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Building on structural and mechanistic studies of lithiated enolates derived
from acylated oxazolidinones (Evans enolates) and chiral lithiated amino alkoxides,
we have found that amino alkoxides amplify the enantioselectivity of aldol additions.
Pairing enantiomeric series afford matched and mismatched stereoselectivities. The
structures of mixed tetramers showing 2:2 and 3:1 (alkoxide-rich) stoichiometries are
determined spectroscopically. Rate and computational studies provide a viable
mechanistic and stereochemical model based on direct reaction of the 3:1 mixed

tetramers and unanswered questions for the 2:2 mixed aggregates.



BIOGRAPHICAL SKETCH

The author was born on March 21, 1989 in Tukums, Latvia. After completing his
secondary education at Tukuma Raina gymnasium he attended the University of Latvia in Riga,
Latvia. Under the guidance of Prof. Valerjans Kauss and Dr. Juris Fotins he worked at the
Latvian Institute of Organic Synthesis where he synthesized new modulators of metabotropic
glutamate receptors based on the indolizidine core. The author received his B.S. in Chemistry
after defending his thesis in June 2012. He spent the next year as a Visitng Research Assistant in
the University of Michigan where he worked with Prof. Edwin Vedejs on highly electrophilic
cationic boron complexes and their application toward formation of C-B bonds. In 2013 he
began graduate studies at Cornell University where he joined the laboratory of Prof. David B.
Collum. His graduate research involved the generation and investigation of enolate—amino
alkoxide mixed aggregates. The formed structures were used for amplification in
stereoselectivity of the aldol reaction and the mechanism of this transformation was explored.

The author received a M.S. in 2015 and a Ph.D. in May 2018.

il



This work is dedicated to my parents,

Marite and Ilgonis

v



ACKNOWLEDGMENTS

Firstly, I would like to express my sincere gratitude to my advisor Prof. David B. Collum
for the continuous support throughout my graduate research, for his endless patience, immense
knowledge, and occasional wisdom. His guidance has helped me become a better person and
scientist. I could not have imagined having a better advisor and mentor for my Ph.D. study.

Besides my advisor, I would like to thank the rest of my thesis committee: Prof. Geoffrey
W. Coates and Prof. Brett P. Fors. My sincere thanks goes to Prof. William R. Dichtel, for his
insightful comments and encouragement.

I thank my fellow labmates in the Collum group for the wonderful environment, helpful
training, and stimulating discussions. Over the course of my graduate career postdoctoral
associates Dr. Gabriel J. Reyes-Rodriguez and Dr. Joseph S. Renny, research associate Dr. Yun
Ma, and fellow graduate students Dr. Evan H. Tallmadge, Dr. Angela M. Bruneau, Dr. Laura L.
Tomasevich, Dr. Jun G. Liang, Dr. Kyong Joo Jin, Ms. Jacqueline Perodeau, Ms. Yuhui Zhou,
Ms. Zirong Zhang, Mr. Ryan A. Woltornist, and Mr. Jackson L. Clark have all contributed in a
variety of ways to shape my research experience. Special thanks goes to Dr. Kyle A. Mack and
Dr. Michael J. Houghton for being wonderful friends and making my stay in Ithaca a more
pleasant experience than it would have been without them. I have to single out Dr. Russell F.
Algera for his unlimited support and intelligent discussions. Working together has been a
humbling experience, but it has provided me with deeper insight into chemistry and research in
general.

The faculty, staff, and administrative support members of the department of Chemistry
and Chemical Biology have provided invaluable support to my studies. I would like to thank Dr.
Ivan Keresztes for his contributions to my understanding and use of nuclear magnetic resonance

spectroscopy throughout my research.



Finally, I would like to thank my family. My parents, Mr. Ilgonis Jermaks and Mrs.
Marite Jermaka have supported me throughout my entire educational career without any
interference in my decision-making. I would also like to acknowledge my brother, Mr. Maris

Jermaks.

vi



TABLE OF CONTENTS

Biographical Sketch il
Dedication v
Acknowledgements v

Table of Contents vii

Chapter 1: Lithium Amino Alkoxide—Evans Enolate Mixed Aggregates 1
Appendix 1 48

References 1 413

vii



CHAPTER 1

LITHIUM AMINO ALKOXIDE-EVANS ENOLATE MIXED AGGREGATES



Lithium Amino Alkoxide—Evans Enolate Mixed Aggregates

Abstract

Building on structural and mechanistic studies of lithiated enolates derived from acylated
oxazolidinones (Evans enolates) and chiral lithiated amino alkoxides, we have found that amino
alkoxides amplify the enantioselectivity of aldol additions. Pairing enantiomeric series afford
matched and mismatched stereoselectivities. The structures of mixed tetramers showing 2:2 and
3:1 (alkoxide-rich) stoichiometries are determined spectroscopically. Rate and computational
studies provide a viable mechanistic and stereochemical model based on direct reaction of the

3:1 mixed tetramers and unanswered questions for the 2:2 mixed aggregates.

Introduction

This paper describes the influence of chiral lithiated amino alkoxides on the aldol
addition of oxazolidinone-derived lithium enolates (eq 1.1). The story begins with the seminal
1981 paper by Evans and co-workers describing remarkably selective aldol additions by the
boron enolate of a chiral oxazolidinone.' The impact of Evans' paper would be difficult to
overstate. Applications and subsequent refinements of the so-called Evans aldol and related
stereoselective functionalizations of “Evans enolates” are legion.” One might surmise that
lithiated Evans enolates would be central to the plotline,’ but they reside between the more
reactive sodium enolates used in alkylations* and the more selective transition metal and boron
enolates used for aldol additions.” Nonetheless, there are a handful of lithium-based Evans aldol

additions, and surprisingly, many are additions to ketones® rather than aldehydes.’
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During recent studies, we found that aldol additions to isobutyraldehyde (i-PrCHO) and
cyclohexanone afford credible selectivities and yields (Scheme 1.1).* Pronounced aging
effects’—the influence of time and warming on enolate reactivity before the addition of the
electrophile—may have bedeviled synthetic chemists, including a Pfizer process group working
on plant scales.® Independent of the enolate aging effects and in stark contrast to conventional
wisdom based on simpler aldol additions,'® the aldolate derived from i-PrCHO is susceptible to a
retroaldol reaction that causes a loss of yield and selectivity. However, the cyclohexanone-

derived aldolate is robust.®



Scheme 1.1. Aldol additions of lithiated Evans enolates.
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The aging effects of enolate (S)-1a were traced to kinetically formed and highly reactive
trisolvated dimers 3 and 4, which formed unreactive unsolvated tetramer 5 on standing at —78 °C
or with gentle warming (Scheme 1.2).* Rate and computational studies implicated monomer-
based transition structure 6. We would be remiss if we did not also mention that computational
studies suggested that the H-H interaction highlighted in 6 causes facial selectivity rather than an
explicit interaction of the aldehyde with the benzyl moiety. This outcome, too, appears to be

incongruent with conventional thinking.



Scheme 1.2. Structures of Evans enolates and mechanism of aldol additions.
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An increasingly popular and altogether different means of controlling enantioselectivities
involves non-covalent auxiliaries—chiral salts that form mixed aggregates in situ.'""'* Such a
strategy relies on controlling the complex coordination chemistry of mixed aggregates, which
usually requires a combination of determination and luck. An iconic example was reported by
the process group at Merck in 1995: an equimolar (2:2) mixture of lithium acetylide 7 and chiral
amino alkoxide 8 were added to a ketone with an astonishing 50:1 enantioselectivity en route to
50,000 kg of the reverse transcriptase inhibitor efavirenz (eq 1.2)."> The Merck group also noted
aging effects in which warming before the addition of the ketone was required to optimize the
selectivity. In a collaborative effort, we traced the selectivities and aging effects to the slow
formation of C,-symmetric 2:2 mixed aggregate 9 and direct 1,2-addition via transition structure

10.*
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Second-generation reverse transcriptase inhibitors developed at DuPont Pharmaceuticals
(now Bristol-Myers Squibb) were prepared by adding lithium acetylides to quinazolinones (eq
1.3)." Despite its apparent similarity to the Merck chemistry, the DuPont process relied on
caranolate-derived amino alkoxide 11 using 3:1 rather than 2:2 stoichiometry. Structural studies
showed the intermediacy of 3:1 (alkoxide-rich) mixed aggregate 12 with a proposed extra-
aggregate addition of lithium acetylide.'® Optimizations afforded 2,000 kg of the adduct in

>200:1 enantioselectivity before the program was terminated.'’
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We neither had the skills contemporaneous to the DuPont and Merck studies to
characterize amino alkoxides 8 and 11 nor were they needed.””'” A dozen years later, however,
we characterized them as fully chelated tetramers 13 and 14 with S4-symmetric cores (Scheme
1.3)."® The structures prompted us to ask whether the inherent selectivity of Evans enolates can
be amplified by their incorporation into cubic mixed aggregates with chiral alkoxides. It was
unclear at the outset whether mixed aggregation would afford discrete structures given the
difference in the core symmetries of the enolates and alkoxides, D,q4 versus S4. Moreover,
favorable stereochemical influence was in doubt given that homotetrameric enolate S reacts
sluggishly via a fleeting monomer rather than via a tetramer.'” In short, we got lucky: tetrameric

mixed aggregates form with excellent structural control and react rapidly without dissociation



(Scheme 1.4). This success is by no means simple when viewed in detail. The non-specialist will

find summaries of the results in the Discussion.

Scheme 1.3. Structures of amino alkoxide homotetramers.
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Scheme 1.4. Evans aldol addition of lithium enolate mixed aggregates.
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Results

Structure Determination: General. The characterization of the enolate—alkoxide mixed
tetramers required a multi-pronged approach. Mixed aggregates often display characteristic
symmetries (or lack thereof). Symmetry can be broken further using the method of continuous
variations,” also known as the method of Job,?! which has been central to our studies of
homoaggregates.”* Although heteroaggregates and mixed aggregates™ often distribute
statistically,”” several unusual nonstatistical examples are described below. Pairings of (S)-1a,b
and alkoxides 8 or 11 and the subsequent formation of aldol adducts (S)-2a,b are complemented

by pairings with antipodal enolates (R)-1a,b.
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(R)-1a; R=Bn
(R)-1b; R = i-Pr

Stereoisomers of aggregates can be distinguished using two-dimensional NMR
spectroscopies (COSY, TOCSY, HSQC, HMBC, and ROESY).24 Detailed discussions of the
cross-correlations without an interactive computer interface are beyond the scope of this
(or essentially any) paper; the analyses are archived in Appendix 1. Li—N contacts are shown
with °Li—""N coupling using [°Li,'’N]11. Density functional theory (DFT) calculations to probe
both reactant and transition structures were carried out at the B3LYP/6-31G(d) level with
energies from single-point calculations at the MP2 level of theory.”

Most of our efforts focused on carane-derived alkoxide 11 and antipodes of enolates 1a,b,

but we also undertook more limited studies of ephedrate-derived alkoxide 8. We begin with a



brief description of the results for a simple enolate to establish baseline behaviors. All of the
samples described herein required aging at 25 °C for 10 min to ensure the full equilibration of
the aggregates.”

Lithium cyclohexenolate (CyOLi)—caranolate derived mixed tetramers. Mixtures of
CyOLi and lithium alkoxide (ROL1) 11 in tetrahydrofuran (THF) at varying alkoxide:enolate
proportions produced °Li NMR spectra (Figure 1.1) consistent with 1:3 (enolate-rich) and 2:2
mixed tetramers (17 and 18) in analogy with the ROLi-acetylide described above.'*!” Tetramer
17 was uniquely consistent with the 1:3 stoichiometry and symmetry. There were, however, two
computationally less viable isomers of 18 (not shown). No 3:1 (alkoxide-rich) aggregates were
detectable. A Job plot shows some preference for 17 (Figure 1.2). A distribution of
homotetramers and two of three possible mixed tetramers that is otherwise statistical is shown in

Figure 1.3 for comparison.

10
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Figure 1.1. °Li NMR spectra of 0.10 M solutions of lithium cyclohexenolate (CyOLi) and 11 in
toluene and 0.11 M tetrahydrofuran (THF) at —80 °C with 0.11 M [°Li] lithium diisopropylamide
([°Li]LDA). The measured mole fractions®’ of CyOLi (ycyors) are 0.00, 0.13, 0.32, 0.78, and 1.00
for A—E, respectively.
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Figure 1.2. Job plot showing relative integration of the °Li resonances (CyOLi),* (gray), 14
(black), 17 (green), and 18 (red) versus the measured mole fraction of CyOLi ()¢yori) monitored
with °Li NMR spectroscopy in 0.11 M THF/toluene at —80 °C. The total lithium alkoxide titer

(enolate and alkoxide) is constant (0.10 M).
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Figure 1.3. Simulated Job plot showing a statistical distribution of aggregates A4 (black), A,B,
(red), AB3 (green), and B4 (gray) versus the measured mole fraction of B (yg) for an Ay=A,;B, =

AB; =B, ensemble.
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Structures of caranolate-derived mixed tetramers. Combining an Evans enolate—(S)-
1a, (R)-1a, (S)-1b, or (R)-1b—with amino alkoxide 11 produced mixed tetramers (S)-15a,b (R)-
15a,b, (S)-16a,b, and (R)-16a,b (Chart 1.1) in proportions that depended intimately on the choice
of toluene versus THF. The phenylalanine-derived “a” series and valine-derived “b” series
displayed similar spectroscopic behaviors. Mixed aggregates in the a series are described

emblematically as follows.

13



Chart 1.1. Mixed tetramers with 2:2 and 3:1 (alkoxide-rich) stoichiometry.
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An equimolar (1:1) mixture of (S)-1a and alkoxide 11 in toluene (Figure 1.4A,E) afforded
a complex distribution of species that, on warming to 25 °C for 10 min and cooling to —80 °C,
converged to 2:2 mixed tetramer (S)-15a with high fidelity (Figure 1.4C). Surprisingly, neither
3:1 nor 1:3 mixed tetramers were observed at any stoichiometry (Figure 1.4B,D). When [°N]11
was used, the downfield resonance of (S)-15a appeared as a doublet (1.39 ppm, Ji; n = 2.8 Hz)
with an accompanying 1:1:1 triplet in the "N spectrum. This result is consistent with fully

chelating amino alkoxide subunits in (S)-15a.
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Figure 1.4. °Li NMR spectra of 0.10 M solutions of (S)-1a and 11 in toluene and 0.11 M
THF/toluene at —80 °C with 0.11 M [°Li]LDA. The measured mole fractions of (S)-1a (X(5)-1a)
are 0.00, 0.24, 0.50, 0.74, and 1.00 for A—E, respectively.

15



The 1:1 pair of °Li resonances did not distinguish symmetric mixed tetramer (S)-15a from
a simpler mixed dimer. To this end, the °Li spectra of a 1:1 mixture of alkoxide 11 and lithium
enolate in which the enolate was equal parts (S)-1a and (R)-1a showed four new resonances
(1:1:1:1; Figure 1.5) consistent with desymmetrized mixed tetramer 19 (eq 1.4). We completed a
Job plot by holding the alkoxide/enolate ratio constant (1:1) and monitoring the °Li spectra

versus mole fractions of enolates (S)-1a and (R)-1a (Figure 1.6).

SO N e,

|0|

o—Li— L(')EL'> LU‘-(L_E\JD

(S)-15a (R)-15a 19

Of course, 2:2 mixed tetramer (S)-15a is necessarily unsolvated in toluene,” and studies
with THF suggested that (S)-15a does not accept coordinating solvents either. Using a control
experiment of increasing importance in our laboratory, we added pyridine to toluene solutions to
probe solvation of lithium ion.** The coordination of pyridine to a °Li nucleus causes a marked
(>1.0 ppm) downfield chemical shift of any resonance bearing a coordinated solvent.****' When
1.0 M pyridine was added to (S)-15a, a new species appeared corresponding to a 3:1 mixed

aggregate (vide infra), but it had no measurable effect on the resonances of (5)-15a.

16
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Figure 1.5. °Li NMR spectra of 0.10 M solutions containing equimolar alkoxide 11 and enolate
15a in 0.11 M THF/toluene at —80 °C: (A) (S)-15a; (B) 1:1 (S)-15a and (R)-15a (1:1); (C) (R)-
15a.
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Figure 1.6. Job plot showing the relative integration of the °Li resonances of (S)-15a (red), (R)-
15a (blue), and 19 (purple) versus the measured mole fraction’’ of (R)-1a [%(r)-1a] monitored with
SLi NMR spectroscopy in 0.11 M THF/toluene at —80 °C. The total enolate and alkoxide titer are

constant (0.10 M).
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The assignment of (S)-15a was completed with the gamut of two-dimensional NMR
spectroscopies (Appendix 1). We also examined the efficacy of DFT calculations for
distinguishing the five possible stereoisomers of 2:2 mixed aggregates consistent with the °Li
spectroscopic data (one isomer was inconsistent) and obtained the results in Chart 1.2. The value

of 2.2 kcal/mol for the observed form indicated a discrepancy between theory and experiment.

Chart 1.2. Computed energies of isomeric 2:2 mixed tetramers (relative kcal/mol).

R R
" O\—Li/b Bn, —O—Li_ %)  Bn,_—O—Li=_R
BRU—:\O Q/ | Li—'\<|3 Q/ Li o\g .
\L
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(S)-15a 21 22
\\(+2.2) (+0.2) (0.0)
observed O\—LiNR Bn, O—Li: R predicted
BP0 D ( | Li—:?j
Bn =0T > S Li-|-or >
2// —Li R ~0—1Li Bn
23 24
(+3.8) (+4.2)

Spectroscopic data of (R)-15a derived from alkoxide 11 and antipodal enolate (R)-1a were
in every respect analogous to those of (S)-15a (Appendix 1). Calculations also failed to show the
preference for (R)-15a relative to the isomer analogous to 22 but only by 0.1 kcal/mol.

The solvent-dependent formation of 3:1 mixed aggregates (S5)-16a was observed with a

THEF titration of a 3:1 mixture of alkoxide 11 and enolate (S)-1a (eq 1.5 and Figure 1.7). In neat

18



toluene, only mixed (S)-15a and homoaggregated alkoxide tetramer 14 were observed

(Figure 1.7A). During incremental increases in THF concentration, 3:1 mixed tetramer (S)-16a
emerged (Figure 1.7C) and became the sole observable mixed aggregate in neat THF (Figure
1.7F). The existence of a single enolate subunit within (S)-16a, although not in doubt, was
confirmed by using a 3:1 mixture of alkoxide and enolate with equal proportions of (S)-1a and
(R)-1a, which yielded (S)-16a and (R)-16a to the exclusion of other species. The existence of
two rather than three chelated alkoxides was shown using ['°N]11, which afforded two °Li
doublets and a °Li singlet accompanied by two triplets (1:1:1) and a singlet in the "N NMR

spectrum.

S~
O—Li o—Li O—Li
T o T (T L S
Lir|-o| @; - |0
/o—li= 0—Li /o=
(S)-15a 14 (9)-16a
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Figure 1.7. SLi spectra of a 3:1 mixture of alkoxide 11 (0.075 M) and (S)-1a (0.025 M) with
various concentrations of THF in toluene at —80 °C showing the appearance of THF-solvated
aggregate (5)-16a. Concentrations of THF in toluene are (A) 0.0 M, (B) 1.0 M, (C) 3.0 M, (D)
6.0 M, (E) 9.0 M, and (F) neat THF.

A coordinated THF was confirmed using several strategies. The addition of 4.0 M pyridine
to a THF solution of (S)-16a at —80 °C resulted in downfield shifts of the four resonances to
various extents. The shifts were small because the degree of pyridine coordination was low.
However, at —105 °C, four resonances corresponding to the pyridine solvate were observed in the
slow-exchange limit.” In a second experiment, the addition of 2.0 equiv
hexamethylphosphoramide (HMPA) per lithium to a THF solution afforded (5)-25a for which

the most upfield resonance appeared as a doublet (0.26 ppm, Jiip = 4.3 Hz) owing to °Li—'P

coupling, but no change in the four °Li chemical shifts was observed.*

20
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Characterizing (S)-16a proved a profoundly challenging resolution problem. Fortunately,
the full complement of two-dimensional NMR spectroscopies (vide supra) applied to
isostructural HMPA solvate (S)-25a provided a three-dimensional picture that included the
preferred orientation of the unchelated alkoxide (Appendix 1). Once again, we exploited DFT to
examine the 11 possible isomers of (S)-16a (Chart 1.3). In this instance, the computations
predicted the observed form to be the most stable. Applying the spectroscopic analysis described
above to (R)-1a provided the structure of (R)-16a. The computations for the 11 isomers of (R)-

16a solvated by THF matched the spectroscopic results (Appendix 1).
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Chart 1.3. Isomers of 3:1 mixed tetramer (S)-16a.
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Mixtures of caranolate alkoxide 11 and valine-derived enolates (R)-1b or (S)-1b revealed
completely analogous results to those described above: 2:2 mixed aggregates (R)-15b and (5)-
15b formed exclusively in neat toluene or in toluene with low concentrations of THF, whereas
(R)-16b and (S)-16b were the sole observable mixed aggregates in neat THF. Differences in
reactivity and selectivity are noted below.

Structures of ephedrate-derived mixed tetramers. The results of studies using
ephedrate-derived alkoxide 8 showed notable departures from those obtained with the carane

series. The valine-derived enolates, the b series, gave the cleanest results, and they are presented

22



emblematically. Enolate-rich mixtures of enolate (R)-1b or (S)-1b and alkoxide 8 in to/uene
yielded no 1:3 (enolate-rich) mixed tetramer (see Figure 1.8B). Equimolar mixtures afforded 2:2
mixed tetramer (S)-36b or (R)-36b exclusively (see Figure 1.8C). Alkoxide-rich mixtures with
enolate (S)-1b in neat THF afforded complex mixtures. In toluene, however, 3:1 mixed tetramer
(5)-37b was produced as a single isomer, albeit not quantitatively (Figure 1.8D). Neither (5)-36b
nor ($)-37b was influenced by added pyridine, which indicated that they are fully chelated.
Mixed aggregate (S)-36b was characterized with the full complement of two-dimensional NMR
spectroscopies (without °N labeling). Computations also supported the assignment of (S)-36b
(Appendix 1). The stereochemistry of 3:1 mixed tetramer (S)-37b, by contrast, was tentatively
distinguished from two other stereoisomers using only computations and should be viewed with
some caution. Plotting aggregate concentration versus mole fraction of alkoxide 8 afforded a Job
plot (Figure 1.9) that is almost unrecognizable compared with the statistical analog (see Figure
1.3). The curves in Figures 1.3 and 1.9 both derive from the standard parametric fitting protocol

used for any tetramer ensemble.
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Equimolar mixtures of 8 and the phenylalanine-derived (S)-1a and (R)-1a enolates in
toluene cleanly afforded fully characterized 2:2 mixed aggregates (S)-36a and (R)-36a.
Alkoxide-rich mixtures in toluene afforded familiar patterns consistent with (5)-37a and (R)-37a
along with other isomers. In neat THF, equimolar and alkoxide-rich samples afforded complex

mixtures.
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Figure 1.8. °Li NMR spectra of 0.10 M solutions of (S)-1b and alkoxide 8 in 0.11 M
THF/toluene at —80 °C with 0.11 M [°Li]LDA. The measured mole fractions’ of alkoxide 8
(xrovi) are 0.00, 0.18, 0.50, 0.69, and 1.00 for A—E, respectively.
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Figure 1.9. Job plot showing the relative integration of the °Li resonances versus the measured
mole fraction®’ (yroLi) of 8 at a 0.10 M constant total titer of (S)-1b and 8 in 0.11 M THF/toluene
at —80 °C.

Aldol Additions: Stereoselectivity. Table 1.1 summarizes a number of aldol additions to
i-PrCHO. The aggregate column lists the dominant aggregated form of enolates (S5)-1a, (R)-1a,
(S)-1b, or (R)-1b observed under the conditions of the aldol addition. (S) and (R) refer to the two
antipodes of the Evans enolates that produce what were denoted “matched” and “mismatched”
results. Entries 1-2 and 7-8 provide the results in the absence of amino alkoxide additives, as
reported previously.® The poor results in entries 2 and 8 derive not from forcing conditions
causing retroaldol additions, as described previously, but rather from slow partial conversion at —
78 °C. The low (50%) yields in entries 13, 14, 17, and 18 stem from the stalling of the reaction
after the consumption of one enolate subunit within the 2:2 mixed aggregates. Table 1.2

summarizes a limited survey of aldol selectivities (Scheme 1.5) using optimal 3:1 mixed

aggregate (5)-16b.
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Table 1.1. Stereoselectivity of aldol additions using chiral amino alkoxides and antipodes of

Evans enolates.”

Lithium syn/syn syn/anti :
Bty | hoxide | AEeEate | agl | (ragyag) | Yield (6)
1 — 3a/4a 12:1 16:1 91
2 — Sa 1:1 5:1 <20
3 11 (S)-15a 6:1 7:1 54
4 11 (R)-15a 6:1 7:1 56
5 11 (S)-16a 18:1 50:1 90
6 11 (R)-16a 2:1 5:1 88
7 — 3b/4b 5:1 4:1 90
8 — 5b 1:5 3:1 <20
9 11 (S)-15b 50:1 15:1 48
10 11 (R)-15b 50:1 14:1 45
11 11 (S)-16b 30:1 >100:1 92
12 11 (R)-16b 1:1 6:1 88
13 8 (8)-36a 10:1 16:1 55
14 8 (R)-36a 10:1 14:1 50
15 8 (8)-37a 10:1 25:1 85
16 8 (R)-37a 10:1 8:1 78
17 8 (S)-36b 9:1 13:1 52
18 8 (R)-36b 9:1 13:1 55
19 8 (S)-37b 4:1 3:1 80
20 8 (R)-37b 9:1 4:1 79

“Reaction in neat tetrahydrofuran/~78 °C for 30 min after aging the enolate at 25 °C for 10 min;
2 equiv of electrophile.
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Scheme 1.5. Aldol additions to various aldehydes and ketones showing amplification.
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Table 1.2. Stereoselectivity of selected aldol additions.

Entry RC(=O)R’ ;Eggg; syn/syn syn/anti Yield (%)
1 PhC(=O)H" — 1:3 1:12 70
2 PhC(=O)H" 11 >50:1 2:1 82
3 -BuC(=0)H" — >50:1 >50:1 90
4 -BuC(=0)H" 11 >50:1 >50:1 92
5 MeC(=0)CCH” — 3:1 >50:1 80
6 MeC(=0)CCH" 11 7:1 >50:1 85
7 i-PrC(=0)Me — — — <5
8 i-PrC(=0)Me 11 — — <5

“Literature compound.'® "Characterized as described in Appendix 1.

Aldol Additions: Rate Studies. Aside from the usual technical challenges of carrying out
organolithium reaction kinetics, several acute problems arose during this study in particular. The
rates of the aldol addition with i-PrCHO were too fast to monitor at —78 °C.”* Given the choice
of a lower temperature or a less reactive substrate, we turned to pivaldehyde (--BuCHO; eq 1.6).

Rate studies under conditions favoring 2:2 mixed tetramer (S)-15a or (S)-15b were
thwarted by odd (non-first-order) substrate losses and product formation. By contrast, the rate
studies under conditions affording 3:1 mixed tetramer were far more satisfying. The existence of
a single enolate subunit within the mixed aggregate may have helped. Monitoring the aldol

addition by following the formation of aldolate (S)-44a (1788 cm™") rather than the embedded
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absorbance of --BuCHO (1724 cm™') showed growth consistent with®* pseudo-first-order
behavior with aldehyde in deficiency and second-order behavior when the mixed aggregate and
t-BuCHO were used in 1:1 proportions (Figure 1.10). Plotting pseudo-first-order rate constants
(kobsa) versus aldehyde concentration shows concentration-independent values of kopsq (Figure
1.11), confirming the first-order dependence. Plotting kopsq Versus mixed aggregate concentration
(Figure 1.12) and the concentration of excess alkoxide (Figure 1.13) shows approximate first-

order and zeroth-order dependencies as expected (vide infra).

RQN\f\
SI\L_.L,I/7 +BUCHO )k )K(k .
Li-]-0¢| BEZE

O—Li—
(5)-16a (S = THF) (S)-44a

(S)-25a (S = HMPA)
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Figure 1.10. Formation of aldolate (S)-44a (1788 cm ') carried out using mixed tetramer (S)-16a
(0.10 M) at —78 °C under second-order conditions [0.10 M pivaldehyde (--BuCHO)] and pseudo-
first-order conditions (0.010 M, inset). The curves represent fits to fix) = a — a/(1 + bx) and fix) =
(a-1)e ™™, respectively.

3.5
3.0 H
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Figure 1.11. Plot of pseudo-first-order rate constants (kobsq) versus -BuCHO concentration in

neat THF at —78 °C [0.10 M (S)-16a, neat THF]. The curve depicts an unweighted least-squares
fit to the function fix) =ax+ b:a=(-1.3+£23)x 105 b=(2+2) x 10",
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Figure 1.12. Plot of pseudo-first-order rate constants (kobsq) versus (S)-16a concentration at
0.0050 M #-BuCHO in neat THF at —78 °C. The data were fit to y = ax" such that n = 1.14 + 02.
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Figure 1.13. Plot of pseudo-first-order rate constants (kobsq) Versus the concentration of 11 in
neat THF at —78 °C [0.10 M (S)-16a, neat THF]. The curve depicts an unweighted least-squares
fit to the function fix) =ax + b:a=(1.94+1.8) x 107, b=(1.31+0.11) x 10°°.

Determining the all-important reaction order in THF would require the monitoring of rates
over a range of solvent concentrations. However, even modest decreases in THF concentration

from 12 M (neat THF) pushed the reactants from exclusive 3:1 mixed tetramer (S)-15a to the 2:2

mixed aggregates (eq 1.4), irreparably undermining the rate studies. Accordingly, we
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compromised yet again by using the isostructural HMPA solvate (S)-25a. The free
(uncoordinated) HMPA concentration was varied over a 10-fold range (0.025-0.15 M) without a
measurable change in structure. It was notable at the outset that, despite the enormous binding
affinity of HMPA relative to THF,” the rates of additions in HMPA/toluene and neat THF were
nearly indistinguishable. Despite the possibility of obtaining a number of uninformative
outcomes that can result from the addition of such an invasive ligand, we obtained the one result
that lent itself to literal interpretation unfettered by qualifiers: the reaction was zeroth-order in
HMPA (Figure 1.14), which showed that the aldol proceeds via a mechanism that requires
neither association nor dissociation of the sole coordinated solvent on the 3:1 mixed tetramer
framework in the rate-limiting step. Using ~-BuCDO afforded a kn/kp of 0.77 £ 0.016, which is
consistent with a rate-limiting aldol addition. A rate-limiting complexation would afford a kn/kp

of 1.0.
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Figure 1.14. Plot of pseudo-first-order rate constants (kobsq) versus hexamethylphosphoramide

concentration in neat THF at =78 °C [0.10 M (S)-16a, neat THF]. The curve depicts an

unweighted least-squares fit to the function f{x) = ax + b: a = (6.4 + 10.6) x 10™*; b= (1.2 £ 0.09)
x 107,

Altogether, the rate data implicate the idealized rate law>®*" in eq 1.7 and the generic
mechanism in eq 1.8, which are discussed below. We note here that the lack of deaggregation
and solvent dissociation evidenced by the zeroth-order dependencies is a critical observation.

d[P]/dt = \[RCHO][S]’[(S)-16a]'[11]° (1.7)

(S)-16a + RCHO —— [(5)-16a]-RCHO]* (1.8)
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Discussion

The work described herein falls into three categories: (1) characterization of ROLi-
lithium enolate mixed tetramers; (2) development of stereoselective aldol additions of mixed
tetramers; and (3) mechanistic study and determination of a stereochemical model for aldol
addition.

Structures. The structural studies are summarized using the shorthand mnemonic
described in Scheme 1.6 with color-coded loops for the S (red) and R (blue) enantiomeric series
of Evans enolates. Detailed depictions of the tetrameric mixed aggregates are found in Chart 1.1.
The a and b series correspond to the phenylalanine- and valine-derived oxazolidinones,
respectively. The characterizations required a range of tactics and strategies. Job plots show the
gross aggregation states and stoichiometries of the mixed tetramers. Figure 1.9 offers the most
unusual nonstatistical example we have encountered to date. The presence or absence of
chelation was confirmed with °N labeling of the amino alkoxide (['*N]11). Coordination by
external ligands was probed using pyridine as a °Li chemical shift reagent and HMPA to show
specific solvent-lithium contacts through °Li—"'P coupling.’” The stereochemical assignments
stem from the application of a battery of two-dimensional spectroscopic methods complemented
by DFT computations. Several mixed aggregates received less scrutiny but are secure

nonetheless.
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Scheme 1.6. Summary of 2:2 and 3:1 mixed aggregates.
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The various topologies of the D,¢-symmetric core of enolate tetramer S and the S4-
symmetric cores of alkoxide tetramers 13 and 14 conflict en route to the formation of mixed
tetramers: the enolate topology dominates, but a structural mess was a distinct possibility.
Alkoxides 8 and 11, which form tetrameric cubes 13 and 14 (respectively), combine with both
antipodes of the Evans enolates—homotetramers (S)-5a, (R)-5a, (S)-5b, (R)-5b—to form
exclusively 2:2 mixed aggregates 15 in toluene, irrespective of stoichiometry. Mixtures
containing excess alkoxide 11 cleanly afford (S5)-16 or (R)-16 as a single stereoisomer but only in
neat THF. The solvent concentration dependence can be traced to the preferential solvation of a
single corner of the cube with accompanying scission of one of three amino alkoxide chelates.
The stereocontrolled assembly of mixed tetramers 15 and 16 is remarkable given the enormous
number of possible isomers (see Charts 1.2 and 1.3) consistent with the spectroscopic
symmetries (many more if all possibilities are considered). Lithium enolates with excess

ephedrate-derived alkoxide 8 received less scrutiny primarily because the structural control of
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the 3:1 mixed tetramers was poor. The absence of 1:3 enolate-rich mixed tetramers under any
conditions is surprising, particularly given that (a) the enolate-like rather than alkoxide-like
topologies of the resulting mixed aggregates dominate, and (b) simple enolates afford enolate-
rich 1:3 mixed aggregates but not 3:1 alkoxide-rich mixed aggregates.

Stereoselective Aldol Additions. Our goal at the outset was to exploit amino alkoxide-
containing mixed tetramers to amplify the inherent 12:1 (syn/syn) selectivity observed for aldol
addition using lithiated Evans enolates (see Table 1.1, entry 1). Once again, we had numerous
reasons for pessimism. The credible selectivity for unmodified Evans enolates was obtained from
kinetically formed enolate dimers, which readily form fleeting monomers (see Scheme 1.2). The
homotetrameric enolate 5 in THF formed by aging is decidedly unreactive, undergoing aldol
addition via monomer stereorandomly and only under forcing conditions (see Table 1.1, entry 2).
A glimmer of hope was found in contemporaneous studies of Weinreb enolates in which fully
chelated tetramers showed evidence of coordinating external ligands to afford five-coordinate
lithium owing to the geometric constraints of five-membered chelates.”” We hoped the aldehyde
might find its way into the mixed tetramer core.

We found two lines of evidence that mixed tetramers react without deaggregation: (1) the
reactions were fast at —78 °C even in neat toluene, which contrasts with homotetramer 5, and (2)
the 2:2 mixed tetramers (15) markedly altered the stereoselectivity, albeit eroding the selectivity
regardless of which enolate antipode was paired with alkoxide 11 (see Table 1.1, cf. entry 1 and
entries 3 and 4). Fortunately, 3:1 mixed aggregates (5)-16 and (R)-16 showed the matched—
mismatched influence we sought (Scheme 1.7). The S series (matched) amplified the aldol
selectivity and eliminated low levels of the anti adduct (see Table 1.1, entries 5 and 11), whereas

the R series (mismatched) eroded the selectivities (entries 6 and 12). When measured in
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kilocalories per mole, the stereochemical effects are small, but the measurable amplification is a
satisfying proof of principle nonetheless. Ephedrate-derived alkoxide 8 showed inferior
structural control and a lack of stereochemical influence (see Table 1.1, entries 13-20) that could
be construed as evidence of a monomer-based aldol addition. That the aldol additions are fast at

—78 °C does not exclude this possibility.

Scheme 1.7. Stereoselectivity from matched and mismatched enolate antipodes (see Table 1.1).
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The optimized case, mixed tetramer (S5)-16b derived from (S)-valine and alkoxide 11,
showed amplification of a few select aldol additions (see Table 1.2). This amplification is real
but modest at best. The addition to benzaldehyde (entries 1 and 2) shows a mechanistically
significant alkoxide-mediated reversal to produce synthetically unimportant overall
stereoselectivity.

Stereochemical Model I: the Wrong One. We were tempted to invoke the THF-
solvated lithium nucleus in 3:1 mixed tetramers (16) as the centerpiece of a stereochemical
model (Scheme 1.8). Imagine the substitution of the lone THF by aldehyde to give fleeting

intermediate 45, which then undergoes facile aldol addition via transition structure 46. The first
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problem is that this aldol addition via (S)-45a predicts that the aldol should be (5)-38a, the wrong
product. A simple corrective action is to assume equilibrium between observable mixed tetramer
(5)-16 and fleeting isomer (S)-32a, which is calculated to be 5.5 kcal/mol less stable.

Substitution via aldehyde and aldol addition would give the correct aldol adduct 47 as the
amplified form, a textbook example of the Curtin—-Hammett principle. Alas, the computations
predict transition structure (S)-46a to be less favorable than (S)-45a. In essence, the model
incorrectly predicts an isomeric mismatch. This prediction is not a fundamental problem because
computations can be wrong; we noted examples in the results section. A similar analysis using
mixed tetramer (R)-16a derived from enolate (R)-1a should display amplified stereocontrol
rather than the observed eroded (mismatched) stereoselectivity. The entire model is backwards.

