4)—C(5) 123.5(5) 124.0(8)
C(3)—C(4)—C(5) 116.3(5) 116.4(8)
C(4)—C(5)—C(6) 130.4(5) 129.3(8)
C(5)—C(6)—C(7) 116.3(5) 113.3(8)
C(5)—C(6)—N(2) 122.9(5) 124.7(8)
C(7)—C(6)—N(2) 120.7(5) 122.0(8)
C(6)—N(2)—Sc 122.4(3) 122.6(6)
Torsion Angles (deg)

C(6)—N(2)—C(20)—C(25) 82.2(6) 99.0(9)
C(6)—N(2)—C(20)—C(21) —100.9(6) —81.0(11)
C(4)—N(1)—C(8)—C(9) 90.0(6) 94.1(11)
C(4)—N(1)—C(8)—C(13) —92.6(7) —89.1(10)

2 E = CI for 1a and C for 2a.

c19

Figure 2. ORTEP diagram of the four-coordinate complex
1b (30% ellipsoids).

are with respect to the NCCCN ligand plane. The values
are close to 90(+10)°, indicating that the rings are
essentially perpendicular to the ligand plane.

The molecular structures of the THF-free, four-
coordinate derivatives 1b—4b and 6a,b have also been
determined; ORTEP diagrams of these compounds
showing the structures from various perspectives are
given in Figures 2—7, and Table 3 lists selected metrical
parameters for these complexes. The scandium centers
adoptdistorted-tetrahedral geometrieswherethe N—Sc—N
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Figure 3. ORTEP diagram of the four-coordinate complex
2b (30% ellipsoids). Only the ipso carbons of the N aryl
groups are shown for clarity.

C38

Figure 4. ORTEP diagram of the four-coordinate complex
3b (30% ellipsoids). Only the ipso carbon of the forward N
aryl group is shown for clarity.

angles are ~92—96° for the b series complexes and are
about 4—5° less at 90.71(4)° for 6a. The widening of the
N—Sc—N angle in the tBu-substituted compounds is a
compensation for the increased steric interaction be-
tween the bulky aryl groups and the scandium alkyl
ligands in the b series caused by the larger C(4)—N(1)—
C(8) and C(6)—N(2)—C(20) angles (by ~4—7°) compared
to those in 6a. C(1)—Sc—C(2) angles hover around the
ideal tetrahedral angle of 109°, and the bond distances
to scandium are typical of Sc—N, Sc—C, or Sc—Cl single
bonds.3 For the diethyl derivative 3b (Figure 4) large
Sc—C(1)—C(38) and Sc—C(2)—C(39) angles of 119.4(5)
and 129.0(5)°, respectively, suggest that s-agostic in-
teractions are absent. Similarly, normal Sc—C(1)—C(38)
and Sc—C(2)—C(44) angles of 127.0(4) and 115.3(5)° in
the dibenzyl compound 4b (Figure 5) argue against any
n? bonding of these ligands to scandium.

In all of these compounds, the scandium atom is
situated out of the ligand plane significantly (by ~1.1—
1.25 A; see Table 3), rendering the alkyl or chloride
substituents inequivalent. In this paper and others,®

(15) Knight, L. K.; Piers, W. E.; McDonald, R. Chem. Eur. J. 2000,
6, 4322.
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C36

Figure 5. ORTEP diagram of the four-coordinate complex
4b (30% ellipsoids). Only the ipso carbons of the N aryl
groups are shown for clarity.

C28

Figure 6. ORTEP diagram of the four-coordinate complex
6a (30% ellipsoids).

Figure 7. ORTEP diagram of the four-coordinate complex
6b (30% ellipsoids).

we refer to the substituent which occupies the site
“underneath” the fS-diketiminato ligand as the endo
group, while the other is defined as the exo site; the
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Table 3. Selected Metrical Parameters for Four-Coordinate Structures 1b—4b and 6a,b

param? 1b 2b 3b 4b 6a 6b
Bond Distances (A)
Sc—N(1) 2.046(6) 2.1029(10) 2.125(5) 2.091(5) 2.1130(10) 2.091(5)
Sc—N(2) 2.099(6) 2.1451(10) 2.118(5) 2.118(5) 2.1320(10) 2.144(5)
Sc—E(1) 2.352(3) 2.2197(15) 2.244(6) 2.265(6) 2.2446(13) 2.229(7)
Sc—E(2) 2.326(3) 2.2219(16) 2.204(6) 2.203(7) 2.1954(14) 2.202(7)
Sc—C(4) 2.628(7) 2.7289(12) 2.777(7) 2.722(7) 2.8732(12) 2.808(7)
Sc—C(5) 2.700(7) 2.8775(12) 2.832(6) 2.796(7) 3.0793(13) 2.934(7)
Sc—C(6) 2.738(7) 2.8770(12) 2.767(7) 2.796(7) 2.9176(12) 2.890(7)
N(1)—C(4) 1.333(9) 1.3622(15) 1.318(6) 1.361(8) 1.3417(16) 1.349(8)
C(4)—C(5) 1.433(10) 1.3962(16) 1.418(7) 1.399(8) 1.4049(17) 1.400(9)
C(5)—C(6) 1.422(10) 1.4475(16) 1.423(7) 1.431(9) 1.4188(17) 1.447(8)
C(6)-N(2) 1.319(9) 1.3127(15) 1.338(7) 1.325(8) 1.3288(16) 1.325(7)
N2Cjs plane—Sc 1.295(6) 1.2621(12) 1.240(5) 1.244(4) 1.1152(14) 1.146(6)
Bond Angles (deg)
E(1)—Sc—E(2) 115.00(12) 109.46(6) 117.6(3) 114.4(3) 114.84(5) 109.4(3)
N(1)—Sc—E(1) 113.5(2) 110.80(5) 111.4(2) 109.7(2) 117.18(5) 119.3(2)
N(1)—Sc—E(2) 112.2(2) 123.27(6) 109.2(2) 105.7(3) 107.58(5) 105.3(3)
N(2)—Sc—E(1) 116.0(2) 112.64(5) 113.2(2) 123.9(2) 113.12(5) 120.2(2)
N(2)—Sc—E(2) 102.2(2) 107.17(5) 108.9(2) 105.6(3) 110.91(5) 107.3(2)
N(1)—Sc—N(2) 95.9(2) 92.20(4) 94.00(16) 94.7(2) 90.71(4) 93.5(2)
Sc—N(1)—C(4) 100.0(5) 101.77(7) 105.1(3) 102.0(4) 110.55(8) 107.4(4)
C(6)—N(2)—Sc 104.2(5) 110.28(8) 104.1(3) 106.3(4) 112.86(8) 110.6(4)
N(1)—C(4)—C(3) 126.4(8) 124.60(10) 126.8(5) 125.2(6) 119.86(11) 124.6(6)
N(1)—C(4)—C(5) 120.0(8) 121.33(11) 121.2(5) 120.3(6) 123.53(11) 120.9(6)
C(3)—C(4)—C(5) 113.0(8) 113.71(10) 111.9(5) 114.2(6) 116.61(11) 114.2(6)
C(4)—C(5)—C(6) 134.8(8) 133.43(11) 136.4(5) 136.1(7) 130.74(12) 134.7(6)
C(5)-C(6)—C(7) 112.6(7) 113.28(10) 113.4(5) 112.6(6) 115.39(11) 112.0(6)
C(5)-C(6)—N(2) 119.7(8) 119.23(10) 120.5(5) 120.0(6) 123.28(11) 120.2(6)
C(7)—C(6)—N(2) 127.7(8) 127.50(10) 125.9(5) 127.4(6) 121.33(11) 127.8(6)
C(4)-N(1)—C(8) 125.3(7) 124.47(10) 125.6(5) 124.4(6) 120.06(10) 125.5(5)
C(6)—N(2)—C(20) 126.9(7) 127.52(10) 127.4(5) 127.5(5) 120.73(10) 126.3(6)
Torsion Angles (deg)
C(6)—N(2)—C(20)—C(25) 95(1) 98.31(15) 89.3(7) 98.2(8) 99.9(1) 94.2(8)
C(6)—N(2)—C(20)—C(21) —92.0(10) —87.90(15) —95.4(7) —88.8(9) —83.5(1) —91.5(9)
C(4)—N(1)—C(8)—C(9) 115.1(9) 124.69(13) 104.1(7) 110.7(8) 109.5(2) 105.7(7)
C(4)—N(1)—C(8)—C(13) —69.6(11) —59.56(16) —80.8(7) —74.3(9) —74(2) —82.0(8)
aE = Cl for 1b and C for 2b—4b and 6a,b.
differences are best illustrated by the view of 3b shown Chart 1

in Figure 4 and that of 4b in Figure 5.

Several factors can potentially contribute to the extent
to which out-of-plane bonding is present in these
p-diketiminato complexes. For example, some authors
have invoked a six-electron #°-bonding mode to account
for out-of-plane bonding modes in the group 4 metal
coordination chemistry of these ligands, in analogy with
n°-pentadienyl complexes.’® However, a DFT treatment
of the bonding of these ligands to Cu(l) centers recently
presented by Tolman and Solomon et al.16 suggest that
a description akin to that found in 7°-pentadienyl
bonding is not applicable. Tolman and Solomon show
that five occupied orbitals are associated with the
p-diketimide ligand (Chart 1). In this orbital set, the
2bl, 1la2, and 1bl orbitals are out-of-plane & orbitals
which could function as donors in “pentadienyl-like”
bonding to a metal, while the two in-plane orbitals (5b2
and 6al) are associated with the nitrogen lone pairs.
In principle, then, the g-diketimide ligand can function
as a 10-electron donor; in practice, the out-of-plane 1a2
and 1bl orbitals are low in energy and do not figure
into the ligand—metal bonding picture significantly. The
majority of the bonding occurs through the in-plane
orbitals 5b2 and 6al, which form o-bonds to the metal
center; such in-plane bonding means that the ligand
functions as a 4-electron donor.1” The flexibility of the

Relative

Energies
2b1 E

@ 5b2 ’(l'
@ 6a1 "’
W 122" (N-aryl orbitais)

11

ligand backbone and the o-symmetry of these orbitals
allow metals to move out of the ligand plane without

(16) Randall, D. W.; DeBeer George, S.; Holland, P. L.; Hedman,
B.; Hodgson, K. O.; Tolman, W. B.; Solomon, E. L. 3. Am. Chem. Soc.
2000, 122, 11632.

