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"If we knew what it was we were doing, it would not be called research, would it?"

Albert Einstein (1879-1955)
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Abstract

The preparation of two tetravalent d? chromium alkyls is revisited. Their ability to
work both as starting materials for further functionalization and as Ziegler-Natta catalysts
is investigated. The clarification of the reaction pathway through which a trivalent
chromium salt may form a homoleptic tetravalent derivative is also considered. Finally,
the elucidation of the nature of the Cr-Cr interaction in a unique [R;Cr]4 tetranuclear
cluster and evaluation of its stability is undertaken.

This is followed by a reassessment of the stability of tetravalent vanadium alkyls.
Wilkinson first reported, in the seventies, the preparation of homoleptic R4V species [R =
CeHs , CH,Si(CHs)3). The full characterisation of a homoleptic R4V, by crystal structure,
and testing the catalytic activity is reported.

The a,a-diiminopyridine ligand {a, @’-[2,6-(i-Pr),PhN=C(Me)],(CsH;N)} has
recently attracted considerable attention because of its ability to form highly active
polymerization catalysts. Recent work from this research group and others has shown
that this a,a’-diiminopyridine ligand can be involved in the organometallic
transformations of the metal center. The ability of the ligand to accept or to donate
negative charge to the metal is central to the fine tuning of the redox potential of the
metal, and of its Lewis acidity that in turn determines the catalytic behaviour.

A clarification for the ability of this remarkable ligand system to accept negative
charge is offered. Reductions of {a,a’-[2,6-(i-Pr);,PhN=C(Me)]»(CsH3N)} with strong
reductants such as Li and Li(naftalenide) and in the absence of transition metals were

carried out to yield rare case trilithium organyls.
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CHAPTERI

INTRODUCTION TO ZIEGLER-NATTA CATALYSTS



Introduction to Ziegler-Natta Catalysts

With the increased emphasis on recyclable materials, there has been and will continue
to be, an increase in the consumption of specialized plastics. Within this class of
materials, olefin based polymers are predicted to encompass the majority of the polymers
produced in the near future' (Table 1.1). The availability of starting components from the
oil cracking process and the relative absence of harmful by-products (CO; and H,0)

make these specialized plastics indispensable in a world growing towards sustainable

development.?

Polyethylene  Polyethylene = Polypropylene Fraction of

LDPE LLDPE/HDPE PP plastics
produced (%)
1983 11.3 7.9 6.4 -
1990 14.0 16.1 12.6 43
1995 144 22.1 17.1 47
2005 15.8 36.1 277 55

Table 1.1 - The annual worldwide production of various olefin based polymers (x10°
tons).

The implications of this increased demand involves research into the improvement and

design of optimized processes for the production of polyolefins.



Heterogeneous Catalysts

A large number of these industrial scale polymerization processes today are based on
Ziegler-Natta catalyst systems. Original experiments done by Ziegler’ and Natta®
combined TiCl; with Al(CH2CH;),Cl or Al(CH,CH3;); on a MgCl, support to produce
semi-crystalline polyethylene. Even now, this original type of group IV heterogeneous
system is still most often used.” In the case of propene polymerization, Lewis bases such
as ethylbenzoate or silanes are added. These control agents improve the stereocontrol of
the polymerization thereby affecting the physical properties of the final product.
However, these heterogeneous catalysts are complex systems and a multitude of acitve
sites can be present on the surface of the support. Therefore, the influence of the

additives to the polymer structure is limited.

The Philips Catalyst

Since the discovery of the Aufbau reaction by Zeigler®, a variety of alternatives using
other metals have demonstrated a range of olefin polymerization activity.” The Cr based
Phillips catalyst is used in roughly one third of all polyethylene being produced. The
preparation of this material involves the impregnation of silica with an inorganic
chromium compound such as CrOs. This intermediate is then calcined in the presence of

oxygen.® The calcination produces a hexavalent chromium species 1 represented in

scheme 1.1.
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Scheme 1.1 - Proposed initiation mechanism for the Philips catalyst.’

When the catalyst is exposed to ethylene, the metal is reduced. This ultimately forms
the catalytically active species. However, the chemical structure, valence state and
mechanism of formation of the active site are still the subject of a longstanding
controversy. This is demonstrated by the three possible pathways illustrated in scheme
1.1.

Much of the debate has centered on the valence (i.e. the formal oxydation state) of the
catalytically active chromium. Speculation has included almost every stable oxydation
state of Cr as being the initiator of catalysis at one time or another. The use of an
alternative reducing agent such as CO can push the reduction of the surface-bound Cr to
its divalent state (Cr"). This species will polymerize ethylene,'® however, the nature of

the initiation step has yet to be clarified. It should be noted that well-characterized cr'



complexes, prepared with the aim of searching for a homogeneous model of the Philips

system (see below), have never shown any significant polymerization activity."'

The Union-Carbide Catalyst

Another Cr catalyst was discovered by Karapinka'? and developed by Karol et
al.!® at Union-Carbide in the early 1960’s. Again this catalyst is prepared by
impregnation of SiO,. The difference with the Philips catalyst is in the use of
chromocene (CpCr) as the “active” agent. While not in use industrially at present, the
Union-Carbide catalyst shares some of the advantages of the Philips catalyst. Both are
very active and they do not require the addition of Al based cocatalyst. As opposed to the
Philips system however, the chromocene based catalyst demonstrates high selectivity
between ethylene and other a-olefins (propylene, 1-hexene). Thus no copolymerization
occurs upon the use of multiple types of monomers. On the other hand, the Union-

Carbide catalyst responds well to hydrogen (H;) for MW control of the final product.
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Scheme 1.2 - Proposed initiation mechanisms of the Union-Carbide catalyst.



It has been generally accepted that the organometallic molecule reacts with the
remaining hydroxyl groups on the silica surface thereby losing one of its
cyclopentadienyl ligands. This forms a surface bound CpCr fragment as shown in
scheme 1.2. However, it is also clear that the polymer chain growth is not initiated by the
unchanged Cp group. The later stays coordinated to the Cr throughout the process of
catalysis. This poses the same questions as to the chemical structure, valence sate, and

mechanism of formation of the active site in the Union-Carbide catalyst.

Difficulties in Studying Heterogeneous Catalysts

The proposed initiation mechanisms depicted in schemes 1.1 and 1.2 are the result of
meticulous spectroscopic investigations on heterogeneous catalysts in combination with
studies on known organometallic structures carved out in an effort to elucidate reasonable
structures of the intermediates. There remain questions however, as to the relevance of
this great multitude of proposals. Most of the analytical work utilizes IR spectroscopy, '
with some EXAFS'? and solid state NMR results'® added relatively recently. These
techniques are not considered to be definitive in the case of most substances. That is to
say, a detailed molecular structure such as that presented in the above reaction schemes
should not be based exclusively on these results. Careful consideration should also be
given to the number of catalytically active sites on the support. Studies in this area have
demonstrated that less than 1% of the surface bound Cr would actually represent a

14b

potentially active species. ~ We can therefore imagine that the spectroscopic

information that is available would involve inactive Cr species.



The strong paramagnetism of most model Cr compounds, limiting the use of NMR
spectroscopy as a tool, ! is at the base of the difficulty encountered by researchers to
clarify the mechanism. Cr alkyls in intermediate oxydation states of interest (II-IV)
typically behave as metallaradicals. This would mean that these species have unpaired
electrons and react similarly to organic radicals. This confines the study of
heterogeneous catalysts to model studies carved out with homogeneous species where
conventional analytical methods may be more informative and contribute to a deeper
understanding of heterogeneous counterparts. This may also lead to the development of a
new generation of catalysts. Therefore functional models, i.e. well-defined compounds
that catalyze the polymerization of olefins, must be created. In describing his model for
the Union-Carbide catalyst (discussed below), Theopold described the task at hand.

“The preparation and catalytic activity of molecules incorporating the structural
elements required for an active catalyst will be the best arbiter of their relevance. If a
structurally characterized Cr" species, for example, does not polymerize ethylene in

solution then it is unlikely to do so on a silica surface.”®

Homogeneous Catalysts

In comparison, homogeneous systems have made great strides and a large variety of
systems with different metals and ligand combinations have been synthesized and
developed although their activity remains substantially lower (at least for Cr species) than
the heterogeneous counterparts. More importantly, the study of homogeneous systems

has provided important insights into the puzzle of heterogeneous catalysis.



Chromocenes as Models for the Union-Carbide Catalyst

While trying to model the heterogeneous Union-Carbide catalyst, Theopold and
his group have used a variety of homogeneous cyclopentodienyl derivatives of Cr. It was
concluded that coordinatively unsaturated Cp*Cr" complexes, provide credible
structural as well as a functional modeling of the active site of the Union-Carbide
catalyst.

The reactivity observed for these Cr"' model compounds shows many similarities
with the reactivity of the heterogeneous catalyst. Careful consideration of this family of
compounds indicates that the final structure representing a coordinatively unsaturated
Cr'" alkyl in figure 1.1 below is a good approximation of the Cr site in the act of chain

propagation. The presence of the alkyl group in the latter has not, as yet, been explained.

Cr
/R

---0—Si—0---

Figure 1.1 — The Cr'" active site proposed by Theopold.

It should be noted however that both the Union-Carbide catalyst and its model
systems based on the cyclopentadienyl Cr'™ complexes have an observed induction
period. Although the exact nature of this induction period has not been identified, it is
reasonable to speculate that a higher oxydation state may in fact be responsible for the
initiation of polymer chain growth. This possibility is challenged by the inactivity of
isolated Cr" metallacycles'® towards polymerization. However, the systems

characterized to date all show the metal center to be coodinatively saturated (Figure 1.2)



and so would not meet the requirements discussed in more detail in a following section

for the generation of an active polymerization site.

.... Sl e
A O O ‘Qﬁi

Figure 1.2 - Examples of characterized Cr-metallacycle species showing coordinative
saturation.

Modeling the Philips Catalyst

There have been several attempts to model the activation of the Phillips catalyst in
homogeneous solution. The success of these models has been very limited and the
detailed nature of the active site is still largely undetermined. One example of such a
model used cyclohexane solutions of bis(triphenylsilyl)chromate. Without the addition
of cocatalyst, polymerization of ethylene occurred at high temperatures (T > 130°C) and
pressures (P =350 - 1500 atm).'” In contrast with the parent Philips catalyst,
polymerization of ethylene at room temperature and atmospheric pressure took place only
after the addition of an aluminum alkyl and the reduction of the chromium center.

Looking at a similar case, Feher et al.”® suggested a chromate ester of a
silasesquioxane as an alternative model. This is probably the best available structurally
characterized model of the oxidized Phillips catalyst. Benzene solutions of this
compound, when activated with AlMe; to produced dark orange mixtures which

polymerized ethylene at room temperature and atmospheric pressure. The proposed



model does not however, clarify the oxidation state nor the chemical nature of the
catalytic active site.

From the information available so far, it can be deduced that the active site of the
Phillips catalyst involves a chromium species in a reduced state. Conclusive
determination of the exact oxidation state of the metal still has not been accomplished
and arguments persist. Since these homogeneous systems have all been shown to be less
active then the heterogeneous counterparts, we must take another look at the basic

structure of the catalytic active site in an effort to make improvements.

The Homogeneous Acitve Site

The generic catalytically active species in olefin polymerization is commonly
accepted as a coordinatively unsaturated cationic alkyl complex [L,MR]". This complex
is stabilized by chelating ligands L. Three different strategies (A,B and C) can be

employed to generate such species. These are illustrated in scheme 1.3.

s A
LM LM

YN A

Scheme 1.3 — Three methods for the generation of the catalytically active species
[L.MR]". represents the site of coordinative unsaturation.
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Route A involves the abstraction of an anionic ligand such as a halide. This is then
substituted with a noncoordinating (usually bulky) anion by precipitation under the form
of insoluble salts. Common reagents are Na{B[3,5-(CF3);CsH;]4}*" or silver salts such as
AgBF, or AgOSO,CF; (AgOTY) for the later transition metals.

In method B, an alkyl ligand (anion) is abstracted from the parent dialkyl compound.
Reagents used in these abstraction are most commonly the perfluorinated arylboranes
(BARF) compounds: [Ph;C][B(CsFs)a], [PhNNHMe;][B(CéF's)a], [H{OEt2)][B{3,5-
(CF3),CsHa}a]? or B(C6Fs)s. It is noteworthy that the use of B(CsFs)3 only partially
abstracts the alkyl ligand. This leads to a cation-like catalytic species.?

Lastly, route C combines the alkylation and abstraction process. This is achieved by
treating a dihalide parent compound with an alkylating species, followed by reaction with
a ligand abstracting compound such as those previously mentioned. For example
treatment with a trialkylaluminum compound could be followed by B(C¢Fs)s. The advent
of methylaluminoxane (MAO)? whose structure is schematically represented in figure
1.3 has combined both requisites by reducing this operation to one step, the cocatalyst

acting as both alkylating and ligand abstracting agent.

Figure 1.3 - Proposed structure of methyaluminoxane.*
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What is evident is that strong Lewis acidity of the metal center is crucial to the
activation process. This promotes the coordination of ethylene to the reactive site.
Another key aspect is the presence of M-C bonds where the coordinated olefin can be

inserted and the alkyl group included in the growing polymer backbone.

The Mechanics of Polymerization

According to a mechanism proposed by Cossee,? once the catalytically active
species is generated, although several pathways can be followed, only one of these leads
to polymerization of the olefin monomer. The insertion of olefin as shown in scheme 1.4
is obviously the most crucial step in the polymerization mechanism. From the olefin
coordinated transition state, propagation occurs via the subsequent insertion of the olefin
into the M-C bond adjacent to the coordination site. Therefore, the relative energy
required for this coordination should be low when compared to the B-hydrogen
elimination termination process (scheme 1.4). The latter would lead from the active

precursor to the corresponding hydrido olefin complex.

+ CH,CH, |+ CH,CH, |+ +
Lo — L 77 2"% L 727200 L
{L' /M—CHZCH:,] —_—— [L‘ /M../ ] —_— [L‘ /M\ /‘CHZ —_— v /M—CH2CH2CH20H3
K

2
l 1 Chain Propagation

H1+ Z=CH, .4
L\ / L\ i .
L./M")/ L./Mx .'H
/ ‘:c’m
B-Hydorgen B-Hydorgen
Elimination Transfer
Chain Termination

Scheme 1.4 - Elementary steps of chain propagation and chain termination.
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Furthermore, the evolution of the olefin coordinated transition state towards
propagation must be more prevalent, i.e. more energetically favorable, than the possible
termination of the propagation cycle by B-hydrogen transfer. In the later, a H from the
alkyl function already bound to the metal center is transferred to the coordinating olefin.
This results in the exchange of the olefinic function to the polymer chain. Here the
catalyst active site can be seen as remaining intact, however no further chain growth
occurs. In a practical setting, substantial difference in activation energy between
propagation and termination steps translates into the generation of high MW polymers as
opposed to oligomerization.

The optimization of the active site represented in scheme 1.3 must represent the
underlying goal of any research undertaken. Of the two approaches to be taken in this
endeavor, chapters II & III of this work concentrate on the selection of a specific metal

centers (Cr, V) to increase the reactivity of the catalytic active site towards ethylene

insertion.

Reactive Metal Centers (Cr)

As stated by Theopold in the development of his model the Union-Carbide catalyst:
“a minimum requirement for the active site is an alkyl group (or hydride) bonded to the
chromium.”® Furthermore, Ziegler et al. investigated model systems of first row
transition metals having electronic configurations ranging between d' to d* in an effort to
identify the role of the metal oxydation state in determining catalytic activity.”® A study
of the energy requirements for the propagation processes highlighted in scheme 1.4 as

opposed to the energy requirements for the chain termination processes has shown that a
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d? electronic confi guration in first row transition metals such as v ¢V, MnY would
generate highly active olefin polymerization catalysts.

Given this proposal, the simplest strategy for the creation of an optimal active site
would involve homoleptic alkyl species. The use of single species where all of the alkyl
groups are equivalent could reduce the possibility of “ligand effect” thereby generating
an active site where the sole remarkable promoter is the oxydation state of the metal
center. This may help to clarify the role of the electronic configuration of the metal in the
active site.

In the case of tetravalent chromium compounds, the stability of homoleptic alkyls
was first demonstrated by Wilkinson in the 1970’s. The trimethylsilylmethyl Cr species®’
was claimed to have an astonishing inertness towards protic reagents. The obvious
advantage associated with this apparent inertness is that the f-hydrogen termination
reactions (scheme 1.4), considered to be the obstacles to chain propagation, would be
eliminated.

The proposed synthetic strategy for Cr' alkyls per say, raises an interesting question.
The reaction uses a trivalent salt (CrC1;THF3) to produce the Cr'" alkyl, yet the pathway
by which the Cr species is oxydized to the tetravalent product, in the presence of reducing
RLi reagents, remains unexplored. The elucidation of these steps by which a trivalent Cr
salt generates a tetravalent homoleptic alkyl may provide valuable information. Chapter
I1 is a revisitation of the chemistry of two tetravalent homoleptic Cr alkyls proposed by
Wilkinson, investigating their reactivity both towards ethylene and other reagents.

During efforts to clarify the mechanism, a rare case tetrameric Cr" homoleptic alkyl

species was also isolated and characterized. This compound was first reported by Smith
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in the 1990°s.2® A crystallographic study and interpretation of its magnetic properties is
presented in conjunction with the tetravalent counterparts. The stability of the

tetranuclear cluster is investigated and suggests the existence of strong Cr-Cr bonding

interaction.

Reactive Metal Centers (V)

In parallel, a study was undertaken to probe the behavior of vanadium derivatives. A
similar synthetic route afforded a d' tetravalent vanadium compound that is isostructural

with the Cr derivative. The synthesis of this homoleptic V alkyl species has been claimed

in literature 2’*%° although no crystallographic data or information as to activity towards

polymerization has been recorded.

Having the availability of this isostructural compound was attractive since it allowed
to tentatively correlate the modification of the electronic configuration (from d* to d') to
activity and polymer quality. Vanadium compounds are usually more reactive than their
Cr counterparts and so the remarkable stability, which proved problematic during the
functionalization of the latter materials, may not be so limiting in the case of V. An
increased activity was observed in this case through the relative thermal instability of the
tetravalent V compound as compared to the Cr equivalent. The tetrakis-
trimethylsilylmethyl-vanadium species described in Chapter III provides the first
crystallographic characterization of a VR4 species and was a very potent olefin

polymerization catalyst.
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Stabilizing Ligand
A look back at the general active site shown in scheme 1.3 can suggest an alternate
method of improving the reactivity of metal center. The focus can be drawn away from
the metal center in search of a particular ligand system to be employed.
The chelating ligands in active polymerization catalyst have a fourfold function:
1) control over the metal coordination number
2) control over the metal coordination geometry
3) control over the formal oxidation state of the metal

4) steric protection of the active site and influence over (stereo)selectivity

To illustrate these points, a series of compounds is represented in figure 1.4. The
nature of chelating dianionic diamide ligand controls the geometry such that the metal
halide moiety of the catalysts can be stabilized in a pseudo-tetrahedral environment or in

distorted trigonal-bypyramidal environments as in the complexes 2-4 illustrated below.

O tT_x C{

'f
Ar

2 3 4

Figure 1.4 - Effect of the ligand on the metal environment.

In the three examples depicted above, the presence of an etheral or pyridyl bridge

influences the relative dispositions of the metal-attached atoms. The N,O,N atoms of the
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ligand are arranged in a trigonal disposition in the case of 3 with the oxygen in the axial
position of the trigonal bipyramid. In comparison, the N,N,N tridentate chelating ligand
of 4 enforces a planar arrangement, relating the chloro ligands to the equatorial sites of
the trigonal bypiramid.

Work by Brookhart et al. has demonstrated that Ni" and Pd" complexes can be
transformed from olefin oligomerization catalysts into extremely active polymerization
catalyst when the steric bulk on the ligands is increased.”® This effect has been the target
of theoretical calculations that suggested a larger destabilization of the chain termination
transition state relative to the chain propagation transition state.”! (Scheme 1.4).

The particular a,,o’-diiminopyridine ligand used in these cases (see 4 in figure 1.4)
has made quite a stir in recent literature. Indeed the isolation, through the utilization of
this ligand, of active catalyst systems employing metals previously not considered for
polymerization processes (Ni, Pd, Fe, C0)***? has opened the door to a multitude of
possible active centers. However, the growing number of isolated derivatives show a
significant transformation of the ligand itself upon reaction with various activating Al
species. Alkylating agents have been shown to attack the imino function® and all of the
pyridine ring atoms including the N.>* In addition, dimerization may be achieved via
imine reductive coupling or via cycloaddition of two pyridine rings to form a tri-cyclic
system.>*® During this unusual variety of transformations, the metal center coordinated to
the ligand may engage in redox reactions thereby lowering or even increasing its
oxidation state.>****> The a,a’-diiminopyridine moiety thus plays more than an ancillary

stabilizing role in the initiation process.
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The ability of the ligand to engage in internal exchange processes with the metal
directly affects the Lewis acidity of the active center and its behavior as a potential
catalyst. Chapter IV of this work takes a closer look at the popular o,o’diiminopyridine
ligand to examine its rather unique characteristics in reactivity. Two rare case trilithium

organyls are characterized from the reaction of the free ligand with strong reducing

agents (Li metal and Li-naphtalenide).
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The Unusual Stability of Homoleptic Di- and Tetravalent Chromium Alkyls

Introduction

The +4 oxidation state of chromium is not easily accessible despite the great potential that
may be envisioned for tetravalent chromium complexes as polymerization catalysts.
Homoleptic, tetravalent chromiumn alkyls, first isolated and characterized by Wilkinson in the
seventies, can be prepared by reaction of CrCl;(THF); with an equivalent amount of the
Grignard reagents.! The isolation of species having stable M-C bonds with Cr, requires the use
of ligands which do not have H (or other atoms easily transferred to the metal) on the B-position

adjacent to the metal center thereby preventing alkene elimination.

I
\‘ SI\
crc 4 ,S"/“ g r
rCly(THF), <+ Civg — r\Si/
\\
S

Scheme 2.1 — Synthesis of stable homoleptic tetravalent Cr-alkyl by Wilkinson.'

Several ligand systems have been successfully used to produce metal alkyls and as such,
have dispelled the myth that such metal to carbon bonds are very weak.? In fact, these rare
species seem to possess surprising chemical inertness including resistance to the attack of acidic
aqueous solutions.”> Given the uncommon stability of isolated Cr alkyl species, some limitations
may be anticipated in using them as starting materials.

Besides the tetravalent derivatives, a few air-sensitive divalent chromium alkyls, both

monomeric® and dimeric’, are known. The diamagnetism or residual paramagnetism in the
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dinuclear complexes was taken as an indication for the existence of a debated Cr-Cr multiple
bonding interaction.’ A unique case of a tetranuclear divalent chromium cluster was reported by
Smith.% Trivalent chromium tris-alkyl compounds remain almost unknown’ apart from the
cyclopentadienyl derivatives.®

What renders chromium organometallic complexes particularly appealing is the established
ability of the Cr-C bond to perform ethylene polymerization® or selective trimerization,'® which
is being exploited for the commercial production of polymers or oligomers important to a wide
range of industrial applications. Thus, it is at least strange that all the chromium organometallic
complexes reported to date, including species grafted on solid state supports,'' display only
moderate catalytic activity. While information about catalytic activity of tetravalent chromium
species is non-existent, theoretical calculations have predicted that the d” electronic configuration
may be particularly promising for a performing catalyst.'2

Following interest in homoleptic Cr alkyls,*®" the preparation of two tetravalent d* chromium
alkyls' was revisited. Of particular interest, was their ability to work both as starting materials
for further functionalization and as Ziegler-Natta catalysts. The clarification of the reaction
pathway through which a trivalent chromium salt may form a homoleptic tetravalent derivative'?
was also considered to be beneficial. Finally we were interested in elucidating the nature of the
Cr-Cr interaction in the unique [RCr]4 tetranuclear cluster® and evaluating its stability.

For this work the Me;SiCH, and neopentyl ligands were selected because of their well-
known ability to stabilize the M-C functionality for a variety of metals. These ligands are also
known to be involved in the formation of carbenes and stabilized olefin polymerization catalyst

precursors.®™
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Results
Synthesis of Cr{CH,C(CH3)3]4 (5a) and Cr[CH1Si(CH3)3] 4 (Sb).

The preparation of the two homoleptic derivatives R4-Cr [R = Me;CCH; (5a), Me3SiCH,
(5b)] was carried out according to the original preparation described by Wilkinson.! Reaction in
ether of freshly prepared solutions of RMgCl with a suspension of CrCl3(THF); afforded dark
brown and dark violet crystals, respectively, of the corresponding complexes 5a and 5b (Scheme
2.2). Both products were isolated in moderate yield upon crystallization from hexane followed
by sublimation. Correct combustion analysis results were obtained for the expected formulation.
The room temperature magnetic moments for these two compounds are in good agreement with
the values reported by Wilkinson (5a g =2.91 ug, 5b 1= 2.89 us) and are as expected for the
high-spin d’ electronic configuration of tetravalent chromium centers. The two complexes are

thermally robust and did not show signs of decomposition upon refluxing in toluene for 24 hours.

[
N X~
\/ A
| —— Ci
CrCl(THF), + 4 — )r\X <
. \
5a X=C
5b X=Si

Scheme 2.2 — Reaction of CrCl3(THF); with Grignard reagents.

Since crystallographic data are not available for these two complexes, an X-ray diffraction
study was undertaken. Crystals of both 5a and 5b diffracted rather poorly. Nevertheless, it was

possible after several attempts to obtain single crystals that produced data files of sufficient
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quality to solve the structure of each compound and to confirm the connectivity.!"? The two
complexes possess the expected tetrahedral structure (Figures 2.1 and 2.2) with C-Cr-C-angles
varying in the range 106.1°-115.5° for 5a and 107.3°-108.9° for Sb. The Cr-C distances also
compare rather well ranging from 1.961 A to 2.031 A for 5a and from 1.954 A to 1.983 A for 5b.

The geometrical parameters compare well with those of the neophyl derivative of very similar

Figure 2.1 - Thermal ellipsoid Figure 2.2 - Thermal ellipsoid

representation of (5a) CaoHssCr representation of (Sb) C16HCrSis

Both structures displayed conformational disorder arising from the flipping over two
positions of the CH; groups directly attached to chromium, and some rotational disorder of the t-
Bu and Me;Si groups along the CH,-C and CH,-Si bonds. This behavior was reflected in the

convergence factors which remain unpleasantly high.

! For full details of the structures obtained see Appendix I — Crystallographic Data: Homoleptic Chromium Alkyls.
2 A list of significant bond lengths and angles are given in table 2.1 at the end of this chapter.
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Reactions of (5a) and (Sb).

Both 5a and 5b are pyrophoric and immediately ignite upon exposure to air (Warning!).
Nevertheless, these species display, in agreement with Wilkinson’s observation, a remarkable
inertness towards protic reagents. No reaction was observed upon refluxing in toluene, while
reaction with either phenols or carboxylic acid took place only after refluxing in toluene for 15 h,
affording decomposition.

In sharp contrast to this surprising inertness towards protic agents, a smooth reaction took
place at room temperature with tetraphenyldisiloxane-1,3-diol, producing the trimeric [Ph,SiO];
in good yield (Scheme 2.3). Regrettably, the fate of the chromium moiety remained unclear

despite repeated attempts to isolate a tractable product.

Scheme 2.3 - Reaction of Cr{CH,Si(CH3);]4 (Sb) with tetraphenyldisiloxane-1,3-diol.

The formation of [Ph,SiO]; implies a formal abstraction of one molecule of water from the
disilanolate. Thus, different perspectives might be envisioned about the grafting of CrR4 on

silica surfaces,'® where a similar dehydration might actually occur as an alternative to the

grafting process.
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Polymerization Testing

Solutions of 5§ do not react appreciably with ethylene or other a-olefins at room temperature
and atmospheric pressure. However, in the presence of 2 equiv. of AICl; a vigorous reaction
forming polyethylene took place. The catalytic activity of Sb of 1.1 kg of PE/mol/h/atm is
moderate and in the range of the other homogeneous chromium catalysts reported so far in the

literature.'*?° The polyethylene displayed a fairly high MW of 699 500 g/mol and rather broad

polydispersity (5.0).

Synthesis of Cr4[CH,Si(CH3)3/s (6b).

Compound 6b was conveniently prepared by reacting CrCl(THF), with 2 equiv. of the
lithium reagent. Attempts to prepare a neopentyl derivative, which we presumed would proceed
in a similar manner, afforded only intractable materials. The formation of 6b in high yield via
reduction of a trivalent species is not particularly surprising given the well-known ability of
organolithium reagents to act as reductants. We have analyzed the mother liquor solutions for
the possible presence of Sb as a partner product of a disproportionation process. However, not
even traces of Sb could be detected upon sublimation of the dried residues, thus ruling out that its

formation might be due to a disproportionative pathway.

Since the atomic coordinates and the geometrical parameters of 6b were not available from
the patent literature, another crystal structure determination was undertaken. This confirmed the
tetrameric structure of 6b as composed of four square planar divalent chromium centers bridged
by the eight methylene groups of the trimethylsilyl groups (Figure 2.3). Each chromium is

connected to two neighbor chromium centers by two bridging trimethylsilylmethyl groups, while
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the four chromium atoms define a nearly regular square plane [deviation from the plane 0.0173

A, Cr-Cr-Cr-angles ranging between 89.65° and 90.30°].

Figure 2.3 - Thermal ellipsoid representation of (6b) C3,HgsSigCrs

The overall structure can be described in terms of a nearly regular cube with the eight
methylene groups of the CH,SiMe; groups occupying each corner and the chromium atoms
located in the center of the four side faces while the top and bottom faces remain unoccupied.
The coordination geometry around each of the chromium centers is regular square planar and
rather similar to that of Cro(CH,SiMes)s(PMes), and [Crz(CH,SiMes)s)”.** The Cr-C-Cr-angles

range between 62.98° and 65.22° and are as expected for CH,-trimethylsilyl bridging groups.
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Magnetic Properties
The Cr - - - Cr distances in 6b (ranging from 2.331 A to 2.402 A) fall in a range consistent

with metal-metal multiple bonding,’ yet the complex is paramagnetic at room temperature with a

low magnetic moment of about 1.61 ug (mol) at 300 K, dropping to 0.3 ug at 2 K. This is

represented below in figure 2.4.
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Figure 2.4 - Plot of the 1/y and of the p.g against T for 6b. Best fitting was obtained with g =
2.188,J=-510, TIP = 0.00079, p=0.004 6=-0.05

High spin mononuclear Cr" systems in a weak square-planar field are expected to show much
higher moments at room temperature (4.7-4.9 zg), with minor depression of the moment as
temperature is lowered. For a low spin system, significant spin-orbit coupling effects can lead to
significant depression of the moment from room temperature values around 3-3.3 ugto 0 g, but
only at temperatures approaching 0 K. The mononuclear Cr" complexes 5a and 5b have
moments at room temperature consistent with the presence of two unpaired electrons (5a zefr =
2.91 up, 5b per=2.89 1), as would be expected. The Cr centers in 6b are nominally square-

planar, and so might be expected to exist in a high spin configuration (d*). However the very



low overall moments exhibited by 6b, and the significant drop on lowering temperature, are
more reasonably associated with intramolecular spin coupling, through a superexchange
mechanism, which would be antiferromagnetic in nature. The data for 6b were fitted to an
isotropic exchange model for four Cr" centers arranged in a square with a single exchange

integral, according to the appropriate Hamiltonian expression (eqn. 1).