There is, however, a more fundamental flaw.
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Scheme 1.8. Stereochemical model I (wrong).
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Model I is pedagogically useful (easily envisioned) but incompatible with the rate data.
To understand this incompatibility, we must digress. Detailed rate studies showed a first-order
dependence on the less-reactive ~-BuCHO and mixed tetramer (S)-16a. A zeroth-order
dependence on alkoxide confirmed tetramer-based rather than monomer-based aldol addition.
Had the reaction proceeded via monomer-based transition structure 6 (see Scheme 1.2), the rate

law would reflect the dissociation of the three alkoxide subunits (eq 1.9) as inverse three-fourths
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order in alkoxide 11. However, a zeroth-order was observed. Moreover, substituting the
coordinated THF on mixed tetramer 16 with a strongly bound HMPA should inhibit a reaction
requiring the substitution of the coordinated solvent: HMPA demonstrably binds but imparts 7o
detectable change in reaction rate or stereochemistry. An affiliated zeroth-order in solvent
(HMPA in the rate studies) shows that the solvent is not substituted by the aldehyde en route to

the aldol addition. Model I is fatally flawed.

(enolate)(ROLi)3(S) + S == (enolate)S, + 3/4(ROLi), (1.9)

(S)-16a 14

(enolate)(ROLi)3(S) + RCHO == (enolate)(ROLi);(RCHO)+S  (1.10)

(S)-16a

Stereochemical Model II: the Right One? The non-dissociative pathway mandated by
the rate studies requires that (S)-16a react either directly using an ill-defined coordination site or
via chelate scission. Although spectroscopic and computational studies of Weinreb amides
suggest that five-membered chelates leave open the possibility of trigonal-bipyramidal (five-
coordinate) lithiums on cubic tetramers,” computational evidence lends no support for a five-
coordinate lithium in the highly congested 3:1 mixed tetramer (5)-16. Instead, we invoke a

second chelate scission with aldehyde coordination (Scheme 1.9).

40



Scheme 1.9. Stereochemical model II showing matched and mismatched selectivities.
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Model II correctly predicts amplification in the S series (matched) and eroded
selectivities in the R series (mismatched). The absolute activation energies of model II are
comparable to those in model I for both the matched and mismatched pairings. We must confess
to having had no clue at the outset that our preferred model would involve a mono-chelated

mixed tetramer, which is somewhat disruptive to our thinking in that more tightly bound (fully
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chelated) mixed aggregates would be potentially more predictive and possibly impart even
greater selectivity.

The story took a huge detour when we investigated the influence of 2:2 mixed tetramers.
Members of the phenylalanine-derived a series were poorly selective regardless of the choice of
enantiomeric pairing of (R)-15a or (S)-15a, but there was no evidence of match—-mismatch
pairing. Valine-derived (S5)-15b and (R)-15b also react rapidly at —78 °C. Yields of
approximately 50% can be traced to stalling after the consumption of one of the two enolate
subunits. Remarkably, (R)-15b and (S5)-15b elicit strikingly amplified selectivities, affording
50:1 syn/syn selectivities accompanied by low levels of one anti isomer (eq 1.11). Moreover, the
aldol selectivities are independent of the enantiomeric pairings. The conundrum is that mixed
aggregates (R)-15b and (S)-15b promote highly selective alkylation from the face opposite the
isopropyl substituent despite strikingly complementary trajectories. The absence of mechanistic
data owing to odd curvatures would not stop us from proposing a stereochemical model, but we

do not have a particularly satisfying one.
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The amplification regardless of chiral pairing—that both aggregates act as matched—
suggests that the influence of the alkoxide auxiliaries specific to the 2:2 mixed aggregates has

nothing to do with chirality. This conclusion prompted a last series of experiments. Equimolar
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mixtures of achiral alkoxide 51 and enolate (S)-1b cleanly afforded a single 2:2 mixed aggregate
shown by the full complement of NMR spectroscopies to be 52. The preference for 52 with the
isopropyl moieties proximate to each other rather than 53 with the isopropyl moieties proximate
to the alkoxides shows an inherent preference uninfluenced by relative alkoxide stereochemistry.

We did indeed modify the selectivity (eq 1.12) but not favorably.
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Conclusions

Our effort to exploit the DuPont and Merck chiral amino alkoxides to impart
stereocontrol of enolate reactions is a good proof of principle. Controlling 2:2 and 3:1 mixed
tetramer structures and achieving direct reaction without intervening deaggregations are
considerable steps. Evidence of matched and mismatched modified selectivities for an aldol
addition confirms that we can control selectivity through aggregate structures. It goes without
saying that 100:1 selectivities would have been great, but the proof of principle is clear. Our wish
list, however, is extensive. Reversing the enolate configuration rather than the alkoxide

configuration nicely illustrates the matching and mismatching of chiral subunits but has obvious
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limitations in a goal to control stereochemistry. An amino alkoxide for which both antipodes are
readily available is important. This problem is familiar to those who work with sparteine as a
chiral ligand.” Surprisingly, the 2:2 mixed aggregates show considerable amplification that was
fully independent of the relative chiralities of the subunits. This outcome, in theory, solves the
chirality problem for the specific study in question, but it begs a fundamental question: How?

We had the notion that 2:2 mixed aggregates could offer a remarkably simple, albeit
ironic, solution by amplifying selectivities using achiral alkoxides, or elaborate lithium chloride
surrogates if you will. The idea that using even simple achiral amino alkoxides to modify
organolithium reactivity has been exploited most notably by Caubére.” That these achiral
compounds could influence stereocontrol is a provocative idea that has been validated:
selectivities were amplified but, in a single attempt, the effects were small. There is room for
improvement.

Of course, imparting 99% stereoselectivity on reactions of achiral chelating enolates,
whether oxazolidinone-based or not, would be a considerable advance. In the long run, however,
a universal alkoxide available in both antipodes that can amplify stereoselectivity in a range of

chelating enolates would also be meritorious and attainable.
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Experimental

Reagents and Solvents. THF, toluene, and pyridine were distilled from solutions
containing sodium benzophenone ketyl. LDA, [°Li]LDA, [°Li,'’N]LDA, lithium
hexamethyldisilazide (LIHMDS), [°Li]JLiHMDS, and [°Li,’N]JLiHMDS were prepared as
described previously. Solutions of LDA and LiHMDS were titrated for active base by using a
literature method.** Air- and moisture-sensitive materials were manipulated under argon using
standard glove box, vacuum line, and syringe techniques. The Evans enolate precursors were
purchased, and amino alcohols were obtained from Merck and Bristol-Myers Squibb (formerly
DuPont Pharmaceuticals).

NMR Spectroscopy. Individual stock solutions of substrates and LDA or LIHMDS were
prepared at room temperature. An NMR tube under vacuum was flame-dried on a Schlenk line
and allowed to return to room temperature. It was then backfilled with argon and placed in a —78
°C dry ice/acetone bath. Appropriate amounts of LDA or LIHMDS (1.1 equiv), amino alcohol,
and oxazolidinone enolate were added sequentially via syringe. The tubes were sealed under
partial vacuum and vortexed on a vortex mixer for 5 s. They could then be stored for days in a
freezer at —86 °C. Each sample routinely contained 0.10 M total substrate with a 0.01 M excess
of LDA or LiHMDS. (The excess base could not be observed in samples after aging as shown by
%Li and "N NMR spectroscopies.) Standard °Li and C NMR spectra were recorded on a 500
MHz spectrometer at 73.57 and 125.79 MHz, respectively. The °Li resonances were referenced
to 0.30 M [°Li]LiCl/methanol at —80 °C (0.0 ppm).

IR Spectroscopic Analyses. IR spectra were recorded with an in situ IR spectrometer
fitted with a 30-bounce, silicon-tipped probe. The spectra were acquired in 16 scans at a gain of

1 and a resolution of 4 cm ', A representative reaction was carried out as follows: The IR probe
p p
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was inserted through a nylon adapter and O-ring seal into an oven-dried, cylindrical flask fitted
with a magnetic stir bar and a T-joint. The T-joint was capped with a septum for injections and a
nitrogen line. After evacuation under full vacuum, heating, and flushing with nitrogen, the flask
was charged with LDA (56 mg, 0.525 mmol) or LIHMDS (88 mg, 0.525 mmol) in THF, cooled
in a dry ice/acetone bath prepared with fresh acetone, and charged with (S)-1a (29 mg, 0.25
mmol) and 11 (90 mg, 0.75 mmol) in THF. The total volume was brought to 4.9 mL with THF.
After a background spectrum was recorded, ~-BuCHO (0.050 mmol) as a 0.25 M stock solution
in THF was added with stirring. IR spectra were recorded every 6 s with monitoring of the
absorbance at 1788 cm ™' over the course of the reaction.

Preparative Scale Addition of i-PrCHO. LiHMDS (4.11 g, 24.6 mmol) was weighed out in a
100 mL round-bottom flask inside a glove box, and the flask was sealed with a septum. After
transferring the flask outside the glove box, the lithium base was dissolved in 40 mL of freshly
distilled THF. The solution was cooled to —78 °C in a dry ice/acetone bath. A mixture of (S)-1b
(1.11 g, 6.0 mmol) and 11 (4.43 g, 18.5 mmol) in 20 mL of THF was added dropwise to the
cooled solution. The mixture was warmed to 25 °C for 10 min, recooled to —78 °C, and allowed
to stir for 15 min. Then, 1.10 mL of freshly distilled i-PrCHO (0.87 g, 12.0 mmol) in 2.0 mL of
THF was added to the reaction mixture. After 30 min of stirring at —78 °C, the reaction was
quenched with 10 mL concentrated HCI. The solution was warmed to room temperature and
extracted with three 100 mL portions of diethyl ether. The organic extracts were washed with
100 mL brine, dried over sodium sulfate, and concentrated in vacuo. The crude product was
analyzed with 'H and >C NMR. After flash chromatography with 20% ethyl acetate in hexanes,
1.42 g of product was obtained (92% yield). (S)-2b: "H NMR (599 MHz, CDCl;) & 4.43 (ddd, J

= 8.4,4.0,3.1 Hz, 1H), 4.25 (dd, J= 9.2, 8.4 Hz, 1H), 4.18 (dd, /= 9.2, 3.1 Hz, 1H), 4.03 (qd, J
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=17.0,3.2 Hz, 1H), 3.53 (dd, /= 8.2, 3.2 Hz, 1H), 2.45 (s, 1H), 2.31 (ddq, /= 10.9, 6.9, 3.9, 3.5
Hz, 1H), 1.67 (dp, J=8.2, 6.7 Hz, 1H), 1.11 (d, J= 7.0 Hz, 3H), 0.99 (d, J= 6.6 Hz, 3H), 0.90
(d, J= 6.8 Hz, 3H), 0.88 (d, J= 7.0 Hz, 3H), 0.85 (d, J = 6.9 Hz, 3H). °C NMR (126 MHz,
CDCls) 6 177.4,153.7,77.2, 63.3, 58.5, 39.9, 31.2, 28.5, 19.1, 19.0, 18.0, 14.7, 9.8. Direct
analysis in real-time mass spectrometry m/z: calculated for C3H,,NO3; (M+H-H,0)" 240.15942,
found 240.15923. The minor isomers were observed using NMR spectroscopy with comparison

to independently prepared authentic samples (Appendix 1).
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for (R)-32a

Geometric coordinates and thermally corrected MP2 energies
for (R)-33a

Geometric coordinates and thermally corrected MP2 energies
for (R)-34a

Geometric coordinates and thermally corrected MP2 energies
for (R)-35a

59

302

305

308

311

314

317

320

323

326

329

332

335

338

341

344

347



Table A.1.41.
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Geometric coordinates and thermally corrected MP2 energies
for (R)-29a

Geometric coordinates and thermally corrected MP2 energies
for (R)-30a

Geometric coordinates and thermally corrected MP2 energies
for (R)-31a

Geometric coordinates and thermally corrected MP2 energies
for (R)-16a

Geometric coordinates and thermally corrected MP2 energies
for (R)-26a

Geometric coordinates and thermally corrected MP2 energies
for (R)-27a

Geometric coordinates and thermally corrected MP2 energies
for (R)-28a
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for precomplex pre-($)-48a
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for precomplex pre-($)-47a

Geometric coordinates and thermally corrected MP2 energies
for precomplex pre-(R)-49a

Geometric coordinates and thermally corrected MP2 energies
for precomplex pre-(R)-50a

Geometric coordinates and thermally corrected MP2 energies
for transition state (S)-48a

Geometric coordinates and thermally corrected MP2 energies
for transition state (S)-47a

Geometric coordinates and thermally corrected MP2 energies
for transition state (R)-49a

Geometric coordinates and thermally corrected MP2 energies
for transition state (R)-50a

Geometric coordinates and thermally corrected MP2 energies
for transition state (S)-46a
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Table A.1.57.

Table A.1.58.

Table A.1.59.

Table A.1.60.

Table A.1.61.

Table A.1.62.

Geometric coordinates and thermally corrected MP2 energies
for transition state (S)-45a

Geometric coordinates and thermally corrected MP2 energies
for transition state (R)-45a

Geometric coordinates and thermally corrected MP2 energies
for transition state (R)-46a

Geometric coordinates and thermally corrected MP2 energies
for transition state (S)-37a (isomer A)

Geometric coordinates and thermally corrected MP2 energies
for transition state (S)-37a (isomer B)

Geometric coordinates and thermally corrected MP2 energies
for transition state (S)-37a (isomer C)
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Chart A.1.1. Substrates and aggregates
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Part 1: Substrates And Products
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Figure A.1.1. 'H NMR spectrum of 11 in CDCI, at 25 °C.
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Figure A.1.2. "C NMR spectrum of 11 in CDCI, at 25 °C.
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Figure A.1.3. 'H NMR spectrum of 8 in CDCI, at 25 °C.
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Figure A.1.4. "C NMR spectrum of 8 in CDCI, at 25 °C.
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Figure A.1.5. 'H NMR spectrum of 1a in CDCI, at 21 °C.
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Figure A.1.6. "C NMR spectrum of 1a in CDCI, at 21 °C.
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Figure A.1.7. 'H NMR spectrum of (R,S)-2a aldol product in CDCI, at 25 °C.
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Figure A.1.8. °C NMR spectrum of (R,S)-2a aldol product in CDCI, at 25 °C.
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Figure A.1.9. 'H NMR spectrum of (S,R)-2a aldol product in CDCI, at 21 °C.
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Figure A.1.10. °C NMR spectrum of (S,R)-2a aldol product in CDCI, at 21 °C.
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Figure A.1.11. '"H NMR spectrum of (R,R)-2a aldol product in CDCI, at 25 °C.
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Figure A.1.12. °C NMR spectrum of (R,R)-2a aldol product in CDCl, at 25 °C.
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Figure A.1.13. '"H NMR spectrum of (§,S)-2a aldol product in CDCl, at 23 °C.
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Figure A.1.14. °C NMR spectrum of (S,S5)-2a aldol product in CDCI, at 23 °C.
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Figure A.1.15. '"H NMR spectrum of 1a, (R,S)-2a, (S,R)-2a, (R,R)-2a, (S,S)-2a aldol products in
CDCl,.
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Figure A.1.16. 'H NMR spectrum of 1b in CDCl, at 25 °C.
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Figure A.1.17. °C NMR spectrum of 1b in CDCl, at 25 °C.
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Figure A.1.18. 'H NMR spectrum of (R,S)-2b aldol product in CDCI, at 25 °C.
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Figure A.1.19. "C NMR spectrum of (R,S)-2b aldol product in CDCI, at 25 °C.
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Figure A.1.20. 'H NMR spectrum of (S,R)-2b aldol product in CDCI, at 25 °C.
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Figure A.1.21. "C NMR spectrum of (S,R)-2b aldol product in CDCI, at 25 °C.
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Figure A.1.22. 'H NMR spectrum of (R,R)-2b aldol product in CDCl, at 25 °C.
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Figure A.1.23. "C NMR spectrum of (R,R)-2b aldol product in CDCI, at 25 °C.
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Figure A.1.24. '"H NMR spectrum of (§,5)-2b aldol product in CDCI, at 25 °C.
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Figure A.1.25. °C NMR spectrum of (S,S5)-2b aldol product in CDCI, at 25 °C.
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Figure A.1.26. 'H NMR spectrum of 1b, (R,S)-2b, (S,R)-2b, (R,R)-2b, (S,S)-2b aldol products in
CDCl,.
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Pivaldehyde-d Synthesis

Neopentyl alcohol-d, was synthesized using a modified prep from J. Org. Chem. 2014,
79,6743 and J. Org. Chem. 2017, 82, 1285 to avoid using LiAID, as a reducing reagent.
Pivaldehyde-d was synthesized using a slightly modified procedure from J. Am. Chem. Soc.
1992, 114, 1800.

Neopentyl alcohol-d,. To a solution of methyl pivalate (11.6 g,0.10 mol) in anhydrous
hexane (250 mL) was added MeOD (18.36 mL, 0.45 mol) followed by sodium dispersion in
mineral oil (40 wt %, 0.45 mol) at O °C while purging the reaction vessel with a stream of Ar. Na
dispersion can be easily added with a graduated pipette (the approximate amount 8 x 4 mL). The
reaction mixture was stirred vigorously and after 5 min the temperature was raised to rt. After 20
min, the mixture was quenched with 200 mL of 3 M aqueous HCI solution, and diluted with 200
mL Et,0. The mixture was sequentially washed with water, brine, NaHCO;, and brine. The
solution was dried over MgSQ,, filtered, and distilled to afford the desired product in 30% yield.
'H NMR (500 MHz, CDCL,) 6 0.91 (s, 9H); "C NMR (126 MHz, CDCl,) & 72.87, 34.81, 26.10.

Pivaldehyde-d. To a stirred solution of PCC (32.0 g, 150 mmol) in 200 mL of anhydrous
DCM at rt was added neopentyl alcohol-d, (8.7 g, 96 mmol) in 16 mL of DCM. The solution was
stirred overnight, and afterwards diluted with pentane. The crude mixture was filtered through a
thin layer of Florisil®, and the filtrate was fractionally distilled at ambient pressure to afford 3.1 g
(37%) of desired aldehyde. "H NMR (500 MHz, CDCl,) 6 1.08 (s, 9H); °C NMR (126 MHz,
CDCly) 6 206.00 (t,J =25.7 Hz),42.57 (t,J = 3.1 Hz), 23.57.
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Figure A.1.27. 'H NMR spectrum of neopentyl alcohol-d, in CDCI,.
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Figure A.1.28. °C NMR spectrum of neopentyl alcohol-d, in CDCL,.
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Figure A.1.29. 'H NMR spectrum of pivaldehyde-d in CDCI,.
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Figure A.1.30. °C NMR spectrum of pivaldehyde-d in CDCl,.
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Synthesis of 51.

Ethyl 2-morpholinoacetate. Add K,CO, (27.6 g, 0.20 mol) to a solution of morpholine
(8.71 g,0.10 mol) in 500 mL of THF. The resulting mixture was stirred at rt for 15 min and
chloroethyl acetate (12.3 g, 10.7 mL, 0.10 mol) was then added. The reaction was stirred for 48 h
at rt. Quenched by adding 200 mL of water, extracted with EtOAc (3x), and dried over Na,SO,.
Concentrated in vacuo and purified by flash chromatography (hexanes/ethyl acetate). The desired
product was obtained in 90% yield. 'H NMR (400 MHz, CDCl,) 6 4.14 (q,J=7.1 Hz, 1H), 3.70
(dd,J=4.7Hz,2H),3.15 (s, 1H),2.53 (dd,J=5.7,3.7 Hz,2H), 1.22 (t,/ = 7.1 Hz, 2H).

2-Methyl-1-morpholinopropan-2-ol (51). 3.0 M MeMgBr in Et,0 (46.2 mL) was added
dropwise to a solution of ethyl 2-morpholinoacetate (8.0 g, 46.2 mmol) in 200 mL of anhydrous
THF under Ar at =78 °C, and the reaction mixture was stirred overnight allowing the temperature
to rise to rt. Water (200 mL) was added and the resulting mixture was extracted with Et,O (3x).
The combined organic extracts were washed with brine and dried over MgSO,. 6.9 g (94%) of
the desired amino alcohol was obtained. "H NMR (400 MHz, CDCl,) 8 3.75 — 3.67 (m, 4H), 3.00
(s, 1H),2.68 —2.59 (m, 4H), 2.32 (s, 2H), 1.17 (s, 6H).
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Figure A.1.31. 'H NMR spectrum of ethyl 2-morpholinoacetate in CDCI,.
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96

A | X
s ~ o <
g8 =~ = s,
=R S
T T T T T T T T T T T T T
95 9.0 85 8.0 75 70 6.5 6.0 55 50 45 40 35 30 25 20 L5 10 05 00
ppm



Part 2. Aggregate Characterization
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Figure A.1.33. °Li NMR spectra for 0.10 M solutions of [°Li]-11 (A) and [°Li]-CyOLi (B) in
THF at —80 °C (substrates were deprotoned with 0.11 M [°Li]LDA and aged for 10 min at 25
°C). The intended mole fractions, X, in (a)—(i) are 0.00, 0.02,0.13,0.32,0.45,0.55,0.78,0.89
and 1.00, respectively.
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Figure A.1.34. Job plot showing the relative integrations versus the measured mole fraction of
CyOLi for 0.10 M mixtures of [°Li]-11 (A) and [°Li]- CyOLi (B) in THF at =80 °C.

98



AZBZ
(c)
(d)
B4 O”Li‘o
O)LN)\/MC
(e) \—<Bn

—_—— T
24 23 22 21 20 19 18 17 16 15 14 13 12 1.1 (1.0) 09 08 07 06 05 04 03 02 01 00 -01 -02 -03 -0.4
ppm

Figure A.1.35. °Li NMR spectra for 0.10 M solutions of [°Li]-11 (A) and [°Li]-(S)-1a (B) in
toluene (1.0 equiv of THF per Li) at =80 °C (substrates were deprotoned with 0.11 M [°Li]LDA
and aged for 10 min at 25 °C). The intended mole fractions, X, in (a)—(e) are 0.00, 0.25,0.50,
0.75, and 1.00, respectively.
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Figure A.1.36. °Li NMR spectra for 0.10 M solutions of [°Li]-5 (A) and [°Li]-(R)-1 (B) in
toluene (1.0 equiv of THF per Li) at =80 °C (substrates were deprotoned with 0.11 M [*Li]LDA
and aged for 10 min at 25 °C). The intended mole fractions, X, in (a)—(e) are 0.00, 0.25,0.50,
0.75, and 1.00, respectively.
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Figure A.1.37.°Li NMR spectra for 0.10 M solutions of [°Li]-11 (A) and [°Li]-(S)-1b (B) in
toluene (1.0 equiv of THF per Li) at =80 °C (substrates were deprotoned with 0.11 M [°Li]LDA
and aged for 10 min at 25 °C). The intended mole fractions, X, in (a)—(e) are 0.00, 0.25,0.50,
0.75, and 1.00, respectively.
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Figure A.1.38. °Li NMR spectra for 0.10 M solutions of [°Li]-11 (A) and [°Li]-(R)-1b (B) in
toluene (1.0 equiv of THF per Li) at =80 °C (substrates were deprotoned with 0.11 M [°Li]LDA

and aged for 10 min at 25 °C). The intended mole fractions, X, in (a)—(c) are 0.00, 0.50, and
1.00, respectively.
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Figure A.1.39. °Li NMR spectra for 0.10 M solutions of [°Li]-(S)-15a (A) and [°Li]-(S)-15b (B)
in toluene (1.0 equiv of THF per Li) at —80 °C (substrates were deprotoned with 0.11 M
[‘Li]LDA and aged for 10 min at 25 °C). The measured mole fractions, X,, in (a)-(k) are 0.00,
0.11,0.24,0.38,0.45,0.55,0.65,0.74,0.81,0.93, and 1.00, respectively.
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Figure A.1.40. Job plot showing the relative integrations versus the measured mole fraction of
(S)-1b for 0.10 M mixtures of [°Li]-(S)-15a (A) and [°Li]-(S)-15b (B) in toluene (1.0 equiv of
THF per Li) at —80 °C.
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Figure A.1.41.°Li NMR spectra for 0.10 M solutions of [°Li]-(S)-15a (A) and [°Li]-(R)-15b (B)
in toluene (1.0 equiv of THF per Li) at —80 °C (substrates were deprotoned with 0.11 M
[‘Li]LDA and aged for 10 min at 25 °C). The measured mole fractions, X,, in (a)-(k) are 0.00,
0.06,0.22,0.30,0.45,0.56,0.62,0.77,0.82,0.91, and 1.00, respectively.
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Figure A.1.42. Job plot showing the relative integrations versus the measured mole fraction of

(R)-1b for 0.10 M mixtures of [°Li]-(S)-15a (A) and [°Li]-(R)-15b (B) in toluene (1.0 equiv of
THF per Li) at —80 °C.
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Figure A.1.43. °Li NMR spectra for 0.10 M solutions of [°Li]-(R)-15a (A) and [°Li]-(S)-15b (B)
in toluene (1.0 equiv of THF per Li) at —80 °C (substrates were deprotoned with 0.11 M
[‘Li]LDA and aged for 10 min at 25 °C). The measured mole fractions, X,, in (a)-(k) are 0.00,
0.14,0.34,0.44,0.49,0.60,0.72,0.82,0.90,0.93, and 1.00, respectively.

107



e
N

o
o

Relative Integration
o o
A= Qa1

0.4 0.5 0.6
Mole Fraction B

Figure A.1.44. Job plot showing the relative integrations versus the measured mole fraction of
(S)-1b for 0.10 M mixtures of [°Li]-(R)-15a (A) and [°Li]-(S)-15b (B) in toluene (1.0 equiv of
THF per Li) at —80 °C.
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Figure A.1.45.°Li NMR spectra for 0.10 M solutions of [°Li]-(R)-15a (A) and [°Li]-(R)-15b (B)
in toluene (1.0 equiv of THF per Li) at —80 °C (substrates were deprotoned with 0.11 M
[‘Li]LDA and aged for 10 min at 25 °C). The measured mole fractions, X,, in (a)-(k) are 0.00,
0.13,0.28,0.37,0.53,0.68,0.70, 0.80, 0.88, 0.93, and 1.00, respectively.
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Figure A.1.46. Job plot showing the relative integrations versus the measured mole fraction of

(R)-1b for 0.10 M mixtures of [°Li]-(R)-15a (A) and [°Li]-(R)-15b (B) in toluene (1.0 equiv of
THF per Li) at —80 °C.
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Figure A.1.47.°Li NMR spectra for 0.10 M solutions of [°Li]-8 (A) and [°Li]-(S)-1a (B) in
toluene (1.0 equiv of THF per Li) at =80 °C (substrates were deprotoned with 0.11 M [°Li]LDA
and aged for 10 min at 25 °C). The intended mole fractions, X, in (a)—(e) are 0.00, 0.25,0.50,
0.75, and 1.00, respectively.
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Figure A.1.48. °Li NMR spectra for 0.10 M solutions of [°Li]-8 (A) and [°Li]-(R)-1a (B) in
toluene (1.0 equiv of THF per Li) at =80 °C (substrates were deprotoned with 0.11 M [°Li]LDA
and aged for 10 min at 25 °C). The intended mole fractions, X, in (a)—(e) are 0.00, 0.25,0.50,
0.75, and 1.00, respectively.
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Figure A.1.49.°Li NMR spectra for 0.10 M solutions of [°Li]-8 (A) and [°Li]-(S)-1b (B) in
toluene (1.0 equiv of THF per Li) at =80 °C (substrates were deprotoned with 0.11 M [°Li]LDA
and aged for 10 min at 25 °C). The intended mole fractions, X, in (a)—(e) are 0.00, 0.25,0.50,
0.75, and 1.00, respectively.
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Figure A.1.50. °Li NMR spectra for 0.10 M solutions of [°Li]-(S)-36a (A) and [°Li]-(S)-36b (B)
in toluene (1.0 equiv of THF per Li) at —80 °C (substrates were deprotoned with 0.11 M
[‘Li]LDA and aged for 10 min at 25 °C). The measured mole fractions, X,, in (a)-(k) are 0.00,
0.19,0.26,0.36,0.48,0.63,0.70,0.78,0.86,0.92, and 1.00, respectively.
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Figure A.1.51. Job plot showing the relative integrations versus the measured mole fraction of
(S)-1b for 0.10 M mixtures of [°Li]-(S)-36a (A) and [°Li]-(S)-36b (B) in toluene (1.0 equiv of
THF per Li) at —80 °C.
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Figure A.1.52. °Li NMR spectra for 0.10 M solutions of [°Li]-(S)-1b (A) and [°Li]-8 (B) in
toluene (1.0 equiv of THF per Li) at =80 °C (substrates were deprotoned with 0.11 M [°Li]LDA
and aged for 10 min at 25 °C). The measured mole fractions, X, in (a)—(k) are 0.00,0.10,0.17,
0.36,0.44,0.50,0.61,0.70,0.80,0.91, and 1.00, respectively.
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Figure A.1.53. Job plot showing the relative integrations versus the measured mole fraction of
10 for 0.10 M mixtures of [°Li]-(S)-1b (A) and [°Li]-8 (B) in toluene (1.0 equiv of THF per Li)

at =80 °C.
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Figure A.1.54. °Li NMR spectra for 0.10 M solutions of [°Li]-(S)-15a with varying
concentrations of pyridine in toluene (1.0 equiv of THF per Li) at =80 °C (substrates were
deprotoned with 0.11 M [°*Li]LDA and aged for 10 min at 25 °C).
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Figure A.1.55. °Li NMR spectra for unaged 0.10 M solutions of [°Li]-(S)-15b (A) and [°Li]-
(S)-15a (B) in toluene (1.0 equiv of THF per Li) at —80 °C (substrates were deprotoned with 0.11
M [‘Li]LDA). The intended mole fractions, X,, in (a)—(c) are 0.00, 0.50, and 1.00, respectively.
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Figure A.1.56. °Li NMR spectra for 0.10 M solutions of [°Li]-(S)-16a with varying
concentrations of THF at —80 °C in toluene cosolvent (substrates were deprotoned with 0.11 M
[*Li]LDA and aged for 10 min at 25 °C).
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Figure A.1.57.°Li NMR spectra for 0.10 M solutions of [°Li]-11 (A) and [°Li]-(S)-1a (B) in
12.3 M THF at —80 °C (substrates were deprotoned with 0.11 M [°Li]LDA and aged for 10 min
at 25 °C). The intended mole fractions, X, in (a)—(c) are 0.00, 0.25, and 1.00, respectively.
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Figure A.1.58. °Li NMR spectra for 0.10 M solutions of [°Li]-11 (A) and [°Li]-(R)-1a (B) in
12.3 M THF at —80 °C (substrates were deprotoned with 0.11 M [°Li]LDA and aged for 10 min
at 25 °C). The intended mole fractions, X, in (a)—(c) are 0.00, 0.25, and 1.00, respectively.
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Figure A.1.59. °Li NMR spectra for 0.10 M solutions of [°Li]-11 (A) and [°Li]-(S)-1b (B) in
12.3 M THF at —80 °C (substrates were deprotoned with 0.11 M [°Li]LDA and aged for 10 min
at 25 °C). The intended mole fractions, X, in (a)—(c) are 0.00, 0.25, and 1.00, respectively.
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Figure A.1.60. °Li NMR spectra for 0.10 M solutions of [°Li]-(S)-16a (A) and [°Li]-(R)-16a (B)
in 12.3 M THF at —80 °C (substrates were deprotoned with 0.11 M [‘Li]LDA and aged for 10
min at 25 °C). The intended mole fractions, X;, in (a)—(e) are 0.00, 0.25,0.50,0.75, and 1.00,
respectively.

124



i Me OLi @0
oo \ 11@
O/lNJ\/Me
— M
(a) Bn N Me 3

(b)

T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
19 18 17 16 15 14 13 12 11 10 09 08 07 06 05 04 03 02 01 00 -01 -02 -03 -04 -05 -06 -07 -08 -09
ppm

Figure A.1.61. °Li NMR (a) and °Li{""N} NMR (b) spectra for 0.10 M solution of
[°Li,"N]-(S)-16a in 12.3 M THF at —80 °C with 0.11 M [°Li]JLDA and 0.055 M HMPA.
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Figure A.1.62. "N NMR (a) and "N{°Li} NMR (b) spectra for 0.10 M solution of
[°Li,"N]-(S)-16a in 12.3 M THF at —80 °C with 0.11 M [°Li]JLDA and 0.055 M HMPA.
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Figure A.1.63. °Li NMR spectra for 0.10 M solutions of [°Li]-(S)-16a with varying
concentrations of pyridine in 12.3 M THF at —105 °C with 0.11 M [°Li]LDA.
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Figure A.1.64. °Li NMR spectra for 0.10 M solutions of [°Li]-(S)-16a with varying
concentrations of HMPA in 12.3 M THF at —105 °C with 0.11 M [°Li]LDA.
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Figure A.1.65. °Li NMR spectra of a 0.10 M solution of [°Li]-(R)-16a in 12.3 M THF with
0.11 M [°Li]JLDA, and varying temperature.
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Figure A.1.66. °Li NMR spectra for 0.10 M solutions of [°Li]-51 (A) and [°Li]-(S)-1b (B) in
toluene at —80 °C (substrates were deprotoned with 0.11 M [°Li]LiHMDS and aged for 10 min at
25 °C). The intended mole fractions, X, in (a)-(e) are 0.00, 0.25,0.50,0.75, and 1.00,
respectively.
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2D NMR analysis of 2:2 mixed aggregate (S)-15a: A sample prepared from 0.40 M
[*Li]LiHMDS, 0.20 M (S)-1a and 0.20 M 11 in neat toluene-d,, after aging at 25 °C for 10 min,
was studied by standard 2D NMR techniques. All chemical shifts with the exception of
quaternary C-7’s in the carene amino alkoxide (CAA) residues were assigned using high field
indirect-resolution 2D HSQC, HSQC-TOCSY, and HMBC experiments.

Experimental: 2D NMR spectra were acquired on a 500 MHz Varian INOV A spectrometer
operating at 499.92 MHz for 'H observation using a 5 mm Varian inverse-detect probehead with
Z-axis pulsed field-gradient. Sample temperature was maintained at —40 °C as calibrated with a
neat methanol sample. 'H and C chemical shifts were referenced to the residual downfield
toluene-d; resonance at 2.09 ppm and 20.40 ppm, respectively. 2D experiments were acquired
using standard pulse sequences supplied in VnmrJ 3.2A (Agilent Inc.) and processed and
analyzed in MestReNova 11.0.3 (Mestrelab Research S.L.).

Determination of the 3D aggregate structure: The 3D structure of the aggregate was derived
from 2D NOESY, ROESY (reported as H-H correlations) and HSQC-NOESY (reported as C-H
correlations) experiments. The enolate is in the Z configuration based on the strong nOe
correlation between H-4 and C-7. Reciprocal H-7 to C-4 correlation is also observed. The
starting point for solving the structure is H-8 methyl of the enolate, which gives nOe correlations
to C-13"and C-12', as well as C-2'. Reciprocal correlations from H-12"' and H-13' to C-8 are also
observed. This indicates that the methyl groups project over the O-1/Li-2/0-3/Li-4 and O-4/Li-
1/0O-2/Li-3 faces of the cube and are sandwiched between the morpholine ring of CAA' and the
other enolate. The correlations with both H-12' and H-13" allow the assignment of CAA'
specifically to O-3 and O-4 with N' coordinating to Li-3 and Li-4 resulting in a barrel-shaped
arrangement on chelates. Alternative isomers would result in a close contact with the C-11'/C-12'
edge of the morpholine based on computational data. Correlations from C-4 to H-13' and H-12'
to H-5b further support this assignment. Consequently, CAA' units are adjacent and oriented
anti-parallel to each other.
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Table A.1.1. 'H and "’C chemical shift assignments for mixed aggregate (S)-15a at —40 °C.

Atom | 6C, ppm | 6H, ppm | HMBC [ HSQC-TOCSY' | ROESY? | HSQC-NOESY'?