(17) In another DFT treatment of LM—R cations (M = Ti, V, Cr),
in-plane bonding was determined to be the ground-state bonding
mode: Deng, L.; Schmid, R.; Ziegler, T. Organometallics 2000, 19, 3069.
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significant disruption of these bonding interactions, but
potentially turning on w-bonding interactions between
the 2bl ligand orbital and an orbital of appropriate
symmetry on the metal. This out-of-plane 2bl orbital
is associated with the two ligand nitrogens and the
central ligand backbone carbon. Indeed, those structures
which have been described as 7° structures for Ti and
Zr complexes are characterized by a significant pucker-
ing of this central backbone carbon toward the metal,
suggesting a 6-electron, 20—x bonding description is
most appropriate. For the present scandium complexes,
although they are electron-deficient, the rather long
distances from the scandium center to the ligand
backbone carbons C(4), C(5), and C(6) and the lack of
distinct puckering of C(5) toward the Sc center (Table
3) suggest that a tendency toward a 2o—x bonding mode
is not the overriding cause of scandium’s deviation from
the ligand plane in these complexes.

Another potential contributing factor to out-of-plane
bonding could be the size of the metal ion the g-diketim-
inato ligand is chelating. If the metal ion is too large
for the ligand’s maximum bite angle, it could alleviate
the situation by popping up out of the ligand plane. This
phenomenon accounts for out-of-plane binding of metals
with an ionic radius >1.0 A in porphyrin compounds?8
or the extent to which metals deviate from the N4 plane
in related tmtaa complexes.’® While we do not observe
any in-plane bonding to scandium in this series of
compounds, the ionic radius of Sc3* is similar to that of
Zr4+, for which several 2 o-bound S-diketiminato ligand
complexes have been characterized,%¢dh suggesting
that, in principle, f-diketiminato ligands can accom-
modate relatively large metal ions.

In light of the above discussion, it appears the most
important factor dictating the adoption of an out-of-
plane bonding mode is the steric interaction between
the N-aryl groups and the other substituents on the
metal. Several four-coordinate complexes of ligand a
with metal ions ranging from Ti and V(I11)1% to Cu-
(11)1620 and Zn(11)%* and into the p block with AI(I11)1!
have been structurally characterized, and all assume
the out-of-plane bonding mode to varying degrees.
Interestingly, in lower coordinate complexes of this
ligand, in-plane postures are assumed.9:100.22

To our knowledge, the complexes reported herein are
the first four-coordinate compounds of the more steri-
cally demanding ligand b which have been prepared and
structurally characterized.?® The successful preparation
of 1b stands in contrast to the failed attempts to attach
this ligand to Ti(111) or V(111);1% evidently the slightly
larger effective ionic radius of Sc(l11) compared to the
Ti(111) and V(I11) ions?* is enough to allow for complex-
ation. While the Sc(l11) ion can be accommodated by this
ligand, the unfavorable interactions between the aryl

(18) Brothers, P. J. Adv. Organomet. Chem. 2000, 46, 223.

(19) Cotton, F. A.; Czuchajowska, J. Polyhedron 1990, 21, 2553.

(20) Holland, P. L.; Tolman, W. B. J. Am. Chem. Soc. 2000, 120,
6331.

(21) (a) Cheng, M.; Lobkovsky, E. B.; Coates, G. W. J. Am. Chem.
Soc. 1998, 120, 11018. (b) Cheng, M.; Attygalle, A. B.; Lobkovsky, E.
B.; Coates, G. W. J. Am. Chem. Soc. 1999, 121, 11583.

(22) Holland, P. L.; Tolman, W. B. 3. Am. Chem. Soc. 1999, 121,
7270.

(23) Budzelaar, who introduced ligand b, has reported its three-
coordinate lithium salt (THF adduct), which assumes an in-plane
bonding mode.

(24) Shannon, R. D. Acta Crystallogr. 1976, A32, 751.
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Table 4. Internal Comparison of Ligand Bond
Distances (A) for Four-Coordinate Dialkyl
Complexes LScR;

2b 6b 4b 6a 3b

Sc—N(2)  2.1451(10) 2.144(5) 2.118(5) 2.1320(10) 2.118(5)
Sc—N(1)  2.1029(10) 2.091(5) 2.091(5) 2.1130(10)  2.125(5)
A 0.0422 0.053  0.027  0.019 —0.007

N(1)—C(4) 1.3622(15) 1.349(8) 1.361(8) 1.3417(16) 1.318(6)
N(2)-C(6) 1.3127(15) 1.325(7) 1.325(8) 1.3288(16)  1.338(7)

A 0.0495 0.024 0.036 0.0129 —0.02

C(5)—-C(6) 1.4475(16) 1.447(8) 1.431(9) 1.4188(17) 1.423(7)
C(4)-C(5) 1.3962(16) 1.400(9) 1.399(8) 1.4049(17)  1.418(7)
A 0.0513 0.047 0032  0.0139 0.005
Sc—C(6)  2.8770(12) 2.890(7) 2.796(7) 2.9176(12)  2.767(7)
Sc—C(4)  2.7289(12) 2.808(7) 2.722(7) 2.8732(12) 2.777(7)
A 0.1481 0.082 = 0.074  0.0444 -0.01

isopropyl groups and the metal substituents cause the
metal to assume its position out of plane. As the metal
dips below the ligand plane, the N-aryl groups tilt
upward, allowing the N—Sc ¢ bonding interactions to
be maintained. This structural perturbation alleviates
steric interactions by permitting the isopropyl groups
on the side of the ligand plane opposite the metal to
rotate inward toward the metal, above the exo R group.
The isopropyl groups on the same side of the metal
center rotate away from the endo substituent. This
phenomenon is best illustrated by the view of 6b in
Figure 7. When another ligand is present on scandium,
as in the five-coordinate compounds 1a and 2a, the aryl
groups cannot rotate in this fashion without encounter-
ing the fifth ligand and the deviation of scandium from
the ligand plane is less (~0.69 A) in these complexes.

Close inspection of the metrical parameters associated
with the ligand backbone reveals that contributions to
the ground-state structure from an amido—imide reso-
nance structure (Il; Scheme 3) in addition to the
symmetric, delocalized resonance contributor I may be
significant. Bond distances within the ligands for the
dialkyl complexes suggest that bonding of the ligand to
the metal is not entirely symmetrical for some of the
compounds. As Table 4 shows, the phenomenon is most
extreme for the dimethyl derivative 2b and least
pronounced for diethyl complex 3b. For 2b, the Sc—N(1)
distance is slightly shorter than the Sc—N(2) distance
and N(2)—C(6) and C(4)—C(5) are shorter than N(1)—
C(4) and C(5)—C(6), respectively, indicating an alternat-
ing, more localized distribution of electrons in the
ligand. The ligand “plane” is also somewhat disrupted;
C(6) deviates significantly by 0.321 A from the plane
defined by the other four ligand atoms, which are
essentially coplanar. This is seen most clearly in the
view of 2b given in Figure 3. The distortions within the
ligands diminish as one progresses across Table 4; for
the last entry, 3b, the ligand is more symmetrically
bound to the metal center, indicative of a delocalized
electron distribution. The extent to which I1 contributes
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Table 5. 'TH NMR Data for LSc(CH;R), Complexes?

compd H.b R.¢ ArH CH iPrd CH3 iPr Sc—CH; R
la® 5.32 1.65 7.21 3.56 1.17,1.39
1b 6.01 1.17 7.05 3.10 1.26, 1.43
2af 5.06 1.67 7.16 3.45 1.20, 1.40 —0.15
2b 5.85 1.21 7.25 3.52 1.41, 1.47 0.11
3b 5.70 1.13 7.26 3.38 1.43, 1.50 0.329 1.25
4a 5.01 1.58 7.15 3.08 1.06, 1.22 2.10 6.70—7.16
4b 5.62 1.04 7.12 2.50, 3.65 1.18,1.23 2.12 6.70—7.20
5a 5.00 1.63 7.16 3.47 1.17, 1.47 0.87 1.03
5bh 5.58 1.11 7.00—7.20 2.86,4.12 1.23,1.23,1.46, 1.74 0.75,0.78 1.35
6a 5.00 1.59 7.16 3.31 1.16, 1.44 0.18 0.08
6b 5.68 1.10 7.07 2.70, 3.95 1.20, 1.75 0.00 0.13
7b 5.87 1.10 6.99—7.07 3.15, 3.43 1.27,1.37,1.37, 1.46 0.16
8b 5.73 1.09 6.97—7.10 3.12,3.55 1.27,1.30,1.32,1.48 —0.08, —0.09 0.00
eX0ne-8bl 5.69 1.05 6.85—7.09 2.87,3.91 1.18,1.38,1.73, 1.74 0.12, 0.03 0.09
endope-8bi 5.74 1.03 6.85—7.09 2.73,3.79 1.18,1.34, 1.46, 1.69 0.12,0.01 0.50

a Spectra accumulated in CgDs and at room temperature unless otherwise noted. P Ligand backbone proton. ¢ Ligand backbone
substituent:, a, Ry = CHs; b, Ry = 'Bu. 9 Jy_y = 6.8(1) Hz. ® Coordinated THF resonances at 1.49 and 3.48 ppm. f Coordinated THF
resonances at 1.23 and 3.40 ppm. 9 Jy—n = 8.20 Hz. " Solvent C;Dg, T = 242 K. ' CH3. I Solvent C;Ds, T = 200 K.

Table 6. 13C{*H} NMR Data for LSc(CH;R), Complexes?