H=-J{8:.82 +82.83 + S3.84+ S§1.S4}--=vvccmcccmmcae oo (1)
N B’g’ p)_ S(S+1)(2s"+1)exp[-E(SY/AT]
nf=—5 T T SRR EELEEL L 2)
(T-6)>. S'(2S'+1)exp[-E(S')/ kT] |
B — ©
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Using the vector coupling scheme, the appropriate energy levels and spin states were derived

and substituted into the Van Vleck equation (eqn. 2), and corrections made for TIP (temperature

independent paramagnetism), Weiss like temperature effects (6) and paramagnetic impurity

fraction (o) (eqn. 3).2% A satisfactory fitting of the magnetic data was obtained by using the

integrated software package MAGMUN 4.0. The data for 6b were fitted to eqn. 3 for both low

spin (d®) and high spin (d*) cases. Reasonable fits were obtained in both cases with g=2.188,J

=-510 cm™, TIP = 0.00079 cm®mol”, p=0.004, §=-0.05, (10°R = 6.1; R = (Xobs.

“Yeale) /Aobs ] 2) for the d* case and g =2.193, J= -475 cm™, TIP = 0.000765 cm’.mol”, 6=

0.012, 8= 0 (10°R = 6.4) for the d° case. The solid line in figure 2.4 is calculated with the best fit

data for the high spin case. The data below 6 K show quite a sharp drop in moment, perhaps

indicative of zero-field splitting effects. These data have not been included in the data fit.
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However since zero-field splitting is likely to be very much smaller than |J] the exchange

coupling clearly dominates.

Theoretical Calculations

Given the magnetic behavior, Density Functional Theory (DFT) calculations were carried out
on the singlet state. In good agreement with this working hypothesis, the LUMO (-3.972 eV),
HOMO (-4.069 €V) and HOMO-1 (-4.087 eV) are nearly degenerate with a HOMO-LUMO gap
of only 0.097 eV (Figure 2.5) thus explaining the appearance of magnetism by incrementing the
temperature. The reason for the incomplete degeneracy is likely to be ascribed to the unequal
Cr-Cr bond distances ranging from 2.34 to 2.40 A.

Among the frontier orbitals, the HOMO, HOMO-1, HOMO-3, HOMO-4, HOMO-6 and
HOMO-8 all are between 97 and 100% Cr-centered (Figure 2.5) indicating a surprising non-
participation of the ligand bridging carbon atoms and the presence of a substantial Cr-Cr bond
interaction. The LUMO and the HOMO-1 are pure Cr-Cr &-bonds with identical shapes but
different orientation in the sense that the two vertical nodal planes are perpendicular to each
other, while the horizontal nodal plane coincides for both orbitals with the molecular plane. Both
MO’s are generated by the overlap of the d orbitals orthogonal to the molecular plane (Figure
2.5), forming four lobes in the center of the tetrametallic unit. The HOMO can be described as a
combination of two Cr-Cr z-bonds each between one couple of chromium atoms generated by in
plane combination of d orbitals forming four out of phase lobes lying on the molecular plane. A
second MO with a strong #~character is provided by HOMO-2 (-4.783 €V) formed by the in-
phase hybrid combination of d orbitals perpendicular to the molecular plane and oriented

towards the center of the molecule. The main feature consists of two large lobes located on the
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Figure 2.5 - Schematic representation of the frontier molecular orbitals of 6b.
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HOMO+4 -5.123 eV

Cr-Cr o bonds
97.5% Cr character

HOMO-5 -5.241 ¢V

Cr-Cr o bonds
Cr-C ¢ bonds
76% Cr character

HOMO-6 -5.291eV

Cr-Cr o bonds
98.5% Cr character

HOMO-8 -6.431eV

Cr-Cr o bonds
100% Cr character

two sides of the molecular plane. There is, however, a small but non-negligible participation of

the bridging carbon atoms p orbitals (20 %). On the same line, HOMO-7 (-6.340 eV) also is a

Cr-Cr 7-bond again forming two large lobes in the center of the molecules above and below the

plane defined by the tetrametallic unit. In this MO however, the participation of the bridging

carbon atoms appears to be more significant, the Cr-Cr bond character being only 60%. The Cr-

Cr o~bonding interaction is realized through a series of five MO’s (from HOMO-3 to HOMO-6)

arising from overlap of the lobes of d orbitals located either coplanar or perpendicular to the

tetrametallic unit. Particularly appealing is HOMO-8 (-6.431 eV), consisting of a large lobe

located in the center of the molecule. The orbital appears to be formed by hybrid combination of
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d atomic orbitals strongly reminiscent in shape of the d,2 lying on the molecular plane and
directed towards the center of the molecule. Though not considered in great detail in this report,
frontier orbitals HOMO-9 through HOMO-14 all exhibit some Cr-Cr bonding character but with

a major participation of the ligand bridging carbon atoms.

Reactions of Cry/CH,Si(CH3)3] 5 (6b).

Similar to the case of 5a and 5b, complex 6b displays a remarkable chemical inertness
towards protic agents, and to our surprise no reactivity could be observed even with carboxylic
acid, phenols, pyroles, etc. In contrast to the case of MesCr,Lis(THF)4 whose short Cr-Cr
quadruple bond could be reversibly cleaved via coordination of Lewis base,*" the tetranuclear
structure of 6b seems to be surprisingly robust since no cleaving was observed upon treatment
with TMEDA and unreacted 6b was always recovered in good yield. Nevertheless, a smooth
reaction with ethylene took place at room temperature in toluene solution, producing substantial
amounts of polyethylene (MW = 510,000, PD = 2.4). Although the catalytic activity was very
modest (0.5 kg of PE/mol/hr/atm), as expected for a divalent chromium species, we found

remarkable that the reaction does not require the presence of a cocatalyst.

Discussion

The formation of tetravalent S starting from a trivalent salt and by using reducing Grignard
reagents can in principle be ascribed to a disproportionation reaction of an unstable and in situ
generated R;Cr intermediate. However, the fact that the yields are above 50% in the case of S5a
might dismiss this possibility. Attempts to identify divalent chromium species as possible

byproducts of the reaction were inconclusive possibly due to the presence of magnesium salts as
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byproducts which would be likely to be engaged with chromium in the formation of polymeric
structures. However, when the reaction of CrCl3(THF); was carried out with the corresponding
lithium reagent Me;SiCH,Li, a new divalent and tetrameric species [(Me3SiCH;),Cr]4 (6b)
previously reported by Smith® was isolated in 83% yield.

The low observed magnetic moment for 6b seems to substantiate the ability of polynuclear
Cr species to form metal-metal bonds. Since both isotropic exchange models used for the
magnetic susceptibility can account reasonably for the data with large |J] values, it is clear that
the magnetic properties of 6b can be interpreted in terms of very strong intramolecular
antiferromagnetic coupling. This could be manifested through superexchange via the bridging
methylene groups, although the close proximity of the Cr" centers within the square, and the
possibility of direct metal-metal interactions, might also be a significant contributing factor in the
overall exchange process. On the other hand, complex 6b displays an unusual chemical inertness
that in principle could be ascribed to the existence of a robust Cr-Cr direct bonding interaction.

In conclusion, the ability of the Cr-C bond in these complexes to perform ethylene insertion
reactions along with the surprising inertness toward H-transfer reactions might be the key to
understand the tremendous efficiency of the Cr catalyst commercially used for ethylene
homopolymerization. A strong tendency to perform ethylene insertion, counterbalanced by poor,
if any, tendency of the Cr-C bond to undergo hydrogen transfer, may well account for the
formation of high molecular weight polymers with virtually no branching. Thus, understanding
the factors determining this behavior will be critical for the design of more efficient catalysts and

provides motivation for the development of new Cr-based catalysts.
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Experimental Procedures
General

All operations were performed under inert atmosphere by using standard Schlenk type
techniques. CrCly(THF)s,"? CrCly(THF),," (CHz);SiCH,Li,'* (CH;);CCH;MgCl, "
(CH3);SiCH,MgCl,' and tetraphenyldisiloxane-1,3-diol24 were prepared according to published
procedures. Infrared spectra were recorded on a Mattson 9000 and Nicolet 750-Magna FTIR
instruments from Nujol mulls prepared in a dry-box. Samples for magnetic susceptibility
measurements were weighed inside a dry-box equipped with an analytical balance and sealed
into calibrated tubes. Magnetic measurements were carried out with a Gouy balance (Johnson
Matthey) at room temperature for 5a and 5b and at variable temperature for 6b using a Quantum
Design MPMS5S SQUID magnetometer at 1.0 T, in the temperature range 2-300 K. The sample
was sealed in a 5 mm quartz tube in a dry-box prior to transfer to the SQUID. Sample mass was
determined by difference by breaking the tube after data collection. Background data on the
cleaned, empty tube were obtained under identical experimental conditions. Corrections for the
quartz tube and for underlying diamagnetism were applied to the data. Elemental analyses were
carried out with a Perkin Elmer 2400 CHN analyzer for 5. Data for the X-ray crystal structure

determinations were collected on a Bruker AX SMART 1k CCD diffractometer equipped with a

Smart CCD area detector.

Preparation of Cr(CH,C(CH3)3)4 (5a)
A filtered solution of freshly prepared (CH3);CCH,MgCl (200 mL, 25.0 mmol, 0.125 M) in
ether was added to a suspension of CrCl3(THF)3 (2.3 g, 6.1 mmol) in the same solvent (50 mL).

The color of the solution initially changed to light orange-brown. After 30 min., a further color
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change to intense dark blue was observed. Upon stirring overnight at RT the color finally became
maroon. The solvent was removed in vacuo and the residue was suspended in hexane (150 mL).
The mixture was stirred for 1 h at RT and filtered. The residue was washed with three portions of
hexane (10 mL each). The combined hexane extracts were dried in vacuo and the residue was
sublimed ir vacuo at 60°C. X-ray quality dark brown pyrophoric (WARNING) crystals of 5a
were thus obtained (Yield: 1.26 g, 3.7 mmol, 61 %). Anal. Calc.(found) for CyoHssCr (FW:
336.57 g/mol) [%]: C 71.37 (72.04), H 13.18 (13.85). IR (Nujol mull, cm™") v: 1245 (vs), 1015

(w), 898 (vs), 730 (m), 693 (s), 681 (s), 612 (W), 536 (W), 515 (W). perr=2.91 B.M.

Preparation of Cr(CH,Si(CHj3)3)4+ (Sb)

The addition of a solution of freshly prepared (CH3);SiCH,MgCl (200 mL, 30.0 mmol) in
ether to a suspension of CrCl3(THF)3 (3.2 g, 8.5 mmol) in the same solvent turned the color dark
purple. The mixture was stirred at RT for 1 h, then concentrated to dryness. The residue was
suspended in hexane (150 mL) and the mixture was further stirred for 1 h at RT and filtered. The
residue was washed with three portions of hexane (10 mL each). The combined hexane extracts
were dried in vacuo and the residue was sublimed in vacuo at 60°C. X-ray quality dark violet
pyrophoric (WARNING) crystals of Sb were obtained (Yield: 1.0 g, 2.5 mmol, 29 %). Anal.
Calc.(found) for Cy¢H44SisCr (FW: 400.87 g/mol) [%]: C 47.94 (47.88) H 11.06 (10.91). LR.
(Nujol mull, cm™) vz 1259 (vs), 1079 (vs), 1021 (s), 884 (s), 808 (vs), 744 (W), 694 (s), 612 (W),

536 (W), 516 (W). perr = 2.89 B.M.
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Preparation of Cr«CHSi(CHj3)3)s (6b)

Method A: A solution of (CH;)3;SiCH,Li (1.7 g, 18.1 mmol) in hexane (100 mL) was added
to a stirred suspension of CrCl3(THF); (1.8 g, 4.8 mmol) also in hexane (50 mL). The color of
the slurry immediately changed to dark purple. The mixture was stirred at RT for 3 h, then
filtered and the residue was washed with three portions of hexane (10 mL each). The solution
was concentrated to 50 mL and allowed to stand at -34°C for 12 hours. The color of the solution
slowly turned dark brown upon standing at that temperature. X-ray quality dark brown crystals
of 6b were formed, which were isolated by cold filtration, washed twice with pre-cooled hexane
(5 mL) and dried in vacuo. (Yield: 0.9 g, 0.99 mmol, 83 %).

Method B: A solution of (CH3);SiCH,Li (1.0 g, 10.3 mmol) in hexane (100 mL) was added
to a stirred suspension of CrCl,(THF); (1.4 g, 5.2 mmol) in the same solvent (50 mL) cooled to -
50°C. The color of the slurry immediately changed to dark brown. The mixture was allowed to
warm to room temperature over a period of 2.5 hours, then filtered and the residue was extracted
three times with hexane (10 mL each). The combined extracts were concentrated to 30 mL and
allowed to stand at -34°C. The resulting crystals were filtered while cold, washed twice with cold
hexane (5 mL) and dried in vacuo. (Yield: 0.7 g, 0.77 mmol, 60 %). Anal. Calc.(found) for
C3,HgsSigCrs (FW: 905.73 g/mol) [%)]: C 42.44 (42.38) H 9.79 (9.69). IR (Nujol mull [em™]) v:
1461 (vs), 1378 (s), 1325 (w), 1256 (m), 1244 (s), 971 (m), 945 (s), 842 (vs), 739 (s), 716 (vs),
677 (m), 570 (W), 449 (w). "H-NMR (500MHz, 25°C, benzene d°) & 0.53 (s, CHs, 72 H) 1.40

(m, CH,, 16 H).
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Reaction of Sb with tetraphenyldisiloxane-1,3-diol

A solution of 5b (0.35 g; 1.0 mmol) in toluene (20 mL) was added to a solution of
tetraphenyldisiloxane-1,3-diol (0.4 g; 1.0 mmol) in the same solvent (80 mL). The mixture was
stirred at room temperature for 62 hours upon which the color of the solution changed from
maroon to brown. The solution was concentrated in vacuo to 30 mL. Standing at —34 °C for 2
days yielded colorless crystals of PheSi303 of apparent X-ray quality. (Yield: 0.26 mg, 65 %).
Anal. Calc.(found) for C36H3003Si3 (FW: 594,90 g/mol) [%]: C 72.68 (72.04), H 5.08 (4.97). IR
(Nujol mull, cm") v: 1591m, 1568 w, 1428 s, 1366 w, 1189w, 1158 w, 11285, 1118 s, 1037 vs,

1016 vs, 995vs, 766 w, 744 m, 737 m, 726 s, 698 s, 678 m, 620 w, 528 vs, 487 m, 481 m.

X-ray Crystallography

Suitable crystals were selected, mounted on thin, glass fibers using paraffin oil and cooled to
the data collection temperature. Data were collected using 0.3° @-scans at 0, 90, and 180° in ¢.
Unit cell parameters were determined from 60 data frames collected at different sections of the
Ewald sphere. Semi-empirical absorption corrections based on equivalent reflections were
applied.!” Systematic absences in the diffraction data and unit-cell parameters were consistent
with C2/c and Cc for 5b and, uniquely, P2,/n for 6b, and Pbca for 5a. Refinement in the
centrosymmetric space group option for 5b yielded computationally stable and chemically
reasonable results of refinement. The structures were solved by direct methods, completed with
difference Fourier syntheses and refined with full-matrix least-squares procedures based on F.
The compound molecule of 5b is located at a two-fold rotation axis. All carbon and hydrogen
atoms for S5b and for 5a excepting the tertiary carbon atoms were located disordered in two

positions with a 50/50 site occupancy distribution. All non-hydrogen atoms were refined with
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anisotropic displacement parameters. All hydrogen atoms were treated as idealized contributions.
All scattering factors and anomalous dispersion factors are contained in the SHELXTL 5.10

program library.'®

Density Functional Theory calculations

All theoretical results were obtained using the Becke-Perdew exchange correlation
functional, within the Amsterdam density functional (ADF) program. The standard double-{
basis sets were used for H, C, and Si atoms, while the standard triple-{ basis sets were employed
for the Cr atoms. The 1s electrons of C as well as the 1s-2p electrons of Si and Cr were treated

as a frozen core. Graphical representations of orbitals and other functions computed by ADF

have been prepared using the MOLEKEL program.
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The High Activity of a Homoleptic Tetravalent Vanadium Alkyl

Introduction

The discovery that the presence of a positive charge on a transition metal in
combination with alkyl function may substantially boost the activity of olefin
polymerization catalysts, has marked a milestone in the design and understanding
Ziegler-Natta catalysts. Today, cationic alkyls are regarded as the latest generation of
Ziegler-Natta catalysts.! For this reason, there is no surprise that considerable efforts
have been devoted to the design of new activators, i.e. potent Lewis acids capable of
cationizing organometallic compounds.? Nevertheless, these activators are typically not
straightforward to be prepared nor to handle and always expensive. Thus, a most recent
research direction in this field is for the design of catalysts that do not require activation.

In the chemistry of metal promoted olefin polymerization and co-polymerization,
vanadium has always played a minor role since all the vanadium catalysts reported to
date are systematically affected by chronic low-activity.> Nevertheless, there is
something unique amongst V catalysts that still make them irreplaceable. That is the
ability to perform super-random copolymerizations.* This is a critical feature in the
manufacture of synthetic rubber and understanding the factors at the basis of this
behaviour is even today target of research and debate. Obviously, given the unique
characteristic of vanadium as a catalyst, efforts have been made to improve the activity or
at least to understand the factors responsible for catalyst deactivation. The poor stability
of medium and high-valent vanadium alkyl and the ability of vanadium to span across
several oxidation states is commonly regarded as the main feature responsible for catalyst

deactivation.” Therefore, the search for vanadium catalysts provided of high activity and
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at the same time preserving the desirable performances of commercially employed
catalysts starts from the understanding of the factors that determine the stability of V-C
bond in relation to ligand system and oxidation state.

For this purpose, we have recently embarked on a project for the synthesis of
trivalent vanadium complexes where the nature of the ligand donor atom was
systematically varied. The results of this work can be summarized as follows. The
nitrogen donor atom has the ability to stabilize tetravalent vanadium alkyls and to sustain
a reasonable level of catalytic activity.® Oxygen donor atoms such in alkoxides certainly
produce the highest activity but also the most rapid deactivation due to inefficient
stabilization of the organometallic functions.” As a common trend in the variety of
transformations reported, vanadium shows tendency to disproportionate towards the di-
and tetravalent state. While the divalent state has been shown mostly inactive, tetravalent
complexes always displayed the highest activity. The obvious consequence is that in the
chemistry of tetravalent complexes may be the answer to cure the chronic iliness of
vanadium catalysts.

The starting point of this study was a reassessment of the stability of tetravalent
vanadium alkyls. Wilkinson first reported, in the seventies, the preparation of homoleptic
R4V species [R = C¢Hs , CH,Si(CH3)3]. This complex was claimed exclusively on the
basis of analytical and magnetic data.® After 30 years no additional information about
thermal stability and catalytic has been made available. Keeping in mind the unusual
stability of homoleptic tetravalent Cr alkyls presented in the previous chapter and their
ability to be activated by simple AICl;, we became interested in fully characterising a

homoleptic R4V, hopefully by crystal structure, and testing the catalytic activity.
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Results
Synthesis of V[CH,Si(CH3)3]4 (7)

The fact that there is no homoleptic tetravalent vanadium alkyl ever structurally
characterised in the literature gave to us the impression that these species might be highly
unstable. For this reason, we have selected the Me;SiCH; alkyl that notoriously provides
good stability and even allows for the formation of alkylidene derivatives upon C-H o
bond metathesis. The preparation was carried out in a straightforward manner and
according to the Wilkinson’s recipe® by reacting a solution of VCL, in heptane with the
alkyl lithium derivative in the appropriate stoichiometric ratio at low- T and under Ar

atmosphere. The complex was isolated in moderate yield as thermally unstable dark-

green crystals.
NP
7 / U
CI—\lf—CI + 4 U _si— e \—v—\ + 4Llicl
cl A \J /Si\\
>
7

Scheme 3.1 - Synthesis of V[CH,Si(CH3)3]s (7).

The complex possesses the expected regular tetrahedral structure (Figure 3.1) with C-
V-C angles varying in the range 107.3°-108.9°. The V-C distances also compare rather
well ranging from 1.961 A to 2.031 A. Conformational disorder arising from the flipping
over two positions of the CH, groups directly attached to vanadium and some rotational
disorder of the Me;Si groups reflected in the convergence factors which remain

unpleasantly high. Nevertheless, the structure was sufficient to prove the connectivity and
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confirm the tetravalent state. Regarding this last point, we also observed an unusually low
magnetic moment (1.81 BM). This is substantially lower than expected for a spin only d'
electronic configuration and was also observed by Wilkinson.® Given the monomeric
nature of the complex, intermolecular antiferromagnetic exchange is most likely
responsible for this anomaly.

The V" tetra-alkyl complex 7 (Figure 3.1) shows the same tetrahedral coordination of
the metal center previously obtained with the Cr analog.’*® The C-V bond lengths (1.9-
2.0A) and angles (104.9-116.6°)are also very comparable. The final structure shows the
same disorder in the occupancy of the CH, groups connected to the metal center thereby
increasing the convergence factors. The isostructural nature of compound 7 with its Cr
counterpart allows comparison of the d; vs d; electronic configuration towards

polymerization of a-olefins and the relative thermal stability of the associated

compounds.

Figure 3.1 —-Thermal ellipsoid representation of 7. C;¢H44SisV

! See Chapter II — Unusual Stability of Homoleptic Di- and Tetravalent Chromium Alkyls
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Polymerization Testing

Complex 7 is thermally unstable and it slowly decomposes in solution and at room
temperature to afford intractable materials. While attempts to use it as starting material
for the preparation of a series of tetravalent organometallic derivatives via protonolysis
reaction systematically led to decomposition, 7 reacted smoothly at room temperature and
in toluene with AlCl; to afford a new species that proved to be a potent catalysts for
ethylene polymerization. The activity (314 kg of PE/mol/h/atm) was the highest ever
observed for a vanadium catalyst and is superior to the commercially available® (acac);V
and the recently reported® {a,’-[2,6-(i-Pr);PhN=C(Me)]o(CsH;N)} VCls. The quality of
the PE produced was also interesting showing very high molecular weight (480,000
g/mol). The polydispersity was slightly broad (3.7) but still in the acceptable range.
Curiously enough, other a-olefins display tendency to deactivate the catalyst and greatly

reduce the activity. Treatment with styrene completely quenched the catalyst activity.

Discussion

The fact that the reaction mixture of VR4 with AICl; produces a thermally stable
species (polymerization may be started after 12 hours from time of mixing) indicates that
the catalyst is sufficiently thermally stable. This is a substantial departure from all the
other vanadium catalysts, typically remaining active only in the first few minutes of
polymerization, and indicates that the tetravalent state is stable even in the absence of

supporting ligands. The absence of supporting ligand in this particular system is likely to

2 A full list of significant bond distances and angles is provided in Appendix II - Crystallographic Data :
Homoleptic Vanadium Alkyl.
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be the cause for the broad polymer polydispersity due to the multiplicity of processes that
can be envisioned for a vanadium atom surrounded exclusively by alkyl and chlorine
functions.

In summary, we have proved the existence and the monomeric nature of a tetravalent
vanadium alkyl species. Its existence could be otherwise argued on the basis of literature
data about stability of these species and complete absence of structural characterization.
Complex 7 possesses an inferior thermal stability with respect to the isostructural Cr
derivative but displays a remarkably higher catalytic activity (1.1 kg of PE/mol/h/atm for
Cr vs. 314 kg of PE/mol/h/atm for V). This of course raises expectations and optimism
for further work in the direction of preparing highly active and stable V'" alkyl
compounds that can be transformed into potent olefin polymerization catalyst by

activation with simple and inexpensive AICls.

Experimental Procedures
Preparation of V[CH,Si(CH3z)s]« (T)

A solution of LiCH,Si(CH;); in hexane (9.42g, 200mL) was cooled to -78°C in an
acetone dry ice bath. VCl4 (2.6mL) was dissolved in hexane (80mL) and added dropwise
to the cooled reaction mixture. The reaction was stirred for an additional hour while cold
and then allowed to warm to room temperature slowly. The resultant mixture was
filtered and solvent was removed in vacuo. The residue was redissolved in hexanes,
(100mL) filtered once more and the solution was concentrated to 15mL. Dark green
crystals of 7 (1.65g, 55.56%) were obtained after 48 hours at -78°C.

Anal. Calc. (Found) [%] for VC16H44Si4: C 48.07 (47.51), H 11.09 (11.28)
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IR(Nujol [cm"]): 1256 s, 1245 vs, 1118 w, 1040 w, 1020 w, 880 vs, 840 vs, 741 vs, 720

s, 686 vs, 612 m, 504 s, 430 m.

tetr= 1.38 BM

Polymerization Experiments

AICl; (220mg, 1.6mmol) was added to a solution of 7 (320mg, 0.8mmol) in hexanes
(100mL). This mixture was stirred at room temperature overnight to yield a dark brown
solution. A SmL aliquot of the centrifuged solution was collected for testing the
polymerization activity with ethylene while a 10mL aliquot was collected to test the
copolymerization of 1-hexene with ethylene.

Ethylene: 5mL of an 8x10 M solution of 7/AICl; were diluted with 200mL of
toluene. C,H,4 was added under vigorous stirring for 15min. The remaining solution was
canulated and the polymer dried in vacuo. Polymer Yield: 3.14g Activity: 314 kg of
PE/mol V/h/atm.

Copolymerization: 10mL of an 8x10 M solution of 7/AICl; was diluted with
200mL of toluene. 1-hexene (1.5mL) and C;H, were added under vigorous stirring for
45min. The polymerization was stopped by adding a solution of 15% HCI in ethanol.
The remaining solution was canulated and the polymer dried in vacuo. Polymer Yield:

0.68g Activity: 11.33 kg-of PE/mol V/h/atm.
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CHAPTER IV

THE ABILITY OF THE a,a’-DIIMINE PYRIDINE LIGAND TO ACCEPT
NEGATIVE CHARGE : THE ISOLATION OF PARAMEGNETIC AND

DIAMAGNETIC TRIANIONS
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The ability of the o, a-diimine pyridine ligand system to accept negative charge: isolation of
paramagnetic and diamagnetic trianions.

Introduction

The a,a~diiminopyridine ligand {a,a’-[2,6-(i-Pr);PhN=C(Me)],(CsH;N)} has recently
attracted considerable attention because of its ability to form highly active polymerization
catalysts. For example, in combination with iron halides and other late transition metals (Co, Ni,
Pd) it has produced a catalyst system that, when activated with methylaluminoxane (MAO), has
displayed the highest activity ever reported for a homogeneous system.! The {a,a’-[2,6-(i-
Pr),PhN=C(Me)]»(CsH3N)}FeCl, complex is the only catalytic system based on Fe capable of
substantial olefin polymerization activity. Its Co analogue also polymerises ethylene although to
a lesser extent (450-1740 kg of PE/mol/h/atm). Our interest has been mainly focused on the
mechanistic aspects. In other words, we were interested in unveiling the factors making this
compound capable of sustaining such remarkable catalytic activity. It was hoped that by
understanding the performance of this family of catalysts a new series, perhaps even more active,
could be designed.

Recent work from this research group and others has shown that this ¢, ’-diiminopyridine
ligand can be involved in the organometallic transformations of the metal center.>” Mild
alkylating agents may attack the imino function of one of the carbon atoms on the ligand
backbone as shown in scheme 4.1. Further treatment of compound 8 with the now common

B(CeFs); or BARF activators leads to a cationic Al compound which shows very moderate

activity.?
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Scheme 4.1 — Alkylation of the imino function of the a,a’-diiminopyridine ligand.

The pyridine ring carbon atoms including the N atom can also be alkylated. In the case of the
{ a,a’-[2,6-(i-Pr),PhN=C(Me)]>(CsH3N)} VCl; complex, a first methylation with
methylaluminoxane (MAO) occurs at the ortho position of the pyridine ring.> This is illustrated
in scheme 4.2. The resulting V complex displays a very high activity albeit slightly lower then

the Fe congeners, yet producing polymers of comparable quality.

J N\ =% Mewops)

N—V—C —————=

— AN cl or Meli (1eq)

N i-Pr

a g S ad

Scheme 4.2 — First alkylation of the ortho-position of the pyridine ring.

Further treatment of the methylated equivalent of 9 (Scheme 4.3), with a stronger alkylating

agent (MeLi) results in the removal of the initial methyl group (10) or additional methylation at



the meta position of the pyridine ring (11), always accompanied by a reduction of the metal

center.

0

Me

[Li(TMEDA)YTHF),])

Scheme 4.3 — Secondary alkylation of para position vs. reduction of the methylated product.

This unusual result relating catalyst deactivation to extensive alkylation highlights the

limitation coming from this ligand system. Reduction of the metal center was observed in the
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case of Cr as well, resulting in complete inactivity. The chromium chloride complex is alkylated

(scheme 4.4) at the para position of the pyridine ring by a strong alkylating agent (PhCH,MgCl)

and the ligand is further transformed via C-C coupling.*
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m:Q

N -Pr
\ @

7\ : PhCH,MgC
N—=Cr—Cl ————w

i-Pr

12

Scheme 4.4 - Alkylation at the para-position with C-C coupling.

Conditions closer to those employed in polymerization experiments afforded a x-Cl bridged
mixed Cr-Al species upon treatment with a milder alkylating agent (AlMe;), also containing
divalent Cr. The final product in scheme 4.5 illustrates that the metal center is reduced without
involving the a,a’-diiminopyridine ligand. However this reduction results in a Cr" metal center
which is inactive towards ethylene polymerization. This facile reduction of the metal center

explains the lack of activity from the parent tri-chloride compound tested with a variety of

..p,_Q .ﬁo,AQ

cocatalysts.’

—N Pr —N -Pr /
cl AT
/ \ AICH, xs / A\ WCI”” ~
N—> Cr\—Cl — N—+Cr<, o
== cl == R
=N -Pr —N i-Pr \
13

Scheme 4.5 - Reduction of the Cr metal center without involvement of the ligand.
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Completing the series, the {a, @’-[2,6-(i-Pr),PhN=C(Me)](CsH3;N)}MnCl, adduct leads to
yet another possible ligand transformation making the compound inactive towards olefin

polymerization. In this case, dimerization occurs via imine reductive coupling,* as is represented

[ B
P
-Pr I T | i-Pr i-Pr | N/ I i-Pr
N\Mn(m/N N\_N"n(yN
% i
cl C R
i-Pr i-Pr -Pr i-Pr
14

in scheme 4.6.