I'C 19.39 091 9'10' 2'6' 2'6' 2',6',10'

2C 156.79 - 5b

2'C 44 .43 2.01(a) |8 16 8'9' 8,5'.8'9.1'6'
2.65(b)

3'C 7047 — 8'2' 4

4C 57.05 3.61 9.5 9.5 11,7,13'a,5 [ 11,7,9,5,8

4'C 76.48 2.63 8' 5 11'5'a 11'2',5'

5C 63.84 2.64(a) |4 49 114 12,11,74.9
3.26(b)

5'C 17.08 0.81(a) 16'4' 5b,8'9,10" [ 11',14'4'2' 8'9'
1.99(b)

6C 150.26 - 8

6'C 25.21 0.81 9'10' 2'51 1',10',9' 2'9',10,1'5'

7C 72.67 3.69 8 8 114968 11498

7C | - -

8C 10.97 2.33 7 7 12'a4,72b | 12',13',7,4,2

8 C 31.26 1.26 2'3' 4 14'b,2'9'5' | 13',14'2'9')5'

9C 37.33 2.12(a) [ 11,5 4.5 11,7,5 11,7495
3.37(b)

9'C 15.71 1.1 10' 10',1',6' 2'5'8',10" 28,105

10 C 136.34 — 12,139

10'C 28.68 1 9 9'.1.6' 5,1'6'9' 2'9'6'

11C 128.94 6.6 12,13 12,13 7459 7459

11'cC 54 .46 2.76(a) 12' 4'11'b 12'4'5'
2.89(b) 11'a

12C 128.55 6.98 9,10,11 | 11,13 11,13 11,13

12'C 68.01 3.89(a) 1 12'b,5b,8 13',11',8
4.03(b) 12

13C 126.62 6.98 10,11 11,12 11,12 11,12

13'C 67.19 3.78(a) 14' S5b4 12',14'8,8'
3.81(b)

14' C 49.62 2.31(a) 13' 14'b 13,11
2.57(b) 8',14'a

'HSQC correlations were omitted from the assignment table.
’Important correlations that allowed determination of subunit arrangement are marked in red.
*Not determined.
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Parameter Value
12 )
13 1 Experiment 1D
2 Pulse Sequence s2pul
3 Solvent toluene
4 Temperature -40.0
5 Number of Scans 1
6 Receiver Gain 2
7 Relaxation Delay 15.0000
8 Nucleus 1H
9 Spectrometer Frequency 499.92 10
10 Spectral Width 4266.2
11 Lowest Frequency -377.5 9'
12 Acquired Size 8192
13 Spectral Size 65536
8
14'a
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Figure A.1.67. 'H NMR spectrum of 0.10 M mixed aggregate (S)-15a in neat toluene-d, at —40 °C. Labels indicate
assignments by 2D NMR.
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1 Experiment HSQC-EDITED
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3 Solvent toluene
v . B
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: . . o0 -
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° o
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y 0 Q i%ﬂ mg
8 Nucleus (H1, C13) 0 e O.f 0
9 Spectrometer Frequency (499.92, 125.71) ° y o
10 Spectral Width (4266.2, 18854.6) ; '
11 Acquisition Time (0.150, 0.042) @ [ ?
12 Acquired Size (640, 800) 0 4
' 13 Pulse Width (7.50, 28.00) @ ‘9 °
' 14 Spectral Size (8192, 512) @ 0 0
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Figure A.1.68. Full display HSQC spectrum of 0.10 M (S)-15a in neat toluene-d; at —40 °C.
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Figure A.1.69. Expansion of the HSQC spectrum of 0.10 M (S)-15a in neat toluene-d, at —40 °C. Labels indicate
assignments.
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Parameter Value
1 Experiment HMBC
2 Pulse Sequence gHMBCAD
3 Solvent toluene
4 Temperature -40.0 j B T gt = “b
5 Number of Scans 4 . .
6 Receiver Gain 32
7 Relaxation Delay 1.2000 . -
. 8 Nucleus (H1, C13) . -
9 Spectrometer Frequency (499.92, 125.72) PP
-
10 Spectral Width (4266.2, 30165.9) e e
" 11 Acquisition Time (0.300, 0.040) ” -
12 Acquired Size (1280, 1200)
13 Pulse Width (7.50, 28.00) .
14 Spectral Size (2048, 8192)
- -
-
- - ¢ .
’“"liﬂf[; - ol
» > K
“»
»
.
(RS . e e
2o s . L. L N 1 P
T T T T T T T T T T T T T T T T T T T T T T T
75 7.0 6.5 6.0 55 5.0 4.5 3.5 3.0 25 2.0 1.5 1.0
f2 (ppm)

Figure A.1.70. Full display HMBC spectrum of 0.10 M (S)-15a in neat toluene-d; at —40 °C.
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Figure A.1.71. Expansion of the HMBC spectrum of 0.10 M (S)-15a in neat toluene-d; at —40 °C. Labels indicate
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Parameter Value
1 Experiment HSQC-EDITED
2 Pulse Sequence gHSQCADTOXY
3 Solvent toluene
4 Temperature -40.0
. . ’ 5 Number of Scans 4
%‘ B i 6 Receiver Gain 32 - .
7 Relaxation Delay 1.0000 S ooy ,--m%@_w.._.. -
8 Nucleus (H1, C13) ' o A
o= eoc -3
9 Spectrometer Frequency (499.92, 125.71)
£ =
10 Spectral Width (4266.2, 25141.4) -
11 Acquisition Time (0.150, 0.032) . - - o . -
12 Acquired Size (640, 800)
13 Pulse Width (7.50, 28.00) - o
14 Spectral Size (2048, 4096) » o > >
R = = » L] @0
. - - o o -
»> m@. =4 - a O d
- -
Y ®
»
0;23533@3;
..* .
T T T T T T T T T T T T T T T T T T T T T T T T T
7.5 7.0 6.5 6.0 55 5.0 4.5 4.0 3.5 3.0 25 2.0

f2 (ppm)

Figure A.1.72. Full display HSQC-TOCSY spectrum of 0.10 M (S)-15a in neat toluene-d; at —40 °C.
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Figure A.1.73. Expansion of the HSQC-TOCSY spectrum of 0.10 M (S)-15a in neat toluene-d; —40 °C. Labels
indicate assignments.

139

1 (ppm)



J MUUML

Figure A.1.74. Full display ROESY spectrum of 0.10 M (S)-15a in neat toluene-d; at —40 °C.
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Parameter

Experiment
Pulse Sequence
Solvent
Temperature
Number of Scans
Receiver Gain
Relaxation Delay
Pulse Width
Nucleus

Spectrometer
Frequency

Spectral Width

Acquisition Time
Acquired Size

Spectral Size

Value

ROESY
ROESYAD
toluene
-40.0

4

2

1.2000
7.5000
(H1, H1)

(499.92,
499.92)

(4266.2,
4266.2)

(0.500, 0.188)
(2133, 800)
(4096, 2048)

-

i

T

4.0

140

T
3.5
f2 (ppm)
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3.0
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25

2.0
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Figure A.1.75. Expansion of the ROESY spectrum of 0.10 M (S)-15a in neat toluene-d, at —40 °C. Labels indicate

assignments.
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Parameter Value
1  Experiment NOESY
2 Pulse Sequence bsHSQCNOESY
3 Solvent toluene
PR . 4 Temperature -40.0 ) . -0
P B R o P *
; 5 Number of Scans 16 . .
) 6 Receiver Gain 32 e e R =10
7 Relaxation Delay 1.0000 ’
- 8 Nucleus (H1, C13) : 2o
- 9 Spectrometer Frequency (499.92, 125.71) -
10 Spectral Width (4266.2, 18854.6) 30
11 Acquisition Time (0.150, 0.042) -
5. ® 12 Acquired Size (640, 800) - oo oo %
13 Pulse Width (7.50, 28.00) : T 40
14 Spectral Size (4096, 4096) :
- - s 150
. 5
- - o e - ;
. ) R 60
. ematy = .S
° — S i [
' } 70
o e~ L
- i
b 80
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75 7.0 6.5 6.0 55 5.0 4.5 4.0 3.5 3.0 25 2.0 1.5 1.0 0.5 0.0 -0.5
f2 (ppm)

Figure A.1.76. Full display HSQC-NOESY spectrum of 0.10 M (S)-15a in neat toluene-d, at —40 °C.
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Figure A.1.77. Expansion of the HSQC-NOESY spectrum of 0.10 M (S)-15a in neat toluene-d; —40 °C. Labels
indicate assignments.
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Figure A.1.78. Expansion of the HSQC-NOESY spectrum of 0.10 M (S)-15a in neat toluene-d; —40 °C. Labels
indicate assignments.
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2D NMR analysis of 2:2 mixed aggregate (R)-15a: A sample prepared from 0.40 M
[*Li]LiHMDS, 0.20 M (R)-1a and 0.20 M 11 in neat toluene-d;, after aging at 25 °C for 10
min, was studied by standard 2D NMR techniques. All chemical shifts with the exception of
quaternary C-7’s in the carene amino alkoxide (CAA) residues were assigned using high field
indirect-resolution 2D HSQC, HSQC-TOCSY, and HMBC experiments.

Experimental: 2D NMR spectra were acquired on a 500 MHz Varian INOV A spectrometer
operating at 499.92 MHz for 'H observation using a 5 mm Varian inverse-detect probehead
with Z-axis pulsed field-gradient. Sample temperature was maintained at —40 °C as calibrated
with a neat methanol sample. 'H and "°C chemical shifts were referenced to the residual
downfield toluene-d; resonance at 2.09 ppm and 20.40 ppm, respectively. 2D experiments were
acquired using standard pulse sequences supplied in Vnmr]J 3.2A (Agilent Inc.) and processed
and analyzed in MestReNova 11.0.3 (Mestrelab Research S.L.).

Determination of the 3D aggregate structure: The 3D structure of the aggregate was derived
from 2D NOESY, ROESY (reported as H-H correlations) and HSQC-NOESY (reported as C-
H correlations) experiments. The enolate is in the Z configuration based on the strong nOe
correlation between H-4 and C-7. Reciprocal H-7 to C-4 correlation is also observed. The
starting point for solving the structure is H-8 methyl of the enolate, which gives nOe
correlations to C-13"and C-12', as well as C-2" and C-8'. Reciprocal correlations from H-12'
and H-13' to C-8 are also observed. This indicates that the methyl groups project over the O-
1/Li-2/0-3/Li-4 and O-4/Li-1/0-2/Li-3 faces of the cube and are sandwiched between the
morpholine ring of CAA' and the other enolate. The correlations with both H-12' and H-13'
allow the assignment of CAA' specifically to O-3 and O-4 with N' coordinating to Li-3 and Li-
4 resulting in a barrel-shaped arrangement on chelates. Alternative isomers would result in a
close contact with the C-11"'/C-12"" edge of the morpholine based on computational data.
Correlations from C-13' to H-9b and H-14' to H-9 further support this assignment.
Consequently, CAA' units are adjacent and oriented anti-parallel to each other.
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Table A.1.2. 'H and "’C chemical shift assignments for mixed aggregate (R)-15a at —40 °C.

Atom | 8C, ppm | OH, ppm | HMBC | HSQC-TOCSY | ROESY HSQC-NOESY

I'C 18.72 0.36 2'9'10' | 2',5',6' 10,6'2',12'a | 12',11',2',10',9",6',5'

2C 156.55 - 5b

2'C 43.44 1.87(a) |8 1'6' 12'b,2'b 12',11',8,5',10',9',6',1'
2.29(b) 2'a,1'

3'C 70.54 - 2'b

4C 57.16 367 |59 59 598 12,11,7,59.8

4'C 77.72 2.35 5.6 1161 11',5'5,10',9',6'

5C 63.94 2.85(a) |4.29 49 4,7 12,11,749
3.38(b)

5'C 16.67 0.65(a) 4'.1'.6' 5'b 11',14'4'8',10',9',6',1'
1.83(b) 5'a,6'

6C 150.11 - 8

6'C 25.69 0.73 109" |2'5.1' 5',1,10' 8,2'5'.8',10'9'5',1'

7C 72.96 376 |8 8 489 114958

7'C - -

8C 10.97 2.36 7 7 7,12'b,11'b,6" | 12',13'2',8",10'

8 C 30.14 1.29 14'b2'a 14'82'9'5'

9C 37.07 240(a) (114 45 114,759 | 12,114,7,5.8
3.12(b) 9a

9'C 15.62 1.02 10' 10' 2'8'6'5'a 14'b,2'8',5',1',6',10'

10C 148.46 - 9a

100C | 2853 1.07 |69 9 1'5.6' 2'8'9'6.1'5'

11C 129.24 6.75 9,13 12,13 7459,12 74,12,59,8,8'9'

11'C 54.18 2.80(a) 12' 11'b 12'4'14'5',6',1'8',10',9'
2.89(b) 11'ad

12C 128.71 7.02 13, 11,13 11,13 11,1394.5

12'C 67.73 4.04(a) I 12'b 13',11',2'b,8
422(b) 12'a,13'b

13C 126.83 7.01 12,11 12,13 11,12 11,12

13'C 66.79 3.63(a) 14' 12',13'b 12',14',8.9b,8'
3.74(b) 13'a

14'C 50.02 2.12(a) 13' 14'b 13',11',8,5'.,8',9'
2.66(b) 14'a
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Parameter Value
1 Experiment 1D
2 Pulse Sequence s2pul
3 Solvent toluene
4 Temperature -40.0
5 Number of Scans 1
6 Receiver Gain 2 10'
7 Relaxation Delay 15.0000 8
8 Nucleus TH 4 9
13 9 Spectrometer Frequency 499.92
12 10 Spectral Width 4266.2
11 Lowest Frequency -378.0
12 Acquired Size 8192
13 Spectral Size 65536
9
g
11 1; b
l4la
'b
5'b
2'a
T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T )
7.5 7.0 6.5 6.0 55 5.0 4.5 4.0 3.5 3.0 25 2.0 1.5 1.0 0.5 0.0 -0.5

ppm

Figure A.1.79. 'H NMR spectrum of 0.10 M mixed aggregate (R)-15a in neat toluene-d; —40 °C. Labels indicate assignments
by 2D NMR.
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Parameter Value
1 Experiment HSQC-EDITED
2 Pulse Sequence HSQCAD
3 Solvent toluene
. Co . 4  Temperature -40.0 - T -~ R
R . o 5 Number of Scans 4 ‘ ° ) .; , B
) 6 Receiver Gain 32 q ‘*?nf, . ., -% <.
7 Relaxation Delay 1.2000 H Lo . .*g, -
8 Nucleus (H1, C13) : N T
9 Spectrometer Frequency (499.92, 125.71) B s -
10 Spectral Width (4266.2, 18854.6) ¢ . m@*ﬂ - .
11 Acquisition Time (0.150, 0.042) Tt Lo
12 Acquired Size (640, 800) - : - - =
13 Pulse Width (7.50, 28.00) -
14 Spectral Size (8192, 4096)
- -
- - p—
-
i
%
‘gw - :
y o1 S
. N - L e end
T T T T T T T T T T T T T T T T T T T T T T T T T
7.5 7.0 6.5 6.0 5.0 4.5 4.0 3.5 3.0 25 1.0 0.5 -0.5
f2 (ppm)

Figure A.1.80. Full display HSQC spectrum of 0.10 M (R)-15a in neat toluene-d; at —40 °C.
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Figure A.1.81. Expansion of the HSQC spectrum of 0.10 M (R)-15a in neat toluene-d; at —40 °C. Labels indicate assignments.
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Parameter Value
1 Experiment HMBC
2 Pulse Sequence gHMBCAD
3 Solvent toluene
2omaman e - 4 Temperature -40.0 R T T
5 Number of Scans 4 -
sovmocsmssacssmesessmsees | 6 RECEIVET Gain 32
. 7 Relaxation Delay 1.2000 o o
8 Nucleus (H1, C13)
¢ 9 Spectrometer Frequency (499.92, 125.72)
10 Spectral Width (4266.2, 30165.9)
- = 11 Acquisition Time (0.300, 0.040) - e hd
12 Acquired Size (1280, 1200)
13 Pulse Width (7.50, 28.00)
14 Spectral Size (2048, 4096)
o
>
- ®
T - oa
o R .
- .
»
_— e . T — . T . T T T . T . T - T . T . T :
7.5 7.0 6.5 6.0 55 5.0 4.5 4.0 3.5 3.0 25 2.0 1.5 1.0 0.5 0.0 -0.5

f2 (ppm)

Figure A.1.82. Full display HMBC spectrum of 0.10 M (R)-15a in neat toluene-d; at —40 °C.
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Figure A.1.83. Expansion of the HMBC spectrum of 0.10 M (R)-15a in neat toluene-d; at —40 °C. Labels indicate

assignments.
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Parameter Value
1 Experiment HSQC-EDITED
2 Pulse Sequence HSQCADTOXY
3 Solvent toluene
b 4 Temperature -40.0 - — T
!
S : 5 Number of Scans 4 aaans wal
W" 6 Receiver Gain 32 - > = ==
. N i
7 Relaxation Dela 1.0000 - i
y - _.;.e.n*m__., [N o '
8 Nucleus (H1, C13) ’ i
9 Spectrometer Frequency (499.92, 125.71) 3
10 Spectral Width (4266.2, 25141.4) &
11 Acquisition Time (0.150, 0.040) e e o
12 Acquired Size (640, 1000) o
<= =y
13 Pulse Width (7.50, 28.00)
o = - -
14 Spectral Size (8192, 4096) - .- -—
—_——- - —_—_3 o @
- - -- e -
- o = - - -
© <p-*
© - ==
—_— e e e e e e T = —— — T T T T T T T T T T T T 1
75 7.0 6.5 6.0 55 5.0 4.5 4.0 3.5 3.0 25 1.5 1.0 0.5 0.0 -0.5
f2 (ppm)

Figure A.1.84. Full display HSQC-TOCSY spectrum of 0.10 M (R)-15a in neat toluene-d, at —40 °C.
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Figure A.1.85. Expansion of the HSQC-TOCSY spectrum of 0.10 M (R)-15a in neat toluene-d, at —40 °C. Labels indicate
assignments.
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Parameter Value
1 Experiment ROESY
2 Pulse Sequence ROESYAD
3 Solvent toluene
4  Temperature -40.0
5 Number of Scans 4
6 Receiver Gain 2
7 Relaxation Delay 1.2000
8 Pulse Width 7.5000
9 Nucleus (H1, H1)
10 Spectrometer (499.92,
Frequency 499.92)
11 Spectral Width (4266.2,
4266.2)
N 12 Acquisition Time (0.500,
0.188)
13 Acquired Size (2133, 800)
_q 14 Spectral Size (4096, 2048)
»

' : . ;
1 ¢ ., ¥ H
E ‘\‘ 2 i
' | ; :
g 1 A
) L ) 1 "
: pj ! |'§‘1 § !
I
| R -t
j ! b s :
e . :
o o L H E K
' [ i !
g i :
; § A[ b
; 1| 04 IRER
T T T T T T T T T T T T T T T T T T T T T T T
6.0 55 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0 -0.5
2 (ppm)

Figure A.1.86. Full display ROESY spectrum of 0.10 M (R)-15a in neat toluene-d, at —40 °C.
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Figure A.1.87. Expansion of the ROESY spectrum of 0.10 M (R)-15a in neat toluene-d, at —40 °C. Labels indicate

assignments.
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Parameter Value
1 Experiment NOESY
2 Pulse Sequence bsHSQCNOESY
3 Solvent toluene
o {.;'_ 4 Temperature -40.0 - - - . -
¢ 5 Number of Scans 16 - - - [
B 6 Receiver Gain 2 - = —— - r10
: >
- 7 Relaxation Delay 1.0000 — = o == [
8 Nucleus (H1, C13) s ° ° ° 20
9 Spectrometer Frequency (499.92, 125.71) . P - _. - r
10 Spectral Width (4266.2, 18854.6) - -_— = - o 30
o =D
11 Acquisition Time (0.150, 0.042) - L
- oo .—,’e - - - = -
T 12 Acquired Size (640, 800) 40
13 Pulse Width (7.50, 28.00) > o - - S o o o> [
14 Spectral Size (8192, 4096) °
-o — - > -- - 50
- = _— - e S = . .- L
IS e o o > -
60
o ® — g o R W - -° L
- - & T e= = B T~ = 70
. <= = - co -
- — i - ve
80
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T T T T T T T T T T T T T T T T T T T T T T T T T T T T T !
7.5 7.0 6.5 6.0 55 5.0 4.5 4.0 3.5 3.0 25 2.0 1.5 1.0 0.5 0.0 -0.5
f2 (ppm)

Figure A.1.88. Full display HSQC-NOESY spectrum of 0.10 M (R)-15a in neat toluene-d; at —40 °C.
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Figure A.1.89. Expansion of the HSQC-NOESY spectrum of 0.10 M (R)-15a in neat toluene-d; at —40 °C. Labels indicate
assignments.
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Figure A.1.90. Expansion of the HSQC-NOESY spectrum of 0.10 M (R)-15a in neat toluene-d; at —40 °C. Labels indicate
assignments.
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2D NMR analysis of 1:3 mixed aggregate (S)-16a: A sample prepared from 0.40 M
[*Li]LiHMDS, 0.10 M (S)-1a and 0.30 M amino alkoxide 11 with 0.05 M HMPA in neat THF-
dy, after aging at 20 °C for 10 min, was studied by standard 2D NMR techniques. All chemical
shifts with the exception of quaternary C-7’s in the carene amino alkoxide (CAA) residues were
assigned using high field indirect-resolution 2D HSQC, HSQC-TOCSY, and HMBC
experiments.

Experimental: 2D NMR spectra were acquired on a 500 MHz Varian INOV A spectrometer
operating at 499.92 MHz for 'H observation using a 5 mm Varian inverse-detect probehead with
Z-axis pulsed field-gradient. Sample temperature was maintained at —60 °C as calibrated with a
neat methanol sample. 'H and C chemical shifts were referenced to the residual downfield
THF-d, resonance at 3.58 ppm and 67.57 ppm, respectively. 2D experiments were acquired using
standard pulse sequences supplied in Vnmr]J 3.2A (Agilent Inc.) and processed and analyzed in
MestReNova 11.0.3 (Mestrelab Research S.L.).

Determination of the 3D aggregate structure: All morpholine rings display four non-
equivalent methylenes, however the ROESY spectrum shows exchange crosspeaks between H-
12'ax and H-13'eq as well as H-12'eq and H-13'ax indicating that the morpholine fragment of
CAA' undergoes rotation around C-4'-N' bond followed by a chair flip and that this process is
slow on the 'H timescale (Av = 300 and 250 Hz, respectively).

The 3D structure of the aggregate was derived from 2D NOESY, ROESY (reported as H-H
correlations) and HSQC-NOESY (reported as C-H correlations) experiments. The enolate is in
the Z configuration based on the strong nOe correlation between H-4 and C-7. Reciprocal H-7 to
C-4 correlations are observed but cannot be unambiguously assigned due to the coincidental
chemical shifts of H-4 and H-9. The starting point for solving the structure is H-8 methyl of the
enolate, which gives nOe correlations to bound HMPA, C-13"" and C-12", as well as C-2".
Reciprocal correlations to H-12"' and H-13"" to C-8 are also observed. This indicates that the
methyl group projects over the O-1/Li-2/0-3/Li-4 face of the cube and is sandwiched between
the morpholine ring of CAA" and HMPA. Contacts with both H-12"" and H-13"' show that the
N-O axis of the morpholine is perpendicular to the O-1/Li-2/0-3/Li-4 face and therefore O-3
cannot be part of CAA"'. The same correlations also allow the assignment of CAA" specifically
to O-4 with N"' coordinating to Li-4 as opposed to O-2/Li-2 which would result in a close
contact with the C-11"/C-12"" edge of the morpholine based on computational data. Correlations
from C-4" to H-11" and H-4" further support this assignment.

CAA" and CAA" are adjacent and oriented anti-parallel to each other as evidenced by
correlations between the morpholine of CAA" and the carene fragment of CAA" (H-11"ax/eq to
C-4",C-12" to H-1") as well as the carene of CAA"' and the morpholine of CAA" (C-4" to H-
11" and H-4") leading us to assign O-3 to CAA" with N" coordinating to Li-3.

CAA' contributes O-2 and is oriented so the morpholine is proximal to Li-1 and the carene is
adjacent to HMPA as determined by correlations between HMPA and H-2'ax, HMPA and H-8',
H-2'eq and H-8" as well as H-4' and C-13"

HMPA is bound to Li-2 and is sitting in a “cavity” defined by the Re face of the enolate, C-8', C-
2" and C-8".
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Table A.1.3. 'H, °Li, °C, and "N chemical shift assignments for mixed aggregate (S)-16a at 60 °C.

HSQC-

Atom | 8C, ppm | OH, ppm | HMBC TO%SY ROESY HSQC-NOESY

NN | 46.15 - gHHzg

Li4 Li 0.83 -

N'N | 4655 - EHHZS

Li3 Li 0.66 -

Lil Li 0.67 -

N'N | 41386 - ;%I,Iggq’l

Li2 Li 0.27 -

I'C 1951 | 029 [9y10 [426 13'2'9,10'6 2,68'9,13",14"

1"c | 1952 [ 025 [ovi0m2 4276 [12v2n9ni0net  [206"9"01m 12"

1"C [ 1975 [ 024 [omgom [av2rmem  [1272m9mi0mem [2m6m9m 1112

2C 155.95 - S5a

2'C 40.92 1.24(ax) 56,1 2'eq,10' 8,101
2.12(eq) | 3'6 2'ax

2"C 44.19 1.59(ax) 5",6",1" 2"eq,10" 1",10",8",12"
2.08(eq) | 1",3",6" 2"ax

2" C 443 1.49(ax) 5"eM, 1M 2"eq,10" 12",12',11',8",10",1"
1.85(eq) | 3",6" 2"ax

3'C 71.99 - 4'6'

3"C 71.76 - 4" 6"

3" C 71.48 - 4" 6"

4C 59.25 4.1 - 9,5 5,79 5998,11,7

4'C 79.92 2.35 3.5 5.6 12",13",11'5',6' 13",12",11'5',6'

4" C 78.67 2.31 3".5" 5",6" 11"5",6" mn",i1m,s",6"

4" C 77.95 2.27 3 5"6M mram,sm,e" r2mir,am,s"e

5C 64.95 391(@) |9 49 4.,5b 1149
3.86(b) 5a,13"ax

5'C 17.88 0.54(ax) | 4' 4'6'1' S'eq 4'6'8',10,11'14'
1.94(eq) 5'ax

5"C 17.61 0.70(ax) | 4" 4"6",1" S"eq 4"6".8",10",11",14"
2.01(eq) 5"ax

5"C 17.48 0.68(ax) | 4" 4" 6" 1" S"eq 4" 6" 8" 10", 11", 14"
1.99(eq) 5'ax

6C 152.98 - 8
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6'C 28.31 0.78 2'9,10" [4'2'5',1 13"ax,4',5'9",1' 13"4'5'9',10',1'

6" C 26.57 0.82 2"9".10" [ 4"2"5",1" [4",5"9",1" 4"5"9",10",1"

6" C 26.1 0.79 %”"9”"10 4m2m s [ 4m,s5m o1 11"4",5"9" 10M,1"

7C 70.3 34 8 8 48,11 11489

7C - -

7" C - -

7 C - -

8C 13.18 1.94 7,6 7 79,13"ax,12"ax,2'aq | 4,12",13""7,HMPA 2"

8 C 29.29 1.03 14'2'5',10'

8" C 30.04 1.29 10" 14"2'2".5",10"

8" C 31.62 1.03 10" 14" 2" 5" 10"

9C 37.59 3.39 5,11 45 4,11 114,5,78,8'

3.39

9'C 2942 0.95 10",6' 10',6' 13"eq,10',6',1' 106',1'

9" C 2891 0.97 10",6" 10",6" 10",6",1" 10",6",1"

9" C 28.93 0.94 10",6" 10",6" 10m,6",1" 10m,6",1"

10C 138.59 - 11,12,13

10'C 16.18 0.93 9.6' 9.6' 5'9'2' HMPA 2'5'8'9'

10" C 16.33 09 9".6" 9".6" 5"9" 2" 14" 2" 5".8" 9"

10" C 16.18 0.87 96" 96" smom 142" 5" 8" 9"

11C 130.54 7.32 10,12,13 | 12,13 HMPA9,54,12 124,5,79

11'C 56.88 2.79(a) 12' 12',11'b,14' 4' 12',13',14'4',5'2"eq,8'
2.88(b) 11'a

11"C 54 .81 2.75(a) 12" 12",11"b,14" 4" 12",14" 4" 5", 1"
2.99(b) 11"a

11"cC 55 2.73 12" 12",11"b, 14" 4" 12",14" 4" 5" 1"

29 11"a

12C 129.66 7.32 10,11,13 | 11,13 11,13 11,13

12'C 68.67 | 4.03(ax) | 13 B 13'eq,12'eq,13' 13',11',14',14" 2" 8'
3.62(eq) 13'ax,12'ax,11'a

12" C 69.06 [ 3.92(ax) | 13" 11" 12"eq,1" 13",11",11",14" 4' 2" 1"
3.80(eq) 12"ax,11"ax

12" C 67.81 4.01(ax) | 13" " 12"eq,8,1" 13"2"11"2"8,1"
3.82(eq) 12"ax,11"ax

13C 127.66 7.22 10,11,12 | 11,12 12 12

13'C 6691 4.13(ax) | 12 14' 12'eq,13'eq 12',11',14' 8’
3.42(eq) 12'ax,13"ax
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13'C | 6885 [3.83@ax) [ 12" 14" 13"eq,4',1" 12",14" 11" 8" 6',1'
3.56(eq) 13'ax,6' 9"

13"C | 6707 |3.76(ax) | 12" 14" 13"eq.8 12", 11"14" 8,8"
3.47(eq) 13"ax

14c | 5072 | 2310 |- 13 13'eq,11'a 13,12',11'5' 8’
2.64(b)

14'C | 5126 | 234@a) |- 13" 11"a,14"b 13",12",11" 5" 8",1'
2.93(b) 14"a

14"C | 5135 | 2220a) |- 13" 13"eq,14"b,11"a | 13",11"5" 8"
2.75(b) 14"a
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Parameter Value 14'b
1 Experiment 1D
2 Pulse Sequence s2pul
3 Solvent thf
4 Temperature -60.0
5 Number of Scans 1
6 Receiver Gain 2
7 Relaxation Delay 6.0000
8 Nucleus H
9 Spectrometer Frequency 499.92
10 Spectral Width 7998.4
11 Lowest Frequency -1002.7
12 Acquired Size 156997
13 Spectral Size 65536
9"
g™
9'
10"
10'
" 2'eq
13" "
11 ! 2'eq
12 12'ax 145Ial1e
12"ax 14%2 q 10™
4 12%q ., . |
13"ax  11"b [}/ 142
5b 14" >'eq nix
11'b 8 ax
5a [9b 11"B om 8!l
12"eq | 9a p a 8"
3'eq 11"a .
12"a 11Ma 4™ 5'ax
" 14'b 4» 2"ax 6"
13"a j "ax 6 1
12"eq 7 11| 4 g" [ gm v
, 5™ u
13 13'ax 1 "eq 2'3 | 1
T T T T T T T T T T T T T T T
13 12 11 7 6 5 4 3 2 1 -1

ppm

Figure

A.1.91. 'H NMR spectrum of 0.10 M mixed aggregate (S)-16a with 0.05 M HMPA in neat THF-d; —60 °C. Labels indicate

assignments by 2D NMR.

164



Parameter Value

1 Experiment HSQC-EDITED
2 Pulse Sequence HSQCAD

’\ 3 Solvent thf
4 Temperature -60.0
5 Number of Scans 2 i
6 Receiver Gain 32

STET—— 7 Relaxation Delay 1.0000

8 Nucleus (H1, C13)
9 Spectrometer Frequency (499.92, 125.71) - %90
10 Spectral Width (4266.2, 25141.4)

——————ae— 12 Acquired Size (640, 1000) —
13 Pulse Width (7.50, 28.00) =
14 Spectral Size (2048, 8192) -

-
=y

Acquisition Time

(0.150, 0.040)

=

-

1 (ppm)

7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.0 25 2.0 1.5 1.0

35
f2 (ppm)
Figure A.1.92. Full display HSQC spectrum of 0.10 M (S)-16a with 0.05 M HMPA in neat THF-d; —60 °C.
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Figure A.1.93. Expansion of HSQC spectrum of 0.10 M (S)-16a with 0.05 M HMPA in neat THF-d; —60 °C. Labels indicate
assignments.
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Figure A.1.94. Expansion of HSQC spectrum of 0.10 M (S)-16a with 0.05 M HMPA in neat THF-d; —60 °C. Labels indicate
assignments.
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Parameter Value
1 Experiment HMBC
2 Pulse Sequence gHMBCAD
3 Solvent thf
4 Temperature -60.0
5 Number of Scans 2 75 , d : 7
6 Receiver Gain 32 = : . :
7 Relaxation Delay 1.0000 3
K H seszm oo
8 Nucleus (H1, C13) - . 2
9 Spectrometer Frequency (499.92, 125.72) -
- >
10 Spectral Width (4266.2, 30165.9) » N »
11 Acquisition Time (0.250, 0.040) !
L4 12 Acquired Size (1067, 1200) o -
13 Pulse Width (7.50, 28.00)
14 Spectral Size (2048, 8192) .
Rk X Y
> o o © 5
® &Eé-
° (4
-
, PR
-
——— 777 T —— 77— T
7.5 7.0 6.5 6.0 5.5 5.0 4.5 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0 -0.5
f2 (ppm)

Figure A.1.95. Full display HMBC spectrum of 0.10 M (S)-16a with 0.05 M HMPA in neat THF-d; —60 °C.
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Figure A.1.96. Expansion of HMBC spectrum of 0.10 M (S)-16a with 0.05 M HMPA in neat THF-d; —60 °C. Labels indicate
assignments.
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Parameter Value

1 Experiment HSQC-EDITED
2 Pulse Sequence HSQCADTOXY
3 Solvent thf
4 Temperature -60.0
5 Number of Scans 4
% 6 Receiver Gain 32
- 7 Relaxation Delay 1.0000
8 Nucleus (H1, C13)
9 Spectrometer Frequency (499.92, 125.71)
10 Spectral Width (4266.2, 25141.4)
11 Acquisition Time (0.150, 0.040)
=== |12 Acquired Size (640, 1000)
13 Pulse Width (7.50, 28.00)
14 Spectral Size (2048, 4096)
P = ‘;rc_g" - 80
90
é 100
%
% 110
4
% 120
%;a 130
1
X 140
- - . - 549 -e os
i 150
£ 160
i
4 170
3
s ) : R MR - I S
= i o 1 190

L B e e e e e e T B e e e B e e e e e B B e e e e S L B e e e B T B R e e e e e I e e e e

; — ; —— —
7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0 -0.5
F2: 1H ppm

Figure A.1.97. Full display HSQC-TOCSY spectrum of 0.10 M (S)-16a with 0.05 M HMPA in neat THF-d; —60 °C.
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Figure A.1.98. Expansion of HSQC-TOCSY spectrum of 0.10 M ($)-16a with 0.05 M HMPA in neat THF-d; —60 °C

indicate assignments.
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F1: 1H (ppm)

Parameter Value

1 Experiment ROESY
2 Pulse Sequence ROESYAD
3 Solvent thf
4 Temperature -60.0
5 Number of Scans 4

. 6 Receiver Gain 2

= N 7 Relaxation Delay 1.2000 e

8 Pulse Width 7.5000 LY EP)
9 Nucleus (H1, H1)
10 Spectrometer Frequency (499.92, 499.92) o

) 11 Spectral Width (4266.2, 4266.2) @
12 Acquisition Time (0.500, 0.188)
13 Acquired Size (2133, 800)
14 Spectral Size (4096, 2048)

e

0o

e.

0 -
f

°
"I'."'I""I""I""I""I""I""I""I""I""I""I' L L L L L L B L
75 70 65 6.0 55 50 45 4.(|_} 35 3.0 25 20 15 10 05 0.0 -0.5

2: 1H ppm
Figure A.1.99. Full display ROESY spectrum of 0.10 M (S)-16a with 0.05 M HMPA in neat THF-d; —60 °C.
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12'ax 5B 13"eq " 14! 142 Breq .
12™ax 13"ax 13'eq 11'b 4" 5"eq ‘?
5'ax 13"ax 9b 11 4m
57ax 5"ax 12"eq 14™
6' 6" 6" 12%"ax
10" g9 10 2= .
g 8" i
g" 2'ax
2"ax
5'eq 8
2"eq 21
14™a
4' 14"

11'a 11"a 14mb 1"a

S o

11"b )

tag 7 92 9b . ,
13'eq 13"eq

12'q 13"eq
13™ax " A q
p 13"ax 12"eq 12 -

12"eq5a o ¥

12'ax 12™Max . .

13'ax 4 ‘,3

F1: 1H (ppm)
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k3.5

4.0

5.0 4.8 46 44 4.2 40 3.8 3.6 3.4 3.2 3.0 2.8 2.6 2.4 2.2 2.0 1.8 1.6 1.4 1.2 1.0 0.8 0.6 0.4 0.2
F2: 1H ppm

Figure A.1.100. Expansion of ROESY spectrum of 0.10 M (S)-16a with 0.05 M HMPA in neat THF-d; —60 °C
assignments.
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13'ax 12'ax 12"eq 5b 13"ax  13™ax 12'eq 13"eq 13"eq 0,7 3.3
4 12"ax 5a 12"eq ) 13¢ :
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: ppm

Figure A.1.101. Expansion of the morpholine ring region in the ROESY spectrum of 0.10 M (5)-16a with 0.05 M HMPA in
neat THF-d; —60 °C. Labels indicate assignments.
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Parameter Value

1 Experiment NOESY
2 Pulse Sequence bsHSQCNOESY
3 Solvent thf
4 Temperature -60.0

[P U 5 Number of Scans 16

‘ 6 Receiver Gain 32

7 Relaxation Delay 1.0000
8 Nucleus (H1, C13)
9 Spectrometer Frequency (499.92, 125.71)
10 Spectral Width (4266.2, 18854.6)
11 Acquisition Time (0.150, 0.042)

[ ——— 12 Acquired Size (640, 800)
13 Pulse Width (7.50, 28.00)
14 Spectral Size (2048, 8192)

T T T T T T T T T T T T T T T T T T T T T T — T T T T T T T
7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 0.5 0.0 -0.5
f2 (ppm)

Figure A.1.102. Full display HSQC-NOESY spectrum of 0.10 M (S)-16a with 0.05 M HMPA in neat THF-d; —60 °C.
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13'ax  12"eq 12'eq 13'eq 11"b 11 4' 4™ 2eq5™eq 2"ax 8" 8 ;9325'" 6' sax 1|
4 5a 13"ax 13"eq 7 14"p 11 14"a 2"eq 5%q =7 2"ax 2ax.  8"9ke" 5"ax o1,
g 12'ax |5b 13"eq 11"b 14 14a = 5"egf2"eq 9“BE 6" 5"ax 1|
T127ax 137ax 7 Ga “11b 1 g T L1
12"eq 9b 14™a |
10" 10'10™ 1 ax
G55
™ 1"1' =y L
e _
6 £
Q.
6 - - !
9" 589 9
8 —
o Il n
s o i
2
2m2" -

T T T T T T T T T T T T T T T T ' T T T T T T T T T T T T T T T T T — T T T T T T T T
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Figure A.1.103. Expansion of HSQC-NOESY spectrum of 0.10 M (5)-16a with 0.05 M HMPA in neat THF-d; —60 °C. Labels
indicate assignments.
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13'ax 12"eq 12'eq 13'eq 11"b 11'a 4' 4™ 2'eq5"eq 2"ax 8" 8' 9'10™ 6' 5'ax ;‘ 1 < 48
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Figure A.1.104. Expansion of HSQC-NOESY spectrum of 0.10 M (5)-16a with 0.05 M HMPA in neat THF-d; —60 °C. Labels
indicate assignments.
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12"ax 9a L41.0
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r41.5
Parameter Value
1 Experiment HMBC @ eq, N @ eq, N L42.0
2 Pulse Sequence gHMBCAD
3 Solvent thf L42.5
4 Temperature -80.0
5 Number of Scans 4
r43.0
6 Receiver Gain 30
7 Relaxation Delay 1.0000
8 Nucleus (H1, N15) r43.5
9 Spectrometer Frequency (499.92, 50.66) E
10 Spectral Width (4353.7, 861.2) 440 g
11 Acquisition Time (0.300, 0.232) ;—:
12 Acquired Size (1306, 200) +44.5
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Figure A.1.105. 'H-"N HMBC spectrum of 0.10 M (S)-16a with 0.05 M HMPA in neat THF-d, —80 °C. Labels indicate
assignments.
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Figure A.1.106. °Li NMR spectrum of 0.10 M (S)-16a with 0.05 M HMPA in neat THF-d, —80 °C with selective decoupling on
"N. Labels indicate assignments.
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2D NMR analysis of 1:3 mixed aggregate (R)-16a: A sample prepared from 0.40 M
[*Li]JLiHMDS, 0.10 M (R)-1a and 0.30 M amino 11 with 0.05 M HMPA in neat THF-d,,
after aging at 20 °C for 10 min, was studied by standard 2D NMR techniques. All
chemical shifts with the exception of quaternary C-7’s in the carene amino alkoxide
(CAA) residues were assigned using high field indirect-resolution 2D HSQC,
HSQC-TOCSY, and HMBC experiments.