COmpd Cus Cs Cipso Car Cpyi RLb Sc—-C R

la° 162.3 99.8 1433 124.2,126.6, 143.3 24.7,25.0, 28.6 24.4

1b 1743 90.8 142.8 124.3,127.0,141.1 24.4,26.9,29.9 44.7,32.3

2ad 167.8 96.1 143.0 124.4,126.9, 142.7 25.2,25.4,28.6 241 24.8

2b 1741 92.7 1434 124.2,126.1,141.1 24.5,26.9, 29.7 446,326 27.6

3b 1742 925 143.8 124.2,126.0, 1415 26.6, 26.7, 29.2 44.7,32.4  40.8 13.2

4a 1679 95.7 143.2 124.7,126.9, 142.2 24.8,24.9, 28.8 24.2 61.6 149.3, 120.3, 124.9, 129.6

4be 1748 91.3 143.2 124.7,125.1,126.9,141.2, 24.6,253,26.2,27.0, 45.0,32.3 575,643 151.6,149.0,128.5, 128.7,
141.9 28.9,29.8 126.0, 125.2,119.8, 119.7

5a 167.1 943 143.0 124.6,126.8,142.3 25.0, 25.3, 28.8 24.6 72.3 35.4,34.9

5bf 1749 93.0 1442 124.7,125.1,126.7,141.9, 25.1,25.6,26.7,27.5  453,33.0 69.9,755 35.6,35.3, 36.6,35.4
142.3 28.8,29.9

6a 167.9 957 1418 124.7,127.1,142.6 24.9,25.7, 28.6 24.4 44.9 3.4

6bd 175.6 93.6 143.2 124.7,125.1,127.0,142.0, 24.7,25.4,26.5,628.4, 44.8,32.7 41.8,48.7 34,47
142.4 28.8,29.4

7b 1742 921 143.0 124.1,124.3,126.6, 141.1, 24.gé214.§.é276.3, 26.6, 446,322 258

8b 1745 93.3 143.2 1245,124.6,127.0,141.2, 24.4,24.6,25.1,26.6, 44.7,323 273,455 3.9
141.8 27.0,29.6

a Spectra accumulated in CgDg or C7Dg and at room temperature, unless otherwise noted. P For the b series, the values are for the
quaternary and primary 'Bu carbons, respectively. ¢ Coordinated THF resonances at 67.0 and 24.8 ppm. 9 Coordinated THF resonances

at 67.0 and 24.8 ppm. ¢ T =265 K. fT =242 K. 9 T = 233 K.

to the structure thus does not appear to correlate well
with the steric properties of the alkyl group and the
energetic difference between | and 11 is likely small.
Solution Structures and Dynamic Behavior.
Solution NMR spectra for the dialkyl structures dis-
cussed above should be reflective of the low symmetry
inherent to the out-of-plane bonding mode observed.
Because rotation of the N-aryl groups is precluded due
to the steric properties of these ligands, the isopropyl
methyl groups pointing inward at the metal are in
different chemical environments than those directed
away from the molecular core, and two signals would
be expected for an in-plane solution structure. As the
metal deviates from the ligand plane, “top—bottom”
asymmetry is introduced and four separate doublets for
the isopropyl methyl groups would be predicted. Also,
distinct resonances for the two different (endo and exo)
alkyl substituents would be expected for this structure.
Tables 5 and 6 give the 'H and 13C{H} NMR data
for all of the dialkyl derivatives reported herein, as well
as the two dichloride precursors. As can be seen, for
most of these compounds, spectra consistent with a
symmetrical, in-plane structure are observed at room
temperature. For bis((trimethylsilyl)methyl) complex
6b, however, the 'TH NMR spectrum at room tempera-
ture is broad and featureless, a manifestation of dy-
namic behavior. Indeed, variable-temperature spectros-

copy on these complexes reveals coalescence behavior
consistent with equilibration of two equivalent out-of-
plane structures via a C,, symmetric, in-plane transition
state. Figure 8 shows an illustrative series of spectra
using 3b as an example; the proposed fluxional process
is also depicted. In the fast-exchange regime, the ethyl
groups are equivalent, and only one and two resonances
are observed for the isopropyl methine and methyl
groups, respectively. As the sample is cooled, signals for
the now inequivalent ethyl groups emerge and the
pattern for the ligand isopropyl moieties morphs into
what would be expected for a structure akin to that
found in the solid state as discussed above. The barrier
for this process can be extracted from the NMR data;?®
a AG* value of 10.6(5) kcal mol~! at the coalescence
temperature of 240 K was measured for the diethyl
compound 3b.

The barriers for this process in each of the four-
coordinate compounds was measured using variable-
temperature 'H NMR spectroscopy, and the results are
shown in Table 7. In addition, barriers normalized to
298 K are given. Although there are some anomalies,
generally the barriers track the steric bulk of R, with
higher barriers observed as R gets larger. This is

(25) Sandstrém, J. Dynamic NMR Spectroscopy; Academic Press:
New York, 1982.



2540 Organometallics, Vol. 20, No. 12, 2001

+Bu
FPr-CH,

2 Ay
S .n‘]z\R

FPrCH '\1 B
LA
A szt
10.6(5) keal moi™ u
)

303°K

263'K

240°K
228°K
FPr-CH
P a
215K , x ‘
4 3 2 1 ey

Figure 8. Representative series of *H NMR spectra of
diethyl complex 3b (400 MHz, C;Dg), depicting the coales-
cence behavior of the spectrum and the postulated dynamic
process accounting for this behavior.

Table 7. Free Energies of the Fluxional Process in
LScR>

compd R Tc(K) AG¥*2(kcal mol™t)  AGHorm”
4a CH,Ph 187 8.2¢ 5.2¢
5a CH,CMes 275 12.3 11.4
6a CH,SiMes 210 9.5 6.7
1b Cl 263 12.3 10.8
2b CH3 213 9.6 6.9
3b CH,CH3 240 10.6 8.6
4b CH,Ph 298 13.4 13.4
5b CH,;CMes 242 10.7 8.7
6b CH,SiMes 303 13.7 13.9

aIn kcal mol=1. b In kcal mol~%, normalized to 298 K. ¢ Upper
limit due to inability to observe the low-temperature-limit spec-
trum of 4a.

consistent with the notion that the ScR, fragment
deviates from the NCCCN ligand plane in order to avoid
steric interactions with the aryl isopropyl groups (vide
supra). The anomalous values (e.g. those found for 4a
and 1b) imply that electronic factors are also playing a
role in determining the barrier to the process. Interest-
ingly, in the related complex L,Sc(TeCH,SiMes),, where
the two scandium substituents are z-donating and
bulky tellurolate ligands, the barrier to their equilibra-
tion cannot be measured via this technique and a static
out-of-plane structure is also observed at room temper-
ature in solution.1®

The NMR spectra for the mixed-ligand derivatives 7b
and 8b exhibit aryl isopropyl resonance patterns ex-
pected on the basis of the now broken top—bottom
symmetry, even in the averaged structure. These com-
pounds undergo a related dynamic process which ex-
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changes diastereomeric rather than equivalent struc-
tures (Scheme 4). Assamplesof 8b are cooled, coalescence
behavior is observed (255 K) and signals for the two
isomers exome-8b and endoye-8b emerge at 210 K; the
isomers are present in a 2.8:1 ratio. The assignment of
the major species as the exoye diastereomer was made
on the basis of a low-temperature ROESY experiment,
which clearly showed correlation between the methyl
group and the lower isopropyl methine group pointing
inward toward the exo position in the major isomer.
Because of this relatively close contact, the exo position
is the most sterically crowded, and positioning of the
larger CH,SiMe3; group in the endo site is favored on
this basis.

The four-coordinate dialkyl complexes are somewhat
thermally unstable in benzene solution, initially under-
going a metalation process with one of the C—H bonds
of an aryl isopropyl group and eliminating 1 equiv of
R—H (Scheme 5). For dialkyls in the a series, further
ill-defined processes compete with the metalation at
later stages of the reaction, but in the b series, meta-
lation to compounds 9b—13b is relatively clean. Because
of lowered symmetry, the 'H NMR spectra for these
compounds are complex, exhibiting seven doublets for
the isopropyl methyl groups and four multiplets for the
methines. For compounds 10b—13b, a diagnostic AB
quartet (3Jun = 11—12 Hz) for the diastereotopic Sc—
CH2R protons of the remaining unmetalated alkyl group
appears upfield of 0 ppm (this signal is at 2.12 ppm for
11b). An X-ray structural analysis of 13b was carried
out, and while the data were not refinable to an
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Figure 9. (A) First-order kinetic plots for the metalation
of 6b to produce 13b and SiMe, at various temperatures.
The complete data set for the run at 30 °C is not shown in
the figure; this run took over 80 000 s to go to 5 half-lives.
(B) Eyring plot of the temperature dependence of the rate
constants.

acceptable level, analysis did confirm the connectivity
of this compound as formulated.

The metalation process for bis((trimethylsilyl)methyl)
derivative 6b was monitored quantitatively by 1H NMR
spectroscopy; these studies indicate that the process is
first order in the dialkyl species, consistent with an
intramolecular reaction. The reaction was followed at
various temperatures (Figure 9A), and an Eyring plot
(Figure 9B) allowed for extraction of the activation
parameters AH* = 19.7(6) kcal mol~! and AS* = —17-
(2) cal mol~1 K1, The AH* value compares well to that
found for the o-bond metathesis reaction between dzo-
Cp*2ScCH3 and CeHg (AH* = 18.9(2) kcal mol=1).26
However, the AS* value is more negative than one would
expect for an intramolecular reaction (cf. the value of
—23(2) cal mol~t K1 found for AS* in the intermolecular
reaction). Perhaps the fluxionality of these complexes
contributes to the more negative activation entropy
observed.