\RL

Reduction

Deprotonation
and coupling

N S
l P CHy—CH, | P
-Pr | N | I T | -Pr
@N\d““)”'"\ /N’\Mn(ﬂ./N]ij
| w A
wr R R

I-Pr
15

Scheme 4.6 - Dimerization of the ligand through partial dehydrogenation vs. simple metal center
reduction.

In parallel to all these transformations either one of the two CHj; groups attached to the imine
functions may be partly dehydrogenated in the absence of a transition metal.*> This is
represented in scheme 4.7 where reaction of the a,a’-diiminopyridine ligand with MeLi
produced a reversible alkylation at the N position of the pyridine ring (16) and subsequent

heating of the alkylated product results in dehydrogenation (17).
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i-Pr i-Pr
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N\ i-Pr N\ i-Pr
e
N,f—Li—O’J ——— \N——u—THF
f \/ Toluene/THF f
N i-Pr =N i-Pr
i-Pr i-Pr—%j
16 17

Scheme 4.7 — Alkylation of the pyridine N and subsequent dehydrogenation.

This behaviour speaks for a unique ability of this ligand system to:

a) accept negative charge with preferential spin density localisation on the imine
groups and the pyridine N and Cp, atoms.
b) engage in internal redox processes with the coordinated metal.

The ability of the ligand to accept or to donate negative charge to the metal is central to the
fine tuning of the redox potential of the metal, and of its Lewis acidity that in turn determines the
catalytic behaviour.

Given the above scenario, we became interested to clarify the ability of this remarkable
ligand system to accept negative charge. For this purpose, reductions of { &, &’-[2,6-(i-

Pr),PhN=C(Me)]>(CsH3N)} with strong reductants such as Li and Li(naftalenide) and in the

absence of transition metals were carried out.
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Results
General Reaction
Reactions were carried out by reacting a solution of {a,a’-[2,6-(i-Pr),PhN=C(Me)],
(CsH3N)} in THF with either metallic Li under Ar or Li(naftalenide) under N, Regardless of
the stoichiometric ratio, the two reductions afforded a mixture of { e, a’-[2,6-(i-Pr),PhN=C(Me)],
(CsH:N)} [Li(THF)]3} (18) and of ({a-[2,6-(i-Pr),PhN=C(Me)]} { &’-[2,6-(i-Pr);PhN-C(=CH)]}

CsH3N)[Li(THF)];[Li(THF).]) (19) through a well-reproducible process. Both species contain a

trianionic ligand (Scheme 4.8).

or ~Q
+Pr ‘G LiC, oHa) THF. N +Pr

THF-* U

Scheme 4.8 - 3 electron reduction of the a,a’-diiminopyridine ligand.

! See Experimental Procedures section of this chapter for further details.
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Separation of the two extremely air-sensitive species was possible because of their different
solubility in hexane. However, we observed that reaction carried out with 3 equivalents of
Li(naftalenide) at low temperature afforded 19 as the only tractable compound (67 %) with no
tangible evidence for the presence of 18.

The connectivity of 18 was elucidated by an X-ray crystal structure (Figure 4.1). The
complex shows the intact ligand adopting the usual chelating tridentate conformation around the
first Li atom that is in turn coordinated to one molecule of THF with an overall distorted square-
planar geometry. Two additional lithium atoms, each solvated by one molecule of THF are
symmetrically placed on the two sides of the plane defined by the central lithium atom and the
three donor atoms. Each of these lithium atoms is connected to the molecule by coordinating to a
N,;yCCN;in, fragment in a geometry reminiscent of metal-diene complexes. As a result, the
pyridine N atom is pentacoordinated displaying an almost regular trigonal bipyramidal geometry.

Counting only the N and O donor atoms, the two out-of-plane Li atoms have a trigonal planar

environment.

Figure 4.1 - Thermal ellipsoid plot of (18). C4sHg7N3Li30;3
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Magnetic Properties

Complex 18 is a rare case of a paramagnetic lithium organyl showing a magnetic moment
[pesr = 1.30 pp] that is lower than expected for one unpaired electron per molecule. The presence
of antiferromagnetic (AF) exchange between the radical anions has been confirmed by variable
temperature magnetic moment measurements. As discussed in a previous chapter, a significant

drop in the magnetic moment at temperatures approaching 0 K (Figure 4.2) is indicative of spin-

orbit coupling that would be antiferromagnetic in nature.
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Figure 4.2 — Plot of the pyagainst T for 18.

The crystal structure of 18, when expanded to reveal periodicity, shows the closest point of
contact between adjacent molecules to be between a terminal carbon of the i-Pr groups on the
aryl side chains and the n-ring system of the aryl group on the next molecule. The ESR spectrum

shows a single resonance peak at g =2.002 with a hyperfine pattern appearing as a complex 23

line spectrum.
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" Theoretical Calculations
Density Functional Theory calculations (B3LYP) @ on a complex 18a (with the aryl
substituents replaced by hydrogen) indicated the presence of a rather substantial HOMO-LUMO
gap (ca 2.3 eV) thus accounting for the low spin electronic configuration. The SOMO and
HOMO are essentially identical to the LUMO and LUMO+1 of the free ligand. Both orbitals
(Figure 4.3) are antibonding in the pyridine ring and between the imine C and N atoms; the
HOMO has substantial density at the pyridine N and Cpe atoms, whereas the SOMO has a nodal

plane through these atoms.

HOMO) SONO

Figure 4.3 - Figure showing the SOMO and HOMO orbitals of 18a.

This behavior is in nice agreement with the bond distances displayed by the erystal
structure® showing that the C-C bond formed between the Corno and Creta atoms of the pyridine

ring are essentially single bonds (1.479 ;\) whereas the C-C bonds formed by the Cpers and Cuets

atoms are substantially shorter (1.410 A).

2 Geometry optimizations of the minima and transition states were performed with the GAMESS-
UK package'® using the B3LYP hybrid density functional™ with the split-valence 3-21G basis
set."” Geometries were optimized without constraints.
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Although arising from the same reaction and containing the same ligand skeleton, the
structure of 19 is remarkably different. From the formal point of view it can also be regarded as
a rare case trilithium organyl. It shows the ligand system where one of the two methyl groups

has been deprived of one H atom and engaged in the formation of a double bond with the

adjacent C atom (Figure 4.4).

C12 c3g C40 cas
O

Figure 4.4 - Thermal ellipsoid representation of (19) C4oH74N304Li3

The olefinic function is rotated out of the pyridine ring plane (ca 30°). One lithium atom is
chelated in a normal way by the tridentate iminopyridine moiety. The second lithium sits above
the ring plane and binds to the N,yCCN;n, fragment in much the same way as the out-of-plane
lithium atoms of 18. Both of these lithium atoms are coordinated by one THF molecule. The
third lithium atom is c-bound to the dangling enamide nitrogen and is coordinated by two THF
molecules. The pattern of bond lengths indicates substantial localization in the sense of

resonance structure depicted previously in scheme 4.8.

? See Appendix III - Crystallographic Data: {2,6-bis[2,6-(i-Pr)2PhN=C(Me)],(CsH;N)}Li;



67

Nuclear Magnetic Resonance (NMR)

The loss of one H atom from one of the two methyl groups attached to the imine carbon
during the formation of 19 was conclusively demonstrated by NMR. The H' and C'? spectra
show the presence of the two CH; protons at 2.04 and 3.01 ppm coupled to each other and to the
same carbon atom at 66.39 ppm. The identity of this group as a CH; was confirmed by a DEPT
experiment. The spectrum also showed a remarkable upfield shift of the three pyridine resonance,
two different phenyl rings and two sets of i-Pr groups.

H'-NMR (500 MHz, d*-THF, 23°C) & CH;.pr): two overlapping septets 4H at 3.40; Me.pry:
six overlapping doublets 24H at 1.19, 1.17, 1.09, 1.08; Meémino): one singlet 3H at 1.38; CH,: two
broad singlets 1H each at 2.04 and 3.01; CHpyrigine): three broad singlets 1H each at 5.49, 5.34
and 4.68; CH gromatic): poorly solved multiplets at 6.88 (2H) and 6.63 (1H) and 6.75 (2H) and 6.36
(1H); coordinated THF: m at 3.67 and 1.76 12H each.

C"’-NMR (125.72 MHz, d*-THF, 23°C) & (CHg.pyy): 28.21, 28.01; (Meg.pr): 23.56, 24.50,
24.93, 24.99; (M€(mino)): 14.49; (CH,): 66.39; (CHpyridine)): 83.09, 114.35, 125.88; (CHaromatic)):
115.38, 119,38, 119.76, 112.66, 122.83, 123.01; (THF): 66.39 and 25.44; (quaternary Cimine):

35.55, 32.57; (quaternary C): 108.31, 143.82, 144.24, 154.80, 155.66, 157.98, 165.96, 167.52.

Reaction of 19 with O;

Reaction of 19 with dry oxygen afforded the previously isolated® monolithium salt 17. From
the formal point of view, this requires the loss of Li;O; as a by-product of the oxydation.
Experimental details are given below however it is interesting to note that the change in colour

from the parent red/brown 19 to the blue/green isolated product 17 only occurs in the absence of
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coordinating solvents such as THF or Et;0. This would imply a loosely coordinated di-oxygen

complex without a breakdown of the parent coordination structure as proposed in scheme 4.9.

i-Pr i-Pr

19

m‘

(Li,O,ITHF,
+
THF

Scheme 4.9 — Proposed intermediate for the production of the monolithium salt (17) from the

reaction of (19) with O,.

Discussion

In agreement with the observed diamagnetism of 19, the conversion of 18 to 19 implies a

formal loss of one hydrogen atom, which corresponds to a formal one-electron oxidation. This

might explain why a stronger reducing agents such as Li is necessary for the formation of 18

while a milder reducing agent [Li(naftalenide)], may favor the formation of 19. In addition, the

basicity of Li(naftalenide) may play a role, leading to competition between reduction and

hydrogen abstraction during its reaction with the free ligand. Finally we have observed that 18 is

thermally unstable and completely converts to 19 upon heating in toluene.

In conclusion, with this work we have established that {a,a’-[2,6-(i-Pr);PhN=C(Me)].

(CsH3;N)}may accommodate up to three electrons in the antibonding orbitals of the imino

function and of the pyridine ring in a low-spin configuration. Assuming that similar metal-to-
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ligand charge transfer occurs also in its transition metal complexes upon alkylation, the observed
variety of transformations may be easily explained.
a) The localization of the spin density on the pyridine Cp1, atoms explains the
cycloaddition observed with Cr.*
b) The formation of a double bond explains the reductive coupling observed with Mn.*®
c) The charge localization at the pyridine ring Cpra position accounts for the lithiation™

and for the possibility to transfer alkyl groups directly from the metal center to any

position of the pyridine ring.>*

What remains to be unveiled is how this ligand supports high level of catalytic activity with
well diversified metals. The ability of the large n-system to accommodate negative charge might
suggest ability to increase the Lewis acidity of the metal center with obvious positive impact on
catalytic performance. On the other hand, it may also help the stabilization of electron-rich low-

valent metals as often observed during alkylations of these derivatives and whose ability to

promote polymerization is still controversial.’

Experimental Procedures
Preparation of {a,a’-[2,6-(i-Pr),PhN=C(Me)] ; (CsH;3N)}[Li(THF)]3} (18)

Freshly cut fragments of lithium foils (0.14g, 21mmol) were washed with hexanes, dried and
added to a suspension of 2,6-bis[2,6-(i-Pr),PhN=C(Me)]>(CsH3N) (1.0g, 2.1mmol) in THF
(100mL). The reaction mixture was stirred under an argon atmosphere for 48 hours during which
the color of the solution changed from light yellow to dark red/brown. The excess lithium was

removed through a glass filter. THF was evaporated in vacuo without heating and the dark-
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brown residue was suspended in pentane (20mL). Compound 19 was isolated as an insoluble
microcrystalline powder remaining upon filtration and additional washing with pentane (0.618g,
38%). The filtrate was concentrated to a 15mL solution and cooled to —35°C. Dark red crystals
of 18 (0.14g, 10%) suitable for X-ray crystallographic structure determination were isolated from
the pentane solution. The extreme air sensitivity, combined with spontaneous loss of solvent and

thermal decomposition to 19 limited the available options for analytical characterization.

Preparation of (19)
({ a-[2,6-(i-Pr),PhN=C(Me)] }{ a'- [2,6-(i-Pr),PhN-C(=CH,)] }CsH;N)[Li(THF)] ,[Li(THF);])

A solution of Li(nafthalenide) in THF (10mL) was prepared by stirring a solution of
nafthalene (0.8g, 6.2mmol) and freshly cut fragments of lithium foil (0.05g, 6.6mmol). The
resulting dark-green solution was diluted with additional THF (50mL) and subsequently treated
with 2,6-bis[2,6-(i-Pr),PhN=C(Me)]»(CsH3N) (1.0g, 2.1mmol). An instant colour change from
dark-green to dark-brown occurred. The reaction was stirred for an additional 10 minutes and
solvent was removed in vacuo. The dry residue was left in dynamic vacuo overnight at room
temperature to remove the major part of the nafthalene. The residual solid was washed with cold
pentane (30mL), filtered and isolated as a brown, diamagnetic, insoluble powder (1.1g, 67%).

Crystals of 19 suitable for X-ray diffraction were grown by cooling a saturated solution in hexane

to -35°C.
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Preparation of (17)
({a-[2,6-(i-Pr),PhN=C(Me)] }{a’-[2,6-(i-Pr) ,PhN-C(=CH,)] } CsH;N)[Li(THF)]

A solution of 19 (0.201g) in THF (75mL) was prepared and set to stir at room temperature.
Dry O, (4mL) was bubbled into the solution using a syringe. A colour change from dark-brown
to wine-red occurred. The reaction was sealed and left stirring overnight to react any O, in the
headspace above the reaction mixture. Solvent was evaporated in vacuo to yield a dark red
residue. The residue was redissolved in hexanes (15mL) upon which the colour of the solution
changed from red to bright blue (dark) with the precipitation of a white powder. The mixture
was filtered and the clear blue solution was concentrated to SmL. Storage at -35°C yielded

crystals of 17 of sufficient quality for structure elucidation. Cs;HsLiN;O MW: 560.75 (g/mol).
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C(1)-C(2) = 1.522(4)
C(2)-C(3) =1,373(4)
C(3)-N(2) = 1.421(4)
C(3)-C(4) = 1,481(4)
C(4)-C(5) = 1.407(5)
C(8)-C(9)= 1.512(4)

Li(3)-N(1) = 2.203(6)
Li(3)-N(2) = 1.993(6)
Li(3)-N(3) = 2.276(6)
Li(1)-N(1) = 1.994(6)
Li(1)-N(2) = 2.077(6)
Li(2)-N(2) = 2.049(6)
Li(2)-N(3) = 1.989(6)

Table 4.1 - Selected Bond Distances (A) and Angles (deg) of compounds 18 and 19.

19

C(20)-C(21) = 1.366(4)
C(20)-N(3) = 1.364(3)
C(20)-C(19) = 1.526(4)
C(19)-C(18) = .374(4)
C(18)-C(17) = 1.442(4)
C(17)-C(16) = 1.352(4)
C(16)-C(15) = 1.446(4)
C(15)-N(2) = 1.451(4)
C(13)-C(15) = 1.394(4)
C(13)-C(14) = 1.514(4)
Li(1)-N(1) = 2.017(6)
Li(1)-C(13) = 2.156(6)
Li(1)-C(15) = 2.171(6)
Li(1)-N(2) = 2.121(6)
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Li(1)-N(2)-LI2) = 154.6(3)  Li(2)-N(1) = 1.989(6)

Li(3)-N(2)-C(3) = 119.1(3)  Li(2)-C(13) = 2.779(6)

Li(3)-N(2)-C(7) = 1212(2).  Li(2)-C(15) =
Li(2)-N(2) = 1.956(6)
Li(3)-N(3) = 1.958(5)
Li(3)-C(18) = 2.528(6)
Li(3)-C(19) = 2.754(6)

C27)-N3)-Li(3) = 129.7(2)
C(20)-N(3)-Li(3) = 110.(2)
C(20)-N(3)-C(27) = 118.4(2)
C(19)-C(20)-C(21) = 119.2(3)
N(3)-C(20)-C(21) = 128.1(3)
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Conclusions

The goal of this research was the understanding and optimization of the generic homogeneous
active site composed of a ligand stabilized, coordinatively unsaturated, transition metal center
generated in Ziegler-Natta olefin polymerization catalysis. This increased understanding would
potentially lead to models for industrially used catalysts such as the Philips catalyst. Two
approaches were used in this endeavor. One of these approaches concentrated on the selection of
specific transition metal centers (Cr, V) to increase the reactivity of the catalytic active site towards
ethylene insertion. The second focused on the particular ligand system to be employed or more

specifically, the a,0’-diiminopyridine ligand whose use has afforded a large variety of highly active

polymerization catalysts.

Homoleptic Cr alkyls species were synthesized to gather additional information about these
systems. Of the two monomeric tetravalent compounds CrR4 (R = CH,C(CH3); for Saor R =
CH,Si(CH3); for 5b) isolated, only the later showed moderate activity towards ethylene
polymerization. The key to understanding the remarkable efficiency of the Cr catalyst currently
used in industry for the production of polyethylene may relate to the ability of the Cr-C bond in the
homoleptic tetravalent alkyl complexes to perform ethylene insertion coupled with their inertness
toward H-transfer reactions. A strong tendency to perform ethylene insertion, counterbalanced by
poor, if any, tendency of the Cr-C bond to undergo hydrogen transfer, would lead to the formation

of high molecular weight polymers with virtually no branching,.

A rare tetrameric Cr di-valent alkyl species was also characterized and showed the same
inertness towards protic reagents as its monomeric Cr'¥ counterpart. This Cr" compound

surprisingly showed mild activity towards ethylene polymerization even in the absence of Al
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activators. However, a strong Cr-Cr interaction was confirmed between the metal atoms and it is

conceivable that such exchanges would influence the oxidation state of the multiple metal centers

from the formal point of view.

Furthermore, the isolation of a monomeric tetravalent vanadium alkyl species puts any
arguments as to the possible existence of this material to rest. A structural characterization of this
compound will soon be added to the literature. The V[CH,Si(CH3)3]4 complex is less thermally
stable than the isostructural Cr derivative. On the other hand, it displays a substantially higher
catalytic activity and is activated with simple and inexpensive AICl;. This rekindles speculation as

to the optimal electronic configuration of the metal center for the creation of an active olefin

polymerization catalyst.

From the ligand perspective, reductions carried out on the popular a,,o’-diiminopyridine ligand
without the presence of transition metal yielded rare case trilithium organyl species. This has
established that the ¢, &’-diiminopyridine ligand may accommodate up to three electrons in the
antibonding orbitals of the imino function and of the pyridine ring in a low-spin configuration. This
information explains the observed variety of transformations upon attempted activation of the
associated transition metal complexes. Similar metal-to-ligand charge transfer can be assumed to
occur upon alkylation in the initial steps of the activation process.

a) The localization of the spin density on the pyridine Cyea atoms explains the cycloaddition

observed with Cr.

b) The formation of a double bond explains the reductive coupling observed with Mn.
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c) The charge localization at the pyridine ring Cy.r. position accounts for the lithiation and

for the possibility to transfer alkyl groups directly from the metal center to any position of
the pyridine ring.
What remains to be unveiled is how this ligand supports high level of catalytic activity with well

diversified metals.

Future Work

Attempts to further functionalize the di and tetravalent homoleptic Cr alkyls were unsuccessful.
This limits the potential use of these compounds as possible starting materials. However, the
attempted chemistry, in a sense, involved overpowering the unreactive nature of these compounds
towards protic reagents. Further study should be undertaken to find materials with which these

compounds would react favorably. The extreme sensitivity to oxygen may give clues as to the

avenues to explore.

Further efforts should be directed to capitalize on the increased activity observed for the V'V
alkyl species. The extreme thermal instability of this material would be problematic for use on a
large scale. However, the potential for improved thermal stability and molecular weight control has
not been realized. The random nature of the polymerization may be due to the availability of
insertion sites on all sides of the active metal center. It may be possible to limit the area of attack
by creating a mixed alkyl species making use of bulkier groups in combination with the
trimethylsilylmethyl function used here. On the other hand, this would require a multi-step process

or alkylating agent capable non-selective alkylations.

The continuing use of the a,a’-diiminopyridine ligand must take into account its facile reduction

and consider the lingand’s active role in the catalytic initiation process. This is a double-edged
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sword that has proven to be problematic with early transition metals showing low activity towards

ethylene polymerization but highly effective in producing very active catalysts using late transition
metals. The order in which the reduction of new complexes is carried out will play a major role in
the subsequent activity. While attempted alkylation of transition metal halide complexes has
yielded a variety of transformations, the reaction of pre-activated ligands such as the trilithium
organyls with transition metals may lead to new species of catalysts. Taking it one step further, a
reactivation sequence can be envisioned where a deactivated catalyst could be kick-started once

again through the transfer of electrons via the ligand.
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Table AI.1l.

Identification code
Empirical formula
Formula weight
Temperature
Wavelength
Crystal system, space group

Unit cell dimensions

Volume

Z, Calculated density
Absorption coefficient

F(000)

Crystal size

Theta range for data collection
Limiting indices

Reflections collected / unique
Completeness to theta = 28.76
Absorption correction

Max. and min. transmission
Refinement method

Data / restraints / parameters
Goodness-of-fit on F*2

Final R indices ([I>2sigma(I)]

R indices (all data)

Largest diff. peak and hole

Crystal data and structure refinement for sg4ll.

Al-

sgdll

C20 H44 Cr

336.55

203(2) K

0.71073 A

Orthorhombic, Pbca

a = 15.7617(18) A alpha = 90 deg.
b = 15.8066(18) A beta = 90 deg.
c = 17.8368(19) A gamma = 90 deg.
4443.8(9) A"3

8, 1.006 Mg/m"3

0.511 mm~~-1

1504

0.1 x 0.1 x0.1mm

2.15 to 28.76 deg.

0<=h<=21, 0<=k<=21, 0<=1<=20

34844 / 4971 [R(int) = 0.0859]

86.1 %

Semi-empirical from equivalents

0.928078 and 0.781909

Full-matrix least-squares on F"2

4971 / 0 / 238

1.085
Rl = 0.0873, wR2 = 0.2965
Rl = 0.1461, wR2 = 0.3154

0.636 and ~0.777 e.A"-3



Table AI.2.

Atomic coordinates ( x 1074) and equivalent isotropic

displacement parameters (A”2 x 10"3) for sg4ll.
U(eq) is defined as one third of the trace of the orthogonalized

Uij tensor.

X y z U(eq)
Cr 3731(1) 1261(1) 6288 (1) 26(1)
C(1) 2738 (8) 888(8) 5656 (7) 31(2)
C(2) 2587 (4) 184 (4) 5144 (4) 31(1)
C(3) 2606 (9) ~669(9) 5588 (8) 39(2)
C(4) 1754 (9) 271(10) 4704 (8) 48 (3)
C(5) 3295(10) 152(10) 4532 (9) 50(3)
c() 3314 (8) 281(8) 5649 (7) 31(2)
c(2') 2587 (4) 184 (4) 5144 (4) 31(1)
Cc(3") 1735(8) 206(9) 5605 (8) 39(2)
C(4") 2620(10) -660(10) 4680 (9) 48(3)
C(5") 2518 (10) 946(10) 4589 (9) 50(3)
C(6)} 3345 (8) 2270(9) 6867 (8) 37(2)
C(7) 2635 (4) 2412 (4) 7404 (4) 36(2)
C(8) 2506 (10) 1618(11) 7958 (9) 51(3)
C(9) 1722 (9) 2416(9) 6938 (8) 44 (2)
C(10) 2691 (12) 3196(11) 7851 (10) 63(3)
c(e') 2746 (9) 1651(8) 6879 (8) 37(2)
C(7'") 2635 (4) 2412 (4) 7404 (4) 36(2)
c(8") 3512 (10) 2550(10) 7850 (9) 51(3)
C(9") 2590 (9) 3235(9) 6924 (8) 44 (2)
c(10") 1939(11) 2347(11) 7955 (10) 63(3)
C(11) 4733 (8) 1642(8) 5686 (8) 39(2)
C(12) 4863 (4) 2398(4) 5189 (4) 31(1)
C(13) 4040(10) 2542 (9) 4690 (8) 48 (3)
C(14) 4907 (10) 3197 (9) 5682 (9) 50(3)
C(15) 5678 (9) 2303(9) 4697 (9) 48(3)
Cc(i1l") 4132 (8) 2245(9) 5721(8) 39(2)
Cc(12"') 4863 (4) 2398(4) 5189 (4) 31(1)
c(13"') 4934 (10) 1663(9) 4613 (8) 48(3)
c(l4"') 5731 (9) 2397(10) 5648(9) 50(3)
C(15") 4766(10) 3235(9) 4759 (9) 48 (3)
C(1l6) 4109(8) 280(8) 6898 (7) 31(2)
C(17) 4817 (4) 142 (4) 7436(3) 30(1)
c(18) 4911 (9) 936(9) 7949 (8) 43(2)
C(19) 5681(8) 113(9) 6976(8) 40(2)
C(20) 4737(10) -639(10) 7890 (10) 56(3)
c(l6') 4698 (8) 823(8) 6927(7) 31(2)
Cc(17") 4817 (4) 142 (4) 7436 (3) 30(1)
c(l8') 4055(9) 33(10) 7975 (8) 43(2)
Cc(19") 4802 (9) ~748(8) 6999(8) 40(2)
c(20") 5608 (10) 187(11) 7927(9) 56(3)

ii



Al -

Table AI.3. Bond lengths [A] and angles [deg] for sg4ll.
Cr-C(11") 1.961(13)
Cr-C(6"') 1.976(13)
Cr-C{16) 1.986(12)
Cr-C(6) 1.996(13)
Cr-C(11) 2.002(13)
Cr-C(1) 2.016(12)
Cr-C(16"') 2.025(12)
Cr-C(1") 2.031(12)
C(1)-C(2) 1.459(13)
C(2)-C(4) 1.536(15)
C(2)-C(5) 1.562(16)
C(2)-C(3) 1.564(15)
Cc(6)-C(7) 1.489(14)
C(7)-C(10) 1.477(17)
C(7)-C(8) 1.611(17)
C(7)-C(9) 1.661(16)
C(11)-C(12) 1.503(14)
C(12)-C(14) 1.541(16)
C(12)-C(15) 1.563(15)
C(12)-C(13) 1.590(16)
C(16)-C(17) 1.488(13)
C(17)-C(20) 1.482(16)
C(17)-C(18) 1.561(15)
C(17)-C(19) 1.590(14)
C(11')-Cr-C(6"') 106.3 (6)
C(11')-Cr-C(16) 143.7(5)
C(6')-Cr-C(1l6) 100.7 (6)
C(11')-Cr-C(6) 74.4(6)
C(6')~Cr-C(6) 40.0(5)
C(16)-Cr-C(6) 115.5(5)
C(11')-Cr-C(11) 39.7(5)
C(6')-Cr-C(11) 144.3(5)
C(16)-Cr-C(11) 107.0(5)
C(6)-Cr-C(11) 106.1 (5)
C(11')-Cr-C(1) 101.2(5)
C(6')-Cr-C(1) 77.3(5)
C(16)-Cr-C(1) 108.1(5)
C(6)-Cr-C(1) 106.6(5)
C(11)-Cr-C(1) 113.6(5)
C(11')-Cr-C(l1l6"') 108.6(5)
C(6')-Cr-C(16"') 113.4(5)
C(16)-Cr-C(16"') 36.7(5)
C(6)-Cr-C(16') 102.2(5)
C(11l)-Cr-C(16") 79.1(5)
C(1l)-Cr-C(l6') 143.0(5)
C(11')-Cr-C(1") 114.9(5)
C(6')-Cr-C(1") 106.4(5)
C(1l6)-Cr-C(1'") 79.0(5)
C(6)-Cr-C(1') 143.2(5)
C(11)-Cr-C(1") 100.6(5)
C(l)-Cr-C(1") 38.1(5)
C(l6')-Cr-C(1") 107.4(5)

iii



C(2)-C(l1)-Cr
C(1)-C(2)-C(4)
C(1)-C(2)-C(5)
C(4)-C(2)-C(5)
C(1)-C(2)-C(3)
C(4)-C(2)-C(3)
C(5)-C(2)-C(3)
C(7)-C(6)-Cr
C(10)-C(7)-C(6)
C(10)-C(7)-C(8)
C(6)-C(7)-C(8)
C(10)-C(7)-C(9)
C(6)-C(7)~-C(9)
C(8)~C(7)~-C(9)
C(12)-C(11)-Cr
C(11)-C(12)-C(14)
C(11)-C(12)-C(15)
C(14)-C(12)-C(15)
C{11)-C(12)-C(13)
C(14)-C(12)~-C(13)
C(15)-C(12)-C(13)
C(17)-C(16)-Cr
C(20)-C(17)-C(16)
C(20)-C(17)-C(18)
C(16)-C(17)-C(18)
C(20)-C(17)-C(19)
C(16)-C(17)-C(19)
C(18)-C(17)-C(19)

134.
113.
110.
104.
109.
110.
108.
133.
115
109.
111.
108.
109.
101
131.
108.
111.
111.
109.
103.
111.
133.
114
111
109.
108.
108.
104.