Experimental: 2D NMR spectra were acquired on a 500 MHz Varian INOVA
spectrometer operating at 499.92 MHz for 'H observation using a 5 mm Varian
inverse-detect probehead with Z-axis pulsed field-gradient. Sample temperature was
maintained at —60 °C as calibrated with a neat methanol sample. 'H and "C chemical
shifts were referenced to the residual downfield THF-d, resonance at 3.58 ppm and 67.57
ppm, respectively. 2D experiments were acquired using standard pulse sequences
supplied in VnmrJ 3.2A (Agilent Inc.) and processed and analyzed in MestReNova 11.0.3
(Mestrelab Research S.L.).

Determination of the 3D aggregate structure: All morpholine rings display four non-
equivalent methylenes, however the ROESY spectrum shows exchange crosspeaks
between H-12'a and H-13'b as well as H-12'b and H-13'a indicating that the morpholine
fragment of CAA' undergoes rotation around C-4'-N' bond followed by a chair flip and
that this process is slow on the 'H timescale (Av = 270 and 295 Hz, respectively).

The 3D structure of the aggregate was derived from 2D NOESY, ROESY (reported as
H-H correlations) and HSQC-NOESY (reported as C-H correlations) experiments. The
enolate is in the Z configuration based on the strong nOe correlation between H-4 and
C-7. Reciprocal H-7 to C-4 correlation is also observed. The starting point for solving the
structure 1s H-8 methyl of the enolate, which gives nOe correlations to bound HMPA,
C-13" and C-12", as well as C-2"". Reciprocal correlations to H-12" and H-13" to C-8 are
also observed. This indicates that the methyl group projects over the O-1/Li-2/0O-3/Li-4
face of the cube and is sandwiched between the morpholine ring of CAA" and HMPA.
Contacts with both H-12" and H-13" show that the N-O axis of the morpholine is
perpendicular to the O-1/Li-2/0O-3/Li-4 face and therefore O-3 cannot be part of CAA".
The same correlations also allow the assignment of CAA" specifically to O-4 with N"
coordinating to Li-4 as opposed to O-2/Li-2 which would result in a close contact with
the C-11"/C-12" edge of the morpholine based on computational data. Correlations from
C-4"to H-11"" and H-4"" further support this assignment.

CAA" and CAA" are adjacent and oriented anti-parallel to each other as evidenced by
correlations between the morpholine of CAA" and the carene fragment of CAA" (H-11"
to C-1") as well as the carene of CAA"' and the morpholine of CAA" (C-1"" to H-11")
leading us to assign O-3 to CAA" with N"' coordinating to Li-3.

CAA' contributes O-2 and is oriented so the morpholine is proximal to Li-1 and the
carene is adjacent to HMPA as determined by correlation between HMPA and H-8'.
HMPA is bound to Li-2 and is sitting in a “cavity” defined by the Si face of the enolate,
C-8',C-2"and C-8".
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Table A.1.4. 'H and "°C chemical shift assignments for mixed aggregate (R)-16a at —60 °C

H -
Atom | 8C,ppm | OH, ppm | HMBC T(S)ggY ROESY HSQC-NOESY
I'C 19.35 0.27 10,6'2'5'9' 6'2' 6',10"2' 12"'b,13",10",6'
I"C 19.3 0.26 10",6",2",5" 9" 6"2" 6",10" 2" 10",6"
1"cC 19.14 0.26 10m,6"2" 5" 9" | 62" 6",10" 2" 12",11"b,2"a,10",6"
2C 155.66 - 5a
2'C 40.82 1.23(a) | 1'6'3' 6',1' 2'b,9' 89
2.12(b) 2a
2"C 442 1.52(a) | 1",6",3" 6",1" 2"b,9" 12",12',8" 9" 2"
1.88(b) 2"a
2" C 43.98 1.58(a) | 1™M,6",3" 6",1" 8,2"a 9" 8,8".9m2"
2.09(b)
3'C 71.68 - 2' 4
3"C 71.21 - 2" 4" 5"
3"C 7141 - 2m4"
4C 58.45 4.18 |9 95 5,79 579
4'C 79.57 2.34 5'.3,11',14 5 13"b,11',6',5' 11,5
4" C 78.46 2.29 5"3",11",14" s" mn"ime".s" st 4
4" C 77.82 2.28 sm3trt,14 s mn"ire",s" nmsma"
5C 64.43 394(a) |249 49 49 4
3.94(b)
5'C 17.62 0.53(a) |4'.16'3 4'6' 509 4'6'
1.94(b) 5'a,6,11'a
5"C 17.28 0.72(a) |4",1",6"3" 4" 6" 5"b,9" 4"14" 8".6"
2.00(b) S5"a,6",11"a
s"C 174 0.70(a) |4M1"6"3" 4".6" 5"b, 9™ 4" 1rm4am.8m.e"
2.01(b) S"Ma,6",11"a
6C 1522 - 7.8
6'C 2793 0.77 9'.1',10",2' 42 13" 4'5',10",1" 10'
6" C 25.87 0.8 9".1",10",2" 4" 2" 4"5",10",1" 4".5"10",6"
6" C 26.24 0.81 9" 1mi10m2" 4m2m 4".s"10m1M" 4".5"M10M.6"
7C 70.63 344 |86 8 4,5a,8 4.8
7'C — -
7"C — -
7" C — -
8C 12.83 1.93 7,6 7 4,12"7,2"b 12",13";7,HMPA2"b
8 C 29.16 1.01 34 14',11'2'9'
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8" C 31 .12 |34 14" 14" 2" 9"

8"C | 29.69 129 [3m4" 14" 14" 2'2"b 9"

9C 38.17 | 241(a) | 45,1011 45 11,12,5,7.9b 1145,13"7
3.38(b) 9a

9'C 15.89 092 [106 10' 2'5'8,10,1' 258

9" C 1593 09 106" 10" 2"5"8".10",1" 2" 5" 8"

9"C | 1605 091 |10"6" 10" 25 10M " | 2m 58

10C | 13795 _ 9,11,12

10C | 29.09 095 |[9.16 9 1'6'5'b 96,1

10'C | 2861 095 |[9"1"6" 9" 1",6"5"b 9"6" 1"

10"c| 2862 097 [9m1m6" g 1"6",5"b,13"a | 9"6",1"

11c | 1301 729 [9.,10,12,13 12,13 | 12,134,579 12459

1c | 5658 | 279 [4 12' 12',11'b 4" 12'4'5'
2.89(b) 1l'a

1c | 5472 | 275@) |4 12" 12"13"11"b 4" 12",13" 4" 5", 1"
2.88(b) 11"a

1"c| s465 | 275@) |4 12 12137 11"b 4" | 127,13 4" 5" 1"
3.00(b) 11"a

12Cc | 1294 732 [10,11,13 11,13 [11,13 11,13

12C | 6845 | 364 |13 1 13b,12'b,13'a,11'a | 12',13,11' 8"
4.02(b) 13'2,12'a,13b,11'b | 12'a

12'C | 6767 | 3.83a) |13 1" 12'b,11"a 12"b,13",11",8 2"
4.01(b) 12"a2"b,11"b,8 | 12"a

12"c| 6878 | 3.80() [13" T 12"b 12"b, 13", 11" 4" 2"
3.92(b) 12"a 12"a

13C | 12741 723 [10,11,12 1,12 [11,12 12

13C | 6663 | 342 |12 14' 12'b,13'b,12'a,14'a | 13'b,12',14' 8"
4.18(b) 12'a,13'a,12'b 13'a

13'c | 6706 | 345@) [12" 14" 12"b,13"b,14"a 13"b,12",14" 8
3.82(b) 13"a 13"a

13"C| 686 | 3.56() [12" 14" 13"b,12"a,14"a | 13"b,12",14",10'6',1'
3.83(b) 13"a,14"b.6' 13"a

14C | 5047 | 230@) |4 13' 8.13'a,11'b,14b | 13,11'5'8'
2.65(b) 14'a,13'a,5'b

4c| 5077 | 224 |4 13" 8".13"a 13"11"5" 8"
2.80(b) 11"b,5"b

14"c| 5095 | 234 [4" 13" 8" 13"b,12"a 13",11",5" 8"
2.92(b) 11"a,5"b
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Figure A.1.107. 'H NMR spectrum of 0.10 M mixed aggregate (R)-16a with 0.05 M HMPA in neat THF-d; —60 °C. Labels

T T T

T T T

indicate assignments by 2D NMR.
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Parameter Value
1 Experiment HSQC-EDITED
2 Pulse Sequence HSQCAD
3 Solvent thf
4 Temperature -60.0
: 5 Number of Scans 4
= 6 Receiver Gain 32
7 Relaxation Delay 1.2000
8 Nucleus (H1, C13)
9 Spectrometer Frequency (499.92, 125.71)
10 Spectral Width (4266.2, 18854.6)
11 Acquisition Time (0.150, 0.042)
TTRRRARBUOADE | 12 Acquired Size (640, 800)
13 Pulse Width (7.50, 28.00)
14 Spectral Size (2048, 4096)
= ?. S
M—‘_...‘...‘.l_..l...._.,._.,.,, L e v e o Pu—— .
T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
7.5 7.0 6.5 6.0 55 5.0 4.5 4.0 3.5 3.0 25 2.0 1.5 1.0 0.5 0.0 -0.5

f2 (ppm)

Figure A.1.108. Full display HSQC spectrum of 0.10 M (R)-16a with 0.05 M HMPA in neat THF-d; —60 °C.
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Figure A.1.109. Expansion of HSQC spectrum of 0.10 M (R)-16a with 0.05 M HMPA in neat THF-d; —60 °C. Labels indicate
assignments.

186



4 12"b 5b 12"a 12'a 13"a 7 9b % 11"b-. 11"b.1 VA T 5b 46
13'b 12'b  5a 13"b £ 13"a ] -14"b 14"Ma  14"a 2'b
12"b 13"b : 13a . 11'b 4"
= z . 48
j2ra : i 14 [
: 3 50
14" 14m 14 : : e L
3 : 52
: = 54
11" 11" H B : L
I = 56
11 : |
L 58
4 . h@? - |
- 60
62 ¢
' g
5 - j64 -
, i 66
1pm 1312 j68
70
7 3 |
"y | 72
g .o L
-] ' 74
§ I
: 76
4 i i
. : [ 78
# i 80
T T T T T T T T T T T T T T T T T T - T T T T T T T T T T T T T T T T T T T T T T T T T T T T ]
44 43 42 41 40 39 38 37 36 35 34 33 32 31 30 29 28 27 26 25 24 23 22 21
2 (ppm)
Figure A.1.110. Expansion of HSQC spectrum of 0.10 M (R)-16a with 0.05 M HMPA in neat THF-d; —60 °C. Labels indicate
assignments.
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Parameter Value
1 Experiment HMBC
2 Pulse Sequence gHMBCAD
— M |3 Solvent thf
- 4 Temperature -60.0 Lo
2 5 Number of Scans 4 ?}
6 Receiver Gain 32 K
7 Relaxation Delay 1.2000
8 Nucleus (H1, C13)
9 Spectrometer Frequency (499.92, 125.72)
10 Spectral Width (4266.2, 30165.9)
- 11 Acquisition Time (0.300, 0.040)
o 12 Acquired Size (1280, 1200)
13 Pulse Width (7.50, 28.00)
14 Spectral Size (2048, 8192)
q
3
[
i
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3
3
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. 4
t
b :
o= 3 3
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. L 3
T T T T T T T T T T T T T T T T T T T T T T T T T T T
7.5 7.0 6.5 6.0 55 5.0 4.5 4.0 3.5 3.0 25 2.0 1.5 1.0 0.5 0.0 -0.5
f2 (ppm)

Figure A.1.111. Full display HMBC spectrum of 0.10 M (R)-16a with 0.05 M HMPA in neat THF-d; —60 °C.
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Figure A.1.112. Expansion of HMBC spectrum of 0.10 M (R)-16a with 0.05 M HMPA in neat THF-d; —60 °C. Labels indicate
assignments.
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Parameter Value
1 Experiment HSQC-EDITED
2 Pulse Sequence HSQCADTOXY
Y ¥ . 3 Solvent thf
4 Temperature -60.0
5 Number of Scans 4
== o 6 Receiver Gain 32
- 7 Relaxation Delay 1.0000
8 Nucleus (H1, C13)
9 Spectrometer Frequency (499.92, 125.71)
10 Spectral Width (4266.2, 25141.4)
11 Acquisition Time (0.150, 0.040)
- 12 Acquired Size (640, 1000)
13 Pulse Width (7.50, 28.00)
14 Spectral Size (8192, 4096)
- -
— T T T w”'“"»‘ﬂw =
7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 35 3.0

f2 (ppm)

Figure A.1.113. Full display HSQC-TOCSY spectrum of 0.10 M (R)-16a with 0.05 M HMPA in neat THF-d; —60 °C.

190

1 (ppm)



-4 sb12a 13™a 7.9b 11'b117a® F& 927 4" 2b 5"h8 . 2"a g" 8" 10 6"5"a sa § o1
8 13b 5a13'b 12 “13% . . - 1l1"b 14"b 14 Co44ta 2mb 2" 2%a 22 . 8 @ 6"sMa o p 1"
g gu 13 13"b 132 _ab 1z g 14t 5"b - T 4 0k 6 i1 15
5" g 12"h | - S oae o SR e ~5h - > ST T " S
It a2 12 Ton 11% e i s 108 - el
" i ) 25
6" g™ A s .
" " 6' - b
10 10" g 10" - = % . =
- i = o L
g" - i 30
R | 135
e e - il Y NI _
9~ TE —
> 2 b i 4 40
2"2"' ~ < - =
| s E
- o
14" i4|.: 14" s 50
11" 11" - - . L55
11" =
4 = -
L 60
5. = - . : 65
1e1313 = .
12m134','](;';,:.—Q =
7 qn - - F70
3"3my L
s r75
g I :
4 - T 80

T T T T T T T T T T T T T T T T T - T T T T ' T T T T T T T T T T T T T T T T T T T
42 40 38 36 34 32 3.0 28 26 24 22 2.0 1.8 16 14 1.2 1.0 0.8 0.6 04 02
f2 (ppm)

Figure A.1.114. Expansion of HSQC-TOCSY spectrum of 0.10 M (R)-16a with 0.05 M HMPA in neat THF-d; —60 °C. Labels
indicate assignments.
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Parameter

Experiment
Pulse Sequence
Solvent
Temperature
Number of Scans
Receiver Gain
Relaxation Delay
Pulse Width

© ® N o o A~ w N =

Nucleus

11 Spectral Width
12 Acquisition Time

13 Acquired Size
14 Spectral Size

10 Spectrometer Frequency

Value

ROESY
ROESYAD

thf

-60.0

a4

2

1.2000

7.5000

(H1, H1)

(499.92, 499.92)
(4266.2, 4266.2)
(0.500, 0.188)
(2133, 800)
(4096, 2048)
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Figure A.1.115. Full display ROESY spectrum of 0.10 M (R)-16a with 0.05 M HMPA in neat THF-d; —60

192

H L
b A ]

4

i

1 (ppm)



) 4 sb12"a 18™a7 fioa 4am 2 8 3R § oma | gv sl
i 13b sa 12 9b b B 14"~ =5 b2 a2 a8
T 12"b. Sl 4 . 2b 5h
i I 3 142 5.
A 12"b 12"a 4 P
52 13"b 142 @
5a - gn ‘
6 Sl 1
WO 1079 e 9" ..
10 g 10 . 10
8" .
g 2'a
2"a
2"a
! g
2"b s
8 ' - &» _
57 5" g
2"b—— 2 ® s
w14 b
1amat g 1424
a ¥ 9
14 23 ——
11"a 1, 11% 14"
14"p 11'b 11"b E g 3
11"b :
i 3
: 1
: :
; :
7 9b 13'a 131, 6 s : ]
13"a -
12'a D @ 3
12"a 13"b 12"a 13"6E) ;
5b5al2"b - 2 3
125 12"b® 4 o
L 4
413b iy
f T T T a T T T T T T T T T T T T T T T T “T T T T T T T T T T T T T T T T T T T T T T T. — T T
48 46 44 42 40 38 36 34 32 30 28 26 24 22 20 18 16 14 12 10 08 06 04 02
f2 (ppm)
Figure A.1.116. Expansion of ROESY spectrum of 0.10 M (R)-16a with 0.05 M HMPA in neat THF-d; —60 °C. Labels indicate

assignments.
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Figure A.1.117. Expansion of the morpholine ring region in the ROESY spectrum of 0.10 M (R)-16a with 0.05 M HMPA in neat
THF-d; —60 °C. Labels indicate assignments.
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Parameter Value
1 Experiment HSQC-EDITED
2 Pulse Sequence bsHSQCNOESY
o\ 3 Solvent thf
4 Temperature -60.0
5 Number of Scans 16
6 Receiver Gain 2 ~10
7 Relaxation Delay 1.0000 = e
8 Nucleus (H1, C13) . < 20
9 Spectrometer Frequency (499.92, 125.71)
10 Spectral Width (4266.2, 18854.6)
11 Acquisition Time (0.150, 0.042) - 30
I 12 Acquired Size (640, 800) . -
e e - - -
- - 13 Pulse Width (7.50, 28.00) - - - _ - 40
14 Spectral Size (4096, 4096) - o < LY
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Figure A.1.118. Full display HSQC-NOESY spectrum of 0.10 M (R)-16a with 0.05 M HMPA in neat THF-d; —60 °C.
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Figure A.1.119. Expansion of HSQC-NOESY spectrum of 0.10 M (R)-16a with 0.05 M HMPA in neat THF-d; —60 °C. Labels
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Table A.1.5. 'H and "C chemical shift assignments for mixed aggregate (S)-15b at —40 °C.

Atom | 8C, ppm | OH, ppm | HMBC | HSQC-TOCSY | HSQC-NOESY

I'C 18.22 0.81 6'9',10' | 2'4'5'6' 2',6',10'.8'

2C 156.28 - 5b - -

2'C 43.11 1.84(a) |8 1'6' 8,10',8'9",1'
2.48(b)

3'C 69.83 - 8.2 - -

4C 59.10 3.32 10,5 5 11,7958

4'C 75.85 255 |2'8 5' 11'2'5'.6

5C 59.68 2.76(a) |4 4 1149,10
3.14(b)

5'C 16.25 0.70(a) |13’ 16'4 11',14'4'2' 8' 9’
1.88(b)

6C 149.52 - 7.8 -

6'C 25.12 0.74 1'9',10' | 2'4' 5,1 4'.1'5'

7C 71.69 337 |68 8 498

7'C - -

8 C 10.29 212 |67 7 12',7,2!

8 C 31.04 1.18 2'3'4 13',14'2'9'5'

9C 25.73 2.11 10,11,5 [ 10,11 74,10,11

9'C 15.25 1.03 1',10' 10' 2'8',10'

10C 13.14 065 [4,119 |9.11 11
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100Cc | 27.78 093 [196 |9 91"

11c | 17.10 026 |109 [9,10 10

1'c | 5365 | 263@) [4 12! 12'4' 5,14
2.74(b)

122Cc | 6745 | 381 |11 11 13,11'8
3.94(b)

13¢c| 6652 | 3.73@) |- 14' 12',14
3.75(b)

14'C | 4906 | 223@) [4 13' 13,11'8'5'
2.55(b)
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Figure A.1.121. 'H NMR spectrum of 0.10 M mixed aggregate (S)-15b in neat toluene-d, at —40 °C. Labels indicate
assignments by 2D NMR.
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Figure A.1.123. Full display HMBC spectrum of 0.10 M (5)-15b in neat toluene-d; at —40 °C. Labels indicate assignments.
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Figure A.1.124. Full display HSQC-TOCSY spectrum of 0.10 M (S)-15b in neat toluene-d; at —40 °C. Labels indicate
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Table A.1.6. 'H and "°C chemical shift assignments for mixed aggregate (R)-15b at —40 °C.

Atom | 8C, ppm | OH, ppm | HMBC HSQC-TOCSY | HSQC-NOESY

I'C 18.18 0.30 2'5'6'9',10' 2'4'5'.6' 2'6',11',12

2C 156.01 - 4.,5b - -

2'C 42.66 1.76(a) | 6'8' 1'6' 8,11,12'8'9"1'
2.18(b)

3'C 69.70 - 8254 - -

4C 58.84 343 10,1195 5 795

4'C 76.95 229 |2'8'5 5'.6' 11'2'5'6'

5C 59.67 3.00(a) |49 4 1149,10
3.26(b)

5'C 15.95 0.58(a) | 1'4 1'2',6'4' 11',14'4'2'
1.78(b)

6C 149.10 - 7.8 -

6'C 2503 0.69 1'2'45'9.,10"| 2'4'.5".1' 4'.1'5'

7C 72.26 347 |68 8 498

7'C - -

8 C 10.05 222 167 7 12',7,2!

8'C 29.76 .16 | 2'4 142'9'5'

9C 25.31 2.35 10,11,5 10,11 74,10,11

9'C 14.94 091 1'2',6',10' 10' 2'8',10'

10C 12.71 0.54 4,119 9,11 95,11
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10c | 279 101 196 9 91"

11C | 1674 027 |1094 9,10 495,10

1'C | 5348 | 2.78(a) | 414 12 12'4' 5,14
2.84(b)

12C | 67.14 | 398 |13 1 13,11,1'2'8
4.12(b)

13C | 6618 | 3.56(a) |12 14' 12',14'9
3.65(b)

14C| 4947 | 2.15@) [13'4 13' 13,11'8' 5
2.65(b)
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Figure A.1.126. 'H NMR spectrum of 0.10 M mixed aggregate (R)-15b in neat toluene-d, at —40 °C. Labels indicate
assignments by 2D NMR.
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Figure A.1.127. Full display HSQC spectrum of 0.10 M (R)-15b in neat toluene-d; at —40 °C. Labels indicate assignments.
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Figure A.1.128. Full display HMBC spectrum of 0.10 M (R)-15b in neat toluene-d; at —40 °C. Labels indicate assignments.
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Figure A.1.129. Full display HSQC-TOCSY spectrum of 0.10 M (R)-15b in neat toluene-d; at —40 °C. Labels indicate
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Figure A.1.130. Full display HSQC-NOESY spectrum of 0.10 M (R)-15b in neat toluene-d; at —40 °C. Labels indicate
assignments.
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Table A.1.7. 'H and "’C chemical shift assignments for mixed aggregate (S)-36a at —40 °C.

Atom | 8C, ppm | OH, ppm | HMBC HSQC-TOCSY | ROESY
I'C 125.73 7.11 2'3'4 2'3' 2
2C 156.41 - 5b - -
2'C 127.58 7.37 1'3' 4 1'3' 1'3'.5'
3C 126.44 7.71 15 1'2' 2578
4C 57.83 373 195 95 11,75
4'C 149.24 - 2'5' - -
5C 63.81 277 (a) |49 49 49
334 (b)
5'C 76.71 5.57 3T 7' 2'8'6',10'
6C 150.45 - 8,7 - -
6'C 70.27 229 |5.11'87" 57 2'5.8.711
7C 72.29 382 |8 8 11498
7 C 11.50 1.04 5'.8",6' 54.6' 2'5',11',6'
8C 11.13 2.22 7 7 7,2'9'10'
8'C 52.82 193 (a) | 11,6 11',9',10' 6'9'.10',5'
3.77 (b)
9C 3673 | 230 () | 11,5 45 11,754
3.40 (b)
9'C 22.63 1.26 (a) | 8',11" 8.,11',10' 11'.8',10'
1.51 (b)
10C 136.27 - 12,139 - -
10'C 23.09 1.50 (a) | 8'.6' 89,11 1189
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1.67 (b)

11C 129.10 6.67 12,139 12,13 7459

11'C 51.53 1.69 (a) | 8 8',9',10' 6'9.7
2.99 (b)

12C 128.50 6.95 9,10,11 11,13 11,13

13C 126.53 6.95 10,11 11,12 11,12
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Figure A.1.131. '"H NMR spectrum of 0.10 M mixed aggregate (S)-36a in neat toluene-d; at —40 °C. Labels indicate
assignments by 2D NMR.
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Figure A.1.132. Full display HSQC spectrum of 0.10 M (5)-36a in neat toluene-d; at —40 °C. Labels indicate assignments.
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Figure A.1.133. Full display HMBC spectrum of 0.10 M (5)-36a in neat toluene-d; at —40 °C. Labels indicate assignments.
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Figure A.1.134. Full display HSQC-TOCSY spectrum of 0.10 M (S)-36a in neat toluene-d, at —40 °C. Labels indicate
assignments.
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Figure A.1.135. Full display ROESY spectrum of 0.10 M (S)-36a in neat toluene-d; at —40 °C. Labels indicate assignments.
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Table A.1.8. 'H and "’C chemical shift assignments for mixed aggregate (R)-36a at —40 °C.

Atom | 8C, ppm | OH, ppm | HMBC HSQC-TOCSY | HSQC-NOESY

I'C 125.62 7.08 2'3'4 2'3' 2

2C 156.89 - 5 - -

2'C 122.71 7.33 1'3' 4 1'3' 1'3'

3'C 125.95 7.67 15 1'2' 21T

4C 57.74 378 195 95 11,75

4'C 149.32 - 2'5' - -

5C 6489 | 3.10(a) [49 49 49
3.55 (b)

5'C 76.23 557 |3.76'4 |7 2'8'6',10'9'

6C 149.50 - 8,74 - -

6'C 70.58 227 51147 5.7 2'5'87,11

7C 74.45 380 |8 8 11498

7C 11.79 101|586 5'.6' 2'5.11.6'

8 C 10.80 205 |76 7 7,11

8'C 52.85 195() | 116 119,10’ 6'9',10'
3.79 (b)

9C 3742 253 (a) | 11,5 45 11,754
3.76 (b)

9'C 22.37 1.30 (a) | 8',11" 8.,11',10' 11'.8',10'
1.53 (b)

10C 136.85 - 11,12,139 | - -

10'C 23.46 154 () | 1T 89,11 11'.8'9
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1.65 (b)

11c | 12893 | 688 [12,139 [12.13 7459

1c| s182 [ 169 [8 8'9',10' 697
3.06 (b)

12c | 12853 | 705 [9jg011 [11,13 11,13

13C | 12645 | 701 10,11 11,12 11,12
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Figure A.1.136. 'H NMR spectrum of 0.10 M mixed aggregate (R)-36a in neat toluene-d; at —40 °C. Labels indicate
assignments by 2D NMR.
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Figure A.1.137. Full display HSQC spectrum of 0.10 M (R)-36a in neat toluene-d, at —40 °C. Labels indicate assignments.
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Figure A.1.138. Full display HMBC spectrum of 0.10 M (R)-36a in neat toluene-d, at —40 °C. Labels indicate assignments.
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Figure A.1.139. Full display HSQC-TOCSY spectrum of 0.10 M (R)-36a in neat toluene-d, at —40 °C. Labels indicate

assignments.
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Figure A.1.140. Full display HSQC-NOESY spectrum of 0.10 M (R)-36a in neat toluene-d; at —40 °C. Labels indicate
assignments.
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Table A.1.9. 'H and "’C chemical shift assignments for mixed aggregate (S)-52b at —40 °C.

Atom | 8C, ppm | OH, ppm | HMBC HSQC-TOCSY | ROESY

I'C 68.51 - 2'3'4 - -

2C 156.29 - 45 - -

2'C 33.57 1.36 1'3' 4 - 4'8'8

3'C 34.58 1.17 1'2'5 - 4'5'

4C 59.12 3.33 95,10,11 |5 89,10

4'C 73.90 219 (a) |2'3 - 2'3'5'8'
228 (b)

5C 59.69 271 () |9 4 49,10,11
3.14 (b)

5'C 55.79 211 (a) |6 6 6'3".8'
271 (b)

6C 149.65 - 7 - -

6'C 66.38 3.69 5' 5' 5'8'3'

3.70

7C 71.24 3.36 8,6 8 8

7C | 6641 | 378(a) |8 g -
3.78 (b)

8C 10.03 2.10 7 7 7,5'6'2

8'C 55.70 220 |7 7 5'4'2
2.94 (b)
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9C 25.63 2.13 11,5,10 10,11 4,5,10,11
10C 16.92 0.19 119 9,11 549,11
11C 13.02 0.50 49,10 9,10 59,10
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Figure A.1.141. 'H NMR spectrum of 0.10 M mixed aggregate (S)-52b in neat toluene-d, at —40 °C. Labels indicate
assignments by 2D NMR.
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Figure A.1.142. Full display HSQC spectrum of 0.10 M (5)-52b in neat toluene-d; at —40 °C. Labels indicate assignments.
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Figure A.1.143. Full display HMBC spectrum of 0.10 M (5)-52b in neat toluene-d; at —40 °C. Labels indicate assignments.
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Figure A.1.144. Full display HSQC-TOCSY spectrum of 0.10 M (S)-52b in neat toluene-d; at —40 °C. Labels indicate
assignments.
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Figure A.1.145. Full display ROESY spectrum of 0.10 M (S)-52b in neat toluene-d; at —40 °C. Labels indicate assignments.
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Part 3. Selectivity Studies
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Figure A.1.146. Crude '"H NMR spectrum of the aldol reaction products between enolate (S)-1a
and isobutyraldehyde.

233



Product ratio:

O O OH

"ANJ\H\VW 6
“{ Me Me
Bn

0O O OH

07N Me 1

Me Me
Bn
0O O OH
2 Me
[O
Y Me Me 1

Bn

T T T T T T T T T T T T T T T T T T
145 1.40 135 1.30 125 1.20 115 1.10 1.05 0.95 0.90 0.85 0.80 0.75 0.70 0.65 0.60 0.55

T
1.00
(ppm)

Figure A.1.147. Crude '"H NMR spectrum of the aldol reaction products between mixed
aggregate (S)-15a and isobutyraldehyde.
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Figure A.1.148. Crude '"H NMR spectrum of the aldol reaction products between mixed
aggregate (R)-15a and isobutyraldehyde.
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Figure A.1.149. 'H NMR spectra of the aldol reaction products between mixed aggregate
(S)-16a and isobutyraldehyde with dependence on THF concentration of the reaction.
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Figure A.1.150. Crude '"H NMR spectra of the aldol reaction products between mixed aggregate
(S)-16a and isobutyraldehyde. The reactions were quenched at the mentioned temperature to
show the extent of product equilibration in the mixed aggregate.
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Figure A.1.151. Crude '"H NMR spectrum of the aldol reaction products between mixed
aggregate (S)-16a and isobutyraldehyde.
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Figure A.1.152. Crude '"H NMR spectrum of the aldol reaction products between mixed
aggregate (R)-16a and isobutyraldehyde.
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Figure A.1.153. Crude '"H NMR spectrum of the aldol reaction products between enolate (S)-1b
and isobutyraldehyde.
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Figure A.1.154. Crude '"H NMR spectrum of the aldol reaction products between mixed

aggregate (S)-15b and isobutyraldehyde.

* (R)-15b displays an analogous result

241



Product ratio:
O (@) OH

0" N Me
Me Me 30

i-Pr

O O OH

o N . Me 1

Me Me
i-Pr
O O OH
= M’
o N ¢ _
Me Me
i-Pr

T T T T T T T T T T
145 140 135 130 125 120 115 110 105  1.00
(ppm)

T T T T
0.70 0.65 0.60 0.55

Figure A.1.155. Crude '"H NMR spectrum of the aldol reaction products between mixed

aggregate (S)-16b and isobutyraldehyde.
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Figure A.1.156. Crude '"H NMR spectrum of the aldol reaction products between mixed
aggregate (R)-16b and isobutyraldehyde.
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Figure A.1.157. Crude '"H NMR spectrum of the aldol reaction products between mixed
aggregate (S)-36a and isobutyraldehyde.

* Overlapping peak of the starting material and anti aldol product.
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Figure A.1.158. Crude '"H NMR spectrum of the aldol reaction products between mixed

aggregate (R)-36a and isobutyraldehyde.

* Overlapping peak of the starting material and anti aldol product.
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Figure A.1.159. Crude '"H NMR spectrum of the aldol reaction products between mixed
aggregate (S)-37a and isobutyraldehyde.

* Starting material.
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Figure A.1.160. Crude '"H NMR spectrum of the aldol reaction products between mixed

aggregate (R)-37a and isobutyraldehyde.

* Overlapping peak of the starting material and anti aldol product.
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Figure A.1.161. Crude '"H NMR spectrum of the aldol reaction products between (a) mixed
aggregate (S)-16b and (b) enolate (S)-1b with benzaldehyde. Gray peaks indicate excess starting
material.

248



O O OH

O N t-Bu
Me
i-Pr

(b)

T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
1.09 1.08 1.07 1.06 1.05 1.04 1.03 1.02 1.01 1.00 0.99 0.98 0.97 0.96 0.95 0.94 0.93 0.92 0.91 0.90 0.89 0.88 0.87 0.86 0.85 0.84 0.83 0.82 0.81 0.80 0.79 0.78 0.77 0.76 0.75 0.74 0.73 0.72 0.71
ppm

Figure A.1.162. Crude '"H NMR spectrum of the aldol reaction products between (a) mixed
aggregate (S)-16b and (b) enolate (S)-1b with pivaldehyde.
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Figure A.1.163. Crude '"H NMR spectrum of the aldol reaction products between (a) enolate
(S)-1b and (b) mixed aggregate ($)-16b with ethynyl methyl ketone. Gray peaks indicate excess
starting material.

* Unknown product
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Figure A.1.164. Crude '"H NMR spectrum of the aldol reaction products between mixed
aggregate (S)-52b and isobutyraldehyde. Gray peaks indicate excess starting material.
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Part 4. Rate Studies
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Figure A.1.165. Plot of aldolate concentration versus time (IR spectroscopy) for the formation of
(S)-44a (1788 cm™) carried out using mixed tetramer (S)-16a (0.10 M) at —78 °C under second-
order conditions with pivaldehyde (0.10 M). Red curve represents a fit to f(x) = a — a/(1 + bx)+c.
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Figure A.1.166. Plot of aldolate concentration versus time (IR spectroscopy) for the formation of
(S)-44a (1788 cm™) carried out using mixed tetramer (S)-16a (0.10 M) at —78 °C under pseudo-
first-order conditions with pivaldehyde (0.010 M). Red curve represents a fit to

f(x) = (a-1)e ™ +c.
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Figure A.1.167. Plot of pseudo-first-order rate constants (k) vs --BuCHO concentration in
neat tetrahydrofuran (THF) at —78 °C (0.10 M (S)-16a, neat THF, —78 °C). The curve depicts an
unweighted least-squares fit to the function fix) =ax+b:a=(-13+23)x 102 b= (2 +2) x
107
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Figure A.1.168. Plot of pseudo-first-order rate constants (k) vs (S)-16a concentration at
0.0050 M pivaldehyde in neat tetrahydrofuran (THF) at =78 °C. The data were fit to y = ax”"
such that n = 1.14 + 0.02.
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Figure A.1.169. Plot of pseudo-first-order rate constants (k) vs 11 concentration in neat
tetrahydrofuran (THF) at =78 °C (0.10 M (S)-16a, neat THF, =78 °C). The curve depicts an
unweighted least-squares fit to the function f(x) =ax+b: a= (194 +1.8) x 107°; b = (1.31 =

0.11) x 107,
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Figure A.1.170. Plot of pseudo-first-order rate constants (k) vs HMPA concentration in neat
tetrahydrofuran (THF) at =78 °C (0.10 M (S)-16a, neat THF, =78 °C). The curve depicts an
unweighted least-squares fit to the function f(x) = ax + b: a = (6.4 = 10.6) x 107%
b=(120+0.09) x 107°.
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Figure A.1.171. Plot of aldolate concentration versus time (IR spectroscopy, 1788 cm™) carried
out using mixed tetramer (5)-16a (0.10 M) at —78 °C under pseudo-first-order conditions with:
(a) pivaldehyde (0.010 M); (b) pivaldehyde-d (0.010 M). Red curves represent fits to

fx) = (a=1)e ™ +c. kylky, =0.77 £ 0.016.
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Part 5. Computations

Geometries are optimized at the B3LYP level of theory using the 6-31G(d) basis set. Energies
are defined as follows: G is the sum of electronic and thermal free energies calculated at the
B3LYP level of theory (T = 195 K). Gy, is derived from an MP2 SP calculation corresponding
to the DFT-optimized geometry and includes a thermal correction from the DFT calculation.