For the ligand a series of compounds, the metalation
process was not as clean as for the b series. At the
higher temperatures required to induce metalation in
the a series, other decomposition processes complicate
the situation somewhat; however, semiquantitative
estimates of the half-lives of these reactions are obtain-
able (Table 8). In general, the THF-free complexes
incorporating ligand a are more resistant to metalation
than those of the b series. For example, when solutions
of 6a and 6b are heated at 360 K (concentration 4.16 x

(26) Thompson. M. E.; Baxter, S. M.; Bulls, A. R.; Burger, B. J,;
Nolan, M. C.; Santarsiero, B. D.; Schaefer, W. P.; Bercaw, J. E. J. Am.
Chem. Soc. 1987, 109, 203.
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Table 8. Half-Lives and kypsq (Calculated) for
Metalation Reactions

compd R T (K) ti2 (h) Kobsd (57%)
4a CH2Ph 360 7.2 2.68 x 1075
ba CH2CMes 360 0.37 5.32 x 104
6a CH2SiMes3 360 3.8 5.09 x 1075
6b CH.SiMe; 360 0.13 1.47 x 1073
2b CH3 333 0.53 3.59 x 104
3b CH,CH3 333 0.15 1.34 x 1073
4b CH,Ph 333 11.7 1.65 x 1075
5b CH2CMes 333 0.33 5.86 x 1074
6b CH,SiMes3 333 1.6 1.22 x 10~

1073 M), the observed half-lives are ~3.8 h and 8 min,
respectively. Much precedence exists for the notion that
steric crowding about a metal center favors metalation
processes,?’” and this observation is another manifesta-
tion of the significantly higher steric impact of the b
ligand vs that of the a donor. Given the complex
interplay of steric and electronic effects on the fluxion-
ality observed for these compounds (vide supra) and
likely on the energetics of the o-bond metathesis transi-
tion state, meaningful conclusions regarding the trends
observed within each series are difficult to come by.
However, the almost complete lack of correlation be-
tween the observed barriers to endo/exo ligand exchange
and the rates of metalation suggest that metalation does
not occur from the in-plane C,, structure. Interestingly,
when the mixed-alkyl complex 8b is induced to undergo
metalation at 75 °C, methane elimination to produce
13b is preferred over loss of SiMe, to give 9b by an 8:1
margin (Scheme 5). We speculate that the metalation
transition state occurs from an out-of-plane structure
and preferentially involves loss of the exo alkyl sub-
stituent. In fact, as many of the ORTEP diagrams in
Figures 2—7 show, the exo alkyl group is closely
proximal to the lower isopropyl groups, facilitating
metalation from this structure.

As the only example in the series which contains
B-hydrogen-containing alkyl groups, diethyl derivative
3b deserves special comment. Although alternate mecha-
nistic possibilities involving B-hydride elimination?8 or
abstraction? in the metalation chemistry observed for
diethyl complex 3b are feasible, it appears that meta-
lation via direct o-bond metathesis is operative for this
derivative as well. This is indicated by the results of
the metalation of djo-3b, specifically deuterated in the
ethyl groups. When this compound was allowed to
undergo metalation, only ds-10b was observed in the
2H NMR spectrum, as indicated by two signals appear-
ing at 0.6 and —0.6 ppm (integrating in a 3:2 ratio) in
the 2H{!H} NMR spectrum. Also produced was CDs-
CD,H (identified in the 'H NMR spectrum). If this
reaction proceeded, for example, by initial s-elimination
of CD3CDs, followed by metalation of the resulting
scandacyclopropane, d4-10b would have been expected.
Interestingly, the only other LSc(CH>CH?3), reported in
the literature® also appeared to be immune to S-elimi-
nation pathways.

(27) (a) Constable, E. C. Polyhedron 1984, 3, 1037. (b) lbers, J. A.;
DiCosimo, R.; Whitesides, G. M. Organometallics 1982, 1, 13.

(28) Burger, B. J.; Thompson, M. E.; Cotter, W. D.; Bercaw, J. E. J.
Am. Chem. Soc. 1990, 112, 1566.

(29) By analogy to the loss of butane/1-butene from Cp,Zr("Bu),: (a)
Negishi, E.-1.; Takahashi, T. Acc. Chem. Res. 1994, 27, 124. (b)
Dioumaeyv, V. K.; Harrod, J. F. Organometallics 1997, 16, 1452.
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Summary and Conclusions. Facile routes to base-
free dialkyl derivatives have been developed, opening
up opportunities to study the organoscandium chemistry
of these species in detail. Several structural determina-
tions have shown that the g-diketiminato ligand frame-
work, equipped with bulky 2,6-iPrCgHs; groups, is well-
suited tothe stabilization of lower coordinate, electronically
unsaturated ScR; fragments. These compounds exhibit
complex solution behavior that can be understood in
terms of a dynamic process by which out-of-plane
bonding modes are equilibrated via an in-plane transi-
tion state. Although these highly electrophilic species
undergo intramolecular metalation reactions, eliminat-
ing RH, in solution, these processes are slow enough
on the chemical time scale that the organometallic
chemistry of these compounds is rich.*®> In particular,
this ligand can be viewed as a monoanionic version of
the successful diamido ligand set employed by McCon-
ville in living titanium olefin polymerization catalysts,3°
and we have shown that stable scandium alkyl cations
can be generated via reaction of compounds 4a,” 2b, and
6b with the strong organometallic Lewis acid B(CgFs)3.%!
We are also exploring new, more metalation resistant
p-diketiminato ligands.

Experimental Section

General Procedures. All operations were performed under
a purified argon atmosphere using glovebox or vacuum-line
techniques. Toluene, hexane, and THF solvents were dried and
purified by passing through activated alumina and Q5 col-
umns.3? NMR spectra were recorded in dry, oxygen-free C¢Ds,
unless otherwise noted. *H, ?H, 13C{*H}, HMQC, ROESY, and
COSY NMR experiments were performed on Bruker AC-200,
AMX-300, and WH-400 or Varian 200 MHz spectrometers.
Data are given in ppm relative to solvent signals for *H and
13C spectra. UV spectra were obtained on a Hewlett-Packard
Model 8452A diode array spectrophotometer interfaced to a
PC computer in hexanes solutions with concentrations between
1 x 107%and 1 x 10~* M. Elemental analyses were performed
by Mrs. Dorothy Fox of this department. The ligands HL% (L
= ArNC(R)CHC(R)NAr, where Ar = 2,6-iPr-C¢Hz and R =
CH3, BuY), and benzylpotassium?® were prepared by literature
procedures. The protio ligands were converted to their lithium
salts by treatment with n-BuL.i in hexanes. All other materials
were obtained from Sigma-Aldrich and purified according to
standard procedures.

Synthesis of [ArNC(CH3)CHC(CH3)NAr]ScCl THF (1a).
Toluene (20 mL) was condensed into an evacuated flask
containing LiL (3.50 g, 8.26 mmol) and ScCl;-3THF (3.03 g,
8.26 mmol) at —78 °C. The mixture was heated with stirring
at 85 °C for 16 h. The reaction mixture was hot-filtered to
remove LiCl and the toluene removed in vacuo. Trituration of
the residue with hexanes followed by filtration led to isolation
of pure 1a as a pale yellow solid (3.23 g, 5.34 mmol, 65%). Anal.
Calcd for Cs3H49N2Cl,OSc: C, 65.44; H, 8.15; N, 4.63. Found:
C, 65.35; H, 8.71; N, 4.61.

Synthesis of [ArNC(But)CHC(BuUt)NAr]ScCl, (1b). A
thick-walled reactor bomb equipped with a Kontes valve was
charged with LiL (5.70 g, 11.2 mmol) and ScCl3-3THF (4.70 g,

(30) Scollard, J. D.; McConville, D. H.; Payne, N. C.; Vittal, J. J.
Macromolecules 1996, 29, 5241.

(31) Piers, W. E.; Hayes, P. G.; Clegg, W. Abstracts of OCOP 2000,
Organometallic Catalysts and Olefin Polymerization, June 18—22,
2000, Oslo, Norway.

(32) Pangborn, A. B.; Giardello, M. A; Grubbs, R. H.; Rosen, R. K.;
Timmers, F. J. Organometallics 1996, 15, 1518.

(33) Schlosser, M.; Hartmann, J. Angew. Chem., Int. Ed. Engl. 1973,
12, 508.
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12.8 mmol) and evacuated. Toluene (300 mL) was condensed
into the vessel, which was then sealed and heated to 110 °C
for 3 days. The mixture was then cannula-transferred to a
swivel frit apparatus. A hot filtration to remove the salts was
performed, followed by removal of toluene and trituration with
hexanes to give 1b in 77% yield as a pale yellow solid (5.35 g,
8.66 mmol). Anal. Calcd for C3sHs3N2Cl,Sc: C, 68.06; H, 8.65;
N, 4.54. Found: C, 68.54; H, 7.98; N, 4.92.

Synthesis of [ArNC(CH3)CHC(CH3)NAr]Sc(CHs) THF
(2a). Hexanes (10 mL) and THF (10 mL) were condensed into
an evacuated flask containing la (0.390 g, 0.640 mmol) and
solid methyllithium (0.028 g, 1.28 mmol) at —78 °C. The yellow
mixture was warmed gradually to room temperature and
stirred for 1 h before removal of the solvent mixture under
reduced pressure. The residue was suspended in toluene and
filtered. The filtrate was concentrated, and hexanes were
added to induce crystallization of the product. Cold filtration
(=30 °C) gave 2a (0.120 g, 0.198 mmol, 31%). Anal. Calcd for
CssHssN0Sc: C, 74.43; H, 9.82; N, 4.96. Found: C, 72.52; H,
9.70; N, 4.98. Repeated attempts consistently gave low carbon
analyses for this compound.

Synthesis of [ArNC(But)CHC(BUY)NAr]Sc(CHs). (2b).
Toluene (30 mL) was condensed into an evacuated flask
containing 1b (1.00 g, 1.62 mmol) and solid methyllithium
(0.132 g, 6.00 mmol) at —78 °C. The resultant mixture was
warmed slowly to room temperature and stirred for 1 h. The
reaction mixture was filtered and the toluene removed in
vacuo. The residue was recrystallized from hexanes, affording
yellow crystals of 2b (0.480 g, 0.832 mmol, 51%). Anal. Calcd
for Ca7HsgN2Sc: C, 77.04; H, 10.31; N, 4.86. Found: C, 76.55;
H, 9.53; N, 4.98.