4(8)
1(9)
2(9)
8(9)
7(8)
7(9)
2(9)
1(9)

.4(10)

3(10)
8(9)
7(10)
2(8)

.6(9)

6(8)
8(9)
5(8)
3(9)
5(8)
9(9)
7(9)
9(8)

.2(9)
.0(9)

3(8)
3(9)
3(8)
1(8)

Symmetry transformations used to

generate equivalent atoms:

Al -

iv



Table AI.4. Anisotropic displacement parameters (A"2 x 10"3) for sg4ll.
The anisotropic displacement factor exponent takes the form:

-2 pi*r2 [ h*2 a**2 Ull + ... + 2 h k a* b* Ul2 ]

Ull U22 U33 U23 U13 U1z
Cr 27(1) 27(1) 25(1) 0(1) -1(1) 0(1)
C(1) 32 (4) 31(4) 29(5) -1(4) -1(4) -6(4)
C(2) 34 (3) 30(3) 29(3) 4(3) -1(2) 0(2)
C(3) 36(5) 43(5) 39(5) -1(4) -1(4) ~2(4)
C(4) 45 (6) 51(6) 47 (6) -7(5) -7(5) -3(5)
C(3) 50(6) 50 (6) 50(7) 8(5) =3(5) -8 (5)
C(1') 32(4) 31(4) 29(5) -1(4) -1(4) -6(4)
c(z') 34 (3) 30(3) 29(3) 4(3) -1(2) 0(2)
C(3") 36(5) 43(5) 39(5) -1(4) -1(4) -2(4)
C(4"') 45(6) 51(6) 47(6) =7(5) -7(5) -3 (5)
C(5") 50(6) 50(6) 50(7) 8(5) -3(5) -8 (5)
c(6) 34(5) 38(5) 41(3) -2(4) 2(4) -4 (4)
C(7) 41 (4) 34 (4) 33(4) =2(3) 7(3) 4(3)
c(8) 47(6) 57(7) 49(7) -1(5) 1(5) 5(5)
C(9) 47(6) 43(5) 42(6) -1(5) 4(5) 8 (4)
C(10) 67(8) 58(7) 63(8) -19(6) 13(7) -3(6)
c(6') 34 (5) 38(5) 41 (5) -2(4) 2(4) -4 (4)
C(7') 41(4) 34 (4) 33(4) -2(3) 7(3) 4 (3)
c(s") 47(6) 57(7) 49(7) -1(5) 1(5) 5(5)
c(9") 47(6) 43(5) 42(6) -1(5) 4(5) 8(4)
Cc(10") 67(8) 58(7) 63(8) ~19(6) 13(7) -3(6)
C(11) 37(5) 37(5) 42(5) 4(4) 3(4) 0(4)
C(12) 28(3) 34(3) 30(3) 2(3) 3(3) 1(2)
C(13) 52(6) 46(6) 45(6) 7(5) -4(5) 3(5)
C(14) 44 (6) 48(6) 58(7) 3(5) 7(5) -4 (5)
C(15) 48(6) 41(53) 56(7) 0(5) 13(5) 2(5)
c(11')  37(5) 37(5) 42(5) 4(4) 3(4) 0(4)
c(12') 28 (3) 34(3) 30(3) 2(3) 3(3) 1(2)
C(13") 52(6) 46(6) 45(6) 7(5) -4(5) 3(5)
C(l4')  44(6) 48(6) 58(7) 3(5) 7(5) -4(5)
C(15')  48(6) 41(5) 56(7) 0(5) 13(5) 2(5)
C(16) 32(4) 32(4) 30(5) 1(4) -5(4) -1(3)
c(17) 31(3) 33(3) 24(3) 2(2) 1(2) 4 (3)
Cc(18) 42(5) 48(5) 41(6) =-5(5) 4(4) 5(4)
C(19) 40(5) 35(5) 46(6) 1(4) 2(4) 6(4)
C(20) 50(6) 55(7) 63(8) 14(€) -5(6) 3(5)
C(le6") 32(4) 32(4) 30(5) 1(4) -5(4) -1(3)
c(17") 31(3) 33(3) 24(3) 2(2) 1(2) 4(3)
c(18')  42(5) 48(5) 41(6) -5(5) 4(4) 5(4)
C(19'") 40(5) 35(5) 46(6) 1(4) 2(4) 6(4)

c(20") 50(6) 55(7) 63(8) 14 (6) -5(6) 3(5)




Table AI.5.

displacement parameters

Hydrogen coordinates ( x 10%4) and isotropic

(A*2 x 1073) for sgdll.

Al -

p 4 Y z U(eq)
H(1R) 2272 844 6017 37
H(1B) 2609 1388 5351 37
H(3A) 2167 -664 5969 59
H(3B) 3156 =737 5825 59
H(3C) 2508 -1136 5246 59
H(4A) 1280 284 5051 72
H(4B) 1691 -207 4368 72
H(4C) 1764 791 4415 72
H(5A) 3298 679 4254 75
H(5B) 3184 -314 4191 75
H(5C) 3842 69 4770 75
H(1'A) 3804 134 5337 37
H(1'B) 3253 -187 6006 37
H(3'3) 1737 -248 5971 59
H(3'B) 1259 133 5267 59
H(3'C) 1686 745 5861 59
H(4'R) 2642 -1138 5020 72
H(4'B) 3122 -661 4365 72
H(4'C) 2118 -702 4368 72
H(5'A) 3025 971 4282 75
H(5'B) 2461 1467 4871 75
H(5'C) 2025 871 4270 75
H(6A) 3850 2445 7146 45
H(6B) 3260 2706 6483 45
H(8A) 3010 1546 8264 71
H(8B) 2411 1110 7665 77
H(8C) 2020 1719 8279 77
H(9R) 1732 2862 6564 66
H(9B) 1259 2515 7285 66
H{9C) 1644 1874 6692 66
H(10a) 2770 3676 7519 94
H(10B) 3169 3158 8193 94
H(10C) 2172 3270 8136 94
H(6'R) 2289 1711 6510 45
H(6'B) 2590 1161 7187 45
H(8'A) 3618 2066 8172 71
H(8'B) 3473 3058 8154 77
H(8'C) 3974 2609 7494 71
H(9'A) 2088 3219 6609 66
H(9'B) 3092 3276 6611 66
H(9'C) 2561 3723 7252 66
H(10D) 1407 2257 7694 94
H(10E) 1907 2866 8244 94
H(10F) 2047 1875 8289 94
H(11A) 5196 1675 6051 46
H(11B) 4867 1157 5365 46
H(13A) 3962 2062 4358 71
H(13B) 4109 3052 4394 71

vi



H(13C)
H(14A)
H(14B)
H(14C)
H(15a)
H(15B)
H(15C)
H(11lC)
H(11D)
H(13D)
H(13E)
H(13F)
H(14D)
H(14E)
H(14F)
H(15D)
H(15E)
H(15F)
H(16A)
H(16B)
H(18A)
H(18B)
H(18C)
H(19A)
H(19B)
H(19C)
H(20R)
H(20B)
H(20C)
H(16C)
H(16D)
H(18D)
H(18E)
H(18F)
H(19D)
H(19E)
H(19F)
H(20D)
H(20E)
H(20F)

3548
5381
4384
4985
5631
6171
5736
3633
4206
4418
5017
5413
5713
6200
5808
4231
5230
4774
3602
4182
4400
4999
5394
5675
6154
5742
4681
4239
5238
5158
4862
3994
4152
3541
5257
4261
4878
5616
6110
5601

2600
3150
3254
3691
1798
2258
2794
2420
2682
1633
1133
1764
2835
2504
1850
3233
3295
3703
126
-173
1007
1434
861
-368
60
630
-1123
-599
=707
744
1319
537
-452
-55
-761
-814
-1205
722
142
=275

5012
6027
5964
5366
4391
5019
4375
5432
6105
4318
4877
4283
6029
5309
5886
4489
4406
5110
7186
6529
8245
7641
8280
6639
7321
6688
7559
8207
8200
6564
7222
8280
8297
7686
6633
6746
7355
8194
7615
8285

71
75
15
75
72
72
72
46
46
71
71
71
75
75
75
72
72
72
37
37
65
65
65
61
61
61
84
84
84
37
37
65
65
65
61
61
61
84
84
84

Al-

vii
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Al - viii

Table AI.6. Crystal data and structure refinement for sg4l2.

Identification code sg412

Empirical formula Cl6 H44 Cr Sid4

Formula weight 400.87

Temperature 203(2) K

Wavelength 0.71073 A

Crystal system, space group Monoclinic, C2/c

Unit cell dimensions a = 18.7133(18) A alpha = 90 deg.
b = 8.3575(8) A beta = 116.2890(10) deg.
c = 18.7599(18) A gamma = 90 degq.

Volume 2630.5(4) A"3

Z, Calculated density 4, 1.012 Mg/m"3

Absorption coefficient 0.613 mm~-1

F(000) 880

Crystal size 0.18 x 0.15 x 0.03 mm

Theta range for data collection 2.42 to 25.00 deg.
Limiting indices -22<=h<=19, 0<=k<=9, 0<=1<=22

Reflections collected / unique 7547 / 2313 [R{int) = 0.0921]

Completeness to theta = 25.00 100.0 %

Absorption correction Semi-empirical from equivalents
Max. and min. transmission 0.928076 and 0.649701
Refinement method Full-matrix least-squares on F*2

Data / restraints / parameters 2313/ 0 / 168

Goodness-of-fit on F*2 1.053
Final R indices [I>2sigma(I)] Rl = 0.0904, wR2 = 0.2388
R indices (all data) Rl = 0.0972, wR2 = 0.2420

Largest diff. peak and hole 0.388 and -0.412 e.A"-3



Table AI.7. Atomic coordinates ( x 1074) and equivalent isotropic

displacement parameters (A*2 x 1073) for sg4l2.
U(eq) is defined as one third of the trace of the orthogonalized

Uij tensor.

Al -

X y z U(eq)
Cr : 0 9857(2) 2500 33(1)
Si(1) -565(1) 7675(3) 804 (1) 52(1)
Si(2) 1697 (1) 12076 (3) 3041(1) 43(1)
C(1) -439(9) 7974 (17) 1830 (8) 36(3)
C(2) 452 (11) 7490(20) 809(11) 62(5)
C(3) -1047(12) 9600(30) 197(11) 72 (6)
C(4) ~1164(12) 5900(30) 248 (13) 74 (6)
C(5) 1050(8) 10350(17) 2545(8) 38 (3)
C(6) 1749(10) 12370(20) 4053(10) 52(4)
C(7) 1255(10) 13980 (20) 2488 (10) 54 (4)
Cc(8) 2695(12) 11940(20) 3137(13) 74 (6)
c(1') -82(10) 9380(20) 1444 (10) 54 (4)
c(2'") 8(11) 5820(20) 1218(11) 65(5)
C(3'") -1563(10) 7360(20) 847(11) 54 (4)
c(4') -728(15) 7720(30) -271(15) 98 (8)
C(5") 670(8) 11798 (16) 2897(8) 37(3)
c(e') 2351(10) 10400(20) 3619(11) 57 (4)
C(7"') 1755(11) 12040 (20) 2056(11) 63(5)
c(8') 2153(12) 13850(30) 3589(12) 71(5)

Table AI.8. Bond lengths [A] and angles [deg] for sg4l2.

Cr-C(1)
Cr-C(1l)#1
Cr-C(1"')
Cr-C(1')#1
Cr-C(5)#1
Cr-C(5)
Cxr-C(5")
Cr-C(5")#1
Si(l)y-C(1")
Si(l)-C(2"')
Si{1)-C{1)
Si(l1l)-C(4)
Si(l)-C(4"')
Si(l)-C(2)
Si(1)-C(3'")
Si(1)-C(3)
Si(2)-C(8)
Si(2)-C(5"')
5i(2)-C(5)

.954 (14)
.954(14)
.958(16)
.958(16)
.972(14)
.972(14)
.983(14)
.983(14)
.827(18)
.85(2)

.851(13)
.88(2)

.90(3)

.905(17)
. 924 (17)
.95(2)

.80(2)

.834(14)
.848 (14)
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Si(2)-C(6")
S5i(z)-C(8")
$i(2)-C(6)
Si(2)-C(7)
Si(2)-C(7'")

C(1)-Cr-C(1)#1
C(1)-Cr-C(1')
C(1)#1-Cr-C(1')
C(1)-Cr-C(1')#1
C(1)#1-Cr-C(1')#1
C(1')-Cr-C(1')#1
C(1)-Cr-C(5)#1
C(1)#1-Cr-C(5)41
C(l')y-Cr-C(5)#1
C(1')#1-Cr-C(5)#1
C(1)-Cr-C(5)
C(1)#1-Cr-C(5)
C(1')-Cr-C(5)
C(1')#1-Cr-C(5)
C(5)#1-Cr-C(5)
C(1)-Cr-C(5")
C(1)#1-Cr-C(5')
C(1')~Cr-C(5")
C(1')#1-Cr-C(5")
C(5)#1-Cr-C(5")
C(5)-Cr-C(5")
C(l)-Cr-C(5')#1
C(1)#1-Cr-C(5') #1
C(1')-Cr-C(5')#1
C(1')#1-Cx-C(5')#1
C(5)#1-Cxr-C(5') #1
C(5)-Cr-C(5')#1
C(5')-Cr-C(5")#1
C(1')-Si(1)-C(2')
C(1')-Si(1)-C(1)
C(2')-8i(1)-C(1)
C(1')-Si(1)-C(4)
C(2')-Si(1)-C(4)
C(1)-Si(1)-C(4)
C(1')-8i(1)-C(4")
C(2')-Si(1)-C(4")
C(1)-Si(1)-C(4")
C(4)-Si(1)-C(4")
C(1')-Si(1)-C(2)
C(2')-8i(1)-C(2)
C(1)-Si(1)-C(2)
C(4)-5i(1)-C(2)
C(4')-Si(1)-C(2)
C(1')-Si(1)-C(3")
C(2')-Si(1)-C(3")
C(1)-8i(1)-C(3")
C(4)-Si(1)-C(3")
C(4')-Si(1)-C(3")
C(2)-Si(1)-C(3")
C(1')-8i(1)-C(3)
C(2')-8i(1)-C(3)

169
70
117

104

105

167
72

.860(18)
.86(2)

.874(16)
.881(17)
.898(18)

.7(8)
.6(6)
L.1(7)
L1(7)
.6(6)
.7(11)
.8(6)
.9(6)
.6(6)
.5(6)
.9(6)
.8(6)
.5(6)
.6(6)
-9(9)
.5(6)
.7(6)
.4(7)
.8(7)
.3(6)
.3(6)
.7(6)
.5(6)
.8(7)
.4(7)
.3(6)
-3(6)
.2(8)
110.
.0(7)
.8(7)
.9(8)
.3(9)
.0(8)
118.

7(8)

9(9)

.7(10)
171.
69.
81,
62.
109.
106.
72.
106.

0(9)
5(10)
8(8)
5(8)
8(7)
8(9)
5(10)
7(7)

.0(8)
69.
63.

110.

7(7)
9(8)
1(9)

.2(8)
.8(8)
166.

3(8)

Al-



C(1)-8i(1)-C(3)
C(4)-5i(1)-C(3)
C(4')-8i(1)-C(3)
C(2)-Si(1)=-C(3)
C(3')-Si(1)~-C(3)
C(8)-8i(2)-C(5")
C(8)-5i(2)-C(5)
C(5')-51i(2)-C(5)
C(8)-8i(2)-C(6")
C(5')-8i(2)-C(6")
C(5)-8i(2)-C(6")
C(8)-si(2)-C(8")
C(5')-Si(2)-C(8")
C(5)~-si(2)-C(8")
C(6')-5i(2)~-C(8')
C(8)-si(2)-C(6)
C(5')-8i(2)-C(6)
C(5)-8i(2)-C(#6)
C(6')-8i(2)-C(6)
C(8')-Si(2)-C(6)
C(8)-5i(2)-C(7)
C(5')-8Si(2)-C(7)
C(5)-Si(2)-C(7)
C(6'")-si(2)-C(7)
C(8')-8i(2)-C(T)
C(6)-Si(2)-C(7)
C(8)-8i(2)-C(7")
C(5')-81i(2)-C(7')
C(5)-5i(2)-C(7")
C(6')-Si(2)-C(7")
C(8')-8i(2)-C(7")
C(6)-51i(2)-C(7")
C(7)-8i(2)-C(7")
Si(1)-C(l)-Cr
Si(2)-C(5)-Cr
Si(1)-C(1')-Cr
Si(2)-C(5")-Cr

108.
108.
63.
105
86.
168
114
54.
60.
111.
79.
78
112
166
106.
108.
75,
1089.
77
61
106
81
110.
le67.
64.
105.
65
111.
78
104.
109
171
71
127
127.
128.
127.

Al- xi

0(7)
8(9)
2(10)

.9(8)

1(8)

.9(8)
.9(8)

3(6)
6(8)
5(7)
7(7)

.2(9)
.5(8)
.7(8)

9(9)
8(9)
3(7)
8(7)

.4(8)
.7(8)
.9(9)
.4(7)

7(7)
0(7)
7(8)
1(8)

.9(9)

3(7)

.8(7)

4(8)

.9(9)
.4(8)
.2(8)
.0(8)

1(7)
1(9)
3(7)

Symmetry transformations used to

#1 -x,y,-2+1/2

generate equivalent atoms:



Al- xii

Table AI.9. Anisotropic displacement parameters (A"2 x 1073) for sgdl2.
The anisotropic displacement factor exponent takes the form:

-2 pi*2 [ h"2 a**2 U1l + ... + 2 h k a* b* Ul2 ]

11 022 U33 U23 U13 U12
Cr 33(1) 33(1) 33(1) 0 15(1) 0
Si(1) 51(1) 57(2) 44 (1) -6(1) 18(1) 0(1)
Si(2) 39(1) 44 (1) 42 (1) 0(1) 16(1) -1(1)
C(1) 44 (8) 34(8) 33(7) 1(6) 19(6) 1(6)
C(2) 62 (11) 69(12) 63(11) 1(9) 33(9) 9(9)
C(3) 71(12) 89(15) 62(11) -16(11) 36(10) -8(11)
C(4) 74 (13) 70(14) 80(14) -1(11) 36(11) -3(11)
C(5) 44 (8) 36(8) 36(7) -4(6) 21(6) 2(6)
C(s) 59(10) 47(9) 55(10) -1(8) 29(8) 0(8)
C(7) 51(9) 55(10) 53(10) 1(8) 22(8) 5(8)
C(8) 75(13) 56(12) 80 (14) 3(11) 25(11) 2(10)
c(1l") 50(9) 63(11) 50(9) 6(8) 21(8) -2(8)
c(2") 58(11) 70(13) 67(12) -11(10) 28(9) -5(10)
C(3") 57(10) 44 (9) 60(10) 1(8) 25(8) 6(8)
c(4a") 101(18) 79(17) 103(19) 5(14) 35(15) -19(14)
C(5") 38(7) 29(7) 38(7) 0(6) 13(6) 6(6)
C(6') 48(9) 59(11) 71(11) 3(9) 33(9) -4 (8)
C(7") 63(11) 66(12) 56(11) -11(9) 23(9) -13(10)

c(8') 68(12) 79(14) 68 (12) 0(11) 31(10) 5(11)




Table AI.10.

displacement parameters (A”2 x 1073) for sg4l2.

Hydrogen coordinates { x 10%4) and isotropic

Al - xiii

X y z U(eq)
H(1R) -116 7070 2137 44
H(1B) -970 7819 1802 44
H(23) 727 6560 1117 93
H(2B) 764 8443 1045 93
H(2C) 384 7376 268 93
H(3A) -1574 9745 166 108
H(3B) -1089 9497 -335 108
H(3C) -718 10519 458 108
H(4A) ~930 4931 546 111
H(4B) -1166 5837 -269 111
H(4C) -1707 6006 180 111
H(5A) 1378 9399 2776 45
H(5B) 962 10395 1991 45
H(6A) 1214 12499 4006 78
H(6B) 2061 13316 4297 78
H(6C) 1997 11442 4381 78
H(7A) 1219 13917 1957 81
H(7B) 1592 14878 2768 81
H(7C) 727 14134 2454 81
H(8AR) 2675 11800 2615 111
H(8B) 2965 11035 3471 111
H(8C) 2983 12916 3376 111
H(1'A) -332 10331 1122 65
H(1'B) 469 9373 1512 65
H(2'R) 526 5905 1221 97
H(2'B) -278 4916 893 97
H(2'C) 76 5667 1757 97
H(3'A) -1898 8290 633 81
H(3'B) -1466 7196 1394 81
H(3'C) -1828 6422 535 81
H(4'R) -225 7924 -287 148
H(4'B) -1104 8561 -555 148
H(4'C) -939 6697 -519 148
H(5'A) 363 12665 2542 44
H(5'B) 682 12028 3415 44
H(6'R) 2339 10313 4128 85
H(6'B) 2893 10604 3703 85
H(6'C) 2163 9408 3326 85
H(7'R) 1423 12885 1716 95
H(7'B) 1568 11013 1800 95
H(7'C) 2302 12203 2149 95
H(8'A) 2110 13976 4085 107
H(8'B) 1877 14869 3268 107
H(8'C) 2711 13993 3700 107




C26 C31



Table AI.1l1.
Identification code
Empirical formula
Formula weight
Temperature
Wavelength
Crystal system, space group

Unit cell dimensions

Volume

Z, Calculated density
Absorption coefficient

F(000)

Crystal size

Theta range for data collection
Limiting indices

Reflections collected / unique

Completeness to theta = 26.37
Absorption correction
Max. and min. transmission

Refinement method

Data / restraints / parameters
Goodness-of-fit on F~2

Final R indices [I>2sigma(I)]
R indices (all data)

Largest diff. peak and hole

Crystal data and structure refinement for sg415.

sg41l5

C32 HB8 Cr4 Sis
905.74
203(2) K
0.71073 A
Monoclinic, P2(1)/n
17.0805(16) A

13.4843(13) A
22.873(2) A

a alpha =
b beta =
c

5194.3(8) A"3

4, 1.158 Mg/m"3
1.018 mm~-1

1952

0.10 x 0.10 x 0.02 mm
1.38 to 26.37 deg.
-21<=h<=21,

0<=k<=16, 0<=1<=28

46760 / 10605 [R(int) = 0.1157]
99.9 %

Semi-empirical from equivalents

0.928077 and 0.809644

Full-matrix least-squares on F"2

10605 / 0 / 397

1.024
Rl = 0.0541, wR2 = 0.1153
Rl = 0.1292, wR2 = 0.1429

0.677 and -0.452 e.A"-3

Al - xiv

90 deg.
99.603(2) deg.
gamma = 90 deg.



Table AI.12.

Uij tensor.

Al- xv

Atomic coordinates ( x 10”4) and equivalent isotropic
displacement parameters (A”2 x 1073) for sg4l5.

U{eq) is defined as one third of the trace of the orthogonalized

b4 Yy Z U(eq)
Cr(l) 5638(1) 6401 (1) 2432 (1) 25(1)
Cr(2) 5357 (1) 7121 (1) 3300(1) 25(1)
Cr(3) 4407(1) 8195(1) 2722 (1) 26(1)
Cr(4) 4681 (1) 7465(1) 1850 (1) 27(1)
Si(l) 4066(1) 5568 (1) 1001 (1) 44 (1)
C(1l) 4605(3) 5837(3) 1758 (2) 31(1)
C(2) 4229(4) 4242 (5) 799 (3) 69(2)
C(3) 4378 (4) 6403 (5) 427 (2) 66(2)
C(4) 2967(3) 5702(6) 963 (3) 70(2)
Si(2) 6755(1) 6612 (1) 1396(1) 42(1)
C(5) 59870(3) 7295(3) 1715 (2) 33(1)
C(6) 7707 (3) 6485 (4) 1940 (2) 48 (1)
C(7) 6449 (4) 5335(4) 1141 (3) 67(2)
C(8) 6970(4) 7309(5) 730 (3) 66 (2)
Si(3) 7267(1) 7044 (1) 3872 (1) 45(1)
C(9) 6582 (3) 7077 (3) 3143 (2) 31(1)
C(10) 7171(3) 8168 (4) 4331 (3) 63(2)
C(1l1) 7102 (4) 5940(5) 4330 (2) 68 (2)
C(12) 8320(3) 7001 (6) 3730 (3) 79(2)
Si(4) 5844 (1) 4256(1) 3068 (1) 36(1)
C(13) 5332 (3) 5462 (3) 3140(2) 30(1)
C(14) 5869(3) 3526 (4) 3768 (2) 46(1)
C(15) 6884 (3) 4386 (4) 2919(3) 59(2)
Cc(1l6) 5293 (3) 3503 (4) 2447 (2) 52(2)
Si(5) 4140(1) 6826 (1) 4239(1) 40(1)
C(17) 4115(3) 7185(3) 3448 (2) 31(1)
C(18) 4129(4) 5444 (4) 4316 (2) 61(2)
Cc(19) 5034 (4) 7305 (5) 4739(2) 60 (2)
C(20) 3244 (4) 7301 (5) 4506 (3) 64 (2)
Si(6) 5032(1) 10001 (1) 3659 (1) 39(1)
Cc(21) 5371(3) 8795 (3) 3379(2) 30(1)
C(22) 5818 (4) 10465(4) 4272 (2) 61(2)
C(23) 4096(4) 9865 (4) 3970 (3) 67(2)
C(24) 4882 (3) 10974 (4) 3070(2) 51(2)
Si(7) 4594 (1) 9708 (1) 1227 (1) 44 (1)
C(25) 4775(3) 9083 (3) 1967 (2) 32(1)
C(26) 4491 (4) 11074 (4) 1324 (3) 66(2)
C(27) 3655(4) 9286 (5) 741 (3) 80(2)
C(28) 5440(4) 9479 (5) 822(3) 66(2)
Si(8) 2514 (1) 8288 (1) 2153 (1) 46 (1)
C(29) 3438(3) 7613 (4) 2062 (2) 35(1)
C(30) 1721(3) 8032 (5) 1500(3) 65(2)
C(31) 2648 (4) 9673 (4) 2218 (3) 75(2)
C(32) 2117(3) 7833 (6) 2823 (3) 79(2)




Al - xvi

Table AI.13. Bond lengths [A] and angles [deg] for sgdl5.
Cr(1l)-C(5) 2.184(4)
Cr(l)-C(13) 2.188(4)
Cr(1)-Cr(2) 2.3310(10)
Cr(l)-Cr(4) 2.4026(10)
Cr(2)~-C(9) 2.183(4)
Cr(2)-C(17) 2.205(4)
Cr(2)-Cr(3) 2.4004(10)
Cr(3)-C(29) 2.192(5)
Cr(3)-C(21) 2.191(4)
Cr (3)-Cr(4) 2.3396(10)
Cr(4)-C(25) 2.200(5)
Cr(4)-C(1) 2.207(5)
Si(1l)-C(1) 1.856(5)
Si(1)-C(4) 1.872(6)
Si(1)-C(3) 1.873(6)
Si(1l)~-C(2) 1.880(6)
Si(2)-C(7) 1.865(6)
Si(2)-C(8) 1.878(6)
Si(2)-C(5) 1.871(5)
Si(2)-C(6) 1.884(5)
Si(3)~-C(10) 1.867(6)
Si(3)-C(1l1) 1.869(6)
Si(3)-C(12) 1.880(6)
Si(3)-C(9) 1.870(5)
Si(4)-C(14) 1.872(5)
Si(4)-C(15) 1.871(6)
Si(4)-C(1le) 1.868(5)
Si(4)-C(13) 1.868(5)
Si(5)-C(20) 1.854(6)
Si(5)-C(19) 1.863(6)
Si(5)-C(18) 1.872(5)
Si(5)-C(17) 1.867(5)
Si(6)-C(23) 1.863(6)
Si(6)-C(24) 1.868(5)
Si(6)-C(22) 1.879(6)
Si(6)-C(21) 1.875(4)
Si(7)-C(28) 1.868(6)
Si(7)~-C(26) 1.867(6)
Si(7)-C(27) 1.881(6)
Si(7)-C(25) 1.871(4)
Si(8)-C(30) 1.874(6)
Si(8)-C(32) 1.878(6)
Si(8)-C(29) 1.863(5)
Si(8)-C(31) 1.885(6)
C(5)-Cr(1)-C(13) 177.91(17)
C(5)-Cr(1l)-Cr(2) 121.74(13)
C(13)-Cr(1l)-Cr(2) 60.09(12)
C(5)~-Cr(1l)-Cr(4) 59.51(13)
C(13)-Cr(l)-Cr(4) 122.08(13)
Cr(2)-Cr(l)=-Cr(4) 90.30(3)
C(9)~Cr(2)-C(17) 179.08(18)
C(9)~Cr(2)-Cr(1) 60.59(12)



C(17)-Cr(2)-Cr (1)
C(9)-Cx(2)-Cr(3)
C(17)-Cr(2)~Cr(3)
Cxr(1)-Cr(2)-Cr(3)
C(29)~-Cr(3)-C(21)
C(29)-Cr(3)-Cr(4)
C(21)-Cr(3)-Cr(4)
C(29)~Cr(3)=-Cr(2)
C(21)-Cr(3)~-Cr(2)
Cr(4)-Cr(3)-Cr(2)
C(25)~Cr{4)-C(1)
C(25)~Cr(4)-Cr(3)
C(1)-Cr(4)-Cr(3)
C(25)-Cr(4)-Cxr (1)
C(1l)-Cr(4)-Cr (1)
Cr(3)-Cr(4)-Cr (1)
C(1)-Si(1)-C(4)
C(1l)=-S8i(1)-C(3)
C(4)-8i(1)-C(3)
C(1l)-Si(1)-C(2)
C(4)-8i(1)-C(2)
C(3)-5i(1)-C(2)
5i(1)-C(1)-Cxr(4)
C(7)-S1i(2)-C(8)
C(7)-8i(2)-C(5)
C(8)~-Si(2)-C(5)
C(7)-si(2)-C(6)
C(8)-Si(2)-C(6)
C(5)~8i(2)~-C(6)
Si(2)-C(5)-Cr (1)
C(10)-Si(3)-C(11)
C(10)-Si(3)-C(12)
C(11)-8i(3)-C(12)
C(10)-8i(3)-C(9)
C(11)~-S8i(3)-C(9)
C(12)-5i(3)=-C(9)
5i(3)-C(9)-Cr(2)
C(14)-Si(4)-C(15)
C(14)-Si(4)-C(16)
C(15)-Si(4)-C(1le)
C(14)~-Si(4)-C(13)
C(15)-Si(4)~C(13)
C(l6)-Si(4)-C(13)
Si(4)-C(13)-Cr(l)
C(20)-58i(5)-C(19)
C(20)-Si(5)-C(18)
C(19)-8i(5)-C(18)
C(20)-8i(5)-C(17)
C(19)~-Si(5)-C(17)
C(18)-8Si(5)-C(17)
Si(5)~C{17)-Cr(2)
C(23)-8i(6)=-C(24)
C(23)-8i(6)-C(22)
C(24)-Si(6)-C(22)
C(23)-Si(6)=-C(21)
C(24)-5i(6)-C(21)
C(22)-8i(6)-C(21)

119.19(13)
120.26(12)
58.82(12)
89.90(3)
179.34(18)
59.87(12)
120.41(13)
121.78(13)
58.88(11)
90.15(3)
178.40(17)
59.99(12)
118.86(12)
119.70(12)
58.86(12)
89.65(3)
111.2(2)
112.4(2)
108.1(3)
110.2(3)
105.6(3)
109.1(3)
107.2(2)
106.9(3)
113.3(2)
108.7(3)
106.7(3)
108.4(3)
112.6(2)
108.3(2)
107.2(3)
107.4(3)
108.0(3)
112.4(2)
112.9(2)
108.7(3)
109.1(2)
108.6(3)
107.5(2)
106.6(3)
109.1(2)
114.0(2)
110.8(2)
105.4(2)
108.4(3)
107.0(3)
107.9(3)
110.0(2)
112.8(2)
110.5(2)
105.8(2)
108.8(3)
107.5(3)
107.4(3)
112.2(2)
112.1(2)
108.7(2)

Al - xvii



Al -xviii

Si(6)-C(21)-Cr(3) 108.4(2)
C(28)-8i(7)-C(26) 108.6(3)
C(28)=-Si(7)-C(27) 108.1(3)
C(26)-Si(7)-C(27) 106.3(3)
C{28)-Si(7)-C(25) 110.5(2)
C(26)-8i(7)-C(25) 110.0(2)
C{27)-Si(7)-C(25) 113.2(3)
Si(7)-C(25)-Cr(4) 109.8(2)
C(30)-Si(8)-C(32) 106.3(3)
C(30)-si(B)-C(29) 109.5(3)
C(32)-Si(8)-C(29) 111.1(3)
C(30)~-si(8)-C(31) 107.9(3)
C(32)-Si(8)-C(31) 108.4(3)
C(29)-Si(8)-C(31) 113.5(3)
Si(8)-C(29)-Cr(3) 107.7(2)

Symmetry transformations used to generate equivalent atoms:



Table AI.14. Anisotropic displacement parameters (A”2 x 1073) for sg4l5.
The anisotropic displacement factor exponent takes the form:

-2 pi*2 [ h*2 a**2 Ull + ... + 2 h k a* b* Ul12 ]

Ull u22 U33 U23 Ul3 Ul2
Cr (1) 23 (1) 27(1) 27(1) -1(1) 6(1) -1(1)
Cr(2) 25(1) 26(1) 24 (1) 1(1) 4(1) 1(1)
Cr(3) 24 (1) 28 (1) 26(1) 3(1) 6(1) 1(1)
Cr(4) 24 (1) 32(1) 24 (1) 2(1) 4(1) -3(1)
Si(1) 40 (1) 58 (1) 33(1) -8(1) 4(1) -12(1)
Cc(1) 27 (3) 36(3) 32(3) -4(2) 10(2) -1(2)
C(2) 71(5) 75(5) 59(4) -35(4) 10(3) -19(4)
C(3) 60 (4) 104 (5) 31(3) -2(3) 3(3) -17(4)
C(4) 40 (4) 119 (6) 48 (4) -16(4) -2(3) -21(4)
S$i(2) 37 (1) 50(1) 45(1) -3(1) 20(1) -2(1)
C(5) 29(3) 35(3) 36(3) -3(2) 10(2) -10(2)
C(6) 35(3) 51(3) 63(4) 0(3) 21(3) 1(3)
C(7) 57 (4) 65 (4) 81(5) -30(4) 21(4) 7(3)
C(8) 60 (4) 92 (5) 54 (4) 6(4) 39(3) =-1(4)
5i(3) 33(1) 52(1) 45(1) -4(1) -7(1) 0(1)
C(9) 28 (3) 27(3) 36(3) -1(2) 2(2) -2(2)
C(10) 49 (4) 71(4) 62(4) -21(3) -14(3) -17(3)
C(1l) 74 (5) 71(4) 47(4) 10(3) -23(3) -2(4)
C(12) 36(4) 105 (6) 88(5) -3(4) -14(3) 2(4)
Si(4) 42 (1) 26(1) 42(1) 4(1) 12(1) 1(1)
C(13) 33(3) 32(3) 25(3) -4(2) 4(2) -2(2)
C(1l4) 58 (4) 33(3) 50(3) 10(2) 13(3) 6(3)
C(15) 59(4) 33(3) 89(5) 2(3) 25(3) 6(3)
C(16) 69(4) 29(3) 62(4) -2(3) 18(3) -5(3)
Si(5) 45(1) 43 (1) 35(1) 4(1) 17(1) 0(1)
C(17) 30(3) 29(3) 34(3) 4(2) 8(2) 2(2)
C(18) 91(5) 50(4) 49(4) 9(3) 26(3) -10(3)
C(19) 74 (4) 72(4) 33(3) 2(3) 8(3) -6(3)
C(20) 61(4) 88 (5) 48 (4) 12(3) 30(3) 8(4)
Si(6) 46 (1) 30(1) 42(1) -3(1) 13(1) 3(1)
C(21) 40(3) 21(2) 31(3) 2(2) 5(2) 0(2)
C(22) 88 (5) 46(4) 47(4) -20(3) 5(3) 1(3)
C(23) 68(4) 51(4) 91(5) -5(3) 43 (4) 14(3)
C(24) 67(4) 26(3) 62(4) 1(3) 12(3) 1(3)
Si(7) 49(1) 47 (1) 36(1) 13(1) 4(1) -4(1)
C(25) 35(3) 35(3) 27(3) 5(2) 6(2) -9(2)
C(26) 81(5) 52(4) 67 (4) 28 (3) 18 (4) 11(3)
C(27) 77(5) 101 (6) 52(4) 20(4) -21(4) -17(4)
C(28) 81(5) 72(4) 49(4) 25(3) 27(3) 4(4)
Si(8) 27(1) 54 (1) 59 (1) 7(1) 7(1) 3(1)
C(29) 29(3) 43(3) 32(3) 3(2) 5(2) -3(2)
C(30) 33(3) 71(4) 83(5) 17 (4) -7(3) 2(3)
C(31) 56(4) 65(4) 104 (6) -8(4) 12 (4) 18(3)

C(32) 35(4) 124 (6) 86(5) 34(5) 30(3) 21(4)




Table AI.1l5.

displacement parameters (A”2 x 1073) for sg4l5.