Table A.1.10. Geometric coordinates and thermally corrected MP2 energies for THF

O

L

G =-232.349384
Gy = —231.569879

Atom X Y Z Atom X Y Z
C 0.00000000 0.00000000 0.00000000 O -0.73331100 -2.24858800 -0.22715800
H 0.06320400 0.15873800 1.08328900 C 0.43208200 -1.42748600 -0.35845700
H 0.61015700 0.76456500 -0.49095800 H 1.21529000 -1.82013100 0.30070600
C -1.46729300 -0.00033900 -0.45381300 H 0.80244900 -1.48014300 -1.39416900
H -1.53059400 0.15785900 -1.53717400 H -2.68246900 -1.82083900 -0.75299500
H -2.07768600 0.76422300 0.03685600 H -2.26811000 -1.48024900 0.94140300
C -1.89874200 -1.42780200 -0.09469900

Table A.1.11. Geometric coordinates and thermally corrected MP2 energies for isobutyraldehyde

O
H&Me
Me G =-232.363544
Gyp, =—231.5853565

Atom X Y Z Atom X Y Z

C 0.00000000 0.00000000 0.00000000 H -0.97876300 -0.84739100 -1.76264900
C 1.35825200 -0.64247100 -0.21642300 H -1.03772400 -1.90679400 -0.34086300
O 2.32728500 -0.08817100 -0.68588300 C -0.02488200 1.45908100 -0.45726000
H 1.41543300 -1.71265200 0.09428100 H -0.99317700 1.91827800 -0.23079400
H -0.17199100 -0.04888300 1.08902500 H 0.76022900 2.04023200 0.03518600
C -1.08708400 -0.86257100 -0.67179900 H 0.14434900 1.52988600 -1.53710400
H -2.08343300 -0.48022400 -0.42704300

259



Table A.1.12. Geometric coordinates and thermally corrected MP2 energies for 18a

i
Li]=0d_~

st

_THF

O—Lli\

Li

Atom X Y Z

Li
O

0.00000000 0.00000000 0.00000000
-0.08023400 2.02256100 -0.26406100

Li -0.87456600 1.43685900 -1.97089400

Li

TODITOQOOIITOQZIANOIIZIAQAITIOQOOITIIZINOQOLO

0.85467900 -0.48874700 -2.41846300
0.79292100 1.47635000 -2.99965400
1.61073700 1.69097300 -1.22602700
1.78601600 -0.16260200 -0.75878800
3.05490000 -0.41436900 -0.22434300
3.37017900 -1.96939500 -0.31700800
3.25481200 -2.41584900 0.68009900
2.55037000 -2.36813100 -0.91753100
4.67880400 -2.44593500 -0.95539900
5.82021800 -1.46465100 -1.16249100
6.36608800 -1.55407700 -2.10134200
5.57404900 -0.02779100 -0.72490000
6.27947000 0.62798200 -1.24789900
5.77612400 0.10428300 0.34342300
4.12001300 0.37341500 -1.06094300
3.93678200 0.04667400 -2.09222500
3.86661500 1.85540700 -1.09721900
4.55509800 2.61420100 -0.02706000
4.28215500 4.10976100 -0.15534900
4.83838600 4.65842500 0.61123400
3.20792900 4.31518600 -0.01981000
4.71770400 4.60890400 -1.41035600
4.05019900 3.92070500 -2.45892900
443398000 4.32895000 -3.39856300
2.96908300 4.12659400 -2.40921400
4.29518900 2.41564100 -2.40238600
3.72360000 1.93225900 -3.20152000

260

G =-2618.987508
Gypr = —2611.435743

Atom X Y Z

TOTTOOITZIQOZITZIQOOQOTTTOTIITITQOIZIIZITOOT T T

5.36896700 2.22933400 -2.58101400
5.64596400 2.47079400 -0.07718200
4.21686800 2.26646700 0.95035500
5.98957400 -2.63068100 -0.20646600
6.06414600 -2.42402800 1.29509600
7.07598300 -2.12478900 1.59895100
5.36890500 -1.66578300 1.66072300
5.82777900 -3.35920200 1.81952600
6.88860700 -3.76130300 -0.68623400
7.93951400 -3.56526100 -0.43467100
6.60841200 -4.71494200 -0.21908500
6.82757200 -3.89249200 -1.77281700
4.53223100 -3.16518500 -1.76064000
3.03951500 -0.00249600 1.26647700
2.38485800 -0.69199900 1.80851500
4.02289300 -0.03084100 1.75214100
2.62171000 1.00210800 1.38502600
1.08437000 2.04697200 -4.17603400
0.71842800 3.52101800 -4.29715500
0.99319300 4.03058300 -3.36343200
-0.37672300 3.60809600 -4.36122900
1.35989500 4.22263900 -5.50277100
0.89607200 5.20536900 -5.65783100
242412100 4.40844800 -5.29674300
1.23943300 3.35575500 -6.76023400
1.96311700 2.01620100 -6.56032700
1.68250200 1.32508100 -7.36919800
3.04953200 2.17442400 -6.68061300
1.65617000 1.39441200 -5.21658200
1.90375900 0.34276400 -5.08343800



OOCTETTITT AT ILI T TOOTTITIIZIQZZITZIQAOITITONOZIOITIAQAZTQAOQOITTOOOT T

1.64355600 3.88187300 -7.63481400
0.17545000 3.16823400 -6.96496100
-0.93816000 -0.46941000 -1.65043900
-2.11364500 -0.94905600 -2.24687200
-2.40674200 -2.43209400 -1.75511500
-2.28558400 -3.11799900 -2.60366200
-1.58649100 -2.66012000 -1.06889000
-3.72381700 -2.74096800 -1.03805100
-4.91680300 -1.82210100 -1.24290500
-5.52447800 -1.61981600 -0.36129300
-4.69160300 -0.60735300 -2.13096100
-5.47454600 0.13274600 -1.92824700
-4.78369100 -0.86140100 -3.19262900
-3.29873300 -0.00985100 -1.83162900
-3.21264600 0.04923500 -0.73965200
-3.10412600 1.40631600 -2.29279500
-3.72695000 1.72107600 -3.59938700
-3.45699000 3.17324700 -3.98264600
-3.95868500 3.41337600 -4.92526700
-2.37429500 3.32611700 -4.11561000
-3.96345700 4.07607100 -3.01195400
-3.39634900 3.79893400 -1.73804100
-3.85676400 4.49570800 -1.03149900
-2.31105400 3.99400600 -1.75563400
-3.65350700 2.36039100 -1.30111600
-3.16474100 2.19681300 -0.33724000
-4.74140000 2.21717600 -1.17275400
-4.81855400 1.57791200 -3.56104400
-3.32860100 1.06297400 -4.37267500
-4.97033700 -3.25006600 -1.74946600
-4.94200100 -3.56354400 -3.23407200
-4.60438900 -4.59501300 -3.40079100
-5.94554500 -3.47273200 -3.67007400
-4.27480600 -2.90969300 -3.80055900
-5.85412600 -4.20748600 -0.96318900
-6.89246800 -4.17108900 -1.31896600
-5.50454900 -5.24349700 -1.06591700
-5.86120700 -3.96390100 0.10558300
-3.59921700 -3.13687400 -0.03086100
-1.90530900 -0.98436100 -3.78170400
-1.12529100 -1.71383500 -4.02192700
-2.80632200 -1.26923100 -4.34060900
-1.55286300 -0.01737600 -4.15231200
1.44364500 -2.20461500 -3.45886500
2.58931100 -2.37245300 -4.32709400
2.66045100 -3.86863600 -4.64881300

261

T IDTITZTTZTOITZIOOQOQ0ONIDIDIQOID IO IQOIIQOQADNITI D TITITIOITTO

2.03757500 -4.50028100 -3.39438200
2.77369000 -4.55282800 -2.58441800
1.64489300 -5.50723200 -3.56497700
0.93753800 -3.49656900 -3.05197800
0.69708700 -3.44422400 -1.98741600
0.01559700 -3.70806400 -3.60835100
2.05455000 -4.10012300 -5.53267200
3.68368300 -4.20386200 -4.84257900
244735600 -1.74682400 -5.21200800
3.48245500 -2.02908100 -3.79112200
-0.50043600 2.97135200 0.57842200
0.15270000 4.33474400 0.39380900
0.21508700 4.54644800 -0.68316400
1.19437200 4.26813000 0.74554500
-0.56710600 5.47612000 1.12589900
0.06219600 6.37544200 1.13475200
-1.48388700 5.74099800 0.57953500
-0.93918100 5.05257200 2.55019900
-1.89093700 3.84844200 2.51773800
-1.98281600 3.42789100 3.53084600
-2.90565100 4.20226400 2.26226300
-1.43008900 2.78106100 1.54901100
-1.88386300 1.79437600 1.63493000
-1.39660300 5.88700900 3.09742800
-0.02292800 4.77891000 3.09339400
-0.55807000 -0.73389700 1.82856000
-0.16321000 -0.18614300 3.11408900
-1.20666100 -0.67368900 4.13447700
-2.40364500 -1.06387300 3.25210300
-3.00886600 -0.18319300 3.00878500
-3.05523700 -1.81129500 3.71521200
-1.70659700 -1.58520500 1.99795900
-2.30625600 -1.51387500 1.08923300
-1.37862600 -2.62769600 2.12625900
-0.83546400 -1.55048800 4.67748900
-1.45136500 0.09660800 4.87144700
0.84607300 -0.53432900 3.35269300
-0.15147800 0.90240400 3.00892400



Table A.1.13. Geometric coordinates and thermally corrected MP2 energies for 18b

Atom X Y Z

Li
Li
O
Li

TN I TAQOIZI TN IZDOQOIZNQOLDO

0.00000000 0.00000000 0.00000000
-1.70021100 1.86646900 -0.72672100
-0.95375700 1.97090600 -2.55767700
-0.92534800 0.00071200 -2.34668500
0.90648900 -0.06026000 -1.72798600
0.77493600 1.86665900 -1.61905900
0.02845100 1.97021400 0.21204100
0.32337000 2.70001500 1.29217900
-0.74335900 2.70866900 2.38315800
-1.11367300 1.68200900 2.51040200
-1.61003800 3.28239600 2.02343000
-0.25451200 3.27332000 3.72514900
-1.10849800 3.46413700 4.38831900
0.37239200 2.52565300 4.23255000
0.56991200 4.54712300 3.51210400
1.80963900 4.24329300 2.65902000
2.27815200 5.18843500 2.34465300
2.56549700 3.74644300 3.29264100
1.47745900 3.39717000 1.45031400
2.22302900 3.33404800 0.65849400
0.86495800 4.98521800 4.47448100
-0.05181300 5.29589800 2.99913400
2.00981900 3.37880900 -2.09259900
3.42671500 3.41853500 -2.36276100
3.85845800 4.86470600 -2.10758300
2.58774100 5.64730100 -2.47484100
2.51370100 5.76831500 -3.56222200

262

G = -2618.993062
Gy = —2611.441668

Atom X Y Z

QA0OCTTOQZIZOTZAQAITIQCQATTOQONITD T T DT QD

2.54624700 6.64088300 -2.01858200
1.48324500 4.72395000 -1.95794100
0.55437500 4.77917300 -2.53163700
1.26399800 4.89744100 -0.89805800
4.10154600 5.00947500 -1.04859600
4.73262200 5.14982800 -2.70060300
3.92244800 2.69226700 -1.71228900
3.59431100 3.12549700 -3.40778200
1.99270400 -0.94189800 -1.71005900
3.03465000 -0.51398300 -2.83205400
2.93123500 -1.19155500 -3.69070600
2.66964600 0.45610200 -3.18213200
4.51432400 -0.34324300 -2.47312400
5.04584200 -0.90584100 -1.16473000
5.75821400 -0.27963200 -0.62817500
4.04055500 -1.60747900 -0.26054200
443309300 -1.62194000 0.76273500
3.90668000 -2.65668700 -0.54580400
2.69436900 -0.84973700 -0.31032300
2.93381400 0.21656800 -0.21028900
1.76871200 -1.11532600 0.84278500
1.67917400 -2.53536400 1.24975900
0.72218400 -2.69694300 2.42858100
0.69674000 -3.74240800 2.75167500
-0.29713900 -2.39908400 2.13112500
1.14188200 -1.93506500 3.54953400
1.22893200 -0.56137300 3.19596900



TITAODTITQO0O T INQNZITOITOIINQNIIIZINAQA0O I I DIQNAIIN I IQAIIIINQND DT T T NI T

1.58237500 -0.02974700 4.08445700
0.22712700 -0.17786900 2.93980600
2.18735500 -0.33284200 2.03080000
2.19053200 0.73133200 1.77539100
3.20409800 -0.61614800 2.35545100
2.66348500 -2.92313400 1.55833400
1.32818000 -3.14187000 0.41400300
5.54578200 -1.46121300 -2.48518000
5.18078500 -2.85788900 -2.95242900
4.14658000 -3.13056200 -2.73359500
5.31383700 -2.94270300 -4.03889400
5.83059800 -3.60851500 -2.48319200
6.96203100 -1.06575000 -2.87913500
7.69982900 -1.75616000 -2.44882300
7.08836500 -1.08267200 -3.96984300
7.21021000 -0.05646400 -2.53100500
4.91895900 0.62549600 -2.76409400
1.46721600 -2.35882100 -2.03682800
1.12058800 -2.37255400 -3.07640300
2.21288700 -3.15533300 -1.92863900
0.60891100 -2.60297600 -1.40562200
-1.83186000 -0.06052800 -0.61874400
-2.91813900 -0.94207700 -0.63708400
-3.96000200 -0.51469900 0.48519600
-3.85661300 -1.19276800 1.34345900
-3.59490400 0.45515400 0.83581800
-5.43967700 -0.34364100 0.12641400
-5.97129400 -0.90551200 -1.18225600
-6.68364700 -0.27897200 -1.71845100
-4.96609100 -1.60673600 -2.08686000
-5.35868200 -1.62064000 -3.11012500
-4.83227000 -2.65609700 -1.80214700
-3.61985500 -0.84911300 -2.03673600
-3.85922600 0.21726500 -2.13618400
-2.69426600 -1.11414900 -3.19003300
-2.60484700 -2.53397700 -3.59776700
-1.64796300 -2.69498700 -4.77675100
-1.62259500 -3.74028500 -5.10039000
-0.62859900 -2.39732700 -4.47923000
-2.06773400 -1.93251100 -5.89727500
-2.15466300 -0.55900100 -5.54299600
-2.50817300 -0.02689300 -6.43117000
-1.15280900 -0.17569000 -5.28674900
-3.11294200 -0.33099800 -4.37760200
-3.11597100 0.73304300 -4.12162900
-4.12975000 -0.61401600 -4.70229500

263

TZTTTTTOITTOOQOQ0OT T TOITTOOITTIQAZZIITIQAQATITITOTI I T TQAZIZTIZIOQOOTI T

-3.58920200 -2.92153000 -3.90646800
-2.25381200 -3.14093900 -2.76236100
-6.47122200 -1.46153200 0.13792700
-6.10633100 -2.85846300 0.60449600
-5.07228400 -3.13130000 0.38512000
-6.23894500 -2.94365100 1.69098600
-6.75651200 -3.60876500 0.13525100
-7.88742200 -1.06614100 0.53214100
-8.62530300 -1.75623200 0.10146100
-8.01372500 -1.08366200 1.62284400
-8.13550000 -0.05663300 0.18459000
-5.84421000 0.62498100 0.41791600
-2.39276200 -2.35922500 -0.31110900
-2.04612600 -2.37357300 0.72845200
-3.13850900 -3.15560800 -0.41972600
-1.53449000 -2.60311100 -0.94246200
-1.24828000 2.70127300 -3.63754700
-0.18145400 2.70995900 -4.72843500
0.18852600 1.68322300 -4.85602500
0.68538500 3.28327200 -4.36842400
-0.67001300 3.27527700 -6.07024800
0.18408000 3.46598600 -6.73331300
-1.29719100 2.52803800 -6.57794000
-1.49392400 4.54934100 -5.85678500
-2.73381400 4.24573400 -5.00385500
-3.20191100 5.19096400 -4.68913400
-3.48987800 3.74946900 -5.63768800
-2.40206000 3.39898000 -3.79547400
-3.14769600 3.33584000 -3.00371800
-1.78875300 4.98789800 -6.81901700
-0.87190500 5.29768000 -5.34353200
-2.93528000 3.37835300 -0.25224100
-2.40895700 4.72364500 -0.38620400
-3.51383200 5.64654500 0.13066400
-4.78422700 4.86394100 -0.23768200
-5.02679700 5.00928600 -1.29670900
-5.65874200 5.14858200 0.35505100
-4.35239700 3.41767800 0.01688700
-4.84755800 2.69175800 -0.63441000
-4.52068800 3.12392200 1.06158400
-3.44034800 5.76695900 1.21815000
-3.47226900 6.64038700 -0.32502300
-1.48030300 4.77884200 0.18783500
-2.18938100 4.89764300 -1.44594000



Table A.1.14. Geometric coordinates and thermally corrected MP2 energies for 18¢

Atom X Y Z

Li
Li
Li

OOCTOONO0CIIIZIITOAOITIITOOOQOITIITIOQOTITINNOOLE O

0.00000000 0.00000000 0.00000000
-0.00097700 0.59999700 2.44129700
-1.84113300 -1.00213800 1.49679700
-1.96105500 0.59848000 2.64276400
-1.84510500 1.59683700 0.94488500
-1.96008100 -0.00435900 -0.20099300
-2.56006100 -0.38607700 -1.33178800
-3.53208900 0.62652200 -1.92289000
-3.07748900 1.62377300 -1.85420200
-4.42623600 0.66457100 -1.27914700
-3.94182600 0.31889200 -3.37019900
-4.79381500 0.94593900 -3.66430100
-3.11428900 0.57869400 -4.04612600
-4.27240000 -1.16745300 -3.53870500
-3.04564800 -2.03010800 -3.20890800
-3.35091900 -3.08462300 -3.12832700
-2.34723500 -2.00068400 -4.06335600
-2.35792500 -1.58498700 -1.93631100
-1.64082200 -2.27147300 -1.48490400
-4.62182900 -1.37466100 -4.55849900
-5.09838300 -1.42964800 -2.86096900
0.10052600 1.74617700 0.89054700
0.85005900 2.60765700 0.07824300
1.40303100 3.82406200 0.94058400
0.89033100 4.74274100 0.62630900
1.05075200 3.62269200 1.95519000
291151500 4.07754700 1.00418700
3.80314200 3.54341100 -0.10442100

264

G =-2618.992360
Gypr = —2611.446436

Atom X Y Z

TTOQOIZITIZIQOQONITITDITITIQOIITIN0OOQZIOQOIITOI

4.76575300 3.13915900 0.20795300
3.11610900 2.72575300 -1.18905000
3.86727300 2.12639900 -1.71646600
2.65203200 3.36382700 -1.94885000
2.06032200 1.81068700 -0.52828900
2.54369300 1.36605100 0.35055800
1.64061100 0.62440900 -1.34583400
1.41650300 0.90700000 -2.78301300
0.96471500 -0.35494600 -3.51201900
1.93979700 -1.38696100 -3.40663400
2.17947800 -1.68897800 -2.04186500
1.26622600 -2.10100300 -1.58138800
2.95439500 -2.46181200 -2.02193100
2.64323800 -0.46137000 -1.25905900
2.77889900 -0.73549800 -0.20806000
3.62146200 -0.13795600 -1.65659300
0.84825800 -0.14812900 -4.58047000
-0.00157800 -0.69923900 -3.11062800
2.34103700 1.26911900 -3.26149100
0.65625000 1.67932300 -2.89636300
3.64259600 5.03953500 0.07664500
2.87721600 5.87936500 -0.92917200
1.99060700 5.37784800 -1.32405800
2.54105200 6.81709700 -0.46752700
3.51707200 6.14405900 -1.78122400
4.83633200 5.77454500 0.66876900
5.54862400 6.06861500 -0.11376100
4.51900500 6.68787500 1.18920200



OXTZDOQOIIOOQOIIINAQ0OIIIIIQOIIINAODIODNIOOII I I I I ITIQAIZINOOQ0OIT T IO I T

5.37596100

3.32792400
-0.08670100
-0.82424000

0.43378400
-0.64303200
-3.18435600
-4.55422900
-5.21767500
-4.04913200
-3.89508800
-4.19047800
-2.86978600
-1.91900700
-2.75590800
-5.57419400
-6.06695200
-5.00195300
-4.54441500

5.15110600 1.39093200
4.02837700 2.00962800
3.18892200 -1.00984200
3.84132800 -0.53127700
3.78753500 -1.76824300
2.39247000 -1.51146600
3.10542800 0.88263100
2.78886900 1.23197300
4.12949300 1.54692500
4.92122800 2.15325000

4.62740100
6.00559600
4.45703900
4.43882100
5.07514100
4.60990000
4.02278100
2.26174100
2.13132000

-2.56207400 0.97957900
-3.53023600 -0.03568000
-3.07209200 -1.03139400
-4.42455000 -0.07784200
-3.94049600 0.27245400
-4.79007700 -0.35728500
-3.11175700 0.01663000
-4.27642100 1.75782600
-3.05293100 2.62447200
-3.36208100 3.67775100
-2.35412100 2.59881700
-2.36401900 2.18003100
-1.64937500 2.86838500
-4.62621600 1.96518800
-5.10361500 2.01604600
0.10489300 -1.14582600
0.85658100 -2.00508700
1.41391400 -3.21986500
0.90504100 -4.14036200
1.06029600 -3.02062000
2.92334100 -3.46743800
3.81282700 -2.93074500
4.77391000 -2.52259300
3.12250100 -2.11626200
3.87135800 -1.51472500
2.66014800 -2.75636700
2.06402800 -1.20440500

3.19674000
2.11391200
1.29618400
1.83555500
0.39617700
0.62777500
2.22846800
0.38545000
2.10858300
3.77322100
4.36607100
4.29854100
3.72281900
5.81313900
6.10844700
6.48910900
5.97969600
5.64821600
5.56623200
6.50245600
4.37603500
3.92357800
6.99933200
5.30191400
1.55094200
2.36361400
1.50167600
1.81680000
0.48710800
1.43771900
2.54683600
2.23481100
3.63174900
4.15996500
4.39090100
2.97085600
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2.54632000 -0.75811800 2.09225500
1.64029000 -0.01951000 3.78829600
2.63988000 1.06913900 3.70247100
2.17210000 2.29526900 4.48520100
1.93233900 1.99225100 5.84973600
0.96003200 0.95751300 5.95416300
0.84333900 0.75014800 7.02248200
-0.00689400 1.29923600 5.55210100
1.41584000 -0.30303600 5.22522200
2.34098400 -0.66276800 5.70432600

0.65758100 -1.07743600
1.25798700 2.70479500
2.94483600 3.07030500
2.77553200 1.34384900
3.61872600 0.74843700
3.65806100 -4.42731000
2.89591500 -5.27094000
2.00760700 -4.77308800
2.56300400 -6.20938300
3.53697800 -5.53421900
4.85469300 -5.15720100
5.56813100 -5.44903600
4.54099300 -6.07140200
5.39184000 -4.53110100
3.33959600 -3.41585900
-0.07900100 -2.58975500

5.33778400
4.02420600
4.46595800
2.65161100
4.10064300
2.36459700
3.36969100
3.76543200
290713100
4.22127000
1.77197700
2.55430000
1.25087400
1.05027500
0.43234000
3.45090900

-0.81397400 -3.24448600 2.97155900
0.44301500 -3.18691600 4.20940700
-0.63845500 -1.79546200 3.95248000
-3.17565100 -2.51479000 1.55840500

-2.85757500 -3.86467400
-4.03661100 -4.33067200
-5.20671900 -3.54357500
-5.56051500 -4.02673400
-6.05724000 -3.43814800
-4.54681200 -2.20158200
-4.99503000 -1.67720400
-4.54000600 -1.54243500
-3.88472500 -4.03430200
-4.17469700 -5.41553100
-1.90752500 -3.84257200
-2.74079400 -4.48414900

1.14186600
0.28534600
0.89468100
1.81343600
0.21449200
1.21121400
2.05918000
0.33576300
-0.75773700
0.32271900
0.60137400
2.04055300



Figure A.1.172.

* Relative energies are given in kcal/mol
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Computational overview of ground states for ($5)-15a




Figure A.1.173. Computational overview of ground states for (R)-15a
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* Relative energies are given in kcal/mol
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Figure A.1.174.
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* Relative energies are given in kcal/mol
'Rotational isomer
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Figure A.1.175. Computational overview of ground states for (R)-16a
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* Relative energies are given in kcal/mol
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Figure A.1.176.

L,

Computational overview of transition states

observed

T 55 o—t_ [
Li—lo +5.5 Li_lo
0D oKl 2
" O—Li n O—TLi
THF
32a 16a
+0.1 +7.5
+0.2 +4.1
Lo . e
L1—|O +1.6 Li—l
B Li{|_o\'</ L _01/
\
n O—Li_ B NQY T
o THF
HJQ.P
pre-47a e pre-48a
pre-49a pre-50a
+7.1 matched (S) 427
+5.6 mismatched (R) +7.6
— _i —
10—]'_" 1 I
N |{\ +2.5 \(P\ ' Ir ]\\-f-
| 0.4 |L|1 o)

* Relative energies are given in kcal/mol
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Figure A.1.177.

Computational overview of transition states
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* Relative energies are given in kcal/mol
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Table A.1.15. Geometric coordinates and thermally corrected MP2 energies for (S)-22a

Atom X Y Z

Li
Li

ocrxrxIrazmaoaZzramzTZaono

0.00000000 0.00000000 0.00000000
-0.48377500 1.84059100 -1.74318900
0.67538500 3.17716900 -2.39967400
1.41968900 3.84382900 -1.68918600
2.25798000 4.75058000 -2.26065900
2.83714500 5.56608700 -1.22853700
2.27344000 6.50396300 -1.17058600
3.87226800 5.78255200 -1.49677200
2.69794400 4.72568600 0.04842900
2.40695900 5.36344100 0.88585700
1.58480200 3.84073800 -0.33108300
0.85500700 3.01161600 0.62539600
0.96251500 3.31252000 1.94422000
1.51992300 4.18810100 2.25601700
0.27993800 2.52670400 3.02887300
0.95263100 2.34745500 3.87881100
-0.60392100 3.04698400 3.42705200
-0.05700700 1.55162500 2.66234200
0.16599700 2.02472500 0.10616300
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G =-3104.062903
Gy = —3094.062812

Atom X Y Z

Li
Li

OOOCTTOTOZZTAQAO0O0OONZAOO0O

-1.76604800 1.83368100 0.57818800
-2.23341700 -0.01060700 -1.16735300
-2.41746500 2.01264300 -1.27154800
-3.10875200 2.99632500 -1.79386600
-3.83374600 3.83193700 -0.83965800
-3.67182300 3.83520300 0.51894000
-2.93378800 3.16444700 1.23206100
-4.50575300 4.74781200 1.08746100
-5.07828000 5.56494800 0.05287400
-4.50804000 6.49876400 -0.00685900
-6.11216400 5.78903200 0.31957400
-4.94348100 4.72023200 -1.22152100
-4.65034600 5.35388500 -2.06129300
-6.22027900 3.92690300 -1.58819700
-5.94069000 3.20182800 -2.36001100
-6.54041100 3.36033800 -0.70501800
-7.34280900 4.81551700 -2.07711600
-8.44333700 5.11086900 -1.26139000
-9.46270500 5.95451100 -1.70816600
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-9.39579600
-8.30648700
-7.29162100
-6.45355700
-8.25034000
-10.1885430
-10.3097590
-8.50893600
-3.22157800
-2.54736600
-2.21523300
-3.22386300

6.51855800 -2.98229000
6.22972400 -3.80778900
5.38564200 -3.35839500
5.15591700 -4.01336600
6.65751800 -4.80532100
7.17376900 -3.33288800
6.16638200 -1.06102400
4.66557200 -0.27075800
3.28867100 -3.11421900
249300300 -4.19695000
1.51742500 -3.82719200
2.31355700 -5.04380000
-1.66157800 3.00553700 -4.60107400
-3.77965600 4.16256400 -3.42940500
-1.75987000 -0.06351400 0.72521700
-2.63764000 -0.92049000 1.40789000
-2.68175400 -0.52863600 2.94583700
-2.11732000 -1.27666100 3.51881800
-2.10004700 0.39379900 3.01345200
-4.03160300 -0.26290000 3.62006400
-5.31199300 -0.75549800 2.96714200
-6.16194500 -0.07549900 3.01572200
-5.16718100 -1.46040600 1.62445200
-6.12655100 -1.42314700 1.09484200
-4.93133600 -2.52397200 1.74433100
-4.07325100 -0.74319000 0.80328700
-4.26303200 0.33208700 0.90702200
-4.12745200 -0.97596000 -0.67995800
-5.15733800 -0.11646200 -1.30811000
-4.93694500 0.92611900 -1.06308800
-6.16519900 -0.35662400 -0.92666600
-5.15128500 -0.29152900 -2.82485600
-5.37684500 -1.64413200 -3.19799900
-4.39668500 -2.48653400 -2.61111100
-4.39806400 -2.37178700 -1.08815900
-5.38011400 -2.71109600 -0.72036400
-3.63786300 -3.03455000 -0.67275100
-4.64262000 -3.50929700 -2.91304900
-3.39760600 -2.23709400 -3.00723900
-4.19251100 0.06090000 -3.23937500
-5.95536400 0.29619400 -3.27778100
-4.87340000 -1.33290100 4.29951800
-4.37149600 -2.75956600 4.41988000
-3.75517400 -3.07333800 3.57474600
-3.76120900 -2.87423100 5.32531700
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-5.21113000 -3.46290200 4.49913800
-5.67612200 -0.89025200 5.51457400
-6.55909300 -1.52728400 5.65962500
-5.07131800 -0.94767100 6.42931600
-6.02482400 0.14364800 5.41188600
-4.09381700 0.71842300 4.08736500
-2.09175200 -2.36181500 1.28238500
-1.14949300 -2.42916500 1.83850300
-2.76365000 -3.13147400 1.68082700
-1.86929200 -2.60400000 0.23946200
-0.47237400 -0.05678100 -1.89174800
0.41187900 -0.90361500 -2.57856900
0.46015400 -0.49140300 -4.11062300
-0.13433600 -1.21047800 -4.69069700
-0.08887200 0.45212400 -4.15901700
1.81276100 -0.25583700 -4.79136100
3.08878900 -0.75526600 -4.13526300
3.94599400 -0.08509200 -4.19175400
2.94049800 -1.44833300 -2.78660900
3.89919300 -1.40690300 -2.25606100
2.70510400 -2.51286600 -2.89829400
1.84596000 -0.72569900 -1.97076500
2.03765800 0.34897600 -2.07792600
1.89732400 -0.95319800 -0.48671100
2.92687000 -0.09258400 0.14003700
2.91684900 -0.26079100 1.65745700
3.13926400 -1.61214500 2.03687500
2.15901100 -2.45553600 1.45154500
240244400 -3.47733600 1.75871200
1.15965000 -2.20244500 1.84442900
2.16377900 -2.34782300 -0.07197300
3.14556300 -2.69159500 -0.43631700
1.40232400 -3.01016100 -0.48598400
1.95767000 0.09556400 2.06781500
3.72096200 0.32739200 2.10974500
2.70859000 0.94922600 -0.11019000
3.93533700 -0.33567800 -0.23796100
2.64214900 -1.34030200 -5.46209700
2.12678500 -2.76295000 -5.57154000
1.50339600 -3.06255200 -4.72682400
1.51938900 -2.87929700 -6.47868900
2.95942100 -3.47564900 -5.64090700
3.44792200 -0.91543900 -6.68164000
4.32405500 -1.56276000 -6.82255400
2.84145900 -0.97397000 -7.59521800



TTTZTITZTOOQQOQQTNITAQTT I T Q@I T

3.80750400 0.11556200 -6.58770500
1.88591000 0.71963500 -5.26940500
-0.12979000 -2.34759000 -2.46500800
-1.06868000 -2.41503200 -3.02686600

0.54600000

-3.11456200 -2.86111800

-0.35783700 -2.59448900 -1.42439100

3.97078800
3.68689500
4.28905600
5.09706600
5.04798200
6.06650600
7.15739400
7.22219900
6.19919900
6.26321600
8.07045600
7.95300100
6.01198500
4.20865300

3.92822000 0.41933300
3.20781800 1.19397500
3.35642100 -0.46113100
4.81343200 0.90576300
5.38770300 2.18526900
6.22855700 2.63243800
6.50991500 1.80644300
5.94167600 0.53407100
5.10125800 0.08952400
4.65251100 -0.89965700
6.14769700 -0.11338300
7.16256900 2.15533100
6.65963000 3.62864700
5.16367600 2.84059400
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Table A.1.16. Geometric coordinates and thermally corrected MP2 energies for (S)-21a

Atom X Y Z

Li
Li

cCoONIDIITITOQOQOTQAZDAOQAIDITIANAITIOTITANNZAO

0.00000000 0.00000000 0.00000000

-1.63898100 -1.80934300 -0.82410500
-2.88905200 -2.83764500 -1.84415600
-4.03235000 -2.94852200 -1.41591300
-4.46201100 -2.90833800 -0.11877700
-5.86111200 -3.35577000 -0.04097500
-6.29819300 -3.13300900 -1.49815000
-6.95596300 -3.91247700 -1.88394600
-6.77480400 -2.15504900 -1.63327100
-5.07515600 -3.15078800 -2.25868100
-5.89230500 -4.42888000 0.19645300
-6.71292000 -2.59255400 0.98445500
-6.23894500 -2.71019000 1.96503600
-6.68948900 -1.52414600 0.73951500
-8.14347400 -3.09082100 1.02132200
-8.45039500 -4.34162800 1.57863700
-7.65616900 -4.94342000 2.01570500
-9.76100900 -4.81789100 1.59107300
-9.97830700 -5.78808300 2.03019000
-10.7924300 -4.04781800 1.04862800
-10.5026140 -2.79903300 0.49841200
-9.18853500 -2.32665000 0.48559200
-8.97288100 -1.34642000 0.06605300
-11.2990070 -2.18798200 0.08174200
-11.8144710 -4.41664900 1.06098400
-3.51975800 -2.90671400 1.00178800
-2.60002800 -1.96912000 0.93382500
-0.76026500 -1.81044600 1.68233900
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G =-3104.060559
G = —3094.062469

Atom X Y Z
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0.48963200 -2.84020900 2.70149100
1.63298800 -2.95067100 2.27330400
2.67563200 -3.15375700 3.11608000
3.89881600 -3.13520900 2.35582300
4.55652300 -3.91504800 2.74097400
4.37539500 -2.15738200 2.49200600
3.46204000 -3.35654700 0.89834900
3.49329900 -4.42942400 0.65988700
2.06289100 -2.90923900 0.97627500
1.12086600 -2.90650600 -0.14452100
0.20082000 -1.96930900 -0.07553600
1.30071900 -3.82726500 -1.11875900
2.07359400 -4.57848400 -0.98265200
0.46703100 -3.93063000 -2.36433900
-0.29351600 -4.72166700 -2.29413600
-0.06514600 -2.99908900 -2.57715100
1.08847700 -4.16337900 -3.23952000
4.31415700 -2.59232300 -0.12608000
3.84073400 -2.70929100 -1.10700200
4.29037200 -1.52410700 0.11966100
5.74485500 -3.09021800 -0.16259800
6.05234500 -4.34067300 -0.72039000
5.25847300 -4.94247400 -1.15808700
7.36309200 -4.81657800 -0.73251200
7.58083200 -5.78650200 -1.17200300
8.39408400 -4.04648800 -0.18927600
8.10370600 -2.79804100 0.36140900
6.78949200 -2.32602000 0.37392000



H
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6.57340200 -1.34604200 0.79382200
8.89976200 -2.18696900 0.77869300
941622900 -4.41503900 -0.20138700
-2.39879100 -0.00001500 0.85935400
-0.69884800 0.11328400 1.78309500
-0.85565300 0.86987900 2.95494300
0.53850100 1.48337700 3.40516700
0.86664800 0.97889300 4.32275200
1.24302000 1.16646700 2.63262600
0.67202500 3.00018800 3.57365400
-0.57325300 3.84514000 3.79207900
-0.59299000 4.80739200 3.28105300
-1.90590900 3.10868000 3.76767700
-2.71131700 3.82759300 3.57529600
-2.13497400 2.65010100 4.73598400
-1.86013000 2.03995300 2.65399800
-1.43221400 2.52990400 1.77011700
-3.19611100 1.54824500 2.18503900
-3.83120200 2.47499800 1.22412300
-5.11851500 1.85580100 0.67758400
-6.04267400 1.53791100 1.70810500
-5.44414400 0.67984800 2.67297000
-6.19368600 0.52588600 3.45520200
-5.20420600 -0.29481100 2.21943800
-4.17946300 1.29439400 3.26017700
-4.45219600 2.23129300 3.77356100
-3.75984900 0.61561000 4.00149400
-4.87373000 0.94690900 0.10178200
-5.62532200 2.55908700 0.00952500
-3.14020600 2.65838700 0.39477700
-4.06990900 3.44627600 1.69266400
0.45871900 3.72466200 4.89593100
0.17076800 2.94959800 6.16838700
-0.37268000 3.57520900 6.88866400
-0.42134500 2.04700400 6.00143600
1.10829300 2.63748300 6.64656500
1.32181900 4.95412300 5.14076000
0.83188200 5.64948000 5.83543900
2.29006300 4.67597100 5.57769000
1.52108800 5.49976800 4.21108500
1.43824400 3.44966400 2.94258000
-1.33803900 -0.07728100 4.07859500
-0.54350100 -0.80005000 4.29432800
-1.58245800 0.43743800 5.01643400
-2.21483000 -0.64759600 3.75845400
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-1.69983800 0.11434300 -0.92376300
-1.54274200 0.87165500 -2.09511800
-2.93662800 1.48611500 -2.54488300
-3.26493500 0.98258200 -3.46293100
-3.64132800 1.16880600 -1.77267100
-3.06949800 3.00312200 -2.71209200
-1.82386900 3.84770300 -2.92998400
-1.80366700 4.80954400 -2.41820600
-0.49153500 3.11063800 -2.90626600
0.31420800 3.82903000 -2.71333900
-0.26271500 2.65273000 -3.87494800
-0.53771100 2.04106400 -1.79341400
-0.96531500 2.53054200 -0.90912000
0.79807100 1.54837800 -1.32497400
1.43383300 2.47398300 -0.36340200
0.74299900 2.65727200 0.46610400
1.67324100 3.44543200 -0.83123200
2.72067900 1.85335500 0.18263700
3.64460100 1.53553200 -0.84812300
3.04540900 0.67880300 -1.81378800
1.78117200 1.29480900 -2.40039300
2.05453900 2.23198800 -2.91293100
1.36103600 0.61700200 -3.14230600
3.79484100 0.52501700 -2.59616200
2.80473200 -0.29608800 -1.36117000
247516000 0.94420500 0.75771800
3.22804600 2.55571200 0.85124900
-2.85601200 3.72854900 -4.03382100
-2.56852800 2.95435500 -5.30691200
-2.02491900 3.58030300 -6.02677400
-1.97674900 2.05140900 -5.14071100
-3.50623700 2.64297500 -5.78520900
-3.71860200 4.95857800 -4.27760100
-3.22847100 5.65422400 -4.97185500
-4.68704300 4.68117900 -4.71457400
-3.91747600 5.50363600 -3.34749500
-3.83545200 3.45242900 -2.08057700
-1.06094500 -0.07493300 -3.21951300
-1.85586900 -0.79717800 -3.43557700
-0.81656400 0.44037700 -4.15704000
-0.18431400 -0.64593400 -2.90013100
-3.69899800 -3.82876600 1.97490100
-4.47148900 -4.58022300 1.83797400
-2.86471500 -3.93328700 3.22003400
-2.09994500 -4.71993500 3.14651500



H -2.33752300 -2.99983600 3.43704500
H -3.48507900 -4.17304900 4.09404200
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Table A.1.17. Geometric coordinates and thermally corrected MP2 energies for (S)-15a