Synthesis of [ArNC(But)CHC(BU)NAr]Sc(CH,CHs)
(3b). Toluene (25 mL) was condensed into an evacuated flask
charged with LiCH,CHj3 (0.058 mg, 1.62 mmol) and 1b (0.500
g, 0.809 mmol) at —78 °C. The reaction mixture was stirred
for 30 min after the vessel was slowly warmed to room
temperature. Hot filtration followed by removal of the solvent
in vacuo and trituration with hexanes afforded an orange solid
(168 mg, 0.283 mmol, 35%). Anal. Calcd for CssHssN2Cl,Sc: C,
77.44; H, 10.50; N, 4.63. Found: C, 77.28; H, 10.63; N, 4.74.

Synthesis of [ArNC(But)CHC(BUY)NAr]Sc(CD,CDz3), (dio-
3b). This compound was prepared in a manner identical with
that previously described for 3b, with the exception that LiCD,-
CD;3 was used. The *H NMR spectrum matched 3b, with the
exception that no resonances were observed for the ethyl
groups.

Synthesis of [ArNC(CH3)CHC(CH3)NAr]Sc(CH2CgHs)2
(4a). A two-necked flask was charged with 1a (0.400 g, 0.660
mmol) and attached to a swivel frit apparatus. A solid addition
tube was loaded with benzylpotassium (0.172 g, 1.32 mmol)
and attached to the second port on the flask. The entire
assemblage was evacuated, and benzene (50 mL) was vacuum-
distilled into the flask. After it was warmed to room temper-
ature, benzylpotassium was gradually added to the solution
over 30 min. Stirring was continued for another 4 h. The
reaction mixture was filtered and the benzene removed under
vacuum to give crude 4a. Recrystallization from hexanes
afforded pure 4a (0.230 g, 0.389 mmol, 59%). Anal. Calcd for
CaoHe7N2Sc: C, 80.09; H, 8.60; N, 4.34. Found: C, 80.46; H,
8.04; N, 4.46.

Synthesis of [ArNC(But)CHC(BUY)NAr]Sc(CH2CsHs)2
(4b). A 100 mL flask was charged with 1b (0.750 g, 1.21 mmol)
and BnMgCl (0.366 g, 2.43 mmol). Toluene (65 mL) was
condensed into the evacuated flask at —78 °C. The mixture
was slowly warmed to room temperature, whereby stirring was
continued for another 17 h. The toluene was removed in vacuo
to afford an orange solid. Benzene (55 mL) was condensed into
the flask, and the assemblage was sonicated for 10 min. The
reaction mixture was filtered and benzene removed under
vacuum to afford 4b as an orange solid (0.605 g, 0.829 mmol,
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69%). Anal. Calcd for Cs9He7N2Sc: C, 80.73; H, 9.26; N, 3.84.
Found: C, 79.57; H, 8.91; N, 3.89.

Synthesis of [ArNC(CH3)CHC(CH3)NAr]Sc(CH.C-
(CHs3)3)2 (5a). Toluene (20 mL) was condensed into an evacu-
ated flask containing LiCH,C(CHj3); (0.139 g, 1.78 mmol) and
1la (0.474 g, 0.890 mmol) at —78 °C. The reaction vessel was
slowly warmed to room temperature, after which stirring was
continued for another 90 min. The solvent was removed under
reduced pressure, and hexanes (20 mL) was vacuum-distilled
into the flask. The mixture was filtered to remove LiCl. The
solvent was removed in vacuo and the residue triturated with
hexanes to afford 5a as a white crystalline solid (0.340 g, 0.562
mmol, 64%). Anal. Calcd for CsgHesN2Sc: C, 77.44; H, 10.50;
N, 4.63. Found: C, 77.56; H, 9.80; N, 4.73.

Synthesis of [ArNC(But)CHC(BUY)NAr]Sc(CH.C(CHy3)s).
(5b). Toluene (20 mL) was condensed into an evacuated flask
containing LiCH,C(CHs)s (0.088 g, 1.13 mmol) and 1b (0.350
g, 0.566 mmol) at —78 °C. The yellow mixture was warmed to
room temperature and stirred for 1 h. Removal of solvent
followed by trituration with cold hexanes permitted isolation
of crude 5b as a pale yellow solid. Recrystallization from
hexanes at —35 °C afforded 5b in 42% yield (0.165 g, 0.239
mmol). Anal. Calcd for CssH7sN,Sc: C, 78.43; H, 10.97; N, 4.07.
Found: C, 77.50; H, 10.59; N, 4.80.

Synthesis of [ArNC(CH3;)CHC(CH3)NAr]Sc(CH:SiMe3s),
(6a). A 50 mL flask was charged with LiCH,Si(CH3)s (0.128
g, 1.36 mmol) and la (0.410 g, 0.680 mmol) and evacuated.
Toluene (25 mL) was condensed into the vessel at —78 °C. The
solution was gradually warmed to room temperature, where-
upon it was stirred for 2 h. The mixture was hot-filtered to
remove LiCl. The solvent was removed in vacuo, and the
residue was triturated with hexanes to give 250 mg (0.392
mmol, 58%) of 6a as a white powder. Anal. Calcd for C37He3N2
Si,Sc: C, 69.76; H, 9.97; N, 4.40. Found: C, 69.11; H, 9.34; N,
4.58.

Synthesis of [ArNC(But)CHC(BuU')NAr]Sc(CH,SiMes),
(6b). In an evacuated flask at —78 °C containing LiCH,Si-
(CH3)3(0.058 g, 0.616 mmol) and 1b (0.190 g, 0.308 mmol) was
condensed toluene (15 mL). The reaction mixture was warmed
to room temperature and then stirred for 90 min. The mixture
was filtered, and the solvent was removed in vacuo to afford
a yellow residue which was triturated with hexanes to give
6b as a yellow crystalline solid (0.109 g, 0.151 mmol, 49%).
Anal. Calcd for CssH7zsN,SipSc: C, 71.61; H, 10.48; N, 3.88.
Found: C, 70.76; H, 10.41; N, 4.00.

Synthesis of [ArNC(But)CHC(BU')NAr]Sc(CHj3)CI (7b).
A 50 mL flask was charged with 1b (0.085 g, 0.144 mmol) and
2b (0.089 g, 0.144 mmol), and 30 mL of toluene was condensed
into it at —78 °C. The reaction mixture was gradually warmed
to room temperature and solvent removed under vacuum to
afford a light yellow powder. Hexanes (25 mL) were added,
and the mixture was filtered to give a clear yellow solution.
Removal of solvent in vacuo gave crude 7b as a pale yellow
powder, which was then recrystallized from hexanes at —35
°C (0.150 g, 0.255 mmol, 89%). Anal. Calcd for CssHssN2ClSc:
C, 72.40; H, 9.45; N, 4.61. Found: C, 72.21; H, 9.32; N, 4.61.
(Note: the sample contained 5% of both 1b and 2b.)

Synthesis of [ArNC(But)CHC(BuUt)NAr]Sc(CHs)(CH.-
SiMe3) (8b). A 100 mL flask was charged with 7b (0.300 g,
0.511 mmol) and LiCH;Si(CHs)s (0.053 g, 0.563 mmol) and
attached to a swivel frit apparatus. The entire assemblage was
evacuated, and toluene (50 mL) was vacuum-distilled into the
flask. After it was warmed to room temperature, the reaction
mixture was stirred for another 45 min, whereby the solvent
was removed under vacuum to afford a thick yellow oil.
Hexanes (40 mL) were added, and the reaction mixture was
filtered. The volume was reduced to 25 mL and the mixture
cooled to —78 °C for 30 min; during this time a small quantity
of fine yellow powder precipitated. The mixture was back-
filtered and solvent removed in vacuo to afford 8b as a light
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yellow powder. This material was further recrystallized from
hexanes (0.125 g, 0.193 mmol, 38%).

Synthesis of [#3-ArNC(Bu)CHC(BU')NCsH3C3Hg]Sc-
CH,SiMe; (13b). In an evacuated flask at —78 °C containing
6b (0.150 g, 0.208 mmol) was condensed toluene (25 mL). The
solution was heated to 65 °C for 3 h and solvent removed under
vacuum, yielding a red oil. Recrystallization from hexanes at
—35 °C afforded small yellow crystals of 13b (0.032 g, 0.0505
mmol, 24%). *H NMR: 6 7.20—6.94 (m, 6H; C¢H3), 5.57 (s, 1H;
CH), 3.43 (sp, 1H; CH(CH3),, Ju-n = 6.8 Hz), 3.10 (m, 2H;
CH(CH3)2, CHch(CH3), Ju-nu = 6.8 HZ), 2.84 (Sp, 1H;
CH(CH3)2, JHfH =6.8 HZ), 1.48 (d, 3H, CH(CH3)2, JHfH =6.8
Hz), 1.39 (d, 3H; CH(CHs3)2, Ju-+ = 6.8 Hz), 1.31 (d, 3H; CH-
(CH3)2, JHfH =6.8 HZ), 1.26 (d, 3H, CH(CH3)2, JHfH =6.8 HZ),
1.21 (d, 3H; CH(CHj3)2, Jn-1 = 6.8 Hz), 1.18 (d, 3H; CH(CH3)2,
Ju-n = 6.8 Hz), 1.18 (s, 18H; NCC(CH3s)g), 1.02 (d, 3H; CH-
(CH3)2, Ju-n = 6.8 Hz), 0.95, 0.93 (dd, 1H; CH,CH(CH3), IJn-n
=11.8 Hz), 0.09, 0.06 (dd, 1H; CH,CH(CH3), Ju-n = 11.8 Hz),
0.00 (s, 2H; CH,Si(CHs)3), —0.25 (s, 9H; CH,Si(CHa)s), —1.08,
—1.16 (dd, 2H; CHSi(CHa3)3, Ju-n = 11.2 Hz). 3C{*H} NMR:
0 174.2, 173.9 (NCC(CHg3)3), 147.6 (Cipso), 144.9, 144.7, 142.2,
138.2,127.7,125.7,125.6, 124.9, 123.9, 121.5 (CsHs3), 99.0 (CH),
45.0 (CH.Si(CHa)s), 43.4, 43.2 (C(CHg3)3), 39.7 (CH,CH(CHy),
32.9, 32.2 (C(CHa)3), 28.9, 28.7, 28.4 (CH(CHg),, one peak not
observed), 26.8, 26.0, 25.7, 25.0, 24.5, 23.1 (CH(CHyg),, one peak
not observed), 4.1 (CH,Si(CHs)s). Anal. Calcd for CssHssN2CISc:
C, 74.00; H, 10.03; N, 4.43. Found: C, 74.42; H, 10.05; N, 4.47.