Hydrogen coordinates ( x 10%4) and isotropic

X y z U(eq)
H(1A) 5138 5547 1813 37
H(1B) 4318 5556 2057 37
H(2R) 4792 4128 808 103
H(2B) 3943 4109 403 103
H(2C) 4037 3805 1080 103
H(3A) 4290 7088 527 99
H(3B) 4070 6250 42 99
H(3C) 4938 6302 415 99
H(4A) 2844 6378 1060 105
H(4B) 2788 5251 1244 105
H(4C) 2700 5545 566 105
H(53) 5505 7406 1407 40
H(5B) 6172 7941 1868 40
H(6A) 8093 6124 1755 72
H(6B) 7606 6127 2287 72
H(6C) 7914 7139 2057 72
H(7R) 5958 5366 859 100
H(7B) 6371 4934 1478 100
H(7C) 6861 5039 952 100
H(8A) 6484 7384 446 98
H(8B) 7357 6945 549 98
H(8C) 7181 7959 852 98
H(9A) 6664 6487 2910 37
H(9B) 6693 7665 2918 37
H(10R) 7251 8758 4105 95
H(10B) 7567 8145 4688 95
H({10C) 6645 8186 4438 95
H(11A) 6559 5942 4403 102
H(11B) 7463 5967 4705 102
H(11C) 7198 5339 4120 102
H(12A) 8419 7568 3492 119
H(12B) 8402 6395 3520 119
H(12C) 8681 7016 4105 119
H(13R) 5518 5761 3529 36
H(13B) 4756 5367 3092 36
H(14A) 6155 3898 4099 70
H(14B) 6135 2898 3733 70
H(14C) 5331 3404 3833 70
H(15A) 6879 4757 2555 89
H(15B) 7108 3733 2879 89
H(15C) 7203 4735 3246 89
H(16AR) 5277 3859 2076 78
H(16B) 4755 3388 2516 78
H(16C) 5560 2872 2425 78
H(17A) 3901 7856 3376 37
H(17B) 3783 6723 3183 37
H(18A) 3668 5176 4059 92
H(18B) 4106 5270 4724 92



H(18C)
H(193)
H(19B)
H(19C)
H(20A)
H(20B)
H(20C)
H(21R)
H(21B)
H(22R)
H(22B)
H(22C)
H(23A)
H(23B)
H(23C)
H(24A)
H(24B)
H(24C)
H(25A)

H(25B) -

H(26R)
H(26B)
H(26C)
H(27R)
H(27B)
H(27C)
H(28R)
H(28B)
H(28C)
H(292)
H(29B)
H(30R)
H(30B)
H(30D)
H(31R)
H(31D)
H(31B)
H(32D)
H(32R)
H(32B)

4608
5056
5508
5005
2772
3247
3244
5505
5845
5648
6309
5903
3676
3946
4178
4474
5375
4719
4384
5305
4402
4972
4044
3596
3204
3681
5337
5497
5925
3555
3372
1898
1240
1615
2858
3014
2139
2047
1611
2490

5169
8021
7016
7127
7058
8021
7074
8327
8901
11088
10566
9981
9627
10503
9395
10760
11079
11589
9311
9255
11393
11333
11204
9628
9434
8576
9807
8772
9740
7716
6900
8254
8383
7325
9919
9828
9984
7120
8148
7998

4204
4704
4627
5145
4251
4499
4909
3709
3198
4422
4120
4590
3663
4113
4295
2748
2921
3234
2206
2178

939
1559
1525

364

934

676

439

764
1051
1661
2122
1140
1547
1473
1877
25717
2232
2798
2839
3178

92
89
89
89
95
95
95
36
36
92
92
92
100
100
100
77
77
77
38
38
100
100
100
120
120
120
98
98
98
42
42
97
97
97
113
113
113
119
119
119

Al- xxi
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Table AII.l. Crystal data and structure refinement for sg426.

Identification code sg426

Empirical formula Cl6 H44 Si4 V

Formula weight 399.81

Temperature 203(2) K

Wavelength 0.71073 A

Crystal system, space group Monoclinic, C2/c

Unit cell dimensions a = 18.721(3) A alpha = 90 deg.
b = 8.3574(16) A beta = 117.061(3) deg.
c = 18.745(4) A gamma = 90 deg.

Volume 2611.8(8) A"3

Z, Calculated density 4, 1.017 Mg/m"3

Absorption coefficient 0.559 mm~-1

F(000) 876

Crystal size 0.2 x 0.2 x 0.2 mm

Theta range for data collection 2.44 to 28.61 deg.
Limiting indices =24<=h<=21, 0<=k<=11l, 0<=1<=24

Reflections collected / unique 20392 / 3113 [R{(int) = 0.0452]

Completeness to theta = 28.61 92.8 %

Absorption correction Semi-empirical from equivalents
Max. and min. transmission 0.928076 and 0.605516

Refinement method Full-matrix least-squares on F~2

Data / restraints / parameters 3113 / 0 / 168

Goodness-of-£fit on F~2 1.097
Final R indices [I>2sigma(I)]} Rl = 0.0921, wR2 = 0.2221
R indices (all data) Rl = 0.1019, wR2 = 0.2287

Largest diff. peak and hole 1.011 and -0.555 e.A"-3



Table AII.Z.

Atomic coordinates ( x 1074) and equivalent isotropic

displacement parameters (A”2 x 1073) for sg426.
U(eq) is defined as one third of the trace of the orthogonalized

Uij tensor.

All -

ii

x y z U(eq)
v 0 9889(2) 2500 35(1)
Si(1) =551 (1) 7650(2) 799(1) 49(1)
Si(2) 1703(1) 12149(2) 3039(1) 43(1)
C(1) -420(8) 7982 (13) 1837(8) 47(3)
C(2) 443(7) 7513(14) 792(7) 40(2)
C(3) -1069(9) 9510(20) 166(9) 71(4)
C(4) ~1188(10) 5918 (19) 199(10) 71(4)
C(5) 1049 (6) 10417 (12) 2519 (6) 33(2)
c(6) 1742(8) 12411 (15) 4051(7) 47(3)
C(7) 1275(9) 14026(19) 24399 (8) 62(4)
c(8) 2695(10) 11970(20) 3137(10) 77(5)
C(1') -54(9) 9407 (19) 1477 (8) 62(4)
c(2") 4(9) 5820(20) 1222(10) 73(4)
C(3') -1583(7) 7417(14) 804 (7) 40(2)
c(4") -634(12) 7680 (30) -267(13) 100(6)
C(5") 685 (7) 11903 (13) 2874 (7) 39(2)
C(6") 2341 (8) 10494 (16) 3630(8) 52(3)
c(") 1735(8) 12194 (17) 2068 (8) 54 (3)
c(8"') 2204 (9) 14084 (19) 3602(9) 64 (4)
Table AII.3. Bond lengths [A] and angles [deg] for sg426.
vV-C(1') 1.916(14)
V-C(1')#1 1.916(14)
V-C (1) 1.953(11)
V-C(1)#1 1.953(11)
V-C(5)#1 1.998(10)
V-C(5) 1.998(10)
V-C(5") 2.037(11)
V-C(5')#1 2.037(11)
Si(l)-c(2") 1.814(18)
Si(1)-C(1) 1.869(13)
Si(1)-C(2) 1.869(11)
Si(1)-C(1") 1.887(15)
Si(1)-C(4) 1.887(16)
Si(1)-C(3) 1.931(17)
Si(1)-C({4"') 1.93(2)
Si(1)-C(3") 1.946(11)
5i(2)-C(8) 1.787(18)



Si(2)-C(5")
5i(2)-C(6")
$i(2)-C(7)
81(2)-C(7")
§i(2)-C(5)
S5i(2)-C(6)
5i(2)-C(8")
C(1')-v-C(1")#1
C(l")-v-C(1)
C(1')#1-v-C(1)
C(1l')-V=-C(1)#1
C(1')#1-v-C(1)#1
C(1)-V-C(1)#1
C(1')-v-C(5)#1
C(1")#1-v-C(5)#1
C(1)-V-C(5)#1
C(1)#1-Vv-C(5)#1
C(1")-V-C(5)
C(1')#1-Vv-C(5)
C(1)-V-C(5)
C(1)#1-V-C(5)
C(5)#1-Vv-C(5)
C(1')-v-C(5"')
C(1")#1-v-C(5")
C(l)-V-C(5")
C(l)#1-v-C(5"')
C(5)#1-v-C(5")
C(5)-v-C(5")
C(1')-V-C(5")#1
C(1')#1-v-C(5")#1
C(1)-v-C(5")#1
C(l)#1-v-C(5")#1
C(5)#1-v~-C(5")#1
C(5)-V-C(5')#1
C(5")-V-C(5')#1
C(2')-Si(1)-C(1)
C(2')-81(1)-C(2)
C(1l)-Si(1)-C(2)
C(2')-Si(1)-C(1*)
C(1)-8i(1)~-C(1")
C(2)-si(1)~-C(1")
C(2")-8i(1)-C(4)
C(1)-8i(1)-C(4)
C(2)-5i(1)-C(4)
C(1')-Si(1)-C(4)
C(2")-81i(1)-C(3)
C(1)~-8i(1)=-C(3)
C(2)-8i(1)-C(3)
C(1')-8i(1)-C(3)
C(4)-Si(1)-C(3)
C(2')-Si(1)-C(4")
C(1)-8i(1)-C(4")
C(2)-81(1)-C(4")
C(1')-5i(1)-C(4")
C(4)-si(1)-C(4")
C(3)-5i(1)-C(4"')
C(2')~-8Si(1)-C(3")

[l

70
93

93
154

95

95

154
49

68
83
65

105
75
104

70
64

.800(11)
.834(14)
.841(15)
.847(13)
.860(10)
.879(12)
.925(16)
155,

50.
106.
106.

50.

70.
115.

7(9)
9(6)
7(6)
7(6)
9(6)
6(7)
1(5)

.6(5)
.5(5)
107.

70.
115.
107.

4(5)
6(5)
1(5)
4(5)

.5(5)
.5(6)
104.

9(6)

.2(6)
154.
116.
106.

49.

4(5)
6(5)
5(4)
6(4)

.2(6)
104.
116.

9(5)
6(5)

-4(5)
.6(4)
106.

5(4)

.6(6)
.8(6)
.0(6)
110.
110.

52.

82.

72.
118.
108.
169.
167.
108.

9(5)
6(7)
5(5)
3(6)
3(7)
8(6)
1(6)
2(7)
3(7)
1(6)

.6(6)
.0(6)
.4(7)
102.
170.

66.
118.

9(8)
4(7)
8(7)
0(8)

.2(8)
.7(8)
106.

7(6)

All -

iii



C(1)-8i(1)-C(3") 70.7(5)

C(2)-5i(1)-C(3") 170.8(5)
C(1')-Si(1)-C(3") 105.1(6)
C(4)-5i(1)-C(3") 64.3(6)
C(3)-Si(1)-C{(3") 82.0(6)
C(4")-Si(1)-C(3") 113.2(7)
C(8)-Si(2)-C(5") 168.0(6)
C(8)-Si(2)-C(6") 60.9(6)
C(5')-Si(2)-C(6") 111.4(5)
C(8)-8i(2)-C(7) 107.5(7)
C(5')-Si(2)~-C(7) 80.9(6)
C(6")-8i(2)-C(T) 167.4(6)
C(8)-5Si(2)-C(7") 66.8(7)
C(5')-Si(2)-C(7") 109.9(6)
C(6')-8i(2)~-C(7") 107.9(6)
C(7)=-8i(2)~-C(7") 69.0(6)
C(8)-Si(2)~-C(5) 113.2(6)
C(5")-si(2)-C(5) 55.1(5)
C(6')-Si(2)-C{(5) 79.7(5)
C(7)-8i(2)-C(5) 110.9(6)
C(7')-8i(2)-C(5) 79.0(5)
C(8)-8i(2)-C(6) 110.2(7)
C(5')-Si(2)-C(6) 74.8(5)
C(6')-Si(2)-C(6) 76.2(6)
C(7)-Si(2)-C(6) 105.3(6)
C(7')-8i(2)-C(6) 171.4(6)
C(5)=-Si(2)-C(6) 109.5(5)
C(8)-Si(2)-C(8") 77.9(7)
C(5')-Si(2)-C(8") 113.8(6)
C(6')-Si(z)-C(8'") 106.3(6)
C(7)-Si(2)-C(8") 64.4(6)
C(7')-Si(2)-C(8") 107.3(6)
C(5)-Si(2)-C(8") 168.9(5)
C(6)-Si(2)-C(8") 64.0(6)
Si(1)-C(1)-V 127.4(7)
Si(2)-C(5)-V 126.1(5)
Si(l)y-C{1')-v 128.6(8)
Si(2)-C(5')-V 127.2(6)

Symmetry transformations used to generate equivalent atoms:
#1 -x,y,-2+1/2



All- v

Table AII.4. Anisotropic displacement parameters (A”2 x 1073) for sg426.
The anisotropic displacement factor exponent takes the form:
-2 pi*2 [ h*2 a**2 U1l + ... + 2 h k a* b* Ul2 ]

Ul1 u22 U33 u23 Ul3 Ul2
v 35(1) 34 (1) 36(1) 0 16(1) 0
Si(1) 48 (1) 51(1) 47(1) =2(1) 21(1) 0(1)
Si(2) 41 (1) 44 (1) 43 (1) 0(1) 18 (1) -1(1)
C(1) 53(7) 23(5) 62(7) =3(5) 23(o) -2(5)
C(2) 38(6) 39(6) 47 (6) 1(5) 22(5) 2(4)
C(3) 62(9) 83(12) 71(10) -13(9) 33(8) -6(8)
C(4) 72(10) 55(9) 90(11) 10(8) 42 (9) 7(8)
C(5) 34 (5) 29(5) 35(5) -1(4) 15(4) 2(4)
C(6) 49(7) 43(7) 50(7) -1(5) 24 (6) -4 (5)
C(7) 57(8) 77(10) 53(8) 2(7) 24 (7) -1(7)
C(8) 93(12) 55(9) 74 (10) ~1(8) 31(9) -2(9)
C(1'") 62(8) 68(10) 51(7) 12(7) 23(7) ~1(7)
c(2") 65(9) 82(12) 75(10) -10(9) 35(8) -11(9)
c(3") 43(6) 37(6) 42 (6) -3(5) 22 (5) 0(5)
c(4") 81(13) 89(14) 128(18) 10(13) 47(13) 7(11)
C(5") 44 (6) 33(5) 39(6) -1(4) 19(5) 0(5)
c(e'") 52(7) 54(8) 54 (M) 2(6) 28 (6) -13(6)
C(7") 56(8) 52(7) 57(8) 0(6) 27(6) -2(6)
c(8") 68(9) 63(9) 68(9) 1(7) 36(8) 7(7)




Table AII.S.

Hydrogen coordinates

{ x 1074) and isotropic
displacement parameters (A%2 x 1073) for sg426.

All -

X y z U(eq)
H(1A) -82 7097 2156 57
H(1B) ~-951 7802 1806 57
H({23) 731 6585 1098 60
H(2B) 752 8472 1030 60
H(2C) 360 7412 245 60
H(3A) -1595 9642 141 106
H(3B) -1125 9383 -371 106
H(3C) -746 10455 411 106
H(4A) -968 4926 483 106
H(4B) -1192 5886 -320 106
H(4C) -1732 6053 126 106
H(5A) 1385 9464 2731 39
H(5B) 939 10503 1957 39
H(6A) 1202 12539 3989 70
H(6B) 2056 13353 4309 70
H(6C) 1988 11476 4378 70
H(7A) 1237 13967 1966 93
H(7B) 1619 14914 2787 93
H(7C) 745 14185 2458 93
H(8A) 2668 11828 2611 115
H(8B) 2958 11051 3470 115
H(8C) 2998 12930 3383 115
H(1'A) -294 10356 1148 74
H(1'B) 504 9381 1570 74
H(2'A) 525 5886 1229 109
H(2'B) -290 4918 897 109
H(2'C) 75 5689 1764 109
H(3'A) -1900 8376 585 60
H(3'B) -149%9 7258 1349 60
H(3'C) -1864 6502 480 60
H(4'A) -110 7890 -235 149
H(4'B) -1005 8513 -581 149
H(4'C) -828 6652 -522 149
H(S'A) 377 12738 2490 47
H(5'B) 688 12198 3382 47
H(6'R) 2321 10425 4138 78
H(6'B) 2889 10683 3728 78
H(6'C) 2150 9499 3338 78
H(7'R) 1396 13054 1741 81
H(7'B) 1542 11182 1794 81
H(7'C) 2282 12370 2159 81
H(8'A) 2167 14131 4102 97
H(8'B) 1933 15003 3275 97
H(8'C) 2763 14092 3715 97

vi
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Table AIII.1. Crystal data and structure refinement for sg2067.

Identification code sg2067

Empirical formula C45 H67 Li3 N3 03
Formula weight 718.84
Temperature 233(2) K
Wavelength 0.71073 A

Crystal system, space group Monoclinic, C2/c

Unit cell dimensions

a = 21.2094(11) A alpha = 90 deg.
b = 11.5121(7) A beta = 103.279(2) deg.
c = 37.855(2) A gamma = 90 deg.
Volume 8995.7(9) A~3
2, Calculated density 8, 1.062 Mg/m"3
Absorption coefficient 0.064 mm~-1
F(000) 3128
Crystal size 0.20 x 0.20 x 0.20 mm
Theta range for data collection 1.11 to 26.37 deg.
Limiting indices -22<=h<=21, 0<=k<=14, 0<=1<=47

Reflections collected / unique 13288 / 81639 [R(int) = 0.0215]

Completeness to theta = 26.37 88.7 %

Absorption correction Semi-empirical from equivalents
Max. and min. transmission 1.000000 and 0.802047

Refinement method Full-matrix least-squares on F*2

Data / restraints / parameters 8169 / 111 / 503

Goodness-of-fit on F*2 1.043
Final R indices [I>2sigma(I)] Rl = 0.0789, wR2 = 0.2220
R indices (all data) R1 = 0.1320, wR2 = 0.2595

Largest diff. peak and hole 0.699 and -0.292 e.A"-3



Table AIII.2.

Atomic coordinates ( x 10°4) and equivalent isotropic

displacement parameters (A"2 x 1073) for sg2067.
U(eq) is defined as one third of the trace of the orthogonalized

Uij tensor.

Alll -

X y z U(eq)
Li(1) 2036 (3) 9261 (5) 1855(1) 51(1)
Li(2) 1246 (3) 8927 (5) 786(1) 60(2)
Li(3) 2247 (3) 9659(5) 1235(1) 52(1)
N(1) 2641 (1) 8314 (2) 1640(1) 43(1)
N(2) 1463 (1) 8917(2) 1342(1) 47(1)
N(3) 1392 (1) 10614 (2) 884 (1) 47(1)
C(1) 2340 (2) 6472(3) 1927(1) 59(1)
C(2) 2161 (2) 7526(2) 1681 (1) 43(1)
C(3) 1532 (2) 7864 (3) 1543(1) 44 (1)
C(4) 955 (2) 7270(3) 1616(1) 62(1)
C(5) 366(2) 7884 (3) 1536(1) 62 (1)
C(6) 285(2) 8963 (3) 1354(1) 60 (1)
C(7) 846(2) 9439(3) 1232(1) 44 (1)
C(8) 821 (2) 10377 (3) 1002 (1) 45(1)
C(9) 201 (2) 11019(3) 839(1) 61(1)
C(10) 3289(2) 7985 (3) 1702(1) 42(1)
C(11) 3766(2) 8673(3) 1934(1) 54 (1)
C(12) 4414 (2) 8433(3) 1973(1) 67(1)
C(13) 4624 (2) 7517 (3) 1795(1) 66(1)
C(14) 4172 (2) 6837 (3) 1570(1) 62 (1)
C(15) 3508 (2) 7042 (3) 1513(1) 48 (1)
C(16) 3551 (2) 9653 (4) 2146(1) 79(1)
C(17) 4036 (3) - 10709 (5) 2210(2) 142 (2)
C(18) 3464 (4) 9241 (5) 2496 (2) 155(3)
C(19) 3040(2) 6342(3) 1225(1) 64 (1)
C(20) 3243(2) 5078 (3) 1202(1) 84 (1)
C(21) 2955 (3) 6900 (4) 852(1) 115(2)
C(22) 1457 (2) 11686 (3) 721(1) 46 (1)
C(23) 1577 (2) 11704 (3) 366(1) 53(1)
C(24) 1728 (2) 12749 (3) 221 (1) 65(1)
C(25) 1745(2) 13781 (3) 406(1) 71(1)
C(26) 1598 (2) 13785(3) 744 (1) 66(1)
C(27) 1458 (2) 12753 (3) 908(1) 53(1)
c(28) 1541 (2) 10580 (3) 151(1) 61(1)
C(29) 2164 (2) 9889 (4) 242(1) 79(1)
C(30) 1340(2) 10747 (4) -265(1) 90 (1)
C(31) 1353(2) 12818 (3) 1295(1) 65(1)
C(32) 925 (3) 13832 (4) 1352(2) 114 (2)
C(33) 2017 (3) 12852 (5) 1568 (1) 108(2)
0(1) 1737(1) 9846 (2) 2254 (1) 61 (1)
C(34) 1603 (2) 9073 (4) 2522 (1) 82 (1)
C(35) 975 (3) 9433 (6) 2588 (2) 125(2)
C(36) 840(3) 10572 (6) 2443(2) 118(2)
C(37) 1265(2) 10757 (3) 2197(1) 73(1)
0(2) 975(2) 7697 (3) 453(1) 78 (1)
C(38) 990(2) 7388 (3) 92(1) 119(3)

ii



C(39)
C(40)
C(41)
0(2")
c(38')
C(39')
C(40")
c(41")
0(3)
C(42)
C(43)
C(44)
C(45)

484 (7)
76(7)
458 (6)
860 (4)
477(7)
147 (8)
355(9)
968 (7)
3063 (1)
3622 (3)
4118(3)
3749(3)
3150(3)

6564 (12)
6404 (14)
6981 (10)

7854 (6)

7910(10)
6814 (13)
6093(14)

6675(9)
10404 (2)
9808 (5)
10630(5)
11757 (6)
11623 (4)

-46(3)
251(4)
578 (3)
436(2)
94 (3)
11(4)
372(4)
571(3)
1118(1)
1054 (2)
1039(2)
946(2)
1046(2)

121(5)
140(4)
122(3)
78 (1)
119(3)
121(5)
140(4)
122(3)
73(1)
102 (2)
132(2)
158(3)
103(2)

Table AIII.3. Bond lengths [A] and angles [deg] for sg2067.

Li(1)-0(1)
Li(1)-N(1)
Li(1)~-N(2)
Li(1)-C(3)
Li(1)-C(2)
Li(1)-Li(3)
Li(2)=-0(2")
Li(2)-0(2)
Li(2)-N(3)
Li(2)-N(2)
Li(2)-C(7)
Li(2)-C(8)
Li(2)-Li(3)
Li(2)-C(41"’
Li(3)-N(2)
Li(3)-0(3)
Li(3)-N(1)
Li(3)-N(3)
N(1)-C(10)
N(1)-C(2)
N(2)-C(7)
N(2)-C(3)
N(3)-C(22)
N(3)-C(8)
C(1)-C(2)
C(2)-C(3)
C(3)-C(4)
C(4)-C(5)
C(5)-C(6)
C(6)-C(7)
C(7)-C(8)
c(8)-C(9)
C(10)-C(11)
C(10)-C(15)
C(11)-C(12)
C(11)-C(16)

)

1
1
2
2
2
2
1
1
1
2
2
2
2
2
1
2
2
2.
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1

.891(9)
.994 (6)
.077(6)
.132(6)
.138(6)
.529(7)
.859(8)
.895(6)
.989(6)
.049(6)
.139(6)
.146(7)
.540(8)
.740(12)
.993(6)
.068(6)
.203(6)

272 (6)

.392(4)
.400(4)
.412(4)
.421(4)
.400(4)
.409(4)
.522(4)
.373(4)
.481 (4)
.407(5)
.413(5)
.477(5)
.380(4)
.512(4)
.420(4)
.435(4)
.376(5)
.514(5)

iii



C(12)-C(13)
C(13)-C(14)
C(14)-C(15)
C(15)-C(19)
C(16)~-C(18)
C(16)-C(17)
C(19)-C(21)
C(19)~C(20)
C(22)-C(27)
C(22)-C(23)
C(23)-C(24)
C(23)-C(28)
C(24)-C(25)
C(25)-C(26)
C(26)-C(27)
C(27)-C(31)
C(28)-C(29)
C(28)-C(30)
C(31)-C(32)
C(31)-C(33)
0(1)-C(34)
0(1)-C(37)
C(34)-C(35)
C(35)-C(36)
C(36)-C(37)
0(2)-C(38)
0(2)-C(41)
C(38)-C(39)
C(39)-C(40)
C(40)-C(41)
0(2')-C(38")
0(2')-C(41")
C(38')-C(39")
C(39')-C(40")
C(40")-C(41")
0(3)-C(42)
0(3)-C(45)
C(42)-C(43)
C(43)-C(44)
C(44)-C(45)
0(1)-Li(1)-N(1)
0(1)-Li(1)-N(2)
N(1)-Li(1)-N(2)
0(1)-Li(1)-C(3)
N(1)-Li(1)-C(3)
N(2)-Li(1)-C(3)
0(1)-Li(1)-C(2)
N(1)-Li(1)-C(2)
N(2)-Li(1)-C(2)
C(3)~Li(1)~-C(2)
0(1)-Li(1)-Li (3)
N(1)-Li(1)-Li(3)
N(2)-Li(1)-Li (3)
C(3)-Li(1)-Li (3)
C(2)-Li(1)~-Li (3)
0(2')-Li(2)-0(2)
0(2')-Li(2)-N(3)

MR REHE R R HERERERRPRRBREPRPREPRPHERERHEERPERERRPRRRRRR 23§12

[
wm
N

125.
79.
119.
69
39
131
39
67
37
147
56.
50
78
79

143.