Atom X Y Z

AONTZaQoNofoITITZOQOIQNQZIZIANATIZNOANO0

0.00000000 0.00000000 0.00000000
0.00034300 -2.53122600 -0.15914300
1.83767900 -1.38134900 1.23158800
3.30879200 -2.12641200 2.16790200
3.99349900 -3.05385400 1.75171600
5.07804800 -3.45939100 2.46858200
5.58243900 -4.67906300 1.89700900
5.17491000 -5.52439500 2.46337100
6.67018400 -4.67672600 1.97849700
5.07401000 -4.64988400 0.45210900
4.79323600 -5.65355400 0.12640100
3.87430000 -3.81219300 0.61716900
2.83510200 -3.69422100 -0.39792500
2.84187900 -4.57268200 -1.43342300
3.58742300 -5.35779000 -1.47276800
1.87428100 -4.51121200 -2.58223100
2.39970300 -4.45450900 -3.54639300
1.22697500 -5.39992000 -2.63199400
1.22575400 -3.63235800 -2.51277000
1.97603100 -2.72333400 -0.20917900
1.83752200 -1.14942800 -1.39085000
3.30853200 -0.40430700 -2.32724200
3.99325900 0.52311000 -1.91102800
5.07785300 0.92859800 -2.62784700
5.58225700 2.14826400 -2.05627600
5.17481000 2.99359500 -2.62269900
6.67000800 2.14587500 -2.13768000
5.07372400 2.11915700 -0.61140700
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G =-3104.060956
Gy = —3094.059358

Atom X Y Z

TOQO0OTTD DI TTIZOOOQQOQQADTQAOTT TN TQONNZ D

4.79293400
3.87402300
2.83478200
2.84147900
1.87390600
1.22495900
2.39934100
1.22705100
3.58699700
1.97579700
6.07930800
5.53676700
6.41619400
7.26561100
8.51383700
9.59771700
9.44900100
8.21175500
7.13263500
6.17653300
8.08880000
10.2914000

3.12284700 -0.28577400
1.28146200 -0.77649700
1.16350200 0.23857400
2.04207200 1.27398000
1.98067300 2.42280900
1.10214900 2.35307200
1.92334800 3.38693300
2.86968800 2.47295500
2.82720700 1.31326600
0.19253500 0.04988900
1.49547400 0.38784400
1.28023100 1.31395800
0.53451300 -0.02051200
2.39326700 0.66276100
2.15104300 0.07336500
2.99914200 0.31108700
4.10760100 1.14487400
4.35917200 1.74261600
3.50908100 1.50323600
3.70510600 1.98445300
5.21500900 2.40118600
4.76763100 1.33320200
10.5582990 2.78958100 -0.15225700
8.64210300 1.28100800 -0.56746400
-0.08083400 -1.19237100 -1.53982100
-0.84590800 -0.60424000 -2.56009200
-1.52561600 -1.73962200 -3.43844700
-0.97020700 -1.83991600 -4.38002700



OO0 NIDIICIQOIN I T TITOIIZIQOQADND DD TITZIOTTIO0OQQZIZQOIDITIOTI OO T

-1.33074200 -2.66185700 -2.88652700
-3.03142400 -1.68728600 -3.72059400
-3.79953100 -0.39545000 -3.49534100
-4.79036100 -0.49894400 -3.05380800
-3.00321300 0.78257400 -2.94847200
-3.69386600 1.49474900 -2.48266800
-2.49535800 1.33421400 -3.74687900
-1.98556400 0.25868100 -1.90983100
-2.52658000 -0.46075800 -1.28086800
-1.48777800 1.27885500 -0.92832000
-1.08790500 2.57489100 -1.52291000
-0.56490400 3.51815800 -0.44326600
-1.55304500 3.76403000 0.55046200
-1.96624200 2.54334500 1.14482600
-1.12366300 2.08844800 1.68938900
-2.74760200 2.79478900 1.86882900
-2.50730800 1.55875200 0.10880300
-2.77307000 0.61930600 0.60620900
-3.42666500 1.98026100 -0.33314200
-0.32088700 4.49044700 -0.88253300
0.34744100 3.10380100 0.01529800
-1.94280300 3.06003900 -2.02131000
-0.31016200 2.41578000 -2.26898800
-3.66069700 -0.95661000 -4.89762500
-2.79849100 -0.28032700 -5.94694400
-1.86061300 0.11170400 -5.54901600
-2.53928500 -0.99216400 -6.74139900
-3.33710500 0.55322600 -6.41694000
-4.91469800 -1.58565900 -5.48846900
-5.54073800 -0.83050900 -5.98238500
-4.65849600 -2.34620700 -6.23784500
-5.52519300 -2.07045500 -4.71795000
-3.55594100 -2.59994000 -3.43846900
0.11186900 0.20908100 -3.46361400
0.76892300 -0.48436600 -4.00052000
-0.39512200 0.83005200 -4.21146800
0.76028000 0.85362500 -2.86424900
6.07964900 -4.02615000 -0.54705800
5.53714500 -3.81086500 -1.47318300
6.41651900 -3.06521000 -0.13864000
7.26595600 -4.92393900 -0.82196700
7.13305000 -6.03959700 -1.66265900
8.21216200 -6.88970300 -1.90202200
9.44932900 -6.63830200 -1.30404500
9.59797600 -5.52999700 -0.47004200
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TODITTITOZIIZIQOQADN DD TITITIOZITIQOO0OOQZOIDIIOIIOOZTTIOQ0OD D DT TO

8.51410600 -4.68188200 -0.23233900
8.64232500 -3.81195700 0.40864800
10.5585000 -5.32056600 -0.00651800
10.2917220 -7.29834500 -1.49236000
8.08926400 -7.74542000 -2.56076000
6.17700800 -6.23548800 -2.14405000
-0.08061600 -1.33875400 1.38072400
-0.84572700 -1.92688000 2.40096400
-1.52547800 -0.79149400 3.27928200
-0.97007900 -0.69115800 4.22086300
-1.33062700 0.13073500 2.72734200
-3.03128700 -0.84386700 3.56141800
-3.79935100 -2.13573500 3.33619400
-4.79018600 -2.03227300 2.89466500
-3.00300700 -3.31373900 2.78932500
-3.69364200 -4.02592400 2.32350800
-2.49514600 -3.86537800 3.58772900
-1.98535500 -2.78982700 1.75069100
-2.52638400 -2.07041100 1.12171300
-1.48752800 -3.80999300 0.76920800
-2.50702000 -4.08997600 -0.26792500
-1.96585200 -5.07453000 -1.30393200
-1.55257300 -6.29518500 -0.70955600
-0.56449100 -6.04924100 0.28420900
-0.32041800 -7.02150900 0.72348900
0.34784100 -5.63481800 -0.17432200
-1.08758900 -5.10599800 1.36382700
-1.94247000 -5.59119600 1.86220700
-0.30987800 -4.94683100 2.10992600
-1.12329600 -4.61956400 -1.84847400
-2.74717100 -5.32604000 -2.02795500
-2.77284700 -3.15055400 -0.76534000
-3.42635000 -4.51155800 0.17400800
-3.66053500 -1.57453400 4.73846400
-2.79828700 -2.25071100 5.78781500
-1.86054300 -2.64301600 5.38984400
-2.53883300 -1.53872500 6.58205700
-3.33698300 -3.08405000 6.25809500
-4.91455500 -0.94550700 5.32929100
-5.54057300 -1.70066300 5.82322600
-4.65837500 -0.18493300 6.07864800
-5.52506300 -0.46074700 4.55876000
-3.55582900 0.06876400 3.27926900
0.11204500 -2.74016600 3.30453100
0.76904800 -2.04669200 3.84146300



H -0.39494500 -3.36116500 4.05236200
H 0.76051400 -3.38467300 2.70518600

280



Table A.1.18. Geometric coordinates and thermally corrected MP2 energies for (S)-23a

Atom X

Li

c

TOZTTZTOQO0OQAOoODOIIIIAQOTITNOZIDOQOITIIZINOONO0

0.00000000
1.66699300
2.99485300
4.06253200
5.19393100
6.31233700
6.76746500
7.03549700
5.66639600
6.16483500
4.34265500
3.43568500
3.62802000
4.39575400
2.80293800
2.10769800
3.43486400
2.19663900
2.54319500
0.70120800
-0.62314900
-1.68435700
-2.80858900
-3.92687700
-4.41028800
-4.62881300
-3.27374400
-3.78515200

Y V/

0.00000000 0.00000000
1.89199300 0.67660000
2.93431800 1.56056600
3.15311300 0.99982800
3.36211200 1.72703400
3.43394900 0.81566200
2.43986600 0.74198300
4.14410600 1.21770500
3.88063600 -0.49981000
345263200 -1.37278900
3.25978300 -0.33435100
2.89462200 -1.41463000
346329600 -2.63122500
4.21922100 -2.74456000
3.16793900 -3.85225000
3.98560500 -4.09179700
3.01999900 -4.73911100
2.26556100 -3.73158300
1.98795500 -1.09364700
1.74303300 -1.79212700
2.68078400 -2.78711200
2.98741200 -2.25626500
3.14712000 -3.00697700
3.34429900 -2.11525100
2.37637400 -1.94140800
4.02903400 -2.59228500
3.90841900 -0.84945800
3.58245300 0.05930100
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Atom X

TOQOCCODIDITZITTOOQNQQQTITIAQAOTITTOINNZ

-1.96399700
-1.06519700
-1.26888300
-2.04416000
-0.45257900

0.21895500

0.17683500
-1.08990400
-0.16849900
-3.17167600
-2.45767300
-2.74839800
-4.51024800
-5.11292200
-6.35628500
-7.02162200
-6.43259900
-5.18781900
-4.72993000
-6.93822900
-7.98920600
-6.80377200
-4.59857600

2.36790100 -

0.66515600

-0.36441500
-1.20393400

G =-3104.056855
G = —3094.056699

Y Z

3.24443000 -0.94231100
2.99137900 0.17666600
3.68162200 1.32724800
4.43732600 1.35858900
3.52485100 2.57925700
2.66344100 2.53110800
4.40541500 2.77296500
3.39201200 3.46528900
2.05957800 -0.04319800
5.45695100 -0.89428100
5.78553700 -0.13366800
5.74176600 -1.86521000
6.13424800 -0.69069900
6.15561600 0.57652600
6.75678900 0.76896000
7.35182000 -0.30559000
7.34265700 -1.56997700
6.73797100 -1.75849700
6.74544600 -2.74542900
7.80927600 -2.41127900
7.82308400 -0.15600200
6.76590800 1.75937100
5.70524500 1.42325900
0.05277100 -0.87568900

-0.17069300 -1.78380200
0.73976600 -
-0.80441400 -3.90770400
-1.50090500 -3.77436100

1.12104600 -2.81481600



TOQOZITOQO0O NI ITINIIDIIODNITOAIIIIZIQAIIZIQNAOOIIQOZODIDOINOO T

-0.74709600 0.18162400 -3.63360100
0.03257400 -0.73326800 -5.38640000
1.37077800 -1.29091800 -5.84346800
1.90478400 -0.69977300 -6.58682500
2.27442100 -1.87862900 -4.76560600
3.30920100 -1.87586900 -5.12802900
2.03119200 -2.92615900 -4.55607700
2.15229400 -1.01974300 -3.48814200
3.29020500 -1.14775000 -2.51379800
4.44134300 -0.31833700 -2.94110400
4.11406000 0.71858500 -3.05385200
4.84302900 -0.66287400 -3.90994900
5.55723900 -0.37445200 -1.90159800
5.99941600 -1.70353000 -1.66748300
4.91130200 -2.52108400 -1.26122000
5.31153900 -3.53177800 -1.13535300
4.52389900 -2.17582400 -0.28802500
3.78856600 -2.52362600 -2.29735800
4.18363600 -2.95605300 -3.23098500
297719700 -3.16421700 -1.94846500
5.20993000 0.08087200 -0.95719800
6.42843100 0.18677500 -2.25380200
2.20843100 0.02444900 -3.81632200
0.08073300 -1.92450900 -6.33082000
-0.35034800 -3.30550100 -5.87391700
0.15040000 -4.08551900 -6.46294100
-0.13798400 -3.49711800 -4.82051200
-1.43182200 -3.43285300 -6.01417200
-0.29085900 -1.64750900 -7.78068800
0.17714500 -2.37573100 -8.45689500
-1.37744700 -1.70866700 -7.92714100
0.02984400 -0.64783400 -8.09510700
-0.27194000 0.19695100 -5.86372100
0.46171400 -2.51239400 -2.20169400
-0.58060700 -2.54637100 -1.86473500
0.60909200 -3.34805000 -2.89530400
1.09221800 -2.67945900 -1.32476200
1.70186700 -0.01037800 0.91385900
1.62197000 -0.80235000 2.07118600
2.71448500 -0.32526600 3.11845800
3.54741100 -1.04172300 3.11212700
3.11324200 0.60164100 2.69997700
2.29657700 -0.02200600 4.56111900
0.95796400 -0.51834400 5.08374500
0.40984400 0.17467200 5.72113300
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ZTITTZTOOOO0ON0OOOCT TN I IO I T ITIQIIITIOQOOQOIDIITIITITTAQOITI IO ZAOI IO

0.07374900 -1.27415700 4.09898200
-0.96485400 -1.23165300 4.44761900
0.33223800 -2.33788400 4.05158600
0.20178000 -0.61223900 2.70874200
-0.92874600 -0.88660800 1.75527700
-2.09217800 -0.02189400 2.06516000
-3.21119600 -0.24210500 1.05152300
-3.63406700 -1.59720000 1.01568100
-2.53590200 -2.44662600 0.71693300
-2.91971900 -3.47123100 0.73763900
-2.16320400 -2.23484400 -0.29922300
-1.40517100 -2.28697900 1.73189000
-1.78473800 -2.59327300 2.71997700
-0.58485900 -2.95548800 1.46676000
-2.87611700 0.07569800 0.04822300
-4.08881000 0.35204600 1.32492200
-1.78039400 1.02547900 2.02871300
-2.48624100 -0.23098500 3.07483800
0.13710400 0.46809700 2.87945300
2.24684300 -1.05376900 5.67808800
2.69934100 -2.48227600 5.44127900
2.20021700 -3.17101100 6.13600700
2.50287500 -2.83406200 4.42662600
3.78038100 -2.57240500 5.61072000
2.59425400 -0.55483200 7.07361000
2.12004700 -1.17542800 7.84604000
3.67872000 -0.58376400 7.24402100
2.26207800 0.47836500 7.22704100
2.58577400 0.97509500 4.88943900
1.91732000 -2.26666100 1.67316800
2.96633400 -2.34292800 1.36454100
1.76090100 -2.99021100 2.48173200
1.30515300 -2.56834500 0.81938800
5.59857100 5.42742800 -0.61219400
4.89830400 5.69298900 -1.40930600
5.17320900 5.81671000 0.32086200
6.95349900 6.05201500 -0.86826500
7.56087300 5.94481300 -2.12884900
8.82006000 6.49478700 -2.36658600
9.49679000 7.16577200 -1.34524600
8.90333800 7.28438300 -0.08843900
7.64257200 6.73102500 0.14561300
7.18156300 6.83799800 1.12525600
9.41795900 7.81091200 0.71099600
10.4769210 7.59670900 -1.53052600



H 9.27137700 6.40429500 -3.35115700
H 7.03799700 5.43328400 -2.93465400

283



Table A.1.19. Geometric coordinates and thermally corrected MP2 energies for (S)-24a

Atom X Y Z

c

TOTZTTOO0OQODLDOTIIZIITAOTZOQAZIAQOZITAOONO

0.00000000 0.00000000 0.00000000
-1.66794200 0.83820500 0.14656200
-2.45277800 1.03030100 -0.77232600
-3.69183800 1.52302900 -0.50030700
-4.32544900 1.89881200 -1.73268200
-4.19671500 2.97775300 -1.87522700
-5.38945200 1.66832600 -1.66233700
-3.59135200 1.08151500 -2.80341600
-3.43265000 1.69564900 -3.69145200
-2.31191500 0.82057200 -2.11864400
-1.12035900 0.31893700 -2.81153200
-1.09051300 0.46958800 -4.16210500
-1.90510200 0.97868500 -4.66195800
0.00430800 -0.04334400 -5.05121100
-0.29500300 -0.94169200 -5.61364900
0.29974800 0.70529900 -5.79819200
0.89638400 -0.30914200 -4.48029500
-0.20370600 -0.24133400 -2.05868600
0.45183200 -2.07636200 -1.48401100
2.21497100 -1.17493400 0.22981400
3.88155400 -1.91094600 0.66990200
4.66821900 -2.41995600 -0.11705900
5.90395800 -2.78816900 0.31811500
6.54137200 -3.57841000 -0.69699400
6.41502500 -4.63705200 -0.44381400
7.60480200 -3.33494700 -0.71213100
5.80993300 -3.20081400 -1.99200500
5.64585600 -4.09498400 -2.59599500
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G =-3104.058366
Gyp, =-3094.056173

Atom X Y Z

OCTOZTOIZTIZIQOZOOQOIDITOAQO0ODOTTITITETAQAZTNNOZ

4.53251000 -2.70239600 -1.45066200
3.34724800 -2.47275300 -2.28287600
3.32118900 -3.09128100 -3.49311500
4.13262900 -3.75164000 -3.77271400
2.23986700 -2.91511200 -4.51875300
1.36725300 -2.40789000 -4.10280500
2.57525600 -2.31961900 -5.38240500
1.90206400 -3.87951300 -4.92141600
243317100 -1.67655400 -1.78163100
1.78570000 0.23821600 -1.90112900
1.77161000 0.64694900 -0.05935300
2.34738400 1.89494200 0.20905800
2.83146400 1.94181000 1.71845300
2.12125800 2.54309500 2.30173600
2.71340800 0.91528500 2.07626600
4.26910100 2.36777200 2.03578300
5.10175500 3.07688400 0.98063500
6.14801700 2.77859100 0.92091300
444870700 3.29695200 -0.37909700
5.23299800 3.44411200-1.13131100
3.83991100 4.20781700 -0.39526100
3.59274000 2.05974600 -0.72380300
4.20609300 1.18119000 -0.48834200
3.25484300 1.88664300 -2.17809000
4.38525600 1.27890600 -2.91406900
4.64121200 0.32699600 -2.43835300
5.27840100 1.92751100 -2.88508500
4.00556500 1.02724400 -4.37192300



TOOTTOQ0O T I IIZTONONOOTIAQAIIIQAINIIOIIONITIOIIITITOOOIID I DI T ONO

3.59716300
2.51832600
2.88585200
3.72229100
2.03778500
2.29572000
1.62493400
3.20567000
4.86876500
4.71317200
3.70878900
3.28579100
4.18947500
2.87156000
5.82940300
6.38653300
5.42731900
6.54502500
4.80700200
1.26034100
0.48315000
1.63150300
0.77310700

2.21934100 -5.02685500
2.83219000 -4.33159100
3.13499500 -2.88269100
3.85236800 -2.88016600
3.60641400 -2.38491500
3.76070700 -4.86643500
2.18905700 -4.36567600
0.27034000 -4.42415400
0.64732300 -4.92739000
3.80612500 2.25344800
4.94317000 2.24176900
5.08810000 3.24446700
5.88635700 1.94924500
4.77205900 1.56224900
4.02140500 3.26552500
4.94379800 3.05223600
4.10446600 4.28399000
3.19130400 3.25831400
1.64079300 2.64236100
2.97425900 -0.00904800
2.85191400 0.75357900
4.00417300 0.05542400
2.84216800 -0.98024900

6.54140600 -2.13015900 -2.83506000
5.83688500 -1.77453200 -3.59458300
6.77839500 -1.28045900 -2.18299500
7.80006400 -2.65594000 -3.49034200
7.71920700 -3.51157000 -4.59965800
8.87151700 -4.02378400 -5.19469300
10.1301530 -3.68670500 -4.69108100
10.2259360 -2.83267100 -3.59229000
9.06918600 -2.32299100 -2.99837700
9.15318200 -1.64776800 -2.14932900
11.2005710 -2.55777700 -3.19779200
11.0287430 -4.08278000 -5.15614500
8.78754000 -4.68121100 -6.05606000
6.74361600 -3.76887500 -5.00737800
0.44204600 -1.80489000 0.38371900
-0.15388500 -2.86902000 1.07179600
-0.67292300 -2.36318600 2.48263200
0.02190600 -2.70487900 3.26153700
-0.56126400 -1.27616400 2.44249400
-2.11898500 -2.65092500 2.90079900
-2.93439600 -3.69257200 2.15277400
-3.97708000 -3.43650100 1.96681300
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-2.25495700 -4.38693900 0.97873600
-3.02361800 -4.79564300 0.31188300
-1.65367700 -5.24238700 1.30599400
-1.38060400 -3.35730700 0.23138600
-1.98990600 -2.45167900 0.12064900
-1.01153500 -3.72013600 -1.17935500
-2.12210500 -3.41933300 -2.10932600
-2.38094700 -2.36020100 -2.01406500
-3.02028300 -4.01487600 -1.86840200
-1.70851600 -3.70941800 -3.55050600
-1.29426900 -5.05678000 -3.72318300
-0.23608000 -5.37899000 -2.82862500
-0.63822900 -5.13832700 -1.37728100
-1.48166700 -5.80522300 -1.13651500
0.19345000 -5.39818500 -0.72158600
-0.01156200 -6.43831100 -2.98735400
0.66431200 -4.79287900 -3.07133400
-0.90225300 -3.02124700 -3.85257500
-2.55621200 -3.55587400 -4.22566300

-2.57801700 -3.91498100
-1.58276500 -4.97940700
-1.18000200 -4.75016800
-2.06566600 -5.96399000
-0.73143000 -5.06835700
-3.71756000 -3.75277800
-4.27820700 -4.69012600
-3.33829800 -3.46682200
-4.42533700 -2.97948200
-2.66499700 -1.75545600
0.92669600 -3.95550800
1.68606600 -3.56687300
0.54448400 -4.89382600
1.43888900 -4.17968900

3.61115900
4.03341000
5.02867500
4.09398100
3.35577200
4.60713800
4.72421300
5.59721600
4.28729700
3.19358100
1.28553100
1.97324700
1.70527700
0.34459600

-4.31481000 -0.22766000 -3.19733900
-3.60838000 -0.82807700 -3.78042800
-4.54113800 -0.78506400 -2.28004200
-5.58025400 0.01426400 -3.99087100
-5.51060300 0.39843900 -5.33872100
-6.66925800 0.65176900 -6.07200000
-7.92284700 0.52337900 -5.46921100
-8.00747700 0.13686000 -4.13151000
-6.84449600 -0.11505400 -3.40041500
-6.91953900 -0.42868600 -2.36127100
-8.97821100 0.02607800 -3.65556900
-8.82635000 0.71777400 -6.04063900



H -6.59421200 0.94373800 -7.11618600
H -4.53880800 0.48866200 -5.82015900
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0.00000000 0.00000000 0.00000000
-1.83734000 -0.17274200 -1.79249700
-2.02575800 0.12139400 0.14751300
-1.83647700 -1.84734200 0.26822500
0.00101800 -2.01838600 -1.52441800
-2.02495500 -2.14174400 -1.67172400
-2.94663000 -2.79881800 -2.33085200
-3.14740600 -2.77716400 -3.67366700
-2.33632600 -1.93645700 -4.61992700
-1.98405000 -2.52215800 -5.48060400
-1.45606500 -1.51331100 -4.12664800
-2.91641100 -1.09549400 -5.02913300
-3.94466500 -3.36390200 -4.11320100
-3.81216800 -3.64497200 -1.51536700
-4.97168300 -4.37646300 -2.05096500
-4.69275100 -4.89906700 -2.96850400
-6.17869300 -3.43976400 -2.31045900
-5.83318600 -2.61526400 -2.94224000
-6.48404200 -3.00422900 -1.35093900
-7.34687300 -4.15258400 -2.95616100
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Table A.1.20. Geometric coordinates and thermally corrected MP2 energies for (R)-22a

G =-3104.062650
Gy = —3094.061463

Atom X Y Z

TNOOQO0OTITONO0OOQIITTIIITTONOOONANO

-8.48556800 -4.49745600 -2.21551300
-9.55096200 -5.17722900 -2.80988000
-9.49311200 -5.52474500 -4.15965500
-8.36581300 -5.18452300 -4.91124800
-7.30495800 -4.50456300 -4.31399400
-6.43727800 -4.23246500 -4.91171000
-8.31537300 -5.44364400 -5.96555500
-10.3215760 -6.05176600 -4.62506100
-10.4266230 -5.43039200 -2.21796100
-8.54360700 -4.21915700 -1.16525100
-5.21136000 -5.37128000 -0.91060400
-4.68928100 -4.69996000 0.25030600
-3.78256500 -3.76755000 -0.15127700
-3.10516300 -3.18395800 0.68762900
-4.65805100 -6.30698500 -1.05101700
-6.26514900 -5.59319200 -0.73747800
0.06061600 -1.86461300 0.41694100
0.92032400 -2.83750300 0.95130700
0.51065000 -3.13259800 2.45392300
1.18334800 -2.57631300 3.12138200
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-0.47062400 -2.66490000 2.56686500
0.36103500 -4.58039000 2.93467100
0.87834400 -5.72391300 2.07906300
0.23999300 -6.60517400 2.02568400
1.52140500 -5.35193500 0.74839900
1.47976600 -6.21964100 0.07951400
2.58453800 -5.11251400 0.86296600
0.75541700 -4.16194100 0.12892500
-0.31217100 -4.39450400 0.22544700
0.95084400 -3.97468600 -1.35033100
0.08276500 -4.90498100 -2.11005300
-0.95587000 -4.73437400 -1.81287500
0.33707900 -5.95646300 -1.89026100
0.22077300 -4.66985200 -3.61193600
1.56629100 -4.82298700 -4.04540400
241211000 -3.92922600 -3.33889400
2.33827700 -4.16072600 -1.83105300
2.69675600 -5.18145600 -1.62353900
3.00523700 -3.46176300 -1.32388200
3.42976600 -4.11063900 -3.69840200
2.14042600 -2.88593400 -3.57429900
-0.14803800 -3.66467300 -3.87024200
-0.37260400 -5.40312800 -4.16600700
1.49417500 -5.45824100 3.44129900
2.90372200 -4.91771500 3.59242700
3.15818900 -4.15899700 2.85046100
3.02985900 -4.45713800 4.58105200
3.64324900 -5.72563600 3.51142300
1.13235000 -6.45172500 4.53683500
1.81416300 -7.31295200 4.53231800
1.19428400 -5.98459300 5.52873000
0.11273300 -6.83430900 4.41362000
-0.59213600 -4.76367800 3.42817100
2.35709100 -2.27024900 0.91025200
2.58899400 -1.89018600 -0.08817000
242211200 -1.42379300 1.60406000
3.13540600 -2.98764800 1.19329100
0.05972800 -0.15381700 -1.94173100
0.91914800 0.81982500 -2.47513400
0.51036400 1.11516700 -3.97805100
1.18504000 0.56089500 -4.64518200
-0.46968100 0.64524200 -4.09228400
0.35829300 2.56297400 -4.45788200
0.87428500 3.70672500 -3.60177500
0.23481500 4.58714300 -3.54784700
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1.51789400 3.33476800 -2.27138800
1.47564900 4.20215600 -1.60213000
2.58119700 3.09624400 -2.38621000
0.75294200 2.14387700 -1.65237600
-0.31485700 2.37542800 -1.74903500
0.94822500 1.95651400 -0.17308100
0.07942000 2.88621100 0.58656700
0.21709000 2.65084500 2.08843700
1.56240300 2.80471700 2.52231900
2.40899400 1.91166000 1.81584700
3.42643600 2.09367700 2.17565600
2.13794500 0.86814500 2.05097000
2.33542700 2.14336300 0.30801500
2.69329600 3.16435500 0.10074000
3.00297100 1.44490600 -0.19908200
-0.15123300 1.64540400 2.34640200
-0.37687300 3.38366300 2.64248300
-0.95903500 2.71513500 0.28904100
0.33325900 3.93785700 0.36704500
1.49029200 3.44251300 -4.96419100
2.90046600 2.90366700 -5.11552500
3.15571200 2.14485900 -4.37390000
3.02722500 2.44373700 -6.10437100
3.63906600 3.71238400 -5.03402800
1.12725000 4.43605500 -6.05925300
1.80812900 5.29801900 -6.05448400
1.18954100 3.96939900 -7.05134900
0.10723500 4.81748300 -5.93573600
-0.59522400 2.74522500 -4.95109200
2.35625400 0.25346300 -2.43365900
242193100 -0.59293400 -3.12748300
3.13414300 0.97138300 -2.71659400
2.58823200 -0.12649800 -1.43521400
-2.94719200 0.77846600 0.80695700
-3.14727000 0.75703000 2.14988400
-2.33593500 -0.08392700 3.09570800
-2.91583800 -0.92512100 3.50469800
-1.98342000 0.50141400 3.95653700
-1.45573000 -0.50677100 2.60206700
-3.94433500 1.34378400 2.58974900
-3.81307100 1.62445300 -0.00828000
-4.97252500 2.35581600 0.52763200
-4.69332800 2.87869800 1.44493300
-6.17922900 1.41892300 0.78785100
-5.83323900 0.59460300 1.41959700
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-6.48496300
-7.34722900
-8.48632300
-9.55155300
-9.49313700
-8.36543400
-7.30474600
-6.43674400
-8.31454900
-10.3214730
-10.4275320
-8.54480800
-5.21284900
-4.69126100
-3.78415500
-3.10701200
-4.65954600
-6.26673900

0.98317300 -0.17144800
2.13160100 1.43403300
247624000 0.69388900
3.15587200 1.28870900
3.50348200 2.63843500
3.16349400 3.38952800
248367000 2.79182500
2.21174700 3.38915700
3.42268500 4.44379700
4.03039200 3.10419300
3.40885000 0.69718200
2.19785900 -0.35632700
3.35029100 -0.61288200
2.67869100 -1.77385200
1.74658000 -1.37243300
1.16288400 -2.21145900
4.28607700 -0.47298300
3.57206800 -0.78556500
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Table A.1.21. Geometric coordinates and thermally corrected MP2 energies for (R)-15a

Atom X Y Z

Li
Li
Li

TIT TN ITTOZDQZOTTITZIOOON0D O

0.00000000 0.00000000 0.00000000
-2.32577700 -0.00130800 -0.96840200
-1.65266700 -1.85674800 0.72388200
-2.53033900 -1.96175400 -1.04471500
-0.67147000 -1.85609800 -1.69279100
0.20634300 -1.96051600 0.07589700
1.05942600 -2.83875800 0.54411900
1.46497100 -2.95906100 1.83353800
0.95491000 -2.09124100 2.94998000
1.77441300 -1.61063900 3.50442500
0.37757200 -2.67154700 3.68465000
0.29812800 -1.29979400 2.57566300
2.15059300 -3.75077100 2.11241200
1.61622600 -3.75290500 -0.44594200
2.83671700 -4.54241100 -0.22253200
2.78206300 -5.06441200 0.73512000
4.10563800 -3.65749000 -0.26591800
3.95873800 -2.84611500 0.45512500
4.17315200 -3.20261100 -1.26200800
5.37097200 -4.42453400 0.04868700
6.26004600 -4.80553800 -0.96545500
7.41150000 -5.53954200 -0.67278800
7.69235100 -5.90502100 0.64389900
6.81745700 -5.52804500 1.66558900
5.66929500 -4.79429700 1.36906000
5.00021100 -4.49381100 2.17288400
7.03264400 -5.80065300 2.69545300
8.58878200 -6.47427900 0.87428800
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G =-3104.061410
Gy = —3094.061374

Atom X Y Z

ericloNoNoNeI-A-NoNuloloNnloNoNal-NoNoNoRNaloNoNoNeNasles

8.08989700 -5.82092900 -1.47394300
6.05497000 -4.51333400 -1.99331400
2.73362800 -5.54806600 -1.37706100
1.90012600 -4.89394600 -2.34829800
1.16156900 -3.93553800 -1.72414000
0.25388700 -3.38046500 -2.33208300
2.24461700 -6.47968500 -1.07088900
3.69335600 -5.77851300 -1.84191200
-0.62647300 0.07394500 -1.85034600
0.31732100 0.78672500 -2.60688500
-0.37029100 1.39328800 -3.90393400
-0.02263000 0.83502900 -4.78273800
-1.42749800 1.13965500 -3.79844000
-0.27499400 2.89823600 -4.17495500
0.82039800 3.71464400 -3.50743500
0.53247700 4.70543300 -3.15661300
1.73150400 2.96315400 -2.54570500
2.22015800 3.68254200 -1.87836200
2.53849400 2.44263100 -3.07249700
0.87605500 1.96630200 -1.73424300
-0.02706600 2.51032500 -1.42900500
1.47503900 1.51788300 -0.43246700
291331900 1.17029000 -0.48914000
3.39472600 0.68401900 0.87536000
3.21518900 1.68363500 1.87042900
1.84660500 2.05021300 1.95506100
1.25007100 1.19080600 2.30150900
1.77918600 2.84153400 2.70807900
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1.30607600 2.55002900 0.61587400
0.23951000 2.77693100 0.72019100
1.82922700 3.48458700 0.34848800
446763400 0.47069700 0.84115200
2.86232400 -0.23902000 1.15913700
3.51980500 2.04422500 -0.77715100
3.07849000 0.38842400 -1.23007300
0.82164000 3.53992100 -5.01343800
1.86485900 2.68753300 -5.71199400
2.13328100 1.78775000 -5.15410400
1.49668400 2.36162200 -6.69350600
2.78557100 3.26145900 -5.88069100
0.42174700 4.76206500 -5.82750300
1.28705100 5.41068600 -6.01873400
0.00475100 4.46925800 -6.80014700
-0.33504900 5.36203800 -5.30905800
-1.24288000 3.39124000 -4.26013700
1.41130000 -0.20678900 -3.06685000
0.96716700 -0.92450600 -3.76585700
2.25808200 0.26893800 -3.57695100
1.79424300 -0.78325200 -2.22030100
-3.38248800 -2.84096200 -1.51287100
-3.78705200 -2.96250200 -2.80246400
-3.27665000 -2.09533100 -3.91925900
-4.09630700 -1.61926800 -4.47732500
-2.69470300 -2.67501300 -4.65080700
-2.62418000 -1.30038800 -3.54477700
-4.47166900 -3.75511700 -3.08126100
-3.93946300 -3.75462400 -0.52248300
-5.15999300 -4.54412900 -0.74564200
-5.10526600 -5.06667700 -1.70299400
-6.42882200 -3.65905600 -0.70303400
-6.28165200 -2.84813500 -1.42453600
-6.49653300 -3.20358300 0.29277100
-7.69414500 -4.42616300 -1.01752400
-8.58341300 -4.80670700 -0.00338000
-9.73483000 -5.54081200 -0.29594400
-10.0154470 -5.90684700 -1.61252700
-9.14036000 -5.53032500 -2.63421900
-7.99223700 -4.79647800 -2.33779400
-7.32298900 -4.49635000 -3.14161600
-9.35537000 -5.80336400 -3.66400500
-10.9118490 -6.47618300 -1.84283700
-10.4133820 -5.82183900 0.50520700
-8.37852700 -4.51405900 1.02439000
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-5.05719200 -5.54918900 0.40945200
-4.22343800 -4.89485600 1.38033600
-3.48471600 -3.93688100 0.75572600
-2.57678800 -3.38179300 1.36328900
-4.56851700 -6.48114200 0.10376600
-6.01698400 -5.77906900 0.87445100
-1.69942700 0.07323500 0.88187600

-2.64351300
-1.95592800
-2.30230700
-0.89846100
-2.05285000
-3.14889000
-2.86183200
-4.05927800
-4.54835000
-4.86596800
-3.20302900

0.78554500
1.39265700
0.83371500
1.14043900
2.89743300
3.71298900
4.70412100
2.96093000
3.68004100
2.43974400
1.96474500

1.63849700
2.93528100
3.81416200
2.82903000
3.20672700
2.53924600
2.18868700
1.57728600
0.90995000
2.10387600
0.76583200

-2.30028300
-3.80159600
-3.63321100
-4.17328100
-5.54165100

2.50944500 0.46067800
1.51594100 -0.53597600
2.54813900 -1.58434000
2.04787300 -2.92353700
1.68047400 -2.83900300
-5.72072500 0.68082800 -1.84389200
-6.79354400 0.46704400 -1.80968800
-5.18799200 -0.24203000 -2.12769200
-5.23963700 1.16737900 -0.47938200
-5.84671500 2.04090000 -0.19137100
-5.40431600 0.38538200 0.26153000
-3.57617300 1.18880200 -3.26984400
-4.10627900 2.83916100 -3.67662500
-2.56679000 2.77573400 -1.68856900
-4.15701600 3.48236600 -1.31706700
-3.15014600 3.53793000 4.04521800
-4.19267900 2.68447200 4.74349100
-4.46003200 1.78442500 4.18552000
-3.82441700 2.35891500 5.72508800
-5.11401500 3.25745900 4.91197600
-2.75143100 4.76026600 4.85957600
-3.61734000 5.40806100 5.05086600
-2.33424500 4.46763900 5.83219200
-1.99514400 5.36102700 4.34130300
-1.08544100 3.39133400 3.29217900
-3.73680600 -0.20861300 2.09868700
-3.29210500 -0.92600700 2.79766300



H -4.58387000 0.26654200 2.60885300
H -4.11947100 -0.78537100 1.25221000
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Table A.1.22. Geometric coordin ates and thermally corrected MP2 energies for (R)-23a

Atom X Y Z

Li
Li

esiasBarforloNONONONONQN-=R:-NoNoNoNoN::RNoN:-No i - dAoNoN e

0.00000000 0.00000000 0.00000000
1.62731000 0.82332100 -1.87577200
2.70721000 -0.85244600 -1.91103800
0.90390700 -1.69801700 -1.76473800
-0.15606400 -0.04386000 -2.06159200
-0.94237900 0.08652400 -3.10548500
-1.68225900 -1.11561800 -3.49153900
-3.04999600 -1.10043100 -4.02732100
-3.10913000 -0.44977000 -4.90331600
-3.20905100 -2.57192300 -4.45870600
-3.06937300 -2.70529700 -5.53662900
-4.16667100 -3.00577500 -4.16578200
-2.15956200 -3.28059900 -3.77672400
-1.22804400 -2.39096300 -3.34448100
-0.15463300 -2.78760200 -2.90204100
-4.08131900 -0.62576600 -2.98012800
-3.74017100 0.34969700 -2.61629400
-4.06254300 -1.31853500 -2.13020000
-5.48087500 -0.51613900 -3.54461500
-6.46060600 -1.47371100 -3.25025200
-7.74156500 -1.38202100 -3.79916200
-8.06291100 -0.32731800 -4.65380800
-7.09737500 0.63708800 -4.95213400
-5.81992600 0.54250900 -4.40119800
-5.07731700 1.30461100 -4.62935300
-7.34140600 1.46723400 -5.60984500
-9.05962800 -0.25284800 -5.08006100
-8.48815900 -2.13272000 -3.55383200
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TOQOO0OAQTITQAZOIITOQOIQOQTTOQAOD I T T I AQAQT