Kinetic Experiments. In a typical experiment, the com-
pound of interest (0.0208 mmol) was dissolved in 0.5 mL of
toluene-ds (4.15 x 1072 M) and kept at —78 °C until inserted
into the NMR probe, at which time it was given 10 min to
equilibrate to the specified temperature. The progress of
reaction was monitored by integration of the ligand backbone
peak in the 'H spectrum. The reaction was followed until 95%
completion. Although compounds 9b, 10b, 11b, and 12b were
produced via the kinetic experiments, they were not isolated
and as a result only the *H and 3C NMR spectra are reported.
Unfortunately, further decomposition of 11a, 12a, and 13a
occurred before completion of the Kinetic experiments, making
it impossible to obtain clean spectra. The kinetic data obtained
for these species were limited to the first 65% of the metalation
process and are therefore considered only semiquantitative.
In the spectroscopic data presented below, the 2Jy-n coupling
constant between methyl and methine protons in the aryl Pr
groups was invariably 6.6—7.0 Hz.

9b: H NMR 6 7.27—6.98 (m, 6H; CsHs), 5.58 (s, 1H; CH),
3.48 (sp, 1H; CH(CHs)y), 3.12 (m, 2H; CH(CHg3)2, CH,CH(CHsy)),
2.89 (sp, 1H; CH(CHa),), 1.43 (d, 3H; CH(CH3)y), 1.33 (d, 3H;
CH(CHs)y), 1.32 (d, 3H; CH(CHz3),), 1.31 (d, 3H; CH(CHs)y),
1.27 (d, 3H; CH(CHs),), 1.20 (d, 3H; CH(CHs),), 1.19 (s, 18H;
NCC(CHj3)3), 1.00 (d, 3H; CH(CHs3),), 0.81, 0.80 (dd, 1H; CH.-
CH(CHg), Jn-n = 11.8 Hz), —0.02, —0.05 (dd, 1H; CH,CH(CHy),
Ju-n = 11.8 Hz), —1.10 (s, 3H; CHa3); 3C{*H} NMR ¢ 174.2,
173.9 (NCC(CHsa)s), 147.7, 145.2 (Cipso), 144.9, 141.8, 141.4,
138.1,127.5,126.5, 125.9, 124.6, 124.5, 123.3 (CsHs), 98.8 (CH),
43.4, 43.2 (C(CHa)3), 39.7 (CH2CH(CHs), 32.9, 32.2 (C(CHa)a3),
29.6, 29.1, 28.9, 28.5 (CH(CHg)2), 26.8 (CHs3), 26.3, 26.1, 26.0,
25.9, 25.2, 24.4, 22.7 (CH(CH3),).

10b: H NMR ¢ 7.35-6.86 (m, 6H; C¢Hs), 5.55 (s, 1H; CH),
3.45 (sp, 1H; CH(CHs)2), 3.14 (m, 2H; CH(CH3)2, CH2CH(CHsy)),
2.91 (sp, 1H; CH(CHa),), 1.46 (d, 3H; CH(CH3),), 1.45 (d, 3H;
CH(CHs)y), 1.32 (d, 3H; CH(CHz3),), 1.31 (d, 3H; CH(CHs)y),
1.26 (d, 3H; CH(CHs),), 1.19 (d, 3H; CH(CHs),), 1.18 (s, 18H;
NCC(CHj3)3), 1.03 (d, 3H; CH(CHs3),), 0.88, 0.87 (dd, 1H; CH.-
CH(CHg3), Ju-n = 11.8 Hz), 0.63 (t, 3H; CH,CH3, Jy-n = 8.2
HZ), 0.22 (dd, 1H; CHzCH(CHg), Jn-n = 11.8 HZ), —0.63 (q,
1H; CHzCH3, JHfH =8.2 HZ), —0.62 (q, 1H, CH2CH3, JHfH =
8.2 Hz); 3C{*H} NMR: ¢ 174.1, 173.8 (NCC(CHa)s), 147.8,
145.2 (Cipso), 144.7, 142.2, 141.7, 139.7, 127.5, 126.3, 125.6,
124.7,123.3,122.1 (C¢Hs), 98.7 (CH), 43.4, 43.2 (C(CHa)s), 40.0
(CH.CHp3), 39.7 (CH,CH(CH3), 32.9, 32.3 (C(CHj3)3), 29.0, 28.9,
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Table 9. Summary of Data Collection and Structure Refinement Details for 1b, 2a, 2b—4b, and 6a,b

1b 2a 2b 3b 4b 6a 6b
formula C35H53N2C|25C C35H55N,0Sc C37H59N2Sc C39Hg3N2Sc C49Hs7N2SC C37H63NQSCSi2 C43H75N25C3i2
fw 617.68 564.79 576.82 604.90 729.04 637.03 721.21
cryst syst monoclinic tetragonal monoclinic monoclinic monoclinic triclinic monoclinic
a, A 11.916(2) 27.692(3) 12.9021(10) 18.759(5) 12.653(4) 10.4634(6) 13.469(6)
b, A 16.243(3) 11.0349(9) 10.427(6) 12.096(3) 11.1017(6) 17.939(6)
c, A 19.108(4) 17.954(4) 25.341(2) 19.608(5) 28.069(4) 18.0333(10) 19.132(5)
a, deg 80.055(2)
B, deg 101.353(15) 98.147(2) 107.32(2) 90.77(2) 79.994(2) 90.93(3)
y, deg 72.406(2)
Vv, A3 3626.0(11) 13768(4) 3571.5(5) 3661.4(28) 4296(2) 1950.23(19) 4622(3)
space group P21/n 11/a P21/n P21/n P21/c P1 P2i/c
z 4 16 4 4 4 2 4
dcalcd, Mg m—3 1.131 1.090 1.073 1.097 1.127 1.085 1.036
u, mm~1 0.373 0.238 0.231 0.225 0.205 0.275 0.236
R 0.056 0.053 0.052 0.063 0.060
Rw 0.054 0.048 0.054 0.136 0.059
R1 0.0364 0.0351
wR2 0.1022 0.0915
GOF 2.02 1.76 1.090 1.89 1.02 1.051 2.18

28.6, 28.5 (CH(CHs),), 26.3, 26.2, 26.0, 25.9, 25.2, 24.4, 22.8
(CH(CHa3),), 12.2 (CH,CHs).

11b: *H NMR ¢ 7.27—6.84 (m, 11H; C¢Hs, C¢Hs), 5.58 (s,
1H; CH), 3.13 (sp, 1H; CH(CH3),), 3.11 (m, 2H; CH(CHy)z,
CH,CH(CH3)), 2.92 (sp, 1H; CH(CHs3),), 2.12 (s, 2H; CH,CsHs)
1.39 (d, 3H; CH(CHj3),), 1.37 (d, 3H; CH(CHs),), 1.31 (d, 3H;
CH(CHa)2), 1.25 (d, 3H; CH(CHz3)2), 1.24 (d, 3H; CH(CHs)y),
1.22 (d, 3H; CH(CHgs)y), 1.21 (d, 3H; CH(CHs3),), 1.07 (s, 18H;
NCC(CHs)s), 0.90, 0.89 (dd, 1H; CH,CH(CHs3), Jy—n = 11.8 Hz),
0.09, 0.05 (dd, 1H; CH,CH(CHs3), Ju-n = 11.8 Hz); 3C{H}
NMR 6 175.4, 173.8 (NCC(CHsa)3), 149.1, 146.6, 145.4 (Cipso),
143.7, 142.2, 141.7, 140.8, 129.7, 129.1, 128.9, 128.7, 127.0,
126.2, 125.6, 125.0, 123.7, 120.0, 119.5 (CgH3, CH,CgHs), 99.4
(CH), 43.4, 43.2 (C(CHg3)3), 39.7 (CH,CH(CHs3), 32.9, 32.3
(C(CHs)3), 29.0, 28.9, 28.7, 28.6, (CH(CH3),), 26.8, 26.2, 26.0,
25.7, 25.2, 24.5, 23.6 (CH(CHg3)2), CH,CsHs not observed.

12b: H NMR 6 7.34—6.96 (m, 6H; C¢H3), 5.56 (s, 1H; CH),
3.50 (sp, 1H; CH(CH3),), 3.20 (m, 2H; CH(CH3),2, CH,CH(CH3)),
2.89 (sp, 1H; CH(CH3)y), 1.56 (d, 3H; CH(CH3)y), 1.48 (d, 3H;
CH(CHa)2), 1.34 (d, 3H; CH(CHj3)2), 1.33 (d, 3H; CH(CHs)y),
1.27 (d, 3H; CH(CHa),), 1.18 (d, 3H; CH(CHs),), 1.17 (s, 18H;
NCC(CH3)3), 1.11 (d, 3H; CH(CHg)z), 0.77 (S, 9H; CH2C(CH3)3),
0.21,0.17 (dd, 1H; CH,CH(CHg), Jn-n = 11.8 Hz), —0.43, —0.55
(dd, ZH, CHZC(CH3)3, Jy-p = 12.6 HZ), 1H of CHch(CH3) not
observed; *C{*H} NMR ¢ 174.0, 173.8 (NCC(CHs)3), 147.7,
144.8 (Cipso), 144.7, 142.3, 141.3, 138.7, 128.2, 127.6, 125.6,
123.8, 123.7, 122.1 (CgHg), 98.8 (CH), 70.8 (CH,C(CH3)3) 43.4,
43.2 (C(CHa)s), 39.8 (CH,CH(CHg3), 35.7 (CH.C(CH3)s), 32.6
(C(CHs)3), 28.9, 28.8, 28.5, 26.5, (CH(CH3),); 26.1, 26.0, 25.8,
25.7, 25.2, 24.6, 21.9 (CH(CHg)y).