.378(5)
.374(5)
.395(5)
.524(5)
.458(7)
.576(7)
.522(6)
.526(5)
.417(4)
.424 (4)
.390(5)
.522(5)
.374(5)
.386(5)
.403(5)
.535(4)
.513(5)
.545(5)
.524(6)
.544(6)
.426(4)
.431(4)
.469(7)
.424(7)
.453(6)
.4200
.528(10)
.437(10)
.579(14)
.473(13)
.364(10)
.450(11)
.440(12)
.573(14)
.502(14)
.439(6)
.450(5)
.424 (6)
.514(7)
.416(7)
.3(3)

6(3)
0(2)
6(3)

.5(2)
.43(14)
.8(3)
.40(14)
.81(19)
.52(15)
.1(3)

83(19)

.11(18)
.2(2)
.8(2)
.1(3)

8(4)
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0(2)-Li(2)-N(3)
0(2')-Li(2)-N(2)
0(2)-Li(2)-N(2)
N(3)-Li(2)-N(2)
0(2'")~Li(2)-C(7)
0(2)-Li(2)~C(7)
N(3)-Li(2)-C(7)
N(2)-Li(2)-C(7)
0(2')-Li(2)-C(8)
0(2)-Li(2)-C(8)
N(3)-Li(2)-C(8)
N(2)-Li(2)-C(8)
C(7)-Li(2)-C(8)
O0(2')-Li(2)-Li(3)
0(2)-Li(2)-Li(3)
N(3)-Li(2)-Li(3)
N(2)-Li(2)-Li(3)
C(7)-Li(2)-Li(3)
C(8)-Li(2)-Li (3)

O(2')-Li(2)~C(41")

0(2)-Li(2)-C(41")
N(3)-Li(2)-C(41"')
N(2)-Li(2)-C(41')
C(7)-Li(2)-C(41")
C(8)-Li(2)-C(41")

Li(3)-Li(2)-C(41")

N(2)-Li(3)-0(3)
N(2)-Li(3)-N(1)
O(3)-Li(3)-N(1)
N(2)-Li(3)-N(3)
O(3)-Li(3)-N(3)
N(1)-Li(3)-N(3)
N(2)-Li(3)-Li(1)
O(3)-Li(3)-Li(1)
N(1)-Li(3)-Li(1)
N(3)-Li(3)~-Li(1)
N(2)-Li(3)-Li(2)
O(3)-Li(3)-Li(2)
N(1)-Li(3)~-Li(2)
N(3)-Li(3)-Li(2)
Li(1)-Li(3)-Li(2)
C(10)-N(1)-C(2)
C(10)~-N(1)-Li(1)
C(2)-N(1)-Li(1)
C(10)-N(1)-Li(3)
C(2)-N(1)-Li(3)
Li(1)-N(1)-Li(3)
C(7)-N(2)-C(3)
C(7)-N(2)-Li(3)
C(3)-N(2)-Li(3)
C(7)~-N(2)-Li(2)
C(3)-N(2)-Li{2)
Li(3)-N(2)-Li(2)
C(7)-N(2)~-Li(1)
C(3)-N(2)-Li(1)
Li(3)-N(2)-Li(1)
Li(2)-N(2)-Li(1)

149.
133.
129.
79.
123.
128.
69.
39
129.
138
39
68
37.
149,
140.
58
50.
78.
81.
29.
23.
173.
106.
113
140
127
179.
76.
103
74
105.
150.
53.
127
49.
110
52
127
111.
48.
105.
121.
141.
75.
120
111.
73
119
121
119.
73.
121.
7.
119
2.
76.
154.

9(3)
4(4)
9(3)
9(2)
8(4)
0(3)
9(2)

.33(14)

3(4)

.1(4)
.62(15)
.09(19)

56(15)
5(4)
6(4)

.7(2)

09(18)
6(2)
2(2)
6(3)
6(3)
3(4)
4(4)

.4(4)
.2(4)
.0(4)

0(3)
0(2)

.8(3)
.6(2)

6(2)
6(3)
08(19)

.6(3)

25(17)

.0(3)
.07(19)
.3(3)

0(3)
43(18)
2(3)
3(2)
6(2)
9(2)

.7(2)

3(2)

.9(2)
.7(2)
.2(2)

1(3)
8(2)
6(3)
8(2)

.9(2)

4(2)
8(2)
6(3)
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C(22)-N(3)-C(8)
C(22)-N(3)-1i(2)
C(8)-N(3)-Li(2)
C(22)-N(3)-Li(3)
C(8)-N(3)-Li(3)
Li(2)-N(3)-Li(3)
C(3)-C(2)-N(1)
C(3)-C(2)-C(1)
N(1)-C(2)~-C(1)
C(3)-C(2)-Li(1)
N(1)-C(2)-Li(1)
C(1)-C(2)-Li(1)
C(2)-C(3)-N(2)
C(2)-C(3)-C(4)
N(2)-C(3)-C(4)
C(2)-C(3)-Li(1)
N{2)-C(3)-Li(1)
C(4)-C(3)-Li(1)
C(5)-C(4)-C(3)
C(4)-C(5)-C(6)
C(5)-C(6)-C(7)
C(8)-C(7)-N(2)
C(8)-C(7)-C(6)
N(2)-C(7)-C(6)
C(8)-C(7)-Li(2)
N(2)-C(7)-Li(2)
C(6)-C(7)-Li(2)
C(7)-C(8)-N(3)
C(7)-C(8)-C(9)
N(3)-C(8)-C(9)
C(7)-C(8)-Li(2)
N(3)-C(8)-Li(2)
C(9)-C(8)~-Li(2)
N(1)-C(10)-C(11)
N(1)-C(10)-C(15)
C(11)-C(10)-C(15)
C(12)-C(11)-C(10)
C(12)-C(11)-C(16)
C(10)-C(11)-C(16)
C(11)-C(12)-C(13)
C(14)-C(13)-C(12)
C(13)-C(14)-C(15)
C(14)-C(15)-C(10)
C(14)-C(15)-C(19)
C(10)-C(15)-C(19)
C(18)-C(16)-C(1l1)
C(18)-C(16)-C(17)
C(11)-C(le)-C(17)
C(21)-C(19)-C(15)
C(21)-C(19)-C(20)
C(15)~C(19)-C(20)
N(3)-C(22)-C(27)
N(3)-C(22)-C(23)
C(27)-C(22)-C(23)
C(24)-C(23)-C(22)
C(24)-C(23)-C(28)
C(22)-C(23)-C(28)

119.
143.
76.

122
110
72

71
64

114
124
120

68

117
114
124

71

66
129

120

128

119

117

118

121
110

113
111

118

120

3(3)
6(2)
2(2)

.5(2)
.4(2)
.8(2)
116.
122.
1109.

3(2)
9(3)
9(3)

.0(2)
.7(2)
126.

0(2)

.7(3)
C7(3)
.4(3)
1.

5(2)

.2(2)
125.
117.
123.

1(3)
3(3)
3(3)

.5(3)
.7(3)
.8(3)
120.

5(3)

.5(2)
.9(2)
.6(3)
116.
122.

2(3)
9(3)

.4(3)
71.
64.

0(2)
1(2)

.8(3)
.2(3)
122.

8(3)

.7(3)
120.
120.
119.
121.
118.
122.

4(3)
5(3)
1(3)
9(4)
8(4)
4(3)

.8(3)
119.

3(3)

.6(3)
.8(4)
109.

1(5)

.0(4)
.0(3)
109.
113.
122.
119.

0(3)
5(3)
3(3)
1(3)

.5(3)
119.

5(3)

.8(3)
119.

7(3)
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C(25)-C(24)-C(23)
C(24)-C(25)-C(26)
C(25)-C(26)-C(27)
C(26)-C(27)-C(22)
C(26)-C(27)-C(31)
C(22)-C(27)-C(31)
C(29)-C(28)-C(23)
C(29)-C(28)-C(30)
C(23)-C(28)-C(30)
C(32)-C(31)-C(27)
C(32)-C(31)-C(33)
C(27)-C(31)-C(33)
C(34)-0(1)-C(37)
C(34)~0(1)-Li(1)
C(37)-0(1)-Li(1)
0(1)-C(34)-C(35)
C(36)-C(35)-C(34)
C(35)-C(36)-C(37)
0(1)-C(37)-C(36)
C(38)-0(2)-C(41)
C(38)-0(2)-Li(2)
C(41)-0(2)-Li(2)
0(2)-C(38)-C(39)
C(38)-C(39)-C(40)
C(41)-C(40)-C(39)
C(40)-C(41)-0(2)
C(38')-0(2')-C(41")
C(38')~0(2")-Li(2)
C(41')-0(2')-Li(2)
0(2')-C(38')~-C(39")
C(38')-C(39')-C(40")
C(41')-C(40')-C(39")
0(2')-C(41")-C(40")
0(2")-C(41')-Li(2)
C(40')-C(41')-Li(2)
C({42)-0(3)-C(45)
C(42)-0(3)-Li(3)
C(45)-0(3)-Li(3)
C(43)-C(42)-0(3)
C(42)-C(43)-C(44)
C(45)-C(44)-C(43)
C(44)-C(45)-0(3)

121
118

122
112
108
114
113
111
109
108
120
119
106

109
139
109
109

105
106
113

127
126
109
103
107

.9(3)
.2(3)
121.
119.
118.

3(3)
4(3)
2(3)

.3(3)
.9(3)
.6(3)
.1(3)
.2(3)
.5(4)
-3(3)
.4(3)
.3(3)
.5(3)
.3(4)
107.
106.
108.

8 (4)
3(4)
2(3)

.8(4)
.1(2)
.2(5)
.6(5)
107.

6(7)

.0(9)
.2(8)
L0(7)
135.
111.
108.
104.
103.
101.

39.
132.
106.

7(7)
2(6)
5(9)
4(9)
8(9)
0(10)
2(4)
3(11)
5(3)

.0(3)
.2(3)
.6(5)
.4(5)
.0(4)
108.

4(4)
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Table AIII.4. Anisotropic displacement parameters (A”2 x 10"°3) for
sg2067. The anisotropic displacement factor exponent takes the form:

-2 pi*2 [ h*2 a**2 U1l + ... + 2 h k a* b* Ul12 ]

Ul1l U22 U33 uz23 U13 ul2
Li(1) 55(4) 52(3) 50(3) -3(2) 18(2) 0(3)
Li(2) 66(4) 62(3) 51(3) -8(2) 10(3) -5(3)
Li(3) 56(4) 54 (3) 46(3) 0(2) 13(2) -9(3)
N(1) 45(2) 39(1) 45(1) 1(1) 14(1) 3(1)
N(2) 43(2) 47(2) 49(1) 9(1) 9(1) -4(1)
N(3) 51(2) 49(2) 42 (1) 4(1) 12(1) -3(1)
C(1) 68(3) 48 (2) 65(2) 13(2) 21(2) 6(2)
C(2) 49(2) 39(2) 44(1) 2(1) 17(1) 1(1)
C(3) 44 (2) 41(2) 49(2) 2(1) 15(1) -4 (1)
C(4) 56(3) 53(2) 80(2) 15(2) 22(2) -6(2)
C(5) 50(3) 64(2) 77(2) 5(2) 24 (2) -15(2)
C(6) 43(2) 63(2) 72(2) 10(2) 12(2) -3(2)
C(7) 33(2) 53(2) 44 (1) 0(1) 6(1) -4(1)
C(8) 45(2) 47(2) 41(1) 0(1) 5(1) -2(1)
C(9) 53(2) 65(2) 63(2) 11(2) 8(2) 5(2)
C(10) 44(2) 44 (2) 41 (1) 7(1) 13(1) 6(1)
C(11) 45(2) 55(2) 58(2) -8(2) 1(2) 8(2)
C(12) 48(3) 70(2) 76(2) -6(2) -1(2) 4(2)
C(13) 45(2) 71(2) 83(2) 3(2) 16(2) 13(2)
C(14) 64 (3) 59(2) 69(2) -1(2) 29(2) 14(2)
C(15) 52(2) 48 (2) 48 (2) 1(1) 19(1) 6(2)
C(16) 55(3) 79(3) 89(3) -37(2) -11(2) 12(2)
C(17) 133(5) 98 (4) 185(6) -57(4) 17 (4) -10(4)
c(18) 267(9) 116(5) 114 (4) -7(4) 108(5) 58 (5)
C(19) 66(3) 62(2) 65(2) -20(2) 19(2) 4(2)
C(20) 102(4) 63(2) 90(3) -22(2) 30(2) 1(2)
C(21) 178(6) 79(3) 66(3) -13(2) -15(3) 4(3)
C(22) 46(2) 49(2) 40(1) 6(1) 6(1) -2(1)
C(23) 60(2) 59(2) 40(2) 3(1) 10(1) -5(2)
C(24) 89(3) 62(2) 44 (2) 8(2) 18(2) =7(2)
C(25) 95(3) 58(2) 63(2) 16(2) 23(2) -6(2)
c(26) 86(3) 51(2) 66(2) 0(2) 27(2) -3(2)
C(27) 63(2) 50(2) 50(2) 2(1) 18(2) -3(2)
Cc(28) 80(3) 61(2) 42 (2) -4(1) 17(2) -16(2)
C(29) 99(4) 73(3) 68 (2) -6(2) 25(2) -4(2)
C(30) 125(4) 91(3) 49 (2) -4(2) 12(2) -11(3)
C(31) 86(3) 58(2) 57(2) -7(2) 31(2) -17(2)
C(32) 179(6) 74(3) 119(4) -14(3) 94 (4) 5(3)
C(33) 139(5) 141(4) 47(2) -12(2) 24 (2) ~-47(4)
0(1) 67(2) 65(2) 57(1) 0(1) 27(1) 13(1)
C(34) 113(4) 74 (3) 64 (2) 7(2) 31(2) 4(2)
C(35) 102 (5) 158 (6) 140(5) 44 (4) 78 (4) 18(4)
C(36) 110(5) 143(5) 124 (4) 31(4) 71(3) 48 (4)
C(37) 79(3) 72(2) 74(2) 0(2) 29(2) 19(2)
0(2) 102 (3) 56(2) 68 (2) -14(1) 2(2) -6(2)
Cc(38) 160(9) 105(6) 83(4) -27(4) 11(5) -40(5)
C(39) 166(12) 93(6) 84 (4) -8(4) ~17(5) -46(8)

C(40) 165(11) 118(7) 122(8) -3(5) 5(6) -53(8)
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C(41) 151 (9) 90 (5) 118(4) -11(4) 13(5) -41(6)
0(2'") 102(3) 56(2) 68(2) -14 (1) 2(2) -6(2)
C(38') 160(9) 105(6) 83(4) =-27(4) 11 (5) -40(5)
C(3%8') 166(12) 93 (6) 84 (4) -8(4) =17 (5) -46(8)
C(40') 165(11) 118(7) 122 (8) -3(5) 5(6) -53(8)
C(41') 151(9) 90 (5) 118 (4) -11(4) 13(5) -41(6)
0(3) 63(2) 73(2) 87(2) 20(1) 25(1) -11(1)
C(42) 17(4) 99 (4) 140(5) 49 (3) 46 (3) 5(3)
C(43) 90(4) 113(5) 202(7) 37(4) 52 (4) -19(4)
C(44) 88 (5) 125(5) 252 (8) 97(5) 21(5) -24(4)
C(45) 90 (4) 73(3) 149(5) 14 (3) 35(3) -21(3)

Table AIII.5. Hydrogen coordinates ( x 1074) and isotropic
displacement parameters (A"2 x 1073) for sg2067.

X y z U(eq)
H(1A) 1955 6015 1924 89
H(1B) 2527 6728 2172 89
H(1C) 2653 6002 1840 89
H(4A) 982 6514 1712 74
H(5A) 8 7560 1608 75
H(6A) -112 9363 1311 72
H(9A) -140 10752 952 92
H(9B) 78 10872 580 92
H(9C) 267 11846 882 92
H(123) 4722 8907 2125 81
H(13A) 5069 7361 1828 80
H(14A) 4315 6211 1449 74
H(16A) 3127 9938 2005 94
H(17R) 3877 11307 2347 213
H(17B) 4073 11023 1977 213
H(17C) 4459 10448 2344 213
H(18A) 3166 8589 2458 233
H(18B) 3289 9863 2617 233
H(18C) 3879 8997 2644 233
H(19R) 2613 6346 1289 77
H(20R) 3296 4714 1438 126
H(20B) 3651 5048 1127 126
H(20C) 2913 4668 1026 126
H(21R) 2816 7700 863 172
H(21B) 2630 6475 678 172
H(21C) 3363 6881 779 172
H(24R) 1821 12750 -10 77
H(253) 1854 14475 304 85
H(263) 1593 14494 867 79
H(28A) 1202 10094 219 73
H(29R) 2291 9765 502 119
H(29B) 2502 10315 163 119

H(29C) 2098 9145 119 119



H(30R)
H(30B)
H(30C)
H(31A)
H(32a)
H(32B)
H(32C)
H(33A)
H(33B)
H(33C)
H(34AR)
H(34B)
H(35A)
H(35B)
H(36A)
H(36B)
H(37A)
H(37B)
H(38AR)
H(38B)
H({39A)
H(39B)
H(40A)
H(40B)
H(41A)
H(41B)
H(38C)
H(38D)
H(39C)
H(39D)
H(40C)
H(40D)
H(41C)
H(41D)
H(42R)
H(42B)
H(43A)
H(43B)
H(44A)
H(44B)
H(45A)
H(45B)

936
1284
1675
1132

512
1136

855
1952
2255
2262
1942
1581

635

993

925

385
1014
1481
1411

930

671

206
-351

18

661

181

742

160

282
-323

22

435
1016
1351
3690 (30)
3490(20)
4347
4430
3994
3677
2795
3149

11175
9994
11178
12094
13783
14558
13801
12882
13535
12160
9126
8270
8894
9433
11150
10635
10748
11512
7047
8083
5820
6852
6766
5578
6404
7486
8067
8538
6423
6925
6127
5279
6641
6330
9140 (50)
9450 (40)
10421
10686
12404
11917
11895
12084

-327
-383
-345
1340
1178
1319
1596
1814
1523
1540
2746
2434
2469
2849
2638
2312
1945
2245
88
-61
-95
=273
173
298
759
686
-81
78
-189
-55
513
320
835
509
1152(15)
746(15)
851
1273
1080
686
850
1264

134
134
134

78
171
171
171
163
163
163

98

98
150
150
142
142

88

88
143
143
146
146
167
167
147
147
143
143
146
146
167
167
147
147
123
123
158
158
190
190
123
123




Table AIII.6. Torsion angles [deg] for sg2067.

Alll -

0(1)-Li(1)-Li(3)-N(2)
N(1)-Li(1)-Li(3)-N(2)
C(3)-Li(1)-Li(3)-N(2)
C(2)-Li(1)-Li(3)-N(2)
0(1)-Li(1)-Li(3)-0(3)
N(1)-Li(1)-Li(3)=-0(3)
N(2)-Li(1)-Li(3)-0(3)
C(3)-Li(1)-Li(3)-0(3)
C(2)-Li(1)-Li(3)-0(3)
0(1)-Li(1)-Li(3)-N(1)
N(2)-Li(1)-Li(3)-N(1)
C(3)-Li(1)-Li(3)~N(1)
C(2)-Li(1)~Li(3)~N(1)
0(1)-Li(1)-Li(3)-N(3)
N(1)-Li(1)-Li(3)-N(3)
N(2)-Li(1)-Li(3)-N(3)
C(3)~-Li(1)-Li(3)-N(3)
C(2)-Li(1)-Li(3)~-N(3)
O(1)-Li(1)-Li(3)-Li(2)
N(1)-Li(1)-Li(3)-Li(2)
N(2)-Li(1)-Li(3)-Li(2)
C(3)-Li(1)-Li(3)-Li(2)
C(2)-Li(1)-Li(3)-Li(2)
0(2')-Li(2)-Li(3)-N(2)
0(2)-Li(2)-Li(3)-N(2)
N(3)-Li(2)-Li(3)-N(2)
C(7)-Li(2)-Li(3)-N(2)
C(B8)-Li(2)-Li(3)-N(2)
C(41')-Li(2)-Li(3)-N(2)
0(2')-Li(2)-Li(3)-0(3)
0(2)-Li(2)-Li(3)-0(3)
N(3)-Li(2)-Li(3)-0(3)
N(2)=-Li(2)-Li(3)-0(3)
C(7)-Li(2)-Li(3)-0(3)
C(8)-Li(2)-Li(3)-0(3)
C(41')-Li(2)-Li(3)-0(3)
0(2')-Li(2)-Li(3)-N(1)
0(2)-Li(2)-Li(3)-N(1)
N(3)-Li(2)-Li(3)-N(1)
N(2)-Li(2)-Li(3)-N{(1)
C(7)-Li(2)~-Li(3)-N(1)
C(8)-Li(2)-Li(3)-N(1)
C(41")-Li(2)~Li(3)-N(1)
0(2')-Li(2)-Li(3)-N(3)
0(2)-Li(2)-Li(3)-N(3)
N(2)-Li(2)-Li(3)=-N(3)
C(7)-Li(2)-Li(3)-N(3)
C(8)-Li(2)-Li(3)-N(3)
C(41")-Li(2)-Li(3)-N(3)
0(2')-Li(2)-Li(3)-Li(1)
0(2)-Li(2)-Li(3)-Li(1)
N(3)-Li(2)-Li(3)-Li(1)
N(2)-Li(2)-Li(3)-Li(1)
C(7)-Li(2)-Li(3)-Li(1)

-96.
104.
31.
69.
85.
-74.
-179.
-147
-109.
158,
-104.
-73
-34
-44
155
51.
82.
120.
-95.
104.

31.
69.
-110.
-107
103.
30.
68
-80.
68
71.
-77.
179
-150.
-112
98
-58
-56
155
51
81
120.
-29.
145.
148
-103
-73
-35.
175,
-110.
-107.
103.

30.

0(6)
4(2)
31(17)
5(2)
0(7)
6(4)
0(4)

.7(3)

5(4)
6(6)
4(2)

.1(2)
.86(15)
-9(7)
.5(3)

1(2)
5(3)
7(3)
6(6)
8(3)

.4(2)

7(3)
9(3)
2(8)

.3(5)

9(3)
68(16)

.8(2)

2(5)

.8(9)

7(6)
1(4)

.0(4)

3(3)

.2(3)
.8(6)
.9(8)
.1(6)
.1(3)
.2(2)
.9(3)

0(3)
0(6)
9(8)

.7(6)
.9(3)
.2(2)

15(15)
9(6)
6(8)
8(5)
5(3)

.4(2)

3(3)

xi



C(8)-Li(2)-Li(3)-Li(1)

C(41')-Li(2)-Li(3)-Li(1)

0(1)-Li(1)-N{(1)=-C(10)
N(2)-Li(1)-N(1)-C(10)
C(3)-Li(1)-N{(1)-C(10)
C(2)-Li(1)-N(1)-C(10)
Li(3)-Li(1)-N(1)-C(10)
0(1)-Li(1)-N(1)-C(2)
N(2)-Li(1)-N(1)-C(2)
C(3)-Li(1)-N(1)=-C(2)
Li(3)~Li(1)-N{(1)-C(2)
0(1)-Li(1)-N(1)-Li(3)
N(2)-Li(1)-N(1)-Li(3)
C(3)-Li(1)~-N(1)-Li(3)
C(2)~Li(1)-N(1)-Li(3)
N(2)-Li(3)-N(1)-C(10)
0(3)-Li(3)-N(1)-C(10)
N(3)-Li(3)-N(1)-C(10)
Li(1)-Li(3)-N(1)-C(10)
Li(2)-Li(3)-N(1)~-C(10)
N(2)-Li(3)-N(1)-C(2)
0(3)-Li(3)-N(1)~-C(2)
N(3)-Li(3)-N(1)-C(2)
Li(1)-Li(3)~N(1)-C(2)
Li(2)-Li(3)-N(1)-C(2)
N(2)-Li(3)-N(1)-Li(1)
0(3)-Li(3)-N(1)-Li(1)
N(3)-Li(3)-N(1)-Li(1)
Li(2)-Li(3)~-N(1)-Li(1)
0(3)-Li(3)-N(2)-C(7)
N(1)-Li(3)-N{2)-C(7)
N(3)-Li(3)-N(2)-C(7)
Li(1)-Li(3)-N(2)-C(7)
Li(2)-Li(3)-N{2)-C(7)
0(3)-Li(3)-N(2)-C(3)
N(1)-Li(3)-N(2)-C(3)
N(3)-Li(3)-N(2)=-C(3)
Li(1)-Li(3)-N(2)-C(3)
Li(2)-Li(3)-N(2)-C(3)
0(3)-Li(3)-N(2)-Li(2)
N(1)-Li(3)-N(2)-Li(2)
N(3)~Li(3)-N(2)-Li(2)
Li(1)-Li(3)-N(2)-Li(2)
0(3)-Li(3)-N(2)-Li(1)
N(1)-Li(3)-N(2)-Li(1)
N(3)-Li(3)-N(2)-Li(1)
Li(2)-Li(3)-N(2)-Li(1)
0(2')-Li(2)-N(2)-C(7)
0(2)-Li(2)-N(2)-C(7)
N(3)-Li(2)-N(2)-C(7)
C(8)-Li(2)-N(2)-C(7)
1i(3)-Li(2)-N(2)-C(7)
C(41')-Li(2)-N(2)-C(7)
0(2')-Li(2)-N(2}-C(3)
0(2)-Li(2)-N(2)-C(3)
N(3)-Li(2)-N(2)-C(3)
C(7)-Li(2)-N(2)-C(3)

68.3(3)
-80.6(5)
-36.5(9)
168.6(3)

=-151.5(3)
-123.0(4)
119.4(4)
86.5(7)

Alll -

-68.36(19)
-28.47(17)

-117.6(2)
~155.9(7)

49.22(19)

89.1(2)
117.6(2)
166.1(2)
-12.9(3)
166.6(5)

-141.0(3)
126.7(3)
14.4(2)
-164.6(2)

14.9(6)

67.3(2)
-24.9(3)
-52.9(2)
128.1(3)
-52.4(5)
-92.3(3)

-113(21)
166.3(2)
-13.5(3)
117.2(3)
-62.3(3)

69(21)
-11.8(3)
168.5(2)
-60.9(3)
119.6(3)
-50(21)

-131.4(2)

48.9(2)
179.5(3)
130(21)

49.13(19)

-130.6(2)
-179.5(3)
-93.1(6)
-104.2(5)
70.5(2)

30.97(18)

127.9(3)
-107.2(4)
22.2(7)
11.0(6)
-174.3(3)
115.3(3)

Xii



C(8)-Li(2)-N(2)-C(3)
Li(3)-Li(2)-N(2)-C(3)
C(41')-Li(2)-N(2)~-C(3)
0(2')-Li(2)-N(2)~-Li(3)
0(2)-Li(2)-N(2)-Li(3)
N(3)-Li(2)~-N(2)-Li(3)
C(7)-Li(2)-N(2)-Li(3)
C(8)-Li(2)-N(2)-Li(3)
C(41')-Li(2)-N(2)-Li(3)
0(2')-Li(2)~N(2)-Li(1)
0(2)-Li(2)-N(2)-Li(1)
N(3)-Li(2)-N(2)-Li(1)
C(7)-Li(2)-N(2)-Li(1)
C(8)-Li(2)-N{2)-Li(1)
Li(3)-Li(2)-N(2)-Li (1)
C{41')-Li(2)-N(2)-Li(1)
0(1)-Li(1)-N(2)-C(7)
N(1)-Li(1)-N(2)=-C(7)
C(3)-Li(1)-N(2)=C(7)
C(2)~-Li(1)-N(2)-C(7)
Li(3)-Li(1)-N(2)-C(7)
0(1)-Li(1)=-N(2)-C(3)
N(1)-Li(1)-N(2)-C(3)
C(2)-Li(1)-N(2)-C(3)
Li(3)-Li(1)~-N(2)-C(3)
0(1)-Li(1)-N(2)~Li(3)
N(1)-Li(1)-N(2)-Li(3)
C(3)-Li(1)-N(2)-Li(3)
C(2)-Li(1)-N(2)-Li(3)
0(1)-Li(1)-N(2)~Li(2)
N(1)-Li(1)-N(2)~Li(2)
C(3)-Li(1)-N{2)-Li(2)
C(2)-Li(1)-N(2)-Li(2)
Li(3)-Li(1)-N(2)-Li(2)
0(2')-Li(2)-N(3)-C(22)
0(2)-Li(2)-N{3)-C(22)
N(2)-Li(2)-N(3)-C(22)
C(7)-Li(2)-N(3)-C(22)
C(8)~-Li(2)-N(3)-C(22)
Li(3)-Li(2)-N(3)-C(22)
C(41')-Li(2)-N(3)-C(22)
0(2')-Li(2)-N(3)-C(8)
0(2)-Li(2)-N(3)-C(8)
N(2)-Li(2)-N{(3)-C(8)
C(7)-Li(2)-N(3)-C(8)
Li(3)-Li(2)-N(3)-C(8)
C(41')-Li(2)-N(3)-C(8)
0(2')~Li(2)=-N(3)-Li(3)
0(2)-Li(2)-N(3)-Li(3)
N(2)~Li(2)-N(3)-Li(3)
C(7)-Li(2)-N(3)-Li(3)
C(8)-Li(2)-N(3)-Li(3)
C(41')-Li(2)-N(3)-Li(3)
N(2)-Li(3)-N{(3)-C(22)
0(3)-Li(3)-N(3)-C(22)
N(1)-Li(3)-N(3)-C(22)
Li(1)-Li(3)-N(3)-C(22)

146.2(3)
~116.8(3)
8.1(5)
139.1(6)
127.9(5)
-57.4(2)
-127.9(3)
-96.9(2)
124.9(4)
140.2(6)
129.1(6)
-56.2(7)
-126.7(6)
-95.7(6)
1.2(6)
126.1(6)
19.8(5)
-174.3(2)
114.7(3)
146.1(2)
-118.6(3)
-94.9(4)
71.1(2)

Alll - xiii

31.49(18)

126.8(3)
138.4(4)
-55.7(2)
-126.8(3)
-95.3(2)
137.2(5)
-56.9(6)
-128.0(6)
-96.5(6)
-1.2(86)

-29.3(10)
-17.1(11)

171.1(4)
-149.4 (4)
-121.2(5)

122.0(5)

-29(4)

91.9(7)

104.1(8)

-67.7(2)

-28.22(17)

-116.9(2)
92(4)
-151.3(8)
~139.0(8)

49.1(2)

88.6(2)
116.9(2)

-151(4)

164.0(2)
-17.0(4)
163.5(5)
123.8(3)



Li(2)-Li(3)~-N(3)=-C(22)
N(2)-Li(3)-N(3)-C(8)
0(3)-Li(3)-N(3)-C(8)
N(1)-Li(3)-N{3)-C(8)
Li(1)-Li(3)-N(3)-C(8)
Li(2)-Li(3)~N(3)~-C(8)
N(2)~Li(3)~N(3)-Li(2)
0(3)-Li(3)-N(3)-Li(2)
N(1)-Li(3)-N(3)-Li(2)
Li(1)-Li(3)-N(3)-Li(2)
C(10)-N(1)-C(2)-C(3)
Li(1)-N(1)-C(2)-C(3)
Li(3)-N(1)-C(2)-C(3)
C(10)-N(1)-C(2)~-C(1)
Li(1)-N(1)=-C(2)~C(1)
Li(3)=N(1)-C(2)~C(1)
C(10)-N(1)-C(2)~Li(1)
Li(3)-N(1)-C(2)-Li(1)
0(1)-Li(1)-C(2)-C(3)
N(1)-Li(1)-C(2)-C(3)
N(2)-Li(1)-C(2)-C(3)
Li{3)-Li(1)-C(2)-C(3)
0(1)-Li(1)-C(2)-N(1)
N(2)-Li(1)-C(2)-N(1)
C(3)~Li(1)-C(2)-N(1)
Li(3)-Li(1)-C(2)-N(1)
0(1)-Li(1)-C(2)-C(1)
N(1)-Li(1l)-C(2)-C(1)
N(2)~-Li(1)-C(2)-C(1)
C(3)-Li(1)-C(2)-C(1)
Li(3)-Li(1)-C(2)-C(1)
N(1)-C(2)~-C(3)-N(2)
C(1)-C(2)-C(3)~-N(2)
Li(1)-C(2)-C(3)-N(2)
N(1)-C(2)-C(3)-C(4)
C(1)-C(2)-C(3)-C(4)
Li{1)-C(2)-C(3)-C(4)
N(1)-C(2)-C(3)-Li(1)
C(1)~-C(2)-C(3)-Li(1)
C(7)-N(2)-C(3)-C(2)
Li(3)-N(2)-C(3)-C(2)
Li(2)-N(2)-C(3)-C(2)
Li(1)-N(2)-C(3)-C(2)
C(7)-N(2)-C(3)-C(4)
Li(3)-N(2)-C(3)-C(4)
Li(2)~N(2)-C(3)-C(4)
Li(1)-N(2)-C(3)-C(4)
C(7)-N(2)-C(3)-Li(1)
Li(3)-N(2)-C(3)-Li(1)
Li(2)-N(2)-C(3)-Li(1)
0(1)-Li(1)-C(3)~-C(2)
N(1)-Li(1)-C(3)-C(2)
N(2)-Li(1)-C(3)-C(2)
Li(3)-Li(1)-C(3)-C(2)
O(1)-Li(1)~-C(3)-N(2)
N(1)-Li(1)-C{(3)-N(2)
C(2)-Li(1)-C(3)-N(2)

-143.
15.
~-166.
14.
-25.
67
-52
126.
-53.
-92.
-167.
50.
~-15.
23.
-118.
175.
142.
-66
85.
-132.
-33
-83.
-141
99.
132.
48.
-31.
109.
-150.
-117.
158.