G =-3104.059452
Gyp, =-3094.058179

tom X Y Z

-6.22235300 -2.29197300 -2.57391200
-1.16769800 1.20292100 -3.84018300
-0.55005000 2.54703300 -3.57865700
-1.29441400 3.35141200 -3.66072000
0.25436400 2.78058000 -4.28963900
-0.11125700 2.60792600 -2.57814600
-1.79691800 1.12476600 -4.72119100
2.43103500 -0.67873100 0.10196300
0.80257000 -1.72304900 0.14366200
0.92370200 -2.81025000 1.02243500
-0.04980800 -3.97870500 0.56582100
-0.90972700 -4.01083200 1.24857000
-0.44573500 -3.65040100 -0.39816900
0.50824000 -5.39130400 0.36404500
1.85079200 -5.76909700 0.96746200
249534700 -6.38891600 0.34489900
2.59527000 -4.67071500 1.71615700
3.65938000 -4.93025500 1.76475600
2.25896400 -4.58436000 2.75555200
2.39995500 -3.33718200 0.96067700
342693000 -2.27776500 1.24392700
4.67415600 -2.54016000 0.48783500
443872200 -2.58842900 -0.57975000
5.12734600 -3.50133300 0.78573600
5.69092700 -1.42678200 0.72797800
5.99958000 -1.27514000 2.10537600
4.81706400 -1.01676800 2.84818800
5.11791400 -0.94315500 3.89777200
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4.38297400 -0.05121700 2.54064400
3.78980100 -2.13135900 2.67079100
4.22518200 -3.06319900 3.06657400
2.90110600 -1.90122300 3.25948400
5.30569200 -0.47507900 0.32081000
6.63212500 -1.66216100 0.22237600
2.54821400 -3.56381000 -0.10178100
0.58509200 -6.44589200 1.45834500
0.02576500 -6.17402400 2.84217500
0.53462000 -6.78831100 3.59699100
0.11864500 -5.12963800 3.14676600
-1.04192000 -6.42772500 2.87862400
0.38660500 -7.88939600 1.01907600
0.87986400 -8.58632400 1.71011900
-0.67988900 -8.14941600 0.99007800
0.79780300 -8.06584900 0.01863900
0.31166700 -5.79260100 -0.62890500
0.50163000 -2.33610100 2.43201000
-0.57386400 -2.12619900 2.42334700
0.68471800 -3.07097900 3.22499600
1.01165800 -1.40533400 2.69750500
1.62094300 1.05533500 0.01942400
1.46312100 2.19971700 0.81558200
244324700 3.33991900 0.30654900
3.29926800 3.40354100 0.99230300
2.84388000 2.95991200 -0.63644100
1.89304700 4.74200000 0.02410100
0.53100700 5.14600500 0.56342800
-0.09242600 5.73391300 -0.10948700
-0.23829700 4.08644400 1.34280700
-1.30420600 4.34300200 1.33680200
0.05931400 4.06041900 2.39714500
-0.01239600 2.71262600 0.67227700
-1.04277100 1.66435600 0.98441300
-2.25898400 1.85801600 0.16013100
-3.27686000 0.75447900 0.43996500
-3.64336500 0.70653100 1.81047600
-2.49211300 0.50837700 2.61790300
-2.83529500 0.50953500 3.65702700
-2.04406500 -0.47464900 2.39925100
-1.46122900 1.61277300 2.40273500
-1.91369300 2.56721200 2.71661000
-0.59486400 1.42801900 3.03922700
-2.86569800 -0.22122700 0.12650200
-4.19708000 0.93639200 -0.12305700
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-1.97770500
-2.73180600
-0.12709400
1.78001800
2.29358900
1.75110900
2.20381800
3.35593300
1.99158100
1.47536800
3.05818000
1.61302600
2.12172700
1.83944500
2.91596900

1.83046300 -0.89744400
2.83430600 0.36511400
2.87717100 -0.40521000
5.84827800 1.06228300
5.64636200 2.47541200
6.28612600 3.18425300
4.61519700 2.82224600
591691600 2.53697500
7.26923200 0.55975200
7.99745200 1.19985200
7.53037000 0.55298500
7.39652900 -0.46089000
5.09657700 -0.97969600
1.82341300 2.26745100
1.62218400 2.30969200
1.62343800 2.60446200 3.00578600
1.32562900 0.90723600 2.57309400
3.60196100 -1.00973400 -2.85868600
3.85709600 -2.12989200 -3.57681300
3.15155200 -3.44385400 -3.38645200
2.32024100 -3.58572700 -4.09072800
2.72714100 -3.53461700 -2.38092400
3.84185100 -4.28582000 -3.52848000
4.58700500 -2.07889300 -4.37878600
442804000 0.16957300 -3.12390900
5.78137600 0.12680900 -3.70129600
5.73437600 -0.28487100 -4.71940500
6.10724900 1.62892900 -3.75763100
6.63089200 1.93054100 -4.66544300
6.68291600 1.95241700 -2.88283000
4.82956000 2.28935800 -3.72658600
3.89109900 1.41713000 -3.28296300
2.73928400 1.78855900 -3.08719400
6.79343200 -0.68515000 -2.87674500
6.40455000 -1.70348400 -2.77460500
6.84351500 -0.25391600 -1.87032300
8.16873800 -0.70185800 -3.51165700
9.21247500 0.08088900 -3.00033700
10.4720760 0.08000300 -3.60318300
10.7078090 -0.70651000 -4.73103800
9.67781600 -1.49518700 -5.24879000
8.42181600 -1.49276300 -4.64278700
7.62976000 -2.12072700 -5.04559500
9.85445400 -2.11817600 -6.12165600
11.6879310 -0.71056100 -5.20009300



H 11.2690300 0.69086500 -3.18741600
H 9.04111000 0.68882300 -2.11456100

295



Table A.1.23. Geometric coordinates and thermally corrected MP2 energies for (R)-24a

Atom X Y Z

Li
O

c

TOQO0OOQITTITOZIDZOQOIZIOTOOITITOAQAOL T O

0.00000000 0.00000000 0.00000000
-0.22851100 -0.04911400 -2.06713000
1.28793500 -1.37166400 -1.77704100
2.78155500 -0.02598900 -2.03351900
2.51677800 0.08285600 0.02495300
1.26963400 1.31991200 -1.87656100
1.19866700 1.45043800 0.00672200
1.09393800 2.78553300 0.41753200
1.55451700 2.91365500 1.92931000
0.66461400 3.01650700 2.56507000
1.98063900 1.93582600 2.16986400
2.59980900 3.96765500 2.31116800
2.92396400 5.09969000 1.35092500
3.97641600 5.37118500 1.27485300
2.19384300 5.09921100 0.01321700
2.77020100 5.69194400 -0.70716500
1.21255800 5.58166300 0.08457600
2.05148200 3.64187700 -0.47578500
3.02932400 3.16685300 -0.33085700
1.77839700 3.47613700 -1.94601900
3.03297100 3.56419900 -2.72750800
3.73099100 2.80520700 -2.36042400
3.50880400 4.55345500 -2.60912800
2.76111800 3.32054200 -4.20993000
1.81400500 4.24154500 -4.73246000
0.59964500 4.18362800 -3.99532700
0.83026800 4.46152300 -2.51307800
1.21838200 5.48752200 -2.41174100
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G =-3104.056145
G = —3094.054499

Atom X Y Z

OTOOTTZIONOAQAO0OIIITZIANAIIZIITITAQAIITIITIONOOIT T T T T

-0.12115400 4.40836200 -1.98180400
-0.05806400 4.94650300 -4.42337100
0.12069400 3.20021700 -4.12530700
241147000 2.28625900 -4.35903300
3.67909000 3.45425900 -4.79037100
2.27667000 5.40531500 2.68910100
0.83947200 5.88102300 2.78858000
0.44430100 5.68831400 3.79456200
0.77169500 6.96276300 2.61131100
0.17147800 5.38560200 2.08143000
3.17879000 6.04783300 3.73322500
3.19761300 7.14058300 3.62266900
2.82833400 5.82297800 4.74934100
4.21063200 5.68747300 3.65116600
3.45331000 3.55040200 2.84310300
-0.39360400 3.19543800 0.30020300
-0.97563900 2.61754400 1.02730300
-0.58380800 4.25848900 0.49008800
-0.78449900 2.94479200 -0.69122300
1.31357300 -1.36787700 0.11150700
1.37369800 -2.66915200 0.62538800
0.82689900 -2.68117500 2.11443000
1.67484400 -2.78614700 2.80432100
0.43880800 -1.67136800 2.27263800
-0.28514200 -3.66284300 2.49841200
-0.57816800 -4.86108200 1.61065500
-1.63113700 -5.10769200 1.47726800
0.24722800 -4.98849000 0.33578100
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-0.28773200 -5.63074300 -0.37399400
1.20968000 -5.47862000 0.52111100
0.45389900 -3.57801500 -0.25711300
-0.51959900 -3.07524300 -0.20832700
0.81099100 -3.53149200 -1.71707800
-0.39506600 -3.69476700 -2.56019000
-1.11884700 -2.91755100 -2.29497500
-0.87044800 -4.67709500 -2.39248100
-0.03895700 -3.56629100 -4.03956200
0.94481000 -4.51350600 -4.43101200
2.11252100 -4.38519400 -3.63020000
1.79514800 -4.55018900 -2.14704000
1.40444100 -5.56813900 -1.98829700
2.71243000 -4.44866600 -1.56587100
2.79935100 -5.17155100 -3.95838100
2.59266800 -3.40917000 -3.80597900
0.31120500 -2.54349200 -4.25199200
-0.92035300 -3.75813600 -4.65913000
-0.03981900 -5.07334000 3.01311400
1.37070400 -5.57958800 3.25022300
1.70706000 -5.31417400 4.26109800
1.41187100 -6.67393300 3.16754100
2.09970600 -5.16592400 2.55017200
-1.03358500 -5.60242700 4.03704200
-1.07425100 -6.70003500 4.02020400
-0.75354400 -5.29599200 5.05365500
-2.04597700 -5.22905800 3.84525100
-1.15969600 -3.17659400 2.92754400
2.85896600 -3.10303600 0.63300400
3.40148000 -2.47999300 1.35336200
3.02055400 -4.15163000 0.91194600
3.31820100 -2.92926700 -0.34531400
4.34460100 0.39005000 0.31726400
5.19612700 0.46721900 -0.55753100
6.46276900 0.84180200 -0.22665400
7.21963400 1.03620600 -1.43394900
6.48210700 0.17961800 -2.46559600
6.49504500 0.65621000 -3.44776100
5.11906000 0.21695600 -1.90444200
3.92085700 -0.11022800 -2.67767600
4.09580100 -0.43926700 -3.98547600
2.97693600 -0.75880800 -4.93250400
3.17763000 -1.67698500 -5.50150900
2.81290300 0.03678500 -5.67565000
2.03266300 -0.89766000 -4.40226400
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5.09203500 -0.46230200 -4.40763300
7.03684900 -1.26486100 -2.55658200
6.31283000 -1.87156400 -3.10916100
7.08868000 -1.67412000 -1.54017500
8.39761600 -1.32959500 -3.21612900
9.56013400 -1.54004300 -2.46220700
10.8161870 -1.57290200 -3.07197000
10.9294430 -1.39400600 -4.45074900
9.77897800 -1.18745500 -5.21566300
8.52671400 -1.15714500 -4.60287900
7.63624200 -1.00895300 -5.21068200
9.85650800 -1.05584600 -6.29172900
11.9053430 -1.42071800 -4.92777300
11.7040820 -1.74226500 -2.46857200
9.47971100 -1.69193800 -1.38784300
7.20493600 2.10214300 -1.68957600
8.24715500 0.71769400 -1.25407200
-1.36162000 -0.03055900 -2.72737500
-2.55903000 -0.35701100 -1.95144100
-3.91185200 -0.43334300 -2.53368100
-3.88009100 -0.96947500 -3.48425900
-4.61593700 -1.26274700 -1.45809400
-4.52336400 -2.34057500 -1.63563400
-5.66621200 -1.00304100 -1.32026400
-3.90132000 -0.93076400 -0.25453400
-2.65225900 -0.50448500 -0.59062600
-1.82796300 -0.30328600 0.29054500
-4.54600900 0.96906200 -2.71990800
-3.85063700 1.58203800 -3.30147700
-4.63322700 1.43541600 -1.73089700
-5.90076800 0.91771100 -3.39266000
-7.08020300 1.11310800 -2.66123500
-8.33009200 1.04210300 -3.28013800
-8.42002100 0.77253900 -4.64585100
-7.25278600 0.57933500 -5.38853300
-6.00674500 0.65271200 -4.76673100
-5.10372200 0.51356300 -5.35792700
-7.31270500 0.37722900 -6.45475000
-9.39112900 0.71856500 -5.13030400
-9.23156700 1.20183400 -2.69451100
-7.01831000 1.33577300 -1.59803600
-1.53285900 0.22387500 -4.05210600
-0.41769200 0.52279900 -5.01048700
-0.20686000 -0.31796400 -5.68933700
0.51378500 0.74840800 -4.48714200



H -0.65670300 1.38378000 -5.64952100
H -2.52597300 0.19631900 -4.48104400

298



Table A.1.24. Geometric coordinates and thermally corrected MP2 energies for (R)-21a

Atom X Y Z

Li
Li
O
Li

OONOTITIO0NO0O I IOQOINAZIZDITITNNNO

0.00000000 0.00000000 0.00000000
1.66210500 1.85089800 -0.64653800
244467200 2.07172700 1.15310300
0.55736800 1.82129600 1.75119900
-0.23857700 2.01176800 -0.04596800
-1.23242600 2.81850600 -0.33983200
-1.49924300 3.38414100 -1.54318800
-0.65100700 3.20867200 -2.77176300
-0.96745800 2.36189400 -3.40154000
0.40567000 3.05793000 -2.53047700
-0.70735500 4.10276300 -3.40463700
-2.36944800 4.01946600 -1.64734600
-2.16187900 3.07225800 0.75470500
-3.51365900 3.63497600 0.60093700
-3.99388900 3.20333800 -0.28009300
-4.14014100 3.13057600 1.90350200
-4.54761500 2.11785900 1.80681100
-4.89730200 3.79763500 2.31688500
-3.02177100 3.09293700 2.81584400
-1.87970900 2.95517200 2.08759100
-0.80538200 2.78012900 2.65112700
-3.51152900 5.18548200 0.52312100
-2.81578600 5.49608400 -0.26149600
-3.11070200 5.57099400 1.46854100
-4.88871800 5.75985800 0.26889500
-5.60749000 6.39917000 1.28794100
-6.88630600 6.90961800 1.05433500
-7.46882300 6.78674400 -0.20716300
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G =-3104.051767
Gy = —3094.050167

Atom X Y Z

TZOQO0ONQNZIQTITTOIQQTITOQAOD T T I I T AN

-6.76308400 6.15436400 -1.23351200
-5.48592100 5.64749400 -0.99621400
-4.94103400 5.16648200 -1.80619000
-7.20588300 6.06054100 -2.22165300
-8.46299000 7.18444000 -0.39211800
-7.42373300 7.40626100 1.85791200
-5.15552000 6.50967500 2.27138700
2.30417400 0.05201700 1.09661800
0.52801200 -0.10617900 1.83677200
0.54478100 -0.88432800 3.00498600
-0.84605500 -1.63049200 3.17371500
-1.43765300 -1.10656300 3.93581100
-1.36639000 -1.45244700 2.22985200
-0.87280200 -3.14150000 3.43260400
0.39055400 -3.85704000 3.88322300
0.56997600 -4.83569200 3.43859700
1.64644100 -3.00434800 4.01759700
2.52746900 -3.65477700 3.96710000
1.69611800 -2.50450800 4.99094300
1.67245400 -1.96952100 2.87112700
1.40418500 -2.51230900 1.95494600
3.02176700 -1.39349700 2.55661900
3.84891500 -2.34062800 1.77727700
5.16975200 -1.68351300 1.37595200
5.90691600 -1.24275100 2.50513700
5.13079200 -0.34085500 3.28494300
5.74053900 -0.08415300 4.15664500
4.92745700 0.58332300 2.71856600
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3.81811200 -0.97714800
4.05308300 -1.84242700
3.25679100 -0.25923200
4.97219700 -0.83238700
5.80476600 -2.40027200
3.29966600 -2.63481100
4.07094800 -3.25601800
-0.80759000 -3.78236200
-0.79146300 -2.93353900
-0.31011700 -3.47265600
-0.26876500 -1.98375300
-1.81682600 -2.69928700
-1.59192100 -5.07481100
-1.16154400 -5.69137000
-2.63717500 -4.86837800

3.73268900
4.37445200
4.32916300
0.70124700
0.84602300
0.87645800
2.35340200
4.81098400
6.06848800
6.89515100
5.94261300
6.38293700
4.98937500
5.78981500
5.25508400

-1.59470000 -5.67590700 4.07273900
-1.49263900 -3.69039700 2.72385600
0.73675100 0.06734500 4.20823200
-0.15024800 0.70272800 4.29955000
0.88397700 -0.44329500 5.16710400
1.58742200 0.73145000 4.04271400
1.78380500 -0.07190900 -0.74119700
1.80609300 -0.85204200 -1.90781200
3.22861800 -1.53830800 -2.07010200
3.79979200 -0.99124400 -2.83146000
3.73777700 -1.33598500 -1.12511700
3.32084300 -3.04709000 -2.32629000
2.09168100 -3.81737300 -2.78123600
1.95292200 -4.80228200 -2.33588300
0.80066000 -3.01948300 -2.92120700
-0.05162900 -3.70730500 -2.87205600
0.73203300 -2.52363000 -3.89552600
0.72688300 -1.98574800 -1.77620600
1.01716700 -2.51542100 -0.85901600
-0.64696800 -1.46979900 -1.46401700
-1.43347000 -2.45258500 -0.68658200
-0.87352700 -2.72336600 0.21504300
-1.61446700 -3.37602200 -1.26401800
-2.78209900 -1.85326400 -0.28669800
-3.53557000 -1.44340300 -1.41671500
-2.79732200 -0.50830300 -2.19445600
-1.45829800 -1.08802700 -2.64129100
-1.65420500 -1.96275300 -3.28326500
-0.92708700 -0.34646100 -3.23661500
-3.41660600 -0.27603200 -3.06625800
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-2.63303100 0.42238600 -1.62610200
-2.62260600 -0.99515500 0.38928200
-3.38649300 -2.59736800 0.24135500
3.28946700 -3.69232400 -3.70395100
3.24181000 -2.84719700 -4.96303100
2.78487400 -3.40675500 -5.78995800
2.68041600 -1.91961100 -4.83949600
4.25753000 -2.57176400 -5.27541000
4.13051100 -4.94952500 -3.87614700
3.73280900 -5.58525600 -4.67852200
5.16739100 -4.69777400 -4.13559800
4.15418100 -5.54917800 -2.95880000
3.96082800 -3.56808100 -1.61435900
1.58146800 0.08752500 -3.11524800
244047000 0.76105300 -3.20058500
1.46596800 -0.43228600 -4.07343700
0.70133200 0.71462100 -2.96093900

3.40920800
4.33698500
5.68026800
6.16451800
6.31529300
6.73469300
7.06486600
5.19871000
4.05782600
2.98607100
5.65850500
4.95828500
5.25416900
7.02856900
7.74066100
9.01347400
9.59651300
8.89728800
7.62609500
7.08621800
9.34052100
10.5860380
9.54577300
7.28813900
3.64978600
2.80224500
3.15255600
1.75452900

2.91394000 1.44566000
3.18510000 0.35359000
3.76748200 0.50787100
3.34588100 1.39158300
3.26736500 -0.79237600
2.25986300 -0.69226600
3.94239000 -1.20658700
3.21377500 -1.70652000
3.06152600 -0.97923200
2.86983600 -1.54236900
5.31830100 0.57911300
5.62446200 1.36142900
5.69495900 -0.36836100
5.90998600 0.83226200
6.55361100 -0.18876300
7.07940300 0.04365100
6.96787400 1.30595200
6.33150400 2.33428700
5.80927600 2.09818000
5.32503400 2.90958500
6.24645500 3.32302400
7.37740500 1.48997100
7.57899800 -0.76150800
6.65509300 -1.17292800
3.50082500 2.64407900
3.31387200 3.87166200
2.49541700 4.52074400
3.11119500 3.62932700



H 2.81577400 4.22273700 4.48569200
H 4.49795900 4.16607100 2.74411800
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Table A.1.25. Geometric coordinates and thermally corrected MP2 energies for (S)-32a

Atom X

c

ocxrmIrmazrnazZzraozmTaono

Y V/

0.00000000 0.00000000 0.00000000
-1.60543600 0.07767800 -1.05760200
-2.39891100 -0.84661100 -1.18272200
-3.35609100 -0.78672400 -2.14937500
-4.00748700 -2.06660900 -2.23645400
-3.54080200 -2.64059300 -3.04500300
-5.06142400 -1.90432100 -2.46529600
-3.76713100 -2.69920500 -0.86152600
-3.58634700 -3.77234900 -0.95578900
-2.52457500 -2.01217000 -0.47273100
-1.63277500 -2.47217400 0.58882400
-1.92564600 -3.65212800 1.20221300
-2.79894500 -4.21803000 0.90032900
-1.08515500 -4.24712700 2.29789400
-0.24538200 -3.59435400 2.55164700
-1.66784100 -4.42234000 3.21392600
-0.66343200 -5.22387400 2.01499600
-0.61855400 -1.69214100 0.84303700
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Atom X

Li
Li

TTICTImOQNQQQQITIZIAC O

G =-3305.091020
Gypr = —3294.251117

Y Z

0.01073900 -0.62085400 2.46216000
2.14644200 0.26517100 1.34941600
1.78894100 -1.37526300 2.36848000
1.37670900 -2.08215500 0.61481700
-4.91886000 -2.43814600 0.14169100
-4.56406100 -2.71890700 1.13847400
-5.11742300 -1.35946200 0.16111600
-6.18276300 -3.19534400 -0.20365200
-6.27129000 -4.57731500 0.02333300
-7.42242000 -5.28723200 -0.31661500
-8.51091000 -4.62565400 -0.88992900
-8.43938000 -3.25100600 -1.11647700
-7.28407100 -2.54427500 -0.77585300
-7.24113600 -1.47024300 -0.94458500
-9.28360900 -2.72514700 -1.55449300
-9.40952000 -5.17737400 -1.15208100
-7.47243900 -6.35642200 -0.12805900
-5.43446300 -5.10033600 0.48213300
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1.85848800 -0.51534200 -0.45420900
0.37054400 1.03134600 1.56141100
0.95390100 -4.86400700 -0.70885200
-0.03999200 -4.83818200 -0.25966800
0.88456400 -4.52147800 -1.75241000
1.68052200 -6.20248500 -0.61799000
1.37094100 -6.90802600 -1.39527000
1.49274100 -6.66267200 0.35857800
3.15658700 -5.77387600 -0.74852800
3.83383000 -6.43447100 -0.19943100
3.46741300 -5.78400200 -1.79894500
3.17182700 -4.32928400 -0.19622000
3.60018000 -3.61535000 -0.90685100
3.69234000 -4.24253800 0.76126300
1.78863500 -3.96629600 0.04280600
-0.38304500 2.10767600 2.05013200
-0.58968700 3.18190000 0.89676600
0.06843700 4.04017100 1.08906800
-0.19257100 2.70313900 -0.00136700
-2.00041000 3.67057300 0.55545400
-3.13225200 3.45639500 1.54505500
-4.09190400 3.16866300 1.11646400
-2.78288900 2.71277900 2.82709400
-3.70117200 2.30431100 3.26488400
-2.36346100 3.38557200 3.58303400
-1.79074900 1.57584700 2.49133400
-2.17377200 1.08716600 1.58751100
-1.72633900 0.46372900 3.50151900
-2.89214000 -0.43623700 3.34675800
-2.89714200 -0.83455600 2.32879800
-3.84090100 0.10442600 3.50957400
-2.81972200 -1.59314700 4.33886500
-2.77983500 -1.12954000 5.68148500
-1.66085500 -0.27527200 5.86493400
-1.70033200 0.91636200 4.91119300
-2.59656200 1.51064400 5.15119100
-0.82683000 1.54576300 5.08427300
-1.70011300 0.07339900 6.90170000
-0.72686900 -0.84268900 5.72385700
-1.93363300 -2.21240600 4.12805500
-3.70867300 -2.22511700 4.25058900
-2.67493300 4.86465800 1.21284300
-1.93429800 5.71919700 2.22478000
-1.35439300 6.49920600 1.71395200
-2.63873400 6.22374400 2.89955200
-1.23484100 5.15102300 2.84215800
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-3.61188300 5.67917400 0.33248200
-4.37574000 6.19108200 0.93341400
-3.06072400 6.44632800 -0.22755400
-4.13034600 5.04567800 -0.39616300
-2.26263000 3.52912000 -0.49151300
041181600 2.76765400 3.19984200
1.29941100 3.25172600 2.77875700
-0.14658400 3.53317600 3.75223000
0.76086700 2.01273900 3.91017900
2.12308000 -0.37011200 -1.83645400
1.48874600 0.95665200 -2.37544100
1.44037500 0.90021300 -3.46896000
0.44354700 1.00340300 -2.05066500
2.24005600 2.20829400 -1.95695100
3.71604800 2.18028400 -2.31450500
442109400 2.58047200 -1.58752600
4.15905600 0.87939100 -2.96256700
5.25084300 0.86618400 -3.07170800
3.75581700 0.78517700 -3.97611300
3.70442300 -0.32087800 -2.08412600
4.08848800 -0.12675300 -1.07967100
4.34254500 -1.60937700 -2.48475700
5.69769700 -1.74634400 -1.93518900
5.65192900 -1.64712700 -0.84453800
6.38461700 -0.96513700 -2.31421300
6.29454400 -3.11266700 -2.27681200
6.30038200 -3.35755400 -3.67487100
4.98546100 -3.24538700 -4.20248100
4.39849400 -1.86309700 -3.93169700
5.02812600 -1.12498100 -4.45921500
3.39380600 -1.80676800 -4.35702000
5.06921200 -3.42252100 -5.27935100
4.33367800 -4.02232000 -3.76729300
5.72938000 -3.90697600 -1.76154700
7.33763000 -3.16354400 -1.94812000
2.80088400 3.20494100 -2.96214100
245111500 3.16413500 -4.44011600
1.49640700 3.67409900 -4.62374900
3.22025900 3.68332500 -5.02711200
2.36168500 2.15287300 -4.84492600
2.95649600 4.63015100 -2.44940400
3.75109200 5.16193400 -2.98987000
2.02624300 5.19845400 -2.58092200
3.20885300 4.64989200 -1.38293800
1.96057400 2.61949900 -0.98879300
1.44136800 -1.53110200 -2.59064900
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1.89607200 -2.48570800 -2.31701300
0.38177200 -1.55506300 -2.31185200
1.48715200 -1.42165300 -3.68116300
2.69562000 -1.65502800 3.39709100
2.77691500 -3.22943300 3.60842800
2.14984100 -3.50460300 4.46751700
2.27275000 -3.64416500 2.73201800
4.14016600 -3.92225700 3.71116700
5.39779800 -3.09327900 3.91217300
6.27374500 -3.40234700 3.34237600
5.21495100 -1.58345600 3.99341500
6.16867900 -1.09807500 3.75689300
496150100 -1.26374200 5.00998800
4.12045000 -1.14152700 2.99250200
4.32607700 -1.66866700 2.05142300
4.16289300 0.30649800 2.60390100
5.26911000 0.55034300 1.65393800
5.12746400 -0.09257400 0.78027700
6.24932200 0.30547100 2.09945700
5.29672600 2.01034500 1.21175700
545373700 2.88512300 2.31836000
4.38948000 2.68894900 3.23749800
4.33314700 1.24661800 3.73475400
5.26567300 1.04062700 4.28520300
3.50255500 1.14311700 4.43274600
4.57059300 3.36793200 4.07648100
343251800 2.96241300 2.76654200
4.36940100 2.25293300 0.66734400
6.14647800 2.18883800 0.54549000
4.95419900 -4.06839600 4.98748300
4.40975400 -3.59319500 6.32122800
3.82922100 -4.39199200 6.80095200
5.22638400 -3.32560100 7.00489600
3.75204800 -2.72700200 6.23264100
5.78324400 -5.33884100 5.11475100
6.64175400 -5.18512200 5.78223400
5.18479700 -6.16148300 5.52832400
6.17296600 -5.66667600 4.14394500
4.24054400 -4.76977300 3.03333000
2.15176800 -1.00440800 4.69260100
1.25692800 -1.55264800 5.00910000
2.85066300 -1.00589600 5.53673000
1.84954700 0.02888800 4.50048400
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Table A.1.26. Geometric coordinates and thermally corrected MP2 energies for (5)-33a

Atom X Y Z

ACZCZACOCCOIIIATZTAANZIAIINOCANOL

0.00000000 0.00000000 0.00000000
1.03582000 -1.26758100 0.96966200
2.15960000 -1.50204400 0.53757800
3.17626000 -1.78240200 1.39828900
4.31091900 -2.23768400 0.64088200
4.32748000 -3.33320100 0.66714400
5.21789900 -1.85084400 1.10735000
4.06932000 -1.69735400 -0.77673400
436171500 -2.44551200 -1.51564800
2.60740800 -1.52968300 -0.75039400
1.78762100 -1.27852200 -1.94594900
2.21486200 -1.87395600 -3.09090500
3.07169100 -2.53756200 -3.04720900
1.56630900 -1.70654600 -4.43414400
0.58810900 -1.22959800 -4.33938000
2.17303400 -1.10346700 -5.12798100
1.41818700 -2.67622300 -4.93100500
0.75747900 -0.49369000 -1.77976500
0.57526600 1.47357400 -2.06029400
-1.51545100 1.88021500 -0.65786400
-1.28611200 1.57869800 -2.60224200
-1.44542400 -0.30665800 -2.13287600
4.79726900 -0.36673900 -1.07956100
440183100 0.01710800 -2.02630600
4.53451800 0.35827500 -0.29950600
6.29922200 -0.52850000 -1.16636700
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G = -3305.088249
G = ~3294.251937

Atom X Y Z

(@RoRsiNoReasfiaslgNesfasiigNaicioNoNoNRulicgiaRoloNoNoNONQ!

6.88763700 -1.11887800 -2.29509600
8.26805200 -1.30154200 -2.37038400
9.08818700 -0.89427100 -1.31547500
8.51752800 -0.30074100 -0.18938000
7.13451100 -0.12061100 -0.11762100
6.69824100 0.35466200 0.75850800
9.14753800 0.02755600 0.63316500
10.1642800 -1.03315000 -1.37470600
8.70490900 -1.75597100 -3.25581100
6.25743400 -1.42699000 -3.12703900
-1.91509400 0.00871600 -0.26239900
0.37651200 1.90107400 -0.21516100
-1.15269900 -3.29903700 -2.88447600
-0.24600800 -3.47711100 -3.47471800
-0.87914600 -3.22913700 -1.83195800
-2.23978500 -4.32295700 -3.19649600
-2.98847200 -4.32592300 -2.39735500
-1.84572000 -5.33852200 -3.30113100
-2.83841100 -3.77344600 -4.50764300
-2.34071900 -4.21772500 -5.37597500
-3.90816800 -3.98285700 -4.59843000
-2.54761000 -2.25500700 -4.43810100
-3.45047400 -1.64996200 -4.32374400
-2.00086400 -1.90638800 -5.32244200
-1.74064300 -2.03772200 -3.26176300
0.69882200 2.78827700 0.81829500
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2.26840800
2.67194700
2.66560800
2.80499700
1.90253900

3.03910300 0.85557800
2.61324400 1.78308900
2.41395200 0.05090500
4.46073800 0.67068600
5.64063900 0.99415700
1.96496200 6.49313500 0.31790000
0.48341200 5.30324900 1.42971100
-0.14769400 6.19212400 1.31394100
0.43810000 5.03620500 2.49112500
-0.04105100 4.14440900 0.55169500
0.24020400 4.39028600 -0.47950900
-1.53464800 4.00851000 0.49460900
-2.10736100 4.98601500 -0.45645100
-1.67236500 4.81627800 -1.44644500
-1.87311600 6.02349400 -0.15771700
-3.62506600 4.84068100 -0.54414700
-4.24629100 5.00544400 0.71972100
-3.72228100 4.05937700 1.64186800
-2.21241100 4.20977600 1.79512800
-2.01294000 5.21704200 2.19580100
-1.84706000 3.48309300 2.52098500
-4.22020500 4.24769500 2.59818000
-3.96751000 3.03735700 1.31500000
-3.88143300 3.85172100 -0.96047400
-4.04151200 5.60981600 -1.20196200
3.14046100 5.38860700 1.83137700
3.03879900 4.90616000 3.26682500
3.97176500 4.41498500 3.57288000
2.87402000 5.75111500 3.94825500
2.22964900 4.18971500 3.42675500
430111700 6.34886900 1.61520800
4.19758200 7.24321000 2.24409200
5.25876700 5.87462200 1.86771300
4.36048800 6.68185600 0.57253400
3.45252600 4.58453000 -0.19624400
0.30471600 2.13591700 2.16380200
0.92533500 1.24647500 2.32201100
0.44502200 2.79491100 3.03038800
-0.73527500 1.80213100 2.14341300
-2.84260800 -0.74467400 0.48986400
-2.49303200 -0.71788500 2.03101100
-2.68236200 -1.71565900 2.44145700
-1.41065300 -0.57927800 2.11095600
-3.21495300 0.31248800 2.89052200
-4.70379300 0.46762600 2.63311000
-5.11086700 1.47760400 2.66887700
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-5.23148300 -0.36263700 1.47368800
-6.24835400 -0.03765600 1.22267200
-5.30689100 -1.42517500 1.73283800
-4.28968800 -0.16270200 0.25672500
-4.11910800 0.91766300 0.18614500
-4.88709900 -0.53778800 -1.05282800
-5.57909600 0.58462000 -1.69396500
-4.88836300 1.43077900 -1.77358000
-6.46133400 0.91883000 -1.11210000
-6.04127300 0.19685900 -3.09641200
-6.88342500 -0.94801400 -3.07974200
-6.22755100 -2.04246600 -2.45568700
-5.78620600 -1.69783300 -1.03524000
-6.69724300 -1.51176200 -0.43819600
-5.27459200 -2.55966900 -0.59945200
-6.94836000 -2.86654100 -2.44308400
-5.35259200 -2.34957500 -3.05305400
-5.15874700 0.00747300 -3.73122300
-6.62686400 1.00473100 -3.54666700
-4.22630900 -0.08365700 3.96216400
-4.45460900 -1.53125600 4.36001500
-3.69262400 -1.86013600 5.07870900
-5.43394200 -1.64148000 4.84395600
-4.42915800 -2.22594800 3.51700200
-4.33884700 0.86537200 5.14701900
-5.33378500 0.80788400 5.60848100
-3.59868200 0.62048300 5.92031600
-4.17236800 1.90665600 4.84693500
-2.65337100 1.21944600 3.10714900
-2.74671900 -2.22288300 0.06360900
-2.94958200 -2.32285300 -1.00426200
-1.73067200 -2.58050500 0.26962000
-3.44067300 -2.86941100 0.61721800
-1.40688100 2.23900000 -3.83385500
-2.80616900 2.98856000 -3.89340000
-3.51542800 2.37025000 -4.46043200
-3.16267900 2.96781100 -2.86056100
-2.88141400 4.44523100 -4.36427600
-1.68458800 5.08589100 -5.04763600
-1.46427300 6.11471800 -4.76417100
-0.44542500 4.21514100 -5.21547100
0.42937500 4.86357500 -5.34090700
-0.49879900 3.60673800 -6.12461000
-0.27448600 3.31949300 -3.96624600
-0.43031500 3.96904800 -3.09564900
1.10891900 2.77913600 -3.75467200
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2.00934600
1.58411900
2.11955600
3.39305600
3.98067000
3.13277100
1.75205900
1.87091700
1.13687300
3.62401200
3.03807200
3.32019400
4.07037000
-2.98150400
-3.10665400
-4.16109900
-2.72443300
-2.57193300
-3.79281000
-3.46361700
-4.86006700
-3.69405000
-3.42477200
-1.37194300
-2.29030700
-1.30715800
-0.53471700

3.82353100 -3.21633300
4.21693000 -2.28763100
4.66387500 -3.92359300
3.24476600 -2.92955500
2.67568200 -4.08893900
1.66769500 -4.62499900
2.22151900 -4.96496300
2.99520000 -5.74120300
1.42283400 -5.37730200
1.29999200 -5.53125000
0.83081100 -3.91453700
2.48637400 -2.13248400
4.03500800 -2.59181300
4.89505100 -5.81336700
3.89077500 -6.94362200
3.63219400 -7.10638700
4.31201500 -7.88289900
2.95851700 -6.75603900
6.15823300 -6.06731200
6.66054900 -6.98666500
5.92593300 -6.17979000
6.87489100 -5.24386300
5.08814500 -3.67251100
1.17211600 -4.95288500
0.57812200 -4.89605700
1.57960500 -5.96800900
0.48731600 -4.80537900
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Table A.1.27. Geometric coordinates and thermally corrected MP2 energies for (5)-34a