X-ray Crystallography. A summary of crystal data and
refinement details for all structures is given in Table 9.
Suitable crystals were covered in Paratone oil, mounted on a
glass fiber, and immediately placed in a cold stream on the
diffractometer employed.

1b. Crystals of 1b were grown from a hexanes solution at
—35 °C. Measurements were made using a Rigaku AFC6S
diffractometer with a graphite-monochromated Mo Ko radia-
tion (1 = 0.710 69 A) source at —103 °C with the w—26 scan
technique to a maximum 26 value of 55.1°. The structure was
solved by direct methods and expanded using Fourier tech-
niques. The non-hydrogen atoms were refined anisotropically;
hydrogen atoms were included at geometrically idealized
positions with C—H = 0.95 A and were not refined. All
calculations were performed using the teXsan crystallographic
software package of Molecular Structure Corp.

2b. Crystals of 2b were grown from a hexanes solution at
—35 °C. Measurements were made using a Bruker AXS
SMART CCD area-detector diffractometer using a graphite-
monochromated Mo Ka radiation (1 = 0.710 73 A) source at

—113 °C with a 6 range from 1.62 to 28.42°. The structure
was solved by Patterson synthesis and refined on F? values
by full-matrix least squares for all unique data. Programs used
were standard Bruker SMART (control) and SAINT (integra-
tion), SHELXTL for structure solution, refinement and mo-
lecular graphics, and local programs.

3b. Crystals of 3b were grown from a hexanes solution at
—35 °C. Measurements were made at —103 °C with the v—26
scan technique to a maximum 26 value of 50.1°. The structure
was solved by direct methods and expanded using Fourier
techniques. The non-hydrogen atoms were refined anisotro-
pically; hydrogen atoms were included at geometrically ideal-
ized positions with C—H = 0.95 A and were not refined.

4b. Crystals of 4b were grown from a hexanes solution at
—35 °C. Measurements were made at —103 °C with the v—26
scan technique to a maximum 26 value of 50.1°. The structure
was solved by direct methods and expanded using Fourier
techniques. The non-hydrogen atoms were refined anisotro-
pically; hydrogen atoms were included at geometrically ideal-
ized positions with C—H = 0.95 A and were not refined.

6a. Crystals of 6a were grown from a hexanes solution at
—35 °C. Measurements were made using a Bruker AXS
SMART CCD area-detector diffractometer at —113 °C with a
0 range from 2.42 to 28.89°. The structure was solved by direct
methods and refined on F? values by full-matrix least squares
for all unique data.

6b. Crystals of 6b were grown from a hexanes solution at
—30 °C. Measurements were made at —103 °C with the v—26
scan technique to a maximum 26 value of 55.1°. The structure
was solved by direct methods and expanded using Fourier
techniques. The non-hydrogen atoms were refined anisotro-
pically; hydrogen atoms were included at geometrically ideal-
ized positions with C—H = 0.95 A and were not refined.
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Alkyl cations of group 4 metals play a crucial role in olefin
polymerization catalysisand the cationic nature of these species
is critical to their productivity in this process. This is underscored
by the fact that their neutral group 3 metal congeners are generally
much less active catalyst$Vhile this has been recognized for some
time, suitable ligand modifications to allow for generation of well-
defined group 3 metal cations have been slow to develop.
Nonetheless, there are a few recently reported systems for which
cationic alkyl scandiuf or yttrium®¢4 complexes have been
implicated spectroscopically and by higher polymerization activities.

We have recently reported a family of base-ffediketiminato,
“nacnac”, supported dialkyl scandium complexaad shown that
one of the dibenzyl derivatives may be activated with g to
form an ion pai?2 The X-ray structure of this material shows that
the [PhCHB(CsFs)3]~ counteranion is strongly® coordinated to
the cationic scandium center, a feature that is manifested in this
ion pair's complete lack of reactivity toward olefins. Using a
sterically more bulky nacnac donor witBu groups in the ligand ] )
backbone allows for the isolation of the THF-free dimethyl gf’“égfi‘ty_MsoéngtlggSl;rgr?é”Lﬁsﬁgﬁgeza&;rg%g;”pg_g%‘géé;;ees”;g&?yed
compoundl; here we discuss this material’s reactions with varying 5 g93(5); se-C(1), 2.221(5); SeC(2), 2.703(6); SeF(42), 2.390(4);
amounts of the activator B¢Es)s® and report the first structural ~ B—C(2), 1.643(9). Selected bond angles (deg): NGJ—N(2), 95.06(19);
characterization of a scandium methyl cation, along with a Sc—C(2)-B, 138.72(18); SeF(42)-C(42), 153.7(4).
preliminary assessment of its solution dynamic behavior. In addition

T L ' Scheme 1

we show thatl has ethylene polymerization _actl_vmes comparable [HsCB(CeFe)sl  ©
to those of metallocenes under borane activation. r By I®

Dimethyl scandium compountireacts with varying equivalen- A ,):3)
cies of B(GFs)s to form different ion pairs as shown in Scheme 1. 05 HC r;"ﬁ_ N,’ Bu
Upon reaction with 0.5 equiv of borane,iamethyl dimer R) B(CGF5)? Ar \SC_ st %
is formed? as indicated by a characteristic set of resonances for }\1 oo\ '
the terminal Sc-Me groups—0.29 ppm, 6H) and the bridging Ar = ‘Bu*‘ﬁ_’ __N—p CHs
Sc-Me-Sc group (0.10 ppnitJcy = 132(1) Hz, 3H). Dimer2 . 2

. . Bu

could not be isolated as a well-behaved solid and slowly evolves - -
CH, in bromobenzene solutiohyielding an as yet uncharacterized . 8y Ar
product. Whenl is treated with a full equivalent of B{Es)s, Bug  -AT 1.0 AN on, © SCG'ZSF
however, a monomeric ion pair BUSCCH] *[H:CB(CeFs)3] -, 3, @ % CHs | B(CeFsls 1o, "N."SC/: TBves
is produced in excellent isolated yield when precipitated from ‘Bu—=—N»s¢ Ao F F
hexané P \CH3 3 CHs FANAF

As a yellow crystalline solid3 is stable for long periods of
time at—30 °C. Its solid-state structure is shown in Figure 1 along 2.0 ‘Bu _N-PT Q
with selected metrical data. The scandium atom sits 1.232 A out B(CeFs)3 ¢ % CHB(CeFs)s
of the plane defined by the s, ligand atoms (mean deviation ‘Bu N\~sc’® ®
from plane= 0.053 A) mainly for steric reasons and not because Ar

4 CH4B(C¢F &)

of any bonding interactions with the ligand backbone CH moiety
(Sc—C(5) = 2.773(6) A)5 The Sc-CH group occupies thendo

coordination site (pointing in toward the ligand) while the methyl- borate counteranion is situated in the sterically more apesite.

The methyl group is more closely associated with the boron atom
t University of Calgary. (B—C(2) = 1.643(9) A) than the scandium atom (S€(2) =
* University of Alberta. 2.703(6) A), but is not linearly bridged between the two as is

2132 VOL. 124, NO. 10, 2002 = J. AM. CHEM. SOC. 10.1021/ja017128g CCC: $22.00 © 2002 American Chemical Society



COMMUNICATIONS

Scheme 2 Table 1. Ethylene Polymerization with 1 and Various Cocatalysts
CeF
173 CoFs, =° CSI . E cat. CoCat act? My (x1073) My/M,
.73 ppm -
Bug A 1.10 ppm ’Be o 1%¢  LScChb  PMAOIP 9.9 10° 1357 2.2
i/' z ‘g L © Cofs N HC e 1 PMAO-IP 1.2 1(P 1866 1.98
Lo 5 LCHg_ 7 ! Pd 1 B(CsFs) 3.0x 10 1051 1.7
Nag - ~B =«CgF t Sc @ 5)3
Bu =Sc L oS EENEIV AN gd 1 TBe 48x 10P 851 2.48
Ar/ ® CeFs (’r-/\A CH3
r
CH, tBy ﬁ"' N Y a Activity in g PE/mol Sch. ® Polymerization conditions: 50C, 300
047 ppm A Y 0.24 ppm psi, cyclohexane/toluene, [Se] 300uM, stir rate= 2000 rpm.¢ Al/M =
20.9[Cocatalyst] = 315 uM, [PMAO-IP] = 1 mM as scavenger.
3(Me ¢p0) 2.2:1.0 3(Me gy ¢ [PheC][B(CéFs)4].

commonly observed in metallocene structiréSc-C(2)-B =
138.72(18)). The bending at this angle allows for a weak stabilizing
interaction between aortho fluorine group and the scandium center
(Sc—F(42) = 2.390(4) A); such a bonding mode for the
[H3CB(CsFs)3] ~ anion has been observed previously in an yttrocene
derivative® In 3, we could find no evidence for such a motif in

i 19
sollutlon Pyg F r’:”t\)/ltR spect{osc(;)py, ic behavior i lution. Th organoscandium methyl cations supported by a bulky nacnac ligand
on pair s exnibits complex dynamic behavior In Solution. The 5,4 examined their solution and solid-state structures. These

. . .
H NMR spectrum at room temperatur_e IS broad and _essentlally represent a new class of cationic organometallic compounds whose
featureless, although signals for the bridging and terminal methyl fich chemistry we are further exploring

groups can be identified at 1.40 and 0.28 ppm, respectively. These

signals do not coalesce under any conditions, suggesting that borane Acknowledgment. Financial support for this work was provided
dissociatiof® is a high barrier process in this system. When the by Nova Chemicals Ltd. (Calgary, Alberta) and NSERC of Canada
sample is cooled to 213 K, the spectrum sharpens into a patternin the form of a CRD Grant. NSERC is also acknowledged for an
consistent with the presence of two diastereomers (ratio 2.2:1.0) E. W. R. Steacie Memorial Fellowship to W.E.P. (26@003) and
that differ in theendo/exalisposition of the terminal methyl group  a PGS A fellowship to P.G.H. Dr. Q. Wang of Nova performed
and the anion (Scheme 2). ROESY experiments show that the majorthe polymerization experiments.

diastereomer is thendeMe, excanion isomer found in the solid . . . . .

state. Analysis of the NMR spectra at various temperatures reveals Supporting Information Available: - Experimental details, tables

that exchange of the isomers occurs with a barrier of 12.4(5) kcal ZLig(r){rsct)alicdgil |:£Zﬂ;nfocgg;?na:;s b;;gSeF?gt?ﬁisarrfaggfiss’ and
mol~1 at 263 K. Likely, these diastereomers interconvert via a P P P )

for metallocene and other group 4 based catalysts, demonstrating
that scandium cations can be highly effective catalysts. Notably,
these activities are observed in the presence of the potentially
coordinating solvent tolueri&;!>which was necessary to solubilize
the catalyst.