175.
54.
-168.

-120.
-47.
121.

-170.

100.
-56.

-177.
-84
118.
-114.
63.
156.
-121.
29
127.
88.
111.
-97.

-127.

Alll - xiv’

4(3)
0(2)
0(2)
5(6)
2(3)

.6(3)
.6(2)

4(3)
1(5)
8(3)
0(2)
6(3)
5(3)
8(4)
6(3)
3(3)
4(3)

.1(2)

6(4)
8(3)

.01(17)

9(2)

.5(4)

8(2)
8(3)
9(2)
8(6)
8 (4)
4(3)
4(4)
7(3)

.6(4)

4(3)
2(3)
0(3)

.8(5)

4(3)
1(2)
2(3)
8(2)

.2(4)

7(3)
0(3)

.0(4)

9(3)

.5(4)

9(3)
9(3)
2(3)
6(3)
2(3)

.79(17)

4(3)
5(2)
3(3)
6(2)
4(3)



Li (3)-Li (1) -C(3)-N(2)
0(1)-Li(1)-C(3)-C(4)
N(1)-Li(1)-C(3)-C(4)
N(2)-Li(1)-C(3)-C(4)
C(2)-Li(1)-C(3)-C(4)
Li (3)-Li (1) -C(3)-C(4)
C(2)~C(3)-C(4)-C(5)
N(2)-C(3)-C(4)~C(5)
Li(1)-C(3)~C(4)-C(5)
C(3)-C(4)-C(5)~C(6)
C(4)-C(5)~C(6)-C(7)
C(3)-N(2)-C(7)-C(8)
Li(3)~N(2)-C(7)-C(8)
Li (2)-N(2)~C(7)-C(8)
Li(1)-N(2)-C(7)-C(8)
C(3)=-N(2)=-C(7)=-C(6)
Li(3)-N(2)-C(7)~-C(6)
Li(2)-N(2)-C(7)=~-C(6)
Li(1)=-N(2)-C(7)~C(6)
C(3)-N(2)-C(7)-Li(2)
Li(3)-N(2)-C(7)-Li(2)
Li(1)=-N(2)-C(7)-Li(2)
C(5)-C(6)-C(7)-C(8)
C(5)-C(6)-C(7)-N(2)
C(5)-C(6)~C(7)~Li(2)
0(2')-Li(2)=C(7)-C(8)
0(2)~Li(2)-C{7)-C(8)
N(3)~Li(2)=-C(7)-C(8)
N(2)-Li (2)-C(7)-C(8)
Li(3)-Li(2)~C(7)-C{(8)
C(41')-Li(2)-C(7)-C(8)
0(2'")-Li(2)-C(7)=-N(2)
0(2)~-Li(2)-C(7)-N(2)
N(3)-Li (2)~C(7)-N(2)
C(8)-Li(2)-C(7)-N(2)
Li(3)-Li(2)-C(7)-N(2)
C(41')-Li(2)~-C(7)~-N(2)
0(2')-Li(2)-C{(7)-C(6)
0(2)-Li(2)-C(7)-C(6)
N(3)~Li (2)-C(7)~C(6)
N(2)-Li (2)~C(7)~C(6)
C(8)~Li(2)-C(7)-C(6)
Li(3)-Li(2)-C(7)-C(6)
C(41')-Li(2)-C(7)-C(6)
N(2)-C(7)-C(8)=N(3)
C(6)-C(7)-C(8)~N(3)
Li(2)-C(7)-C(8)-N(3)
N(2)-C(7)-C(8)-C(9)
C(6)-C(7)-C(8)-C(9)
Li(2)-C(7)=C{(8)-C(9)
N(2)-C(7)-C(8)-Li(2)
C(6)-C(7)-C(8)-Li(2)
C(22)-N(3)-C(8)-C(7)
Li(2)-N(3)-C(8)-C(7)
Li(3)-N(3)-C(8)-C(7)
C(22)-N{(3)-C(8)-C(9)
Li(2)-N(3)-C(8)-C(9)

-38.
-1
149.
-112.
119.
-151.
163.
-10.
72.

-172

~-54,
101.

-172.
123.
-79.

-117

64.
156.
169.

75
-112
-122

29.

128.

90.

-144.
119.
108.
-98.

-128.
-38.

87.

149.
-111.
120.
-149.
-23.

-172.
-46.
177.

124,
52.
-125.
-165.
50.
~-15.
22.
-121.

Alll -

9(2)

.3(5)

7(3)
7(3)
9(3)
5(3)
6(3)
7(3)
7(4)

.6(5)
.0(5)
.4(3)
.5(4)

8(3)
8(3)

.0(4)

0(3)
6(3)
1(4)

.6(3)

4(3)
7(3)
1(3)

.1(5)
.0(4)
.4(5)
.3(4)

64 (19)
4(3)
3(2)
1(4)
2(5)
3(4)
8(2)
4(3)
1(2)
5(4)

.8(6)
.1(6)

9(3)
3(4)
2(4)
5(3)
9(5)

.6(4)

8(3)
9(3)
0(3)

-4(5)

5(3)
5(3)
9(4)
5(3)
1(3)
4(3)
8(4)
6(3)

XV



Li(3)-N(3)-C(8)-C(9)
C(22)-N(3)-C(8)-Li(2)
Li(3)-N(3)-C(8)~Li(2)
0(2')-Li(2)-C(8)~C(7)
0(2)-Li(2)-C(8)~-C(7)
N(3)-Li(2)-C(8)~C(7)
N(2)-Li(2)-C(8)-C(7)
Li(3)-Li(2)-C(8)-C(7)
C(41')-Li(2)-C(8)-C(7)
0(2')-Li(2)-C(8)-N(3)
0(2)-Li(2)-C(8)-N(3)
N(2)-Li(2)-C(8)-N(3)
C(7)-Li(2)-C(8)-N(3)
Li(3)-Li(2)-C(8)-N(3)
C(41')-Li(2)~-C(8)-N(3)
0(2')-Li(2)~C(8)-C(9)
0(2)-Li(2)~C(8)-C(9)
N(3)-Li(2)-C(8)-C(9)
N(2)-Li(2)-C(8)-C(9)
C(7)-Li(2)-C(8)-C(9)
Li(3)-Li(2)-C(8)-C(9)
C(41')-Li(2)-C(8)-C(9)
C(2)-N(1)-C(10)-C(11)
Li(l)-N{1)-C(10)~-C(11)
Li(3)-N(1)-C(10)-C(11)
C(2)-N(1)-C(10)-C(15)
Li(1)-N(1)-C(10)-C(15)
Li(3)-N(1)-C(10)-C(15)
N(1}-C(10)-C(11)-C(12)
C(15)-C(10)-C(11)-C(12)
N(1)-C(10)-C(11)-C(16)
C(15)-C(10)-C(11)-C(16)
C(10)-C(11)-C(12)-C(13)
C(16)-C(11)-C(12)-C(13)
C(11)-C(12)-C(13)-C(14)
C(12)-C(13)-C(14)-C(15)
C(13)-C(14)-C(15)-C(10)
C(13)-C(14)-C(15)-C(19)
N(1)-C(10)-C(15)~-C(14)
C(11)-C(10)-C(15)-C(14)
N({1)-C(10)-C(15)-C(19)
C(11)-C(10)-C(15)~C(19)
C(12)-C(11)-C(16)-C(18)
C(10)-C(11)-C(16)-C(18)
C(12)-C(11)-C(16)~-C(17)
C(10)-C(11)~C(16)~-C(17)
C(14)-C(15)~C(19)-C(21)
C(10)-C(15)-C(19)-C(21)
C(14)-C(15)-C(19)-C(20)
C(10)~C(15)-C({19)-C(20)
C(8)-N(3)-C(22)-C(27)
Li(2)-N(3)-C(22)-C(27)
Li(3)-N(3)-C(22)-C(27)
C(8)-N(3)-C(22)-C(23)
Li(2)-N(3)-C(22)-C(23)
Li(3)-N(3)-C(22)-C(23)
N(3)-C(22)-C(23)~C(24)

172
144
-65
96
93
-133
-32
-82
57

-130.
-133.
100.
133.
50.

-169

-20.
-23.

108
-149
-117

159

-129

-148

-148

61.
169.

-84
-123
-15

90.
-171.
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.9(3)
.4(3)
.5(2)
.5(5)
.5(5)
.3(3)
.35(18)
.8(2)
.2(5)
2(5)
2(5)
9(2)
3(3)
5(2)
.5(6)
9(6)
97
.3(4)
.7(3)
.4(4)

.8(3)

.2(7)

.4(3)

.5(5)
.8(3)
.1(4)
.0(3)
L7(3)
.8(3)

.1(5)

.9(5)

.3(3)

.1(6)

.2(4)

.9(6)

.2(6)
.2(5)

.8(3)

.6(3)

.0(4)
.7(4)
.8(3)
.2(6)

.1(5)

.5(6)
.1(4)
.8(4)
.0(4)
.3(5)
-9(3)
9(4)
5(4)
.5(4)
.2(3)
.6(6)
4(3)
5(3)



C(27)-C(22)-C(23)-C(24)
N(3)-C(22)-C(23)-C(28)
C(27)-C(22)-C(23)-C(28)
C(22)-C(23)-C(24)-C(25)
C(28)-C(23)-C(24)-C(25)
C(23)-C(24)-C(25)-C(26)
C(24)-C(25)-C(26)-C(27)
C(25)-C(26)-C(27)-C(22)
C(25)-C(26)~-C(27)-C(31)
N(3)-C(22)-C(27)-C(26)
C(23)-C(22)-C(27)-C(26)
N(3)-C(22)-C(27)-C(31)
C(23)-C(22)-C(27)-C(31)
C(24)-C(23)-C(28)-C(29)
C(22)-C(23)-C(28)-C(29)
C(24)-C(23)-C(28)-C(30)
C(22)-C(23)-C(28)-C(30)
C(26)-C(27)-C(31)-C(32)
C(22)-C(27)-C(31)-C(32)
C(26)-C(27)-C(31)-C(33)
C(22)-C(27)-C(31)~-C(33)
N(1)-Li(1)-0(1)-C(34)
N(2)-Li(1)-0(1)-C(34)
C{3)-Li(1)-0(1)-C(34)
C(2)-Li(1)-0(1)~-C(34)
Li(3)-Li(1)-0(1)-C(34)
N(1)-Li(1)-0(1)-C(37)
N{2)-Li(1)-0(1)-C(37)
C(3)-Li(1)-0(1)-C(37)
C(2)-Li(1)-0(1)=-C(37)
Li(3)-Li(1)-0(1)-C(37)
C(37)-0(1)-C(34)-C(35)
Li(1)-0(1)-C(34)-C(35)
0(1)-C(34)-C(35)-C(36)
C(34)-C(35)=C(36)-C(37)
C(34)-0(1)~-C(37)-C(36)
Li(1)-0(1)-C{37)-C(36)
C(35)-C(36)~-C(37)-0(1)
0(2')-Li{2)-0(2)-C(38)
N(3)-Li(2)-0(2)~-C(38)
N(2)-Li(2)-0(2)-C(38)
C(7)-Li(2)-0(2)-C(38)
C(8)-Li(2)-0(2)-C(38)
Li(3)-Li(2)-0(2)-C(38)
C(41')-Li(2)-0(2)-C(38)
0(2')-Li(2)-0(2)-C(41)
N(3)-Li(2)-0(2)~-C(41)
N(2)-Li(2)~0(2)-C(41)
C(7)-Li(2)-0(2)-C(41)
C(8)-Li(2)-0(2)-C(41)
Li(3)-Li(2)-0(2)-C(41)
C(41')-Li(2)~-0(2)-C(41)
C(41)-0(2)-C(38)-C(39)
Li(2)-0(2)-C(38)-C(39)
0(2)-C(38)-C(39)-C(40)
C(38)-C(39)-C(40)-C(41)
C(39)-C(40)-C(41)-0(2)

-42
-88

27

17

-11

88

-154
154

-125

-57
116
51
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.6(3)
.4(5)
.5(3)
.1(6)
.0(4)
.0(6)
.5(6)
-9(6)
.3(4)
.8(3)
.2(5)
.2(5)
.2(3)
.6(4)
.3(4)
.1(5)
.0(3)
.4(5)
.6(4)
.6(5)
.4(4)
.4(8)
.8(4)
.1(9)
.8(6)
166.
168.

6(5)
9(6)

.0(5)
.7(4)
-133.

0(4)

.8(7)
.6(5)
-134.

-16.

1(4)
2(7)

.2(7)
.8(5)
144,

9(4)

.9(6)
.8(19)
35.

3(9)

.6(2)
.2(2)
103.
~-82.
-147,
=72.

7(3)
1(6)
5(10)
7(19)

.6(9)
43.
.3(8)
.8(8)
.4(7)
.0(8)
.1(9)
-157.
.3(14)
-11.

13.

9(8)

4(8)

1(17)
0(16)



ATl - xviii

C(38)-0(2)-C(41)-C(40) -11.2(12)
Li(2)-0(2)-C(41)~-C(40) 156.0(10)
0(2)-Li(2)-0(2')-C(38") -141(3)
N(3)-Li(2)-0(2')-C(38') -4.1(16)
N(2)-Li(2)-0(2')-C(38") 147.7(11)
C(7)-Li(2)-0(2")-C(38"') 98.1(12)
C(8)-Li(2)-0(2"')-C(38") 51.3(14)
Li(3)-Li(2)-0(2')-C(38") -130.0(12)
C(41')-Li(2)-0(2')-C(38") 176.0(17)
0(2)-Li(2)-0(2')-C(41"'") 42.5(17)
N(3)-Li(2)-0(2')-C(41"') 179.9(9)
N(2)-Li(2)-0(2")-C(41") -28.3(11)
C(7)~-Li(2)-0(2")~-C(41") ~77.9(9)
C(8)-Li(2)-0(2')-C(41") -124.7(9)
Li(3)-Li(2)-0(2')-C(41") 54.0(12)
C(41')-0(2')-C(38"')-C(39") 16.4(17)
Li(2)-0(2')-C(38')-C(39") -159.6(11)
0(2')-C(38')-C(39')-C(40") 3.7(19)
C(38')-C(39')-C(40')-C(41") -21(2)
C(38')-0(2")~-C(41")-C(40") -29.2(17)
Li(2)-0(2')-C(41')-C(40") 147.8(11)
C(38')-0(2')-C(41')-Li(2) -177.0(13)
C(39')-C(40')-C(41")-0(2") 28.7(18)
C(39')-C(40')-C(41')~-Li(2) 56(2)
0(2)-Li(2)-C(41')-0(2") -15.4(7)
N(3)-Li(2)-C(41")-0(2") -1(4)
N(2)-Li(2)-C(41')-0(2") 158.9(8)
C(7)-Li(2)~-C(41')-0(2") 117.6(9)
C(8)-Li(2)-C(41")-0(2") 83.7(10)
Li(3)-Li(2)-C(41')-0{(2") -149.1(8)
0(2')-Li(2)-C(41")-C(40") -45.1(13)
0(2)-Li(2)-C(41')-C(40") -60.5(12)
N(3)-Li(2)-C(41')-C(40") -46(5)
N(2)-Li(2)-C(41')-C(40") 113.9(14)
C(7)-Li(2)-C(41')-C(40") 72.6(15)
C(8)-Li(2)-C(41')-C(40") 38.6(17)
Li(3)-Li(2)-C(41')-C(40") 165.9(13)
N(2)-Li(3)-0(3)-C(42) -37(21)
N(1)-Li(3)-0(3)-C(42) 44.1(5)
N(3)-Li(3)-0(3)-C(42) -135.6(4)
Li(1)-Li(3)-0(3)-C(42) 92.9(5)
Li(2)-Li(3)-0(3)-C(42) -86.4(5)
N(2)-Li(3)-0(3)-C(45) 136(21)
N(1)-Li(3)-0(3)-C(45) -142.9(4)
N(3)-Li(3)-0(3)~-C(45) 37.4(4)
Li(1)-Li(3)-0(3)-C(45) -94.1(5)
Li(2)-Li(3)-0(3)-C(45) 86.6(5)
C(45)-0(3)-C(42)-C(43) 14.9(6)
Li(3)-0(3)-C(42)-C(43) -170.9(4)
0(3)-C(42)-C(43)-C(44) -22.1(7)
C(42)-C(43)-C(44)-C(45) 21.3(8)
C(43)-C(44)-C(45)-0(3) -12.9(8)
C(42)-0(3)-C(45)-C(44) -0.6(6)
Li(3)-0(3)-C(45)-C(44) -174.8(5)

Symmetry transformations used to generate equivalent atoms:



Cl2 c3g C40 c44
Q AD—D c30

{

CB
V)

J/

Cc47

N 33
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Table AIII.7. Crystal data and structure refinement for sg2088.

Identification code sg2088

Empirical formula C49 H74 Li3 N3 04

Formula weight 789.93

Temperature 203(2) K

Wavelength 0.71073 A

Crystal system, space group Monoclinic, P2(1l)/c

Unit cell dimensions a = 15.0732(16) A alpha = 90 degq.

b = 18.855(2) A beta = 105.170(2) deg.
c = 17.9425(19) A gamma = 90 deg.
Volume 4921.6(9) A~3
Z, Calculated density 4, 1.066 Mg/m"3
Absorption coefficient 0.065 mm~-1
F(000) 1720
Crystal size 0.2 x 0.1 x 0.1 mm

Theta range for data collection 1.60 to 25.00 deg.
Limiting indices -17<=h<=17, 0<=k<=22, 0<=1<=21

Reflections collected / unique 12127 / 8649 [R(int) = 0.0473]

Completeness to theta = 25.00 99.9 %

Absorption correction Semi-empirical from equivalents
Max. and min. transmission 1.000000 and 0.921147

Refinement method Full-matrix least-squares on F*2

Data / restraints / parameters 8649 / 16 / 532

Goodness~of-fit on F*2 1.067
Final R indices [I>2sigma(I)] Rl = 0.0759, wR2 = 0.1971
R indices (all data) Rl = 0.1190, wR2 = 0.2317

Largest diff. peak and hole 0.807 and -0.657 e.A”-3



Table AIII.S.

Uij tensor.

Alll -

XX

Atomic coordinates ( x 1074) and equivalent isotropic
displacement parameters (A~2 x 1073) for sg2088.

U(eq) is defined as one third of the trace of the orthogonalized

X y z U(eq)
Li(l) 971(4) 5828 (3) 7131(3) 57(1)
Li(2) 1592 (4) 6980 (3) 7861 (4) 54 (1)
Li(3) 4888(3) 6127 (3) 8600(3) 46(1)
N(1) 575(2) 6350(2) 7971(2) 46 (1)
N(2) 2262(2) 6087 (1) 7892(1) 37(1)
N(3) 4426(2) 6549(1) 7575(1) 34 (1)
0(1) 912(2) 5214 (2) 6268(1) 72(1)
0(2) 1498(2) 7987(1) 7874(2) 89(1)
0(3) 4564 (2) 6403 (1) 9541(1) 52(1)
0(4) 6149(2) 5797 (1) 8863(1) 59(1)
C(1) -994(2) 6803(2) 7538(2) 63(1)
C(2) ~1732(2) 7164 (2) 7694 (2) 73(1)
C(3) -1731(3) 7365(2) 8433(3) 77(1)
C(4) ~872(3) 7211 (2) 9032(2) 72(1)
C(5) =-202(2) 6868 (2) 8914(2) 51(1)
C(6) -200(2) 6655(2) 8152(2) 46 (1)
C(7) -1060(3) 6495 (4) 6704(2) 109(2)
C(8) -1983(5) 6220(4) 6296(4) 146(3)
C(9) -766(8) 7037 (5) 6260(4) 229(6)
C(10) 642(2) 6789(2) 9598(2) 62 (1)
C(11) 441(3) 6397 (3) 10288(2) 97(2)
C(12) 1052 (3) 7527 (3) 9853(3) 92(2)
C(13) 958 (2) 5713(2) 8324(2) 41(1)
C(1l4) 392(2) 5194 (2) 8650(2) 56(1)
C(15) 1837 (2) 5548 (2) 8262(2) 37(1)
c(1l6) 2334 (2) 4894 (2) 8493(2) 41(1)
Cc(17) 3162(2) 4784 (2) 8354 (2) 41 (1)
Cc(18) 3568 (2) 5317(2) 7971(2) 37(1)
C(19) 3095(2) 5939(2) 7757(2) 34 (1)
C(20) 3489(2) 6524 (2) 7351(2) 35(1)
C(21) 2903 (2) 6949(2) 6830(2) 49 (1)
C(22) 5223(2) 7653(2) 7406(2) 39(1)
C(23) 5791(2) 8028(2) 7036(2) 46 (1)
C(24) 6004 (2) 7752 (2) 6387(2) 45(1)
C(25) 5648 (2) 7101(2) 6107(2) 43(1)
C(26) 5094 (2) 6702 (2) 6466(2) 39(1)
C(27) 4888 (2) 6977 (2) 7142(2) 34 (1)
C(28) 4973 (2) 7994 (2) 8099(2) 50(1)
C(29) 4618 (3) 8757(2) 7923(3) 81(1)
C(30) 5773 (3) 7960(3) 8821(2) 83(1)
C(31) 4724 (3) 5988 (2) 6131(2) 54 (1)
C(32) 3975 (3) 6071(2) 5367(2) 73(1)
C(33) 5491 (3) 5499(2) 5999(2) 69 (1)
C(34) 1240(6) 5457 (3) 5632(3) 138(3)
C(35) 1879(11) 4985(6) 5519(9) 302(10)
C(36) 1989(5) 4402 (5) 6044 (5) 161 (3)
C(37) 1213(4) 4492 (3) 6414 (3) 93(2)



C(38)
C(39)
C(40)
C(41)
C(42)
C(43)
C(44)
C(45)
C(46)
Cc(47)
Cc(48)
C(49)

718(3)
1100(4)
2066 (4)
2276 (4)
4419(3)
3674 (6)
3385(5)
3933(3)
6583 (3)
7539(3)
7711 (3)
6871 (3)

8429(2)
9105(3)
9133(3)
8439(3)
5889(2)
6192 (4)
6801 (4)
6978 (2)
5680(3)
5447(3)
5579(3)
5949(3)

7825 (3)
8212 (4)
8149(5)
7946 (6)
10092 (2)
10401 (5)
10045(4)
9503(2)
8247(2)
8605(3)
9447 (3)
9542(2)

87(1)
113(2)
129(2)
169(4)

73(1)
153(3)
144 (3)

63(1)

81(1)

93(2)

95(2)

73(1)
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Table AIII.O.

Bond lengths [A] and angles [deg] for sg2088.

Li(1)-0(1)
Li(1)-N(1)
Li(1)-N(2)
Li(1)-C(13)
Li(1)-C(15)
Li(1)-Li(2)
Li(2)-0(2)
Li(2)-N(2)
Li(2)-N(1)
Li(2)-C(13)
Li(3)-0(4)
Li(3)-0(3)
Li(3)-N(3)
Li(3)-C(18)
Li(3)-C(20)
Li(3)-C(19)
N(1)-C(13)
N(1)-C(6)
N(2)-C(19)
N(2)-C(15)
N(3)-C(20)
N(3)-C(27)
0(1)-C(34)
0(1)-C(37)
0(2)-C(38)
0(2)-C{41)
0(3)-C(45)
0(3)-C(42)
0(4)-C(49)
0(4)-C(46)
C(1)-C(2)
C(1)-C(6)
C(1)-C(7)
C(2)-C(3)
C(3)-C(4)
C(4)-C(5)
C(5)~-C(6)

1.917(6)
2.017(6)
2.121(6)
2.156(6)
2.171(6)
2.582(9)
1.905(6)
1.956(6)
1.989(6)
2.779(6)
1.937(5)
1.946(5)
1.958(5)
2.528(6)
2.750(6)
2.754(6)
1.410(4)
1.414(4)
1.368(3)
1.451(4)
1.364(3)
1.422(3)
1.433(6)
1.437(5)
1.426(5)
1.428(6)
1.433(4)
1.442(4)
1.434(4)
1.442(4)
1.394(5)
1.426(4)
1.584(6)
1.379(6)
1.380(6)
1.393(5)
1.426(4)

Xxi



C(5)-C(10)
C(7)-C(9)
C(7)-C(8)
C(10)~-C(11)
C(10)-C(12)
C(13)-C(15)
C(13)-C(14)
C(15)-C(16)
C(16)-C(17)
C(17)-C(18)
C(18)-C(19)
C(19)-C(20)
C(20)-C(21)
C(22)-C(23)
C(22)-C(27)
C(22)-C(28)
C(23)-C(24)
C(24)-C(25)
C(25)-C(26)
C(26)-C(27)
C(26)-C(31)
C(28)-C(30)
C(28)-C(29)
C(31)-C(32)
C(31)-C(33)
C(34)~C(35)
C(35)~-C(36)
C(36)-C(37)
C(38)-C(39)
C(39)~-C(40)
C(40)~-C(41)
C(42)~C(43)
C(43)-C(44)
C(44)-C(45)
C(46)-C(47)
C(47)-C(48)
C(48)-C(49)
O(1)-Li(1)-N(1)
0(1)-Li(1)-N(2)
N(1)-Li(1)-N(2)
O(1)-Li(1)-C(13)
N(1)-Li(1)-C(13)
N(2)-Li(1)-C(13)
0(1)-Li(1)-C(15)
N(1)-Li(1)-C(15)
N(2)-Li(1)-C(15)
C(13)-Li(1)-C(15)
0(1)-Li(1)-Li(2)
N(1)-Li(1)-Li(2)
N(2)-Li(1)-Li(2)
C(13)-Li (1)-Li(2)
C(15)-Li(1)-Li(2)
0(2)-Li(2)-N(2)
0(2)-1Li(2)-N(1)
N(2)-Li (2)-N(1)
0(2)-Li(2)-Li(1)
N(2)-Li(2)-Li(1)

1.526(5)
1.435(8)
1.486(7)
1.540(6)
1.543(6)
1.394(4)
1.514(4)
1.446(4)
1.352(4)
1.442(4)
1.374(4)
1.526(4)
1.366(4)
1.403(4)
1.407(4)
1.531(4)
1.388(4)
1.380(4)
1.401(4)
1.427(4)
1.519(4)
1.522(5)
1.539(5)
1.539(5)
1.545(5)
1.364(12)
1.429(12)
1.498(8)
1.493(7)
1.430(8)
1.416(7)
1.489(7)
1.331(8)
1.469(6)
1.483(6)
1.485(6)
1.494(6)
159.8(4)
120.0(3)
78.9(2)
137.0(4)
39.32(15)
68.24(19)
119.8(3)
69.1(2)
39.49(14)
37.58(14)
148.3(3)
49.4(2)
47.92(19)
71.2(2)
71.4(2)
153.8(3)
122.1(3)
83.7(2)
145.8(3)
53.6(2)

Alll - xxii



N(1)-Li(2)-Li(1)
0(2)~Li(2)-C(13)
N(2)-Li(2)-C(13)
N(1l)-Li(2)-C(13)
Li (1) -Li (2)~C(13)
0(4)~Li (3)-0(3)
0(4)~-1Li(3)-N(3)
O(3)-Li(3)-N(3)
0(4)-Li (3)~C(18)
O(3)-Li(3)-C(18)
N(3)-Li(3)-C(18)
0(4)-Li(3)-C(20)
0(3)-Li (3)~C(20)
N(3)-Li (3)-C(20)
C(18)-Li(3)-C(20)
0(4)-Li(3)-C(19)
O(3)-Li(3)-C(19)
N(3)-Li(3)-C(19)
C(18)-Li(3)-C(19)
C(20)-Li(3)-C(19)
C(13)-N(1)-C(6)
C(13)-N(1)-Li(2)
C(6)~-N(1l)-Li(2)
C(13)-N(1)-Li(1)
C(6)-N(1)-Li(1)
Li(2)-N(1)-Li(1)
C(19)-N(2)-C(15)
C(19)-N(2)-Li(2)
C(15)-N(2)-Li(2)
C(19)-N(2)-Li(1)
C(15)-N(2)-Li(1)
Li(2)-N(2)-Li (1)
C(20)-N(3)-C(27)
C(20)~N(3)-Li(3)
C(27)-N(3)-Li(3)
C(34)-0(1)~-C(37)
C(34)-0(1)~Li(1)
C(37)-0(1)-Li (1)
C(38)-0(2)-C(41)
C(38)-0(2)-Li(2)
C(41)-0(2)-Li(2)
C(45)-0(3)=C(42)
C(45)-0(3)~-Li(3)
C(42)-0(3)~Li(3)
C(49)~-0(4)-C(46)
C(49)-0(4)-Li(3)
C(46)-0(4)-Li(3)
C(2)-C(1)~-C(6)
C(2)~-C(1)-C(T)
C(6)-C(1)-C(7)
C(3)-C(2)-C(1)
C(2)-C(3)-C(4)
C(3)-C(4)-C(5)
C(4)-C(5)-C(6)
C(4)-C(5)-C(10)
C(6)-C(5)-C(10)
N(1)-C(6)~C(5)

50
145.

57

28

47
109.
116.
126.
121.
101.

77
141.
108.

27

56.
148.

94

58

29.

32.
120.
108
119.

75.
142

80.
118.
131.
109
124

72

78
118.
110.
129.
106.
119.
118
107.
130.
122
108.
118.
122.
106.
128.
118.
119.
120.
119
121
119.
122.
119.
118
122
122

.3(2)

1(3)

.80(17)
.76(12)
.24(17)

2(3)
4(3)
7(3)
5(3)
7(2)

.32(19)

3(2)
7(2)

.70(11)

91(14)
4(3)

.4(2)
.62(15)

77(10)
21(10)
6(2)

.5(2)

0(3)
6(2)

.5(3)

3(3)
2(2)
4(3)

.2(2)
.7(2)
.1(2)
.5(3)

4(2)
4(2)
7(2)
9(4)
9(4)

.6(3)

5(4)
2(3)

.3(3)

9(3)
4(2)
2(3)
6(3)
4(3)
4(3)
6(3)
8(3)

.4(3)
.7(4)

0(3)
2(4)
2(3)

.4(3)
.2(3)
.9(3)

AIII - xxiii



N(1)-C(6)-C(1)
C(3)-C(6)-C(1)
C(9)-C(7)-C(8)
C(9)-C(7)-C(1)
C(8)-C(7)-C(1)
C(5)-C(10)-C(11)
C(5)-C{10})-C(12)
C(11)-C(10)-C(12)
C(15)-C(13)-N(1)
C(15)-C{13)-C(14)
N(1)-C(13)-C(14)
C(15)-C(13)-Li(1)
N(1)-C(13)-Li(1)
C(14)-C(13)-Li(1)
C(15)-C(13)-Li(2)
N(1)-C(13)-Li(2)
C(14)-C(13)-Li(2)
Li(1)-C(13)-Li(2)
C(13)-C(15)-C(16)
C(13)-C(15)-N(2)
C(16)-C(15)-N(2)
C(13)-C(15)-Li(1)
C(16)-C(15)-Li(1)
N(2)-C(15)-Li(1)
C(17)-C(16)-C(15)
C(16)-C(17)-C(18)
C(19)-C(18)-C(17)
C{19)-C(18)-Li(3)
C(17)-C(18)-Li(3)
N(2)-C(19)-C(18)
N(2)-C(19)-C(20)
C(18)-C(19)-C(20)
N(2)-C(19)-Li(3)
C(18)-C(19)-Li(3)
C(20)-C(19)-Li(3)
N(3)-C(20)~-C(21)
N(3)-C(20)-C(19)
C(21)-C(20)-C(19)
N{3)-C(20)-Li(3)
C(21)-C(20)-Li(3)
C(19)-C(20)-Li(3)
C({23)-C(22)-C(27)
C(23)-C(22)-C(28)
C(27)-C(22)-C(28)
C(24)-C(23)-C(22)
C(25)-C(24)-C(23)
C(24)-C(25)-C(26)
C(25)~-C(26)-C(27)
C(25)-C(26)-C(31)
C(27)-C(26)-C(31)
C(22)-C(27)-N(3)
C(22)-C(27)-C(26)
N(3)-C(27)-C(26)
C(30)-C(28)-C(22)
C(30)-C(28)-C(29)
C(22)-C(28)-C(29)
C(26)-C{31)-C(32)

118
118

108

127
76

160
61

70

118
84

133

128

118
120

118

.6(3)
.3(3)
111.

2(6)

.1(5)
114.
113.
109.
110.
116.
122,
121.

71,

65.

4(4)
3(3)
6(3)
0(4)
1(2)
1(3)
2(3)
8(2)
0(2)

.0(3)
.1(2)
42.

76(17)

.8(2)
.6(2)
126.
115.
118.

8(3)
0(3)
2(2)

.6(2)
128.

68.
120.
120.

0(3)
4(2)
8(3)
6(3)

.3(3)
.2(2)
126.
124.
115.
120.

2(2)
0(3)
3(2)
7(2)

.7(2)
65.
73.

99(19)
77(18)

.1(3)
112.
119.

41.
159.

74.
120.

7(2)
2(3)
85(16)
9(3)
02(18)
4(3)

.9(3)
.7(2)
120.
119.
122.
118.
118.
121.
121.

8(3)
1(3)
1(3)
9(3)
7(3)
3(3)
0(2)

.5(2)
120.
111.
111.
111.
111.

2(3)
4(3)
7(3)
8(3)
7(3)
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Table AIII.1O0.

C(26)-C(31)-C(33)
C(32)-C(31)-C(33)
C(35)-C(34)-0(1)
C(34)-C(35)-C(36)
C(35)-C(36)-C(37)
0(1)~C(37)~C(36)
0(2)~C(38)-C(39)
C(40)~-C(39)-C(38)
C(41)-C(40)-C(39)
C(40}-C(41)-0(2)
0(3)-C(42)-C(43)
C(44)-C(43)-C(42)
C(43)-C(44)-C(45)
0(3)-C(45)-C(44)
0(4)-C(46)-C(47)
C(46)-C(47)-C(48)
C(47)-C(48)-C(49)
0(4)-C(49)-C(48)

112

108

107

106

.2(3)
108.

1(3)

2(T)
111.
103.
105.
105.
105.
105.
110.
105.
108.
110.
106.

7(7)
6(6)
8(5)
0(4)
1(4)
9(5)
0(5)
2(4)
7(4)
1(5)
1(4)

.3(3)
106.
105.

4(4)
4(3)

.7(3)

Alll - xxv

Symmetry transformations used to

generate equivalent atoms:

Anisotropic displacement parameters (A”2 x 1073) for

sg2088. The anisotropic displacement factor exponent takes the form:

-2 pit2 [ h"2 a*"2 U1l + ..

.+ 2 h k a* b* U12 )

Ul1 u22 U33 U023 U13 Ul2
Li(1) 51(3) 74 (4) 47 (3) 0(3) 13(3) 4(3)
Li(2) 45 (3) 46(3) 76(4) 4(3) 22 (3) 6(2)
Li(3) 42 (3) 58(3) 39(3) 5(2) 10(2) 8(2)
N(1) 35(1) 59(2) 49 (2) 10(1) 18(1) 6(1)
N(2) 31(1) 42(1) 38 (1) 2(1) 11(1) 1(1)
N(3) 35(1) 37(1) 33 (1) 3(1) 13(1) 0(1)
o(1) 82(2) 83(2) 51(2) -6(1) 18(1) 9(2)
0(2) 68 (2) 48(2) 163 (3) 0(2) 51(2) 7(1)
0(3) 54 (1) 65(2) 41 (1) =3(1) 18(1) 3(1)
0(4) 41 (1) 91(2) 43 (1) 0(1) 9(1) 9(1)
C(1) 36(2) 100(3) 54 (2) 10(2) 16(2) 9(2)
C(2) 41 (2) 107(3) 72 (3) 13(2) 15(2) 17(2)
C(3) 46 (2) 98 (3) 92 (3) -9(3) 24 (2) 21(2)
C(4) 54 (2) 95(3) 70 (2) -21(2) 23(2) 6(2)
C(5) 39(2) 62(2) 55(2) -4(2) 16(2) 0(2)
C(6) 34 (2) 54 (2) 53(2) 6(2) 18(1) 0(1)
c(7) 42 (2) 232(7) 57 (2) 42(3) 138(2) 45(3)
c(8) 160(6) 154 (6) 121 (5) -50(5) 32(4) -34(5)
C(9) 376(14) 229(10) 95 (5) -20(5) 82(7) -174(10)
C(10) 49(2) 81(3) 55(2) -13(2) 13(2) 4(2)
C(11) 92 (3) 144 (5) 55(2) 6(3) 20(2) 23(3)
C(12) 65 (3) 110(4) 92 (3) -39(3) 4(2) ~-6(3)
C(13) 35(2) 51(2) 38 (2) -1(1) 13(1) -5(1)



C(14)
C(15)
C(1l6)
C(17)
Cc(18)
C(19)
C(20)
C(21)
Cc(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)

48 (2)
37(2)
44 (2)
46(2)
35(2)
33(1)
37(2)
38(2)
42(2)
51(2)
44 (2)
50(2)
44 (2)
32(1)
63(2)
108 (3)
82(3)
80(2)
64 (2)
104 (3)
252 (9)
490(20)
129(5)
127 (4)
84 (3)
123(5)
122(5)
104 (4)
99(3)
197(7)
139(5)
64 (2)
60(2)
67(3)
46(2)
62(2)

63(2)
41(2)
39(2)
32(2)
38(2)
39(2)
40(2)
58(2)
38(2)
42(2)
49(2)
48 (2)
42(2)
39(2)
43(2)
50(2)
117 (4)
50(2)
80(3)
49(2)
111(5)
129(8)
200(9)
77(3)
62(3)
67(3)
84 (4)
67(4)
68 (3)
139(6)
164 (7)
72(3)
135(4)
125(4)
146 (5)
95 (3)

62(2)
33(1)
41(2)
44(2)
38(2)
28 (1)
32(1)
51(2)
41(2)
51(2)
49(2)
36(2)
34(2)
33(1)
54 (2)
107 (3)
55(2)
41(2)
75(3)
52(2)
69(3)
460 (20)
149(6)
71(3)
117 (4)
153(5)
197 (7)
365(12)
51(2)
184 (7)
173(7)
52(2)
54 (2)
97 (3)
88 (3)
51(2)

1(2)
-3(1)
1(1)
0(1)
-2(1)
-4 (1)
-1(1)
19(2)
1(1)
-1{1)
13(2)
5(1)
2(1)
7(1)
=-9(2)
-14(2)
-27(2)
-8(2)
-31(2)
-5(2)
-8(3)
-17(10)
-66(6)
-6(2)
3(3)
-13(3)
-16(4)
-30(5)
5(2)
27 (5)
29(5)
-10(2)
-2(2)
21(3)
15(3)
0(2)

23(2)

9(1)
11(1)
11(1)
12(1)

7(1)
13(1)
16(1)
18(1)
22(2)
24 (1)
22(1)
16(1)
12(1)
32(2)
70(3)
28(2)
32(2)
19(2)
17(2)
71(4)
420(20)
25(5)
19(3)
29(3)
43(4)
68(5)
114 (6)
18(2)
158 (6)
119(5)
12(2)
24 (2)
43 (3)

8(2)
=-3(2)

Alll - xxvi

-9(2)
=7(1)
-7(1)
2(1)
3(1)
-1(1)
4(1)
5(2)
2(1)
-4(1)
4(1)
8(2)
3(1)
7(1)
=7(2)
0(2)
-16(3)
-10(2)
-12(2)
12(2)
-34(5)
-17(10)
62(6)
0(3)
21(2)
9(3)
-20(3)
-20(3)
-6(2)
=3(5)
49(5)
13(2)
18(3)
23(3)
0(3)
12(2)




Table AIII.1ll.

Hydrogen coordinates ( x 1074) and isotropic
displacement parameters (A”2 x 1073) for sg2088.

AT -xxvii

X y z U(eq)
H(2A) -2244 7275 7283 88
H(3A) -2239 7602 8527 93
H(4A) -975 7342 9537 86
H(7) -620 6097 6762 131
H(8A) -2183 5878 6621 219
H(8B) -1951 5993 5818 219
H(8C) ~-2418 6610 6180 219
H(9A) -160 7203 6536 344
H(9B) -1196 7430 6181 356
H(9C) -742 6845 5765 344
H(10A) 1108 6512 9423 74
H(11lA) 186 5933 10124 145
H(11B) 3 6668 10483 145
H(11C) 1006 6343 10693 145
H(123) 1183 7768 9416 138
H(12B) 1616 7473 10260 138
H(12C) 615 7804 10044 138
H(14A) 424 4728 8429 84
H(14B) =243 5351 8524 84
H(14C) 631 5169 9207 84
H(16A) 2077 4542 8743 50
H(17R) 3476 4356 8509 49
H(18A) 4142 5241 7869 44
H(21A) 3137 7313 6577 58
H(21B) 2265 6879 6724 58
H(23A) 6030 8471 7231 55
H(24A) 6384 8005 6141 54
H(25A) 5783 6920 5661 51
H(28A) 4465 7712 8204 60
H(29A) 4461 8953 8372 121
H(29B) 4077 8754 7488 121
H(29C) 5092 9045 7798 121
H(30A) 5974 7472 8918 124
H(30B) 5577 8140 9259 124
H(30C) 6277 8246 8746 124
H(31A) 4443 5752 6506 65
H(32A) 3488 6373 5448 110
H(32B) 3726 5609 5188 110
H(32C) 4241 6284 4982 110
H(33A) 5965 5445 6479 103
H(33B) 5756 5707 5612 103
H(33C) 5234 5038 5823 103
H(34A) 729 5491 5165 166
H(34B) 1517 5929 5745 166
H(35A) 2470 5228 5589 362
H(35B) 1689 4807 4988 362
H(36A) 2584 4425 6430 194
H(36B) 1942 3949 5769 194
H(37A) 711 4163 6187 111



H(37B)
H(38A)
H(38B)
H(39A)
H(39B)
H(40A)
H(40B)
H(41A)
H(41B)
H(42R)
H(42B)
H(43n)
H(43B)
H(44A)
H(44B)
H(45R)
H(45B)
H(46AR)
H(46B)
H({47R)
H(47B)
H(48A)
H(48B)
H(49R)
H(49B)

1422
295
388
748

1085

2122

2484

2799

2447

4981

4231

3161

3905

3441

2736

3536

4267

6582

6251

7973

7611

8257

7804

6708

6979

4402
8211
8515
9513
9104
9474
9276
8252
8452
5821
5431
5856
6273
7180
6760
7030
7424
6118
5314
5718
4942
5876
5130
5776
6462

6970
8090
7285
7953
8755
7751
8642
8344
7456
10508
9841
10318
10957
10427
9763
8978
9653
7953
7894
8394
8506
9635
9734
10004
9594

111
104
104
136
136
155
155
202
202
87
87
183
183
173
173
76
76
98
98
111
111
114
114
87
87
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Table AIII.12.

Identification code
Empirical formula
Formula weight
Temperature
Wavelength
Crystal system, space group

Unit cell dimensions

Volume

Z, Calculated density
Absorption coefficient

F(000)

Crystal size

Theta range for data collection
Limiting indices

Reflections collected / unique
Completeness to theta = 20.81
Absorption correction

Max. and min. transmission
Refinement method

Data / restraints / parameters
Goodness-of-fit on F"2

Final R indices [I>2sigma(I)]
R indices (all data)

Largest diff. peak and hole

AIll - xxix

Crystal data and structure refinement for sg2103.

sg2103

C37 H51 Li N3 O
560.75

203(2) K
0.71073 A

Tricliniec, P-1

a 8.311(2) A alpha = 105.705(5) deg.
b 12.739(3) A beta = 95.552(6) degq.
c = 17.885(4) A gamma = 107.712(5) deg.

1702.9(7) A~3

2, 1.094 Mg/m"3
0.065 mm~-1

610

0.20 x 0.10 x 0.10 mm
1.21 to 20.81 deg.
-8<=h<=8, -12<=k<=12, -17<=1<=17
8331 / 3561 [R(int) = 0.0859])
99.7 %

Semi-empirical from equivalents
1.000000 and 0.697422

Full-matrix least-squares on F*2

3561 / 2?2 / 379

1.031
Rl = 0.0639, wR2 = 0.1222
Rl = 0.1485, wR2 = 0.1432

0.216 and -0.174 e.A*-3



Table ATII.13.

isotropic

displacement parameters (A”2 x 1073) for sg2103.
U(eq) is defined as one third of the trace of the orthogonalized

Uij tensor.

Atomic coordinates ( x 1074) and equivalent

Alll - xxx

X Yy z U(eq)
N(1) 9720 (5) 6369(3) 8223(2) 42 (1)
N(2) 10408(5) 4770(4) 8701(2) 37(1)
N(3) 8499 (5) 2716(3) 7749(2) 44 (1)
o) 6638 (5) 4149(3) 6850(2) 66 (1)
Li 8595(12) 4436(8) 7757 (5) 58(3)
C(l) 9810(7) 7145(4) 7128 (3) 50(2)
C(2) 9237(8) 7788 (5) 6717 (3) 64 (2)
C(3) 8170 (8) 8382 (5) 7003(3) 66(2)
C(4) 7706(7) 8386 (5) 7717 (3) 61(2)
C(5) 8272 (7) 7780 (4) 8165(3) 45(1)
C(6) 9313(6) 7157 (4) 7859 (3) 39(1)
C(7) 10968 (8) 6475(5) 6817(3) 61(2)
C(8) 12798 (9) 7155 (6) 7093 (4) 117 (3)
C(9) 10600(10) 5993(7) 5922 (4) 165(4)
C(10) 7724 (8) 7776(5) 8955 (3) 66(2)
C(11) 7541 (10) 8920 (6) 9408 (4) 140(3)
C(12) 6079(9) 6784 (6) 8838(3) 100(2)
C(13) 10950(7) 6775 (4) 8862(3) 40(1)
C(14) 11987(7) 7983(5) 9270(3) 58(2)
C(15) 11304(7) 5858 (5) 9156(3) 38(1)
C(16) 12468 (6) 6101 (4) 9846(3) 43 (1)
C(17) 12695(7) 5180(5) 10055(3) 52(2)
c(18) 11771(7) 4057 (5) 9584 (3) 45(1)
C(19) 10626 (6) 3870(5) 8906 (3) 35(1)
C(20) 9512 (7) 2703(4) 8363(3) 40(1)
C(21) 9629 (7) 1685(5) 8536(3) 60(2)
C(22) 5735(7) 1094 (4) 7324 (3) 39(1)
C(23) 4620(7) 155(4) 6722(3) 49(2)
C(24) 5082 (8) -281(5) 6013(3) 51(2)
C(25) 6702 (8) 222(5) 5905(3) 48(2)
C(26) 7905 (8) 1178(5) 6486 (3) 41(1)
C(27) 7388 (8) 1642(4) 7198(3) 39(1)
C(28) 5222 (7) 1569(5) 8108 (3) 55(2)
C(29) 4342 (7) 2460(5) 8059(3) 81(2)
C(30) 4079(8) 629(5) 8384 (3) 95(2)
C(31) 9716 (7) 1696(5) 6353 (3) 55(2)
C(32) 9764 (9) 2217(7) 5679(4) 129(3)
C(33) 10614 (7) 797(5) 6194 (3) 76(2)
C(34) 5585 (8) 4861(5) 6796(4) 94 (2)
C(35) 4970(10) 4609(6) 5940(4) 118(3)
C(36) 5128(9) 3457 (6) 5530(3) 98(2)
C(37) 5871(10) 3161(6) 6175(4) 114 (3)




Table AIII.1l4.

Bond lengths [A]

ATII - xxxi

and angles [deg] for sg2103.

N(1)-C(13)
N(1)-C(6)
N(1)-Li
N(2)-C(15)
N(2)-C(19)
N(2)-Li
N(3)-C(20)
N(3)-C(27)
N(3)-Li
0-C(37)
0-C(34)
O-Li
C(1)~C(2)
C(1)-C(6)
C(1)-C(7)
C(2)-C(3)
C(3)-C(4)
C(4)-C(5)
C(5)-C(6)
C(5)-C(10)
C(7)-C(8)
C(7)-C(9)
C(10)-C(12)
C(10)-C(11)
C(13)-C(14)
C(13)-C(15)
C(15)-C(16)
C(16)-C(17)
C(17)-C(18)
C(18)-C(19)
C(19)~C(20)
C(20)-C(21)
C(22)-C(23)
C(22)-C(27)
C(22)-C(28)
C(23)-C(24)
C(24)-C(25)
C(25)-C(26)
C(26)-C(27)
C(26)-C(31)
C(28)-C(30)
C(28)-C(29)
C(31)-C(32)
C(31)-C(33)
C(34)-C(35)
C(35)-C(36)

C(36)-C(37)

C(13)-N(1)-C(6) 119.
C(13)~N(1)-Li 114,
C(6)-N(1)-Li 125.
C(15)-N{2)-C(19) 119
C(15)-N(2)-Li 121.
C(19)-N(2)-Li 118.
C(20)-N(3)-C(27) 118

1.

1.322(5)
1.436(5)
2.230(10)
1.336(6)
1.350(5)
2.007(10)
1.325(5)
1.422(6)
2.164(10)
1.410(6)
1.453(6)
2.053(10)
1.391(6)
1.406(6)
1.520(7)
1.380(7)
1.368(6)
1.394(6)
1.397(6)
1.526(6)
1.459(8)
1.514(7)
1.
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1

504 (7)

.524(7)
.454 (6)
.496(6)
.391(6)
.383(6)
.378(6)
.384(6)
.489(6)
.441(6)
.372(6)
.409(6)
.527(6)
.382(6)
.361(6)
.392(6)
.417(6)
.519(7)
.515(7)
.541(6)
.523(7)
.528(6)
.482(7)
.503(7)

446(7)
9(4)
1(4)
8(4)

.9(4)

1(4)
8(4)

.9(4)



C(20)-N(3)-Li
C(27)-N(3)-Li
C(37)-0-C(34)
C(37)-0-Li
C(34)-0-Li
N(2)-Li-O
N(2)-Li~N(3)
O-Li-N(3)
N(2)-Li-N(1)
O-Li-N(1)
N(3)-Li-N(1)
C(2)-C(1)-C(6)
C(2)-C(1)-C(7)
C(6)-C(1)=C(7)
C(3)-C(2)-C(1)
C(2)-C(3)~-C(4)
C(3)-C(4)-C(5)
C(4)-C(5)-C(6)
C(4)-C(5)-C(10)
C(6)-C(5)-C(10)
C(5)-C(6)-C(1)
C(5)-C(6)-N(1)
C(1)-C(6)-N(1)
C(8)-C(7)~-C(9)
C(8)-C(7)~-C(1)
C(9)-C(7)~-C(1)
C(12)-C(10)-C(11)
C(12)-C(10)-C(5)
C(11)-C(10)=~C(5)
N(1)-C(13)-C(14)
N(1)-C(13)-C(15)
C(14)-C(13)-C(15)
N(2)-C(15)-C(16)
N(2)-C(15)-C(13)
C(16)-C(15)-C(13)
C(17)-C(16)-C(15)
C(18)-C(17)-C{16)
C(17)-C(18)-C(19)
N(2)-C(19)-C(18)
N{2)-C(19)-C(20)
C(18)-C(19)-C(20)
N(3)-C(20)-C(21)
N(3)-C(20)-C(19)
C(21)-C(20)-C(19)
C(23)-C(22)-C(27)
C(23)-C(22)-C(28)
C(27)-C(22)-C(28)
C(22)-C(23)-C(24)
C(25)-C(24)-C(23)
C(24)-C(25)-C(26)
C(25)-C(26)-C(27)
C(25)-C(26)-C(31)
C(27)-C(26)-C(31)
C(22)-C(27)-C(26)
C(22)-C(27)-N(3)
C(26)-C(27)-N(3)
C(30)-C(28)-C(22)

114
126.
103.
128.
127.
175.

77.
104.

75.
102
152
117
121.
120.
121.
120.
121.
118.
120.
121
121
121
116
108
113.
112.
110
110.
113.
127.
114.
118.
121.
114,
123.
118.
119.
1109.
120.
114.
124.
126.
114
118.
118.
122.
119.
122.
119.
121.
118.
120.
121.
120.
120.
1109.
113.

.2{4)

7(4)
3(4)
5(4)
9(4)
7(5)
3(3)
5(4)
5(3)

.8(4)
.7(5)
.5(5)

8(5)
7(5)
2(5)
4(95)
1(5)
0(5)
6(5)

.4(5)
.8(5)
.0(4)
.6(4)
-9(6)

1(5)
8(5)

.2(5)

8(5)
1(5)
0(5)
4(5)
5(5)
8(5)
6(5)
6(5)
3(5)
8(5)
3(5)
9(5)
6(5)
5(5)
2(5)

.9(5)

9(5)
3(5)
0(5)
7(5)
2(5)
4(5)
8 (5)
1(5)
3(5)
6(5)
2(5)
6(4)
0(5)
3(5)

ATII - xxxii
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C{30)-C(28)-C(29) 110.0(5)
C(22)-C(28)-C(29) 110.8(4)
C(26)-C(31)-C(32) 113.1(5)
C(26)-C(31)-C(33) 111.3(4)
C(32)-C(31)-C(33) 109.0(5)
0-C(34)-C(35) 106.0(5)
C(34)-C(35)-C(36) 106.2(5)
C(37)-C(36)-C(35) 103.1(5)
0-C(37)-C(36) 111.2(5)

Symmetry transformations used to generate equivalent atoms:
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Table AIII.15. Anisotropic displacement parameters (A"2 x 1073) for
sg2103.

The anisotropic displacement factor exponent takes the form:

-2 pi*2 [ h*2 a**2 U1l + ... + 2 h k a* b* Ul2 ]

Ul1 v22 U033 023 U13 Ul2
N(1) 49(3) 43(3) 42 (3) 14 (2) 7(2) 25(3)
N(2) 43(3) 35(3) 39(3) 12(2) 10(2) 22(3)
N(3) 47(3) 43(3) 40(3) 9(2) 2(2) 20(3)
o) 69(3) 52(3) 73(3) 16(2) -15(2) 29(2)
Li 70(7) 55(6) 51(6) 17(5) 5(5) 27(5)
C(1) 71(5) 41(4) 49(4) 16(3) 14(3) 31(3)
C(2) 84 (5) 58(4) 61(4) 28 (3) 20 (4) 31(4)
C(3) 91(5) 56(4) 69(5) 33(3) 9(4) 39(4)
C(4) 71(5) 55(4) 75(5) 28 (4) 16(4) 40(4)
C(5) 50(4) 37(4) 56(4) 17(3) 12(3) 24(3)
C(6) 47(4) 32(3) 42 (4) 14(3) 3(3) 18(3)
C(7) 86(6) 58 (4) 48 (4) 15(3) 22(4) 35(4)
C(8) 93(7) 88 (6) 174 (8) 15(5) 30(6) 57(5)
C(9) 202(10) 249(11) 62(5) -17(6) 13(95) 163(9)
Cc(10) 81(6) 73(5) 74(5) 37(4) 33(4) 48 (4)
C(1l1) 253(10) 131(7) 97(6) 38(5) 89(6) 134(7)
C(12) 79(6) 140(7) 118(6) 88 (5) 32(5) 43(5)
C(13) 50(4) 27(4) 44 (4) 10(3) 10(3) 17(3)
C(14) 61(4) 57(4) 58(4) 17(3) 18(3) 24 (3)
C(15) 38(4) 41(4) 32(3) 7(3) 8(3) 13(3)
C(16) 50(4) 42 (4) 40(4) 12(3) 11(3) 19(3)
C(17) 48(4) 71(5) 38(4) 18(4) -1(3) 24 (4)
C(18) 50(4) 46(4) 39(3) 15(3) -1(3) 20(3)
C(19) 34(4) 42 (4) 27(3) 6(3) 3(3) 15(3)
C(20) 46 (4) 39(4) 39(4) 16(3) 7(3) 20(3)
C(21) 63(5) 65(4) 61(4) 21(3) 16(3) 34 (4)
C(22) 43(4) 34 (4) 39(4) 9(3) -1(3) 19(3)
C(23) 42 (4) 48 (4) 51(4) 14(3) -2(3) 15(3)
C(24) 64 (5) 46(4) 40(4) 8(3) -7(3) 24 (4)
C(25) 64 (5) 49 (4) 41(4) 15(3) 10(4) 37(4)
C(26) 57(4) 39(4) 35(4) 14(3) 8(3) 26(3)
C(27) 55(4) 35(4) 35(4) 13(3) 1(3) 26(3)
C(28) 54 (4) 63(4) 41 (4) 11(3) 5(3) 18(4)
C(29) 87(5) 71(5) 85(5) 7(4) 23(4) 41(4)
C(30) 122(7) 88 (5) 85(5) 31(4) 57(5) 38(5)
C(31) 59(5) 52(4) 57(4) 14 (3) 14 (3) 24 (4)
C(32) 111(7) 185(8) 184 (8) 150(7) 83(6) 80(6)
C(33) 69(5) 87(5) 81(5) 17(3) 16(4) 46(4)
C(34) 101 (6) 68(5) 111 (6) 12 (4) -22(5) 52(4)
C(35) 155(8) 110(7) 95(6) 19(5) -37(5) 84 (6)
C(36) 134(7) 111(6) 66(5) 15(4) -7(4) 85(5)

C(37) 173(8) 82 (6) 75(5) -10(4) -47(5) 76(6)




Table AIII.1l6.

Hydrogen coordinates ( x 1074) and isotropic
displacement parameters (A"2 x 10"3) for sg2103.
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X y z U(eq)
H(2A) 9581 7818 6236 77
H(3A) 7761 8785 6705 80
H(4A) 6995 8805 7908 73
H(7R) 10731 5805 7020 73
H(8A) 13037 7491 7665 176
H(8B) 13104 7771 6856 176
H(8C) 13468 6655 6943 176
H(9A) 11379 5582 5755 248
H(9B) 10765 6626 5700 248
H(9C) 9420 5461 5737 248
H{10A) 8633 7654 9285 80
H(11A) 8595 9556 9465 209
H(11B) 7322 8901 9928 209
H(11C) 6588 9031 9120 209
H(12R) 5755 6798 9346 150
H(12B) 6248 6055 8598 150
H(12C) 5172 6858 8494 150
H(14A) 11618 8477 9018 87
H(14B) 13195 8094 9243 87
H(14C) 11876 8186 9819 87
H(16A) 13084 6872 10162 52
H(17A) 13478 5319 10517 62
H(18A) 11917 3425 9722 53
H(21A) 8841 994 8130 90
H(21B) 9327 1693 9047 90
H(21C) 10796 1682 8547 90
H(23A) 3504 -203 6795 58
H(24A) 4285 -919 5608 61
H(25A) 7017 -85 5424 57
H(28A) 6292 1983 8515 66
H(29A) 4023 2748 8562 122
H(29B) 3318 2089 7645 122
H(29C) 5132 3102 7940 122
H(30A) 4678 105 8451 142
H(30B) 3025 198 7992 142
H(30C) 3804 982 8885 142
H(31Aa) 10385 2328 6844 66
H(32A) 10951 2564 5636 194
H{32B) 9230 2807 5785 194
H(32C) 9142 1611 5186 194
H(33A) 10684 515 6644 114
H(33B) 11765 1152 6113 114
H(33C) 9961 153 5725 114
H(34A) 6267 5686 7045 113
H(34B) 4610 4661 7061 113
H(353) 5676 5217 5751 142
H(35B) 3769 4568 5837 142
H(36A) 3998 2875 5259 118
H(36B) 5884 3527 5145 118
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H(37A) 4970 2578 6308 137
H(37B) 6741 2822 6008 137
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