In summary, we have prepared a family of highly reactive

. - g o ilable fi f ch ia the Internet at http://pubs.acs.org.
ligand flipping mechanism similar to that proposed for the neutral avaiable free of charge via the Internet at nNHp:ipubs.acs.org

dialkyl complexes,although an associative ion pair reorganization
proces&! via ion pair quadrupléd may also be contributing to this
exchange; further experiments are underway to unravel the details
of this dynamic behavior more completely. Although stable as a
solid for long periods, in solutio® undergoes methane loss via
metalation with a ligand isopropyl grotpver the course of an
hour at room temperature.

Although borane dissociation appears not to occur in these
systems, we explored the possibility that excess fregBjgmay
catalyze the interconversion of the cationic diastereomer8. of
Instead, we found that the second scandium methyl group can be
abstracted to form the dicationic speciés(Scheme 1) as an
analytically pure white solid. This is indicated by the absence of
an upfield Se-CHs resonance in théH NMR spectrum, and the
appearance of signals for two diastereotopic [MefB]] ~ anions
in the 'H, 1B, and®F NMR spectra of the compound. We have
observed high barriers tenddexo group exchange in other
sterically congested scandium nachac compodhdhis double
abstraction phenomenon has precedent in a non-Cp titanium-based
systemt* but unlike this system, compourds moderately active
for ethylene polymerization under ambient conditions (room
temperature, 1 atm).

Compoundl is an effective catalyst for ethylene polymerization
under B(GFs)s, trityl borate, or PMAO-IP activation (Table 1) in
a slurry batch reactor at 50C. Molecular weights are relatively
high, and the polydispersities are consistent with a single site
catalysis model. Activities are somewhat lower when the dichloride
precursor is employed under MAO type activation, indicating that
alkylation of the scandium center by organoaluminum reagents is
slow. The activities in general, however, approach those observed
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It is well established that early transition metal organometallic Scheme 1

ion pairs with weakly coordinating anions are the active species in S HaC N- AT

olefin polymerization processésincreasingly, it is becoming [L'ScMel, [PhsClB(CeFs)al <. = D _n®-Ar
apparent that subtle interplay between cation/anion interactions and CgHsBr/Ar HsC ",“Sc
solvent effects has a significant impact on ion pair dynamics, which - PhsCMe Ar (|3H3

in turn profoundly influence the activity and selectivity of a given O [B(CeFe)s]

catalyst systerd While these effects have been studied experimen-
tally and computationally in some detail for metallocérand
constrained geometry catalysts familfesgme controversy remains
concerning the relative importance of contact ion pairs (CIP) versus
solvent separated ion pairs (SSIP) in the initiation and propagation
steps of a polymerization reacti®i©f the two classes of ion pair,
the CIPs are the more well understood from a structural and
dynamic perspective. SSIPs formed in relevant nonpolar solvents

Ar' = CGH5BI', 1a; CeHs, 1b; C7H8, 1c; CgH12, 1d

are more ephemeral species, with few experimentally well-
characterized examples in the literatfire.

Recently, we reported a family of base-free dialkyl organoscan-
dium complexes supported by bulgydiketiminato ligands incor-
porating 2,6-diisopropylphenyl groups on nitrogen, and either Me
(LY or 'Bu (L? substituents in the 2,4 positions of the ligand
backbon€. Activation of the monomeriéBu-substituted dimethyl
compound BEScMe with B(CsFs)3 gave a well-defined CIP which
was highly active for ethylene polymerizatididere we describe

the activation chemistry of the less sterically encumbered scandium

dimethyl derivative supported byl which gives rise to stable

Figure 1. Molecular structure ofla (counterion omitted for clarity).
Selected bond distances (A) and angles (deg): S®({}), 2.100(4); Sc(t

SSIPs in arene solvents, providing the opportunity to probe solvent N(2), 2.105(4); Sc(5C(1), 2.162(5); Sc(1)(C32), 2.842(4); Sc(H)C(33),

exchange processes in these rare species.

Previously, the compounds!&cCh and L'ScMe were only
available as THF adductshut we have subsequently discovered
that prolonged exposure off&cCh-THF to 10 Torr at 130°C
removes the base completely. Alkylation of the resulting oligomeric
[L1ScCh], with MeLi in toluene cleanly affords the base-free
dimethyl derivative [ScMe], in 90% vyield. The dimethyl
compound is dimeric in the solid state, but, in solution, the terminal
and bridging methyl groups are not distinguishable by NMR

2.767(4); Sc(13C(34), 2.682(4); Sc(BC(35), 2.640(4); Sc(HC(36),
2.715(4); Sc(1¥C(37), 2.802(5); N(1Sc(1)-N(2), 90.79(14); N(L¥
Sc(1)-C(1), 105.22(16); N(2ySc(1)-C(1), 105.23(16).

even at elevated temperatures (Scheme 1). X-ray crystallography
reveals that irla the bromobenzene solvent, surprisingly, coordi-
nates the cationic Sc center in gh bonding mode (Figure 1).
Usually, haloarenes coordinate in ghfashion via the halogen to

d° metals?? the preference fon® hapticity here demonstrates the
high electrophilicity and steric openness of these cations. Although

spectroscopy, suggesting a rapid dimer/monomer equilibrium or the aromatic fragment ig® bound, steric interactions invoke
an intramolecular exchange process. In any event, reaction ofsignificant ring tilting (Se-Carene= 2.640(4)-2.842(4) A)13 There

[L1ScMe), with common activators yields products consistent with
reaction through a monomeric organoscandium compound.

For example, reaction with 1 equiv of B{&)3° at 240 K showed
the formation of the expected CIPfecMe] [MeB(CsFs)3] ~. Upon
warming to 270 K, however, rapidg¢Es transfer from the borate
counterion to the metal center, along with production of MeB-
(CeFs)2, was observedP Addition of a second equivalent of borane
results in abstraction of the remaining methyl group and formation
of the CIP [L!Sc—CgFs][MeB(CgFs)3]. Evidently, the lower steric
impact of L versus B reduces the barrier for¢Es back-transfer
because we do not observe this in thégtMe][MeB(GFs)s] CIP 8

By contrast, activation of [EIScMey], in ds-bromobenzene with
1 equiv of the trityl borate activator, [CR[B(CeFs)4],1* cleanly
produces an ion paifl§) which shows no evidence forEs transfer

5622 m J. AM. CHEM. SOC. 2003, 125, 5622—5623

are no close contactss@.9 A) between the borate anion and the
metal center.

The!H NMR spectra for SSIRaat various temperatures exhibit
a pattern consistent with rapid exchange between free and bound
arene. Indeed, upon addition of more basic arenedaothe
bromobenzene is displaced to give new SSIBsd (Scheme 1}#
X-ray crystallography shows that the toluene adduds essentially
isostructural withla,'® but the increased basicity of toluéfteads
to Cs symmetry in théH NMR spectrum at ambient temperatures.
Upfield shifted resonances for thé toluene are observed at 6.81,
6.66, 6.39, and 1.85 ppm insDsBr. Addition of excesslg-toluene
to this sample ofL.c results in the disappearance of the signals for
coordinated toluene over the course of 5 min, indicating exchange
with free toluene. Competition experiments show that the order of

10.1021/ja034680s CCC: $25.00 © 2003 American Chemical Society
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Figure 2. Representative series & NMR spectra (300 MHz, 270 K,
CsDsBr) for the arene exchange &l to 1c (left). Proposed mechanism of
exchange (right).

arene coordination isdElsBr < CgHg (1b) < CgH1, (1d) < C;Hs,
showing that steric factors come into play on incorporation of more
than one methyl group in the arene.

At low temperatures, it is possible to quantitatively monitor the
displacement of mesitylene frotd by toluene to givelc under
pseudo-first-order conditions Bid NMR spectroscopy (Figure 2).
The reaction was followed at various temperatures, and an Eyring
plot allowed for extraction of the activation parametetsdf =
21.4(6) kcal mott andAS" = 6(1) cal mott K—1) which are quite
close to those found for ion pair reorganization processes in
metallocenium and constrained geometry cations partnered with the
[B(CeFs)4]~ @anioni” Assessment of the rate using varying amounts
of toluene (still pseudo-first-order) at the same temperature (261
K) indicates there is no dependence on [toluene]; in fact, at very
high [toluene], the rate is slightly depressed, probably because the
dielectric constant of the medium has changed significantly under
these conditions. AlthoughAS' is not large enough to support a
fully dissociative mechanism, it is slightly positive; in combination
with the lack of [toluene] dependence, a mechanism involving
partial slippage of the outgoingf arene to a lower hapticity mode
before displacement by the more basic toluene (Figure 2) is
consistent with our results.

Thermodynamic parameters for arene exchange in catichic d
complexes of relevance to olefin polymerization have not been

reported to date; indeed, previous examples do not undergo arene

exchange readil§ It has been previously noted that toluene has a
dampening effect on olefin polymerization activity in lower
coordinate, sterically open catalydtsand these results provide a

concrete explanation for this observation. Indeed, preliminary
studies using mesitylene compléd as a catalyst show that there
is significant polymerization activity when the experiment is
conducted in bromobenzene whereas activity is negligible when
carried out in more coordinating toluene. Thus, while ethylene is
able to displace mesitylene, which has a barrier similar to that of
the coordinating anion [MeB@Es)s]~, it cannot compete with
toluene for the active site, and activity is nullified.
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