Atom X Y Z

COXZTITIOINAZIATIIANONOLD

0.00000000 0.00000000 0.00000000
1.40997800 -1.23412200 -0.50778000
2.55703500 -0.80454300 -0.55449500
3.59947200 -1.55620900 -0.10298300
4.83387100 -0.91220400 -0.46926800
5.23669700 -1.41875200 -1.35314500
5.53746300 -1.01669000 0.35789000
4.44584500 0.54815100 -0.76412400
4.96006800 0.89732700 -1.66221100
3.00659900 0.39466400 -1.01631400
2.14944600 1.43990800 -1.58312800
2.69821900 2.16949100 -2.58918800
3.68058700 1.88526700 -2.95418700
2.04235100 3.33434500 -3.26946400
1.07523200 3.55850800 -2.81520600
2.66262600 4.24178300 -3.22045900
1.86338300 3.14210600 -4.33821300
0.96769500 1.55624500 -1.03772300
0.05522300 2.63318600 0.34498300

Li -2.15829300 1.31762000 0.38781300

O

-1.61829100 2.93948500 -0.53172400

Li -0.92518100 1.65176500 -1.84744400

ONON@Re=ResN@

4.72843900 1.53252300 0.39402900
4.23740800 2.47988300 0.14322800
4.24961200 1.14982000 1.30309300
6.20742700 1.75289500 0.62575500
6.95815800 2.53791100 -0.26244400
8.32773100 2.72076400 -0.07457400

308

G =-3305.090159
Gy = —3294.252259

Atom X Y Z

OXZZDOOQO0OIITAQAITIAQAIIQAIITIQAOOID I I DI ITOOAN

8.97335400 2.12135800 1.00956300
8.23849800 1.34301900 1.90406100
6.86720300 1.16158100 1.71150300
6.29853200 0.56379500 2.42077100
8.72964700 0.87946400 2.75560200
10.0399540 2.26604500 1.15852200
8.89056600 3.33716500 -0.77068700
6.46032900 3.02001400 -1.10139600
-1.63629600 0.08467700 -0.97340400
-0.54458900 1.12883900 1.51781900
-0.01372000 0.48987500 -4.42079400
1.05031700 0.74666700 -4.37774600
-0.18960900 -0.38702800 -3.79340200
-0.51660100 0.33766600 -5.85655900
-1.40794400 -0.30022800 -5.88793500
0.23771100 -0.10001200 -6.51730000
-0.88053900 1.78463900 -6.22443900
0.01937500 2.34491200 -6.50422100
-1.59595200 1.85765100 -7.04908100
-1.45288500 2.31645000 -4.90733800
-2.53020300 2.11986200 -4.82643200
-1.27898300 3.38565200 -4.75790000
-0.77255400 1.59273300 -3.86072000
-2.01410500 4.28183400 -0.55329800
-3.55984700 4.36003100 -0.20531900
-4.13579500 4.32244800 -1.14058900
-3.75883800 3.41082000 0.29994800
-4.10008400 5.45403000 0.72185300



OXTCDOIIQOQOIIIDINQODNIIIQOIIIIIQODIOITIQOAIII I I I TIOOO0OOQIIIQZIODOITI D OIN

-3.18760000 6.57993100 1.17730100
-3.26654500 6.86733700 2.22524400
-1.75589600 6.55631400 0.65333400
-1.12290200 7.13485700 1.33491500
-1.67408200 7.05175400 -0.31997100
-1.26271700 5.09005900 0.56921300
-1.58469900 4.60118000 1.49912300
0.22424800 4.90557600 0.57995700
0.79366800 5.22259100 1.90982100

0.30690200
0.62251000

4.59966900 2.66634100
6.27756700 2.18262300

2.29936300 4.96765300 1.92993200

2.97553300

5.73837600 0.94940300

245365800 5.44824000 -0.34109100
0.95416700 5.72179800 -0.41472400

0.78954000

0.60008200

2.98733400

2.65805600

2.50250900

2.71717000
-4.41257500
-4.30844600
-5.25449200
-4.11290200
-3.52406300
-5.57358400
-5.46408800
-6.53036600
-5.63917900
-4.76935700
-1.78105900
-2.53380500
-1.83961200
-0.80378400
-0.11855600
-0.73256100

6.79763000 -0.23672100
5.48870500 -1.41717600
6.09587300 -1.04367700
4.39922100 -0.60873100
3.89639800 1.76814700
5.25431700 2.90004800
6.88976900 0.33390600
7.37051000 -1.10103900
7.19271600 -1.62921500
8.45065200 -1.13785600
6.87111900 -1.67043600
7.53849500 1.07623800
8.63098500 1.10281400
7.31253600 0.58702100
7.18553200 2.11171500
5.05748400 1.48489000
4.81299800 -1.99000000
4.37189000 -2.65364300
5.90059200 -2.09944700
4.49068500 -2.35644800
0.93242100 2.84602700
2.03639700 3.78878400

0.00792300 2.30205400 4.55253200
-0.85980500 2.92843500 3.16746700
-2.05608700 1.70351000 4.46328600
-2.14778300 0.31912500 5.08062900
-3.09302600 -0.21327700 4.97046700
-0.92141300 -0.55044300 4.85068400
-1.13652000 -1.58249700 5.15213200
-0.07296600 -0.22558300 5.46389000
-0.55509200 -0.50603400 3.34365700

309

OXTTZTOQOZIZOIIZIOITOOIIIZIOQAIITIOQOIIDIITIODITITOOOQOIITITIIZITOQA0OOIT T O Z T

-1.49135000 -0.67894600 2.80306700
0.34571900 -1.59520700 2.89764000
-0.37688200 -2.79418000 2.45860200
-1.11134600 -2.51134200 1.69737500
-0.92227400 -3.28038900 3.29322100

0.59287500 -3.80619600
1.61108400 -4.17363500
2.32633600 -3.01908600
1.39286800 -1.99889700
0.97102900 -2.46238000
1.97406800 -1.12740400
3.07195800 -3.36394700
2.84538200 -2.56293900
1.04172000 -3.37742900
0.06557800 -4.73054600

1.85084900
2.77672300
3.19514400
3.84524500
4.75641100
4.15670100
3.91991000
2.33805300
0.94338000
1.59156300

-2.19122100
-1.05785400
-1.04956300
-1.18861500
-0.06883100
-3.55490600
-3.73840600
-3.62752900
-4.36613100
-2.94322200

1.41435300

1.90109200

1.67440400

1.82328100

1.54262000 5.97469700
1.88160700 6.92728700

2.95666800
1.34918100
1.62024200

7.15045100
7.87833200
6.54302000

1.88888800 6.55590600

1.34144600
2.96148100
1.64056400
2.08657900

7.49006800
6.77973800
5.86167500
3.96265800

1.10568000 2.90173300
0.38489100 2.23942400
2.11584200 2.56455000
0.98908100 3.91361000

-2.63094500 -0.80369800 -1.40017900
-1.97685200 -2.12472200 -1.99319000
-2.34286400 -2.27133600 -3.01714800
-0.91036100 -1.89921500 -2.08046200
-2.12994800 -3.43039400 -1.21395300
-3.40600700 -3.63773200 -0.41375800
-3.29505200 -4.12244800 0.55624400
-4.36584800 -2.45732500 -0.40210300
-5.10376700 -2.59519800 0.39687500
-4.93915800 -2.38576900 -1.33339500
-3.53311800 -1.17390600 -0.16862600
-2.80349600 -1.42394700 0.61077100
-4.28431900 -0.01103200 0.40504100
-4.51191600 -0.19096000 1.85421700
-3.54678300 -0.30972700 2.35587300
-5.11556200 -1.09279400 2.06285200
-5.23789200 1.01712300 2.44237400



TIODITZTOQODTTTTTQOIIZIQOQID DT T T TOOO0

-6.49003000 1.23839000 1.81402900
-6.30500900 1.42523100 0.41726200
-5.60477200 0.22833100 -0.21915600
-6.26229700 -0.64871900 -0.09744200
-5.48733700 0.41035300 -1.28663500
-7.30332900 1.54845700 -0.01422500
-5.72821400 2.34472000 0.23249000
-4.60590100 1.91653500 2.34513600
-5.44434300 0.85430000 3.50480500
-3.12347000 -4.51677700 -1.61425800
-3.94056900 -4.40306200 -2.88905500
-3.36925200 -4.78142900 -3.74712800
-4.85632600 -5.00410300 -2.81385300
-4.23962200 -3.37835900 -3.12500600
-2.71124500 -5.94950900 -1.30980600
-3.58951600 -6.59755500 -1.18671600
-2.10169300 -6.36616500 -2.12254300
-2.12132700 -6.01146300 -0.38823700
-1.21080300 -3.79865500 -0.76177500
-3.42389000 -0.13504200 -2.54803700
-2.75829200 -0.01771800 -3.40897700
-4.29330000 -0.71946900 -2.87738300
-3.75461500 0.86618200 -2.25520800

310



Table A.1.28. Geometric coordinates and thermally corrected MP2 energies for (5)-35a

Atom X Y Z

c

NAOOZZACOLCLCOTITZOTINAZIATITZIOOANO

0.00000000 0.00000000 0.00000000
-1.78057800 0.58868500 -0.22749100
-2.69091400 -0.14727900 -0.58786900
-3.93042700 0.37628700 -0.79663300
-4.75453400 -0.61571800 -1.43060700
-4.75786400 -0.42745400 -2.51031600
-5.77035900 -0.52303700 -1.04398600
-4.08306700 -1.94727800 -1.07451500
-4.11063800 -2.62457900 -1.93063700
-2.70257800 -1.49557600 -0.82874100
-1.55272800 -2.40427400 -0.77129200
-1.75017200 -3.68550600 -1.18686900
-2.72145800 -3.99926300 -1.54913300
-0.66331000 -4.72015100 -1.19978900
-0.91754400 -5.59695200 -0.58487100
-0.46961500 -5.10007900 -2.21436300
0.27612000 -4.30512000 -0.82555800
-0.44137100 -1.89221700 -0.32218900
0.91702700 -2.07063900 1.28246100
2.46244900 -0.23110300 0.38644500
248965400 -2.31377400 0.20553800
1.37615800 -1.79615400 -1.34704400
-4.69909700 -2.63953200 0.16545700
-4.01725000 -3.44051600 0.46916100
-4.73116900 -1.91083400 0.98484300
-6.08227300 -3.19396900 -0.09818700
-6.24858900 -4.35993500 -0.86110200
-7.52038600 -4.86259600 -1.13376300

311

& G=-3305.093181
Guups = —3294.254945

Atom X Y Z

OXZZDOOQO0OIITAQAITIAQAIIQAIITIQAOOID I I DI ITOOAN

-8.65323500 -4.20755300 -0.64490800
-8.50305300 -3.05050600 0.11968000
-7.22747900 -2.54971100 0.38899000
-7.11861900 -1.65347900 0.99623200
-9.37744700 -2.53776600 0.51165500
-9.64447300 -4.60036500 -0.85411600
-7.62735400 -5.76978600 -1.72267800
-5.37184900 -4.88518300 -1.23487600
1.46984100 0.11444500 -1.20069100
0.99558400 -0.18191800 1.64136100
0.04342400 -2.10673300 -4.04902100
-0.85017500 -2.52108100 -3.57148700
-0.03829300 -1.01560200 -4.07271100
0.31034100 -2.72220100 -5.43075200
0.79406400 -1.99397700 -6.09237500
-0.60996200 -3.05790300 -5.91816500
1.28117300 -3.87050300 -5.10919200
0.73472200 -4.74916900 -4.74622500
1.89010900 -4.17532700 -5.96574200
2.11051400 -3.26311000 -3.98092100
2.90699300 -2.61616200 -4.37780500
2.54880900 -3.98979800 -3.29393600
1.18007100 -2.46604000 -3.22347900
0.52135300 0.13844800 2.92097500
-0.04112600 1.62635100 2.92667300
0.68137700 2.27728800 3.43802700
-0.02776100 1.93274600 1.87724300
-1.45276000 1.90406400 3.45276000



OXTCDOIIQOQOIIIDINQODNIIIQOIIIIIQODIOITIQOAIII I I I TIOOO0OOQIIIQZIODOITI D OIN

-2.15347900 0.86964600 4.31684700
-3.21662800 0.72981900 4.12284200
-1.40002600 -0.42954200 4.57069400
-2.11702200 -1.20705100 4.85998900
-0.70129900 -0.33878600 5.40998500
-0.65758000 -0.83336100 3.27654900
-1.36733400 -0.68457300 2.45411600
-0.29104300 -2.28530100 3.17234900
-1.47109400 -3.09164800 2.78628500
-1.86829500 -2.70515200 1.84497900
-2.26567200 -3.02807400 3.55017000
-1.08791200 -4.55711400 2.60421600
-0.52030500 -5.10226800 3.78721100
0.61616600 -4.34504500 4.17662100
0.26390800 -2.87800600 4.40846200
-0.46228000 -2.82432800 5.23598500
1.15885000 -2.33422800 4.71345900
0.98949600 -4.79606900 5.10157500
1.40178700 -4.42016500 3.40794400
-0.38023000 -4.65817900 1.76513200
-1.97506700 -5.15593500 2.37674800
-1.77931800 2.21664400 4.90556100
-0.67879200 2.35187800 5.94128900
-0.30137600 3.38270900 5.96458700
-1.05706400 2.11926200 6.94568200
0.17624300 1.70010800 5.75020700
-2.93090700 3.18267600 5.14462900
-3.39191100 3.01517300 6.12750900
-2.58536200 4.22460000 5.11348600
-3.71399200 3.07055500 4.38608100
-2.08623500 2.41634200 2.73087200
1.70749000 0.05345800 3.90883000
241394900 0.86023200 3.68679100
1.42266800 0.14913600 4.96347700
2.24825300 -0.88710500 3.77870300
1.91723900 1.19037300 -1.97415100
0.69070300 1.82114100 -2.76672700
0.76451700 1.53032600 -3.82410600
-0.18694400 1.30159100 -2.37339100
0.40869700 3.32299800 -2.65865000
1.49248400 4.25858200 -2.15059200
1.16069200 5.05351100 -1.48339600
2.80813000 3.61531100 -1.73167200
3.34133700 4.29982700 -1.06175300
3.47243500 3.45455100 -2.58821000
2.50308800 2.28126400 -1.01237800

312

OXTTZTOQOZIZOIIZIOITOOIIIZIOQAIITIOQOIIDIITIODITITOOOQOIITITIIZITOQA0OOIT T O Z T

1.67393800 2.48533100 -0.32328500
3.59252900 1.77027000 -0.11471500
3.58877200 2.50616900 1.16997500
2.60683700 2.38673600 1.63786200
3.76638600 3.58535200 1.01617000
4.66748000 1.96985700 2.10735700
5.96147200 2.05426400 1.52762600
5.99445000 1.34210900 0.29882000
4.95428400 1.87266000 -0.68431700
5.21006800 2.92012700 -0.91324100
5.01242700 1.30470600 -1.61365400
7.00049800 1.47605800 -0.11101700
5.83276700 0.26752600 0.48031500
4.44399200 0.92459000 2.37748000
4.69783400 2.56236800 3.02716300
1.00586400 4.37505200 -3.58218300
1.88339100 3.97594500 -4.75386100
1.26794100 3.78110400 -5.64220800
2.58272800 4.78267000 -5.01103200
2.47094400 3.07500400 -4.56550700
0.12699000 5.57834800 -3.89257600
0.73371500 6.45649800 -4.15212700
-0.53865400 5.37257000 -4.74158000
-0.50159200 5.84971000 -3.03674200
-0.60128600 3.54886200 -2.31990100
2.94238900 0.65344200 -3.00002300
242129800 -0.01322400 -3.69552400
3.43712900 1.43474900 -3.58989000
3.70841500 0.05443500 -2.50157600
3.75692100 -2.93098600 0.26799900
4.55149400 -2.40718100 1.51920600
5.62527600 -2.49161800 1.31645100
4.35499800 -1.33180500 1.60428900
4.23014800 -3.09645100 2.83469100
4.29933500 -4.61206400 2.78026600
3.53578800 -5.17114100 3.32004700
4.59456100 -5.15506700 1.39319200
448078300 -6.24562900 1.38831200
5.63037000 -4.95731500 1.09625400
3.60487800 -4.51443800 0.37898500
2.60674900 -4.63027500 0.81506400
3.53529900 -5.25063900 -0.91534700
2.63793600 -6.41179100 -0.83085400
1.65633300 -6.08133000 -0.47970500
3.01131300 -7.17322200 -0.11899000
248239800 -7.07395000 -2.19798800



TIODITZTOQODTTTTTQOIIZIQOQID DT T T TOOO0

3.73400900 -7.48042500 -2.73417600
4.62403300 -6.37648400 -2.81520700
4.82426000 -5.71262700 -1.45389300
5.30914300 -6.45143600 -0.79130900
5.50819800 -4.86871500 -1.56665300
5.57416000 -6.77363500 -3.18685800
4.24725200 -5.63815800 -3.54266300
1.98222300 -6.37720700 -2.89160300
1.87249300 -7.97937500 -2.11677400
5.28127100 -3.84570300 3.64612200
6.76410300 -3.77595300 3.32339200
7.21155700 -2.87045400 3.75361700
7.28629900 -4.63941000 3.75572400
6.98100700 -3.77036800 2.25252500
5.02324000 -3.91430700 5.14506600
5.49974100 -4.79830500 5.58921800
542431400 -3.02824200 5.65464200
3.95137100 -3.96873500 5.36852300
3.42389900 -2.65114800 3.41377700
4.57017200 -2.50511900 -0.97194300
4.63573800 -1.41128700 -0.99286200
5.59691500 -2.89149000 -0.96776500
4.07750400 -2.83331500 -1.89049600

313



Table A.1.29. Geometric coordinates and thermally corrected MP2 energies for (S)-29a

O—Li
N
Li— 0

KO

n O—Li

Atom X Y

CCOC DN TAINAZIAINTIANOAQAOL

i)

ONON@Re=RsN@

0.00000000 0.00000000 0.00000000
1.60135600 0.09146200 1.00277200
248096800 -0.75881100 0.97050800
3.51295200 -0.68809000 1.85694000
4.27992100 -1.90099300 1.77266000
3.94224900 -2.58333600 2.56121500
5.33201500 -1.65857200 1.92772700
3.97296900 -2.43662300 0.37088500
3.89809800 -3.52571900 0.38643400
2.64318000 -1.84176700 0.14640600
1.71695200 -2.30344700 -0.89058700
2.07459800 -3.41299800 -1.59380000
2.99755600 -3.93071700 -1.36597000
1.22635600 -4.01332400 -2.67591600
1.80617900 -4.21155300 -3.58815700
0.78411100 -4.97617500 -2.37617100
0.40412100 -3.34476400 -2.94299000
0.62551200 -1.60236700 -1.04190400
-0.20956700 -0.41015500 -2.55840900
-2.21754600 0.45957000 -1.17811000
-2.01663000 -1.15520100 -2.46256600
-1.38470400 -2.01207800 -0.81638700
5.00258200 -1.98625300 -0.69550100
4.58139700 -2.20750000 -1.68124700
5.11157000 -0.89689600 -0.62662200
6.34838400 -2.65919600 -0.53343800
6.52333800 -4.00003500 -0.90866100
7.75187200 -4.63746200 -0.73865000

314

OXZTCTOOQO0OITITANAIIQAIIANAIITINAOOID I I DI ITOON

G =-3305.088000
Gypy = —3294.249295

Y Z

8.83252900 -3.94280600 -0.19006600
8.67508100 -2.60776600 0.18250400
7.44250700 -1.97369100 0.01157300
7.33166700 -0.92851000 0.29291200
9.51178400 -2.05578100 0.60247500
9.79104600 -4.43779200 -0.06013900
7.86766700 -5.67520800 -1.04011000
5.69184000 -4.54654900 -1.34929800
-1.78349700 -0.59878600 0.39815600
-0.40181600 1.13038100 -1.47190700
-4.63911100 2.63623000 -1.43732400
-4.81776400 2.06824100 -2.35086800
-5.50416800 2.50796800 -0.76805900
-4.31734300 4.11771100 -1.64422500
-5.21776100 4.73524200 -1.71669700
-3.74184900 4.24728500 -2.56623900
-3.44987300 4.45672100 -0.40625700
-2.58557500 5.06949400 -0.67763300
-4.02187500 5.01140900 0.34411300
-3.02255700 3.07447400 0.14585100
-3.50067000 2.86540400 1.11109900
-1.94505600 2.94756700 0.25055800
-3.46541500 2.09790200 -0.81825600
0.34168000 2.21638700 -1.94951400
0.78314200 3.14205500 -0.73144700
0.17766300 4.05893200 -0.74665100
0.47462600 2.59313500 0.16186800
2.25981400 3.50126800 -0.54290000



OXTCDOIIQOQOIIIDINQODNIIIQOIIIIIQODIOITIQOAIII I I I TIOOO0OOQIIIQZIODOITI D OIN

3.22324800 3.35086100 -1.70668200
4.20965300 2.95762300 -1.46149800
2.64344400 2.79576100 -2.99995400
3.45956500 2.40381500 -3.61795500
2.16451700 3.57859400 -3.59815900
1.63711900 1.67440200 -2.65354600
2.11123700 1.05881100 -1.87951100
1.35817400 0.69995800 -3.76390300
248076200 -0.25692000 -3.90902300
2.61640400 -0.79289700 -2.96506400
3.42312900 0.26587200 -4.14794200
2.19716100 -1.26862100 -5.01675200
1.96335500 -0.63551300 -6.26664600
0.87801400 0.27397800 -6.15605900
1.14038000 1.32979000 -5.08661700
2.02459600 1.91072000 -5.39511600
0.29265700 2.01304100 -5.03856300
0.77046700 0.75131800 -7.13511000
-0.05234300 -0.27223700 -5.93142300
1.33153500 -1.89260400 -4.74400900
3.06103100 -1.92596300 -5.15465100
2.92215400 4.72939400 -1.14967800
2.11322800 5.74211800 -1.93897200
1.68073300 6.49422900 -1.26574900
2.74996500 6.27430900 -2.65816600
1.28715600 5.29490900 -2.49651000
4.02913200 5.37483500 -0.32872800
4.73167600 5.92279900 -0.97125000
3.61779900 6.08832300 0.39771100
4.60333700 4.62727000 0.23041100
2.65189200 3.21403900 0.43095600
-0.56683700 3.04429500 -2.88922400
-1.35932000 3.50540700 -2.29255600
-0.04456900 3.84640100 -3.42535600
-1.05825000 2.39603000 -3.61908400
-2.84028800 -1.37272400 -3.58783500
-2.12492600 -2.31802800 -4.61751900
-2.52571900 -2.11907100 -5.61860700
-1.07281200 -2.01174300 -4.65633400
-2.22361800 -3.80434500 -4.31514800
-3.62963000 -4.29908900 -4.03151100
-3.75376200 -5.02593400 -3.22856900
-4.67980700 -3.20261300 -4.04467600
-5.63717500 -3.59913800 -3.68453400
-4.86613800 -2.84193000 -5.06196500
-4.21686100 -2.03494400 -3.13010700
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-3.95268900 -2.49027800 -2.17092300
-5.30908600 -1.07576300 -2.80043500
-6.08670200 -1.51926200 -1.63609000
-5.40828700 -1.65649800 -0.78726000
-6.59909300 -2.48418600 -1.82109500
-7.14111900 -0.48235200 -1.25554300
-8.01313600 -0.19051400 -2.33901900
-7.27220400 0.25706300 -3.46529400
-6.23832700 -0.77906700 -3.90053900
-6.79106400 -1.67598300 -4.23167600
-5.68492500 -0.39454400 -4.76152200
-7.99959700 0.42585700 -4.26586900
-6.77723500 1.21523900 -3.23709700
-6.64472500 0.43957000 -0.91217900
-7.77135600 -0.86049000 -0.44425100
-2.88998400 -4.79921600 -5.25837500
-3.31702900 -4.42534000 -6.66730600
-2.46808700 -4.50024600 -7.35927400
-4.09469400 -5.11325600 -7.02416400
-3.71712600 -3.41198800 -6.75174500
-2.37154500 -6.22837300 -5.17529700
-3.14144800 -6.94756700 -5.48537500
-1.50158500 -6.36993700 -5.83005100
-2.06415700 -6.48875000 -4.15598300
-1.42103100 -4.21384600 -3.70835700
-3.05672000 -0.02442100 -4.30656600
-2.08140000 0.39178700 -4.58541500
-3.64757500 -0.11736200 -5.22624500
-3.55643600 0.68936900 -3.64604100
-2.31634800 -1.02510000 1.62160300
-3.46775100 -0.02500800 2.05450900
-3.03403500 0.76056400 2.68906300
-3.74886300 0.46393200 1.11865900
-4.77093400 -0.55501500 2.66599900
-4.90358300 -2.02765100 3.01617500
-5.85289200 -2.49852300 2.76209000
-3.68965900 -2.90926400 2.74416700
-4.02408100 -3.94768500 2.64095500
-2.98945200 -2.90388500 3.58627600
-2.99255800 -2.43179900 1.44601300
-3.79188600 -2.24393500 0.71676800
-2.13437800 -3.44918900 0.75921500
-2.96373700 -4.48856200 0.11034500
-3.65789400 -4.00655100 -0.58604100
-3.56214700 -5.04911000 0.84890200
-2.08691100 -5.47977500 -0.65059200



TIODITZTOQODTTTTTQOIIZIQOQID DT T T TOOO0

-1.14877200 -6.11348600 0.20491000
-0.33211300 -5.14065900 0.84749300
-1.16817700 -4.14045900 1.64128900
-1.69098400 -4.68313500 2.44640700
-0.50592000 -3.40981200 2.10486000
0.32779800 -5.69315600 1.52417100
0.29009300 -4.61349900 0.10811000
-1.56447700 -4.96239200 -1.47101100
-2.70380700 -6.27477000 -1.08145000
-4.98549700 -0.97683600 4.11028800
-3.90346300 -0.81165200 5.16053800
-3.98019500 0.17855200 5.62853900
-4.01429000 -1.55897900 5.95772900
-2.89372900 -0.89833600 4.75931200
-6.37806700 -0.72708400 4.67485200
-6.60334300 -1.42363000 5.49360700
-6.46497100 0.29238900 5.07382100
-7.15371100 -0.85171600 3.91045100
-5.65400600 -0.10326900 2.21387600
-1.17123500 -0.99743900 2.66392800
-0.90805100 0.04536300 2.87507600
-1.40189400 -1.48185400 3.61797400
-0.27388500 -1.46782000 2.25539700
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Table A.1.30. Geometric coordinates and thermally corrected MP2 energies for (5)-30a

~e

Atom X Y Z

NN TZACOCLCOZZZIATANQAZIATTZAOAOL

0.00000000 0.00000000 0.00000000
1.74667900 -0.74249300 0.04093700
2.69771200 -0.19251600 -0.49776500
3.80012100 -0.92390800 -0.83288100
4.68727100 -0.08881600 -1.60305200
4.49427400 -0.26252500 -2.66738000
5.71485200 -0.36560900 -1.36461800
4.31178000 1.32716900 -1.16405300
4.40462100 2.03628400 -1.98911000
2.88887200 1.11985800 -0.83711700
1.90204600 2.19902900 -0.73065300
2.37628100 3.46946400 -0.87091600
3.43246200 3.62730400 -1.04523800
1.54541300 4.71640500 -0.79000400
1.93497900 5.41175500 -0.03281600
1.52995900 5.27860000 -1.73599500
0.50899700 4.48968700 -0.52825800
0.66709700 1.82541600 -0.53262500
-0.80451200 2.29008500 0.95643700
-2.51277100 0.48556400 0.28625000
-2.23615000 2.41177600 -0.27310800
-1.17001500 1.57546700 -1.63734600
5.13688500 1.80200800 0.06109300
4.64520800 2.68151400 0.48740900
5.09693700 1.01406400 0.82317800
6.57622400 2.11610900 -0.28661400
6.89887400 3.27274700 -1.01310600
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G = -3305.089354
G = ~3294.253010

Atom X Y Z
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8.21965500 3.55861600 -1.35696700
9.24678600 2.69109000 -0.97791800
8.94192500 1.53994100 -0.25148700
7.61744500 1.25678100 0.08932500
7.38984000 0.36245600 0.66564400
9.73406900 0.86183300 0.05483400
10.2765940 2.91443100 -1.24297300
8.44807400 4.46195500 -1.91649700
6.10885600 3.96245200 -1.30397700
-1.44961200 -0.26971400 -1.26248100
-1.00979800 0.49084200 1.52757100
-5.10804300 0.89860200 1.99035600
-4.74258400 0.56480200 2.96669000
-4.83733900 1.94992800 1.85408800
-6.60772100 0.62613600 1.82747300
-7.06035500 1.34760100 1.13688500
-7.14473200 0.68652700 2.77885400
-6.61648000 -0.77930400 1.20661100
-6.46276100 -1.54358400 1.97790600
-7.54300600 -1.01281500 0.67338800
-5.40734000 -0.70680600 0.27758200
-5.67028800 -0.22793600 -0.67586300
-4.92822200 -1.66555000 0.07338100
-4.44265900 0.11663900 0.96883500
-0.66452200 0.29242700 2.86938200
0.00479900 -1.13978500 3.05772200
-0.70055600 -1.78967600 3.59262800
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0.08101300 -1.55169700 2.04913300
1.39244100 -1.24934000
1.91308700 -0.10977700

2.96949800
1.01385500
1.61331300
0.23735400
0.38251600
1.18672200
-0.09614900
1.03919000
1.61268700
1.72002600
0.53330100
-0.25161800
-1.35331700
-0.88958000
-0.29130600
-1.75870000
-1.90128200
-2.02260300
-0.05698300

0.13161300
1.11366900
1.96999800
0.97812600
1.38838200
1.26700400
2.79385600
3.71557100
3.36603600
3.74787400
5.13304400
5.63320200
4.76926000
3.35174600
3.38853600
2.72423000
5.18617000
4.76024800
5.15188600

3.69508400
4.55426300
443819900
4.67038300
5.00092000
543121500
3.28603900
2.54941900
3.06164200
2.82392800
1.95796200
3.69213500
2.55541100
3.62765700
3.86297600
4.17930900
5.10453200
4.36973300
4.71375700
2.98602300
1.62543300

1.37799600 5.81879000
1.62528000 -1.45806000
0.45837400 -1.65302700
0.18165800 -2.71427300
0.72528700 -1.33278200
-0.43649400 -1.10153800
2.84087400 -2.28895200
3.19981600 -2.02686700
2.60200300 -3.36077500
3.67009300 -2.13578900
2.12808800 -1.72749300 3.05096800
-1.96564200 0.31593300 3.70264900
-2.56644500 -0.55731300 3.42402700
-1.80638100 0.27954800 4.78775300
-2.55908200 1.20135000 3.46368400
-3.08253400 3.33746900 -0.90146500
-3.62674100 4.40017600 0.14423100
-4.72373000 4.37854400 0.13238300
-3.33402600 4.00824400 1.12337200
-3.14930200 5.84795900 0.02963000
-2.83841200 6.39257200 -1.35567700
-1.97266900 7.05051200 -1.42846800
-2.93655300 5.38645300 -2.49490200
-2.42688000 5.78848500 -3.37830800

243948900
5.18514500
6.13567100
6.18857500
7.15161800
5.83856500
5.56965600
6.57425400
5.57159100
4.86952200
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-3.97392500 5.20554200 -2.79826700
-2.26356800 4.07881000 -2.01760600
-1.35018700 4.38595000 -1.49931600
-1.77021400 3.16158000 -3.10026100
-0.47075600 3.63270500 -3.63658100
0.25536800 3.67452400 -2.82153200
-0.56080200 4.64427600 -4.07006200
0.05391900 2.68501700 -4.71153600
-0.86517500 2.53404800 -5.78319800
-2.11712400 2.07022200 -5.29674400
-2.69627600 3.01384500 -4.24659600
-2.87896500 3.98744200 -4.72948600
-3.65553200 2.62551900 -3.90408900
-2.78585300 2.01850600 -6.16162600
-2.01091300 1.05740700 -4.87871100
0.28107100 1.70203200 -4.26593900
0.97636300 3.08451200 -5.14415800
-4.01096500 6.95096700 -0.57728500
-5.44301200 6.68074900 -1.00282200
-6.12436200 6.77813800 -0.14730800
-5.76176500 7.40834100 -1.76056600
-5.59054000 5.68305700 -1.42407600
-3.82520800 8.34549000 0.00307000
-4.09010100 9.11872600 -0.73047800
-4.46177600 8.49286000 0.88551900
-2.78762700 8.51928300 0.31015600
-2.49006500 6.17647300 0.83209700
-4.31073100 2.58383600 -1.46255600
-4.88639900 2.18083100 -0.62372000
-4.98133200 3.22521800 -2.05006500
-4.00217100 1.73364000 -2.07707400
-1.66016800 -1.38331800 -2.10476800
-0.69325600 -1.33160100 -3.33811200
-1.13838200 -1.90715300 -4.15826700
-0.67350600 -0.29239400 -3.68481400
0.71827300 -1.82448900 -3.07385300
0.79344100 -3.17711900 -2.39161100
1.53814400 -3.28906700 -1.60526600
-0.56411100 -3.77391000 -2.05548400
-0.43335700 -4.67091300 -1.43778300
-1.09369700 -4.09984800 -2.95753500
-1.40042400 -2.72062400 -1.27919900
-0.75607200 -2.38439700 -0.46191000
-2.60161800 -3.28356300 -0.60061800
-2.28477100 -3.79330200 0.73981000
-1.81880300 -2.99229800 1.32293000
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-1.57508900 -4.64321000 0.70417400
-3.55225900 -4.25573900 1.45478800
-4.25257400 -5.24341300 0.70968000
-4.57093200 -4.75797500 -0.58655900
-3.31851200 -4.32551400 -1.34684900
-2.69842400 -5.22580200 -1.50532600
-3.60897800 -3.94540700 -2.33040500
-5.06916900 -5.58057900 -1.10989400
-5.27822100 -3.91449300 -0.51202300
-4.20942500 -3.38914700 1.64079000
-3.30302700 -4.71399300 2.41720300
1.33466300 -3.01456200 -3.80025300
0.67473200 -3.66358800 -5.00443500
0.92836500 -3.11867300 -5.92347900
1.03123900 -4.69512600 -5.12461000
-0.41550300 -3.70268500 -4.94018500
2.85261600 -2.99553800 -3.91596800
3.25341100 -4.01216600 -4.02686100
3.17492600 -2.41621100 -4.79248800
3.31383200 -2.55372000 -3.02588000
1.42332200 -1.06366400 -2.74762900
-3.08968500 -1.31020500 -2.67730700
-3.20609700 -0.36232200 -3.21683000
-3.30891000 -2.11825300 -3.38679100
-3.82971700 -1.34460900 -1.87698200

319



Table A.1.31. Geometric coordinates and thermally corrected MP2 energies for (S)-31a

Atom X Y

CCOC DN TAINAZIAINTIANOAQAOL

i)

ONON@Re=RsN@

0.00000000 0.00000000 0.00000000
1.37243100 0.90702500 -0.97551300
2.49140800 1.08098500 -0.50662700
3.55963600 1.23286900 -1.33419800
4.69769100 1.64593000 -0.55830000
4.81459500 2.72994100 -0.66675500
5.58447000 1.14590400 -0.95059700
4.35496500 1.23956800 0.88439100
4.65223100 2.03240200 1.57334800
2.88804600 1.14884400 0.79747700
2.00779900 1.03506600 1.96306900
243291100 1.64491000 3.10050300
3.33709000 2.24300400 3.07014700
1.73669200 1.56041100 4.42684800
2.35454600 1.05924000 5.18826600
1.49817700 2.55256500 4.83436300
0.80015400 1.00205600 4.34597700
0.91599000 0.33499100 1.79017100
0.30049600 -1.56300700 1.99576000
-2.03213600 -1.30732800 0.87277600
-1.44192900 -1.19221200 2.77013400
-1.08532100 0.66835900 2.25712400
4.99422500 -0.09464900 1.33204100
4.51754100 -0.39256600 2.27202400
4.75294000 -0.86263300 0.58728800
6.49297300 0.00896600 1.51420700
7.03008100 0.69448200 2.61448300
8.40926300 0.81970400 2.77680800
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G =-3305.086098
Gy = —3294.248560

Atom X Y Z
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9.27981400 0.25756800 1.83991000
8.75996400 -0.43195900 0.74442700
7.37783100 -0.55327100 0.58457300
6.98044100 -1.10422500 -0.26535600
942856500 -0.88076300 0.01449600
10.3548230 0.35150000 1.96752800
8.80531800 1.35024100 3.63878900
6.35970900 1.12267800 3.35707700
-1.73526500 0.58027100 0.48020800
-0.26471200 -1.94616700 0.17205400
-4.61710300 -2.64518600 -0.49009600
-4.73071700 -2.01258800 -1.38230700
-3.91251100 -3.44795900 -0.70865500
-5.99011500 -3.12346600 0.03288700
-5.96506500 -4.18195800 0.30812900
-6.76303100 -3.00331400 -0.73225200
-6.25267100 -2.23044700 1.27488000
-7.24676600 -1.77335800 1.26743500
-6.15926900 -2.81359900 2.19631800
-5.13709000 -1.18102500 1.19923800
-4.78720700 -0.82444200 2.16892700
-5.43433100 -0.32012000 0.58517700
-4.04098500 -1.86308000 0.57015400
-0.06802200 -2.74536800 -0.97824700
1.32195200 -2.44968700 -1.63386600
1.30210400 -2.81808500 -2.66577600
1.43517000 -1.36463900 -1.71036800
2.50007100 -3.06139300 -0.89766800
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2.35873700 -4.55012400 -0.63538400
2.69157600 -4.92910800 0.33059700
1.03978300 -5.13599900 -1.11453400
0.94312400 -6.17247500 -0.76718800
1.00187500 -5.18021200 -2.20792400
-0.13813800 -4.28520300 -0.56235900
0.00596200 -4.23772200 0.52043900
-1.46817400 -4.93790500 -0.72973100
-1.76561600 -5.86592500 0.36830100
-1.69623700 -5.32619400 1.31956400
-1.05095600 -6.71188800 0.40684800
-3.17556500 -6.43693300 0.22986500
-3.36585800 -7.08369600 -1.02002300
-3.09374900 -6.18969000 -2.09081300
-1.67341900 -5.63527100 -2.00726200
-0.97885200 -6.48451100 -2.13382500
-1.50715200 -4.94321700 -2.83747100
-3.22377800 -6.76524600 -3.01279500
-3.82463600 -5.36391300 -2.09040000
-3.91512200 -5.62745600 0.35174100
-3.35928200 -7.19227200 1.00071200
3.46191800 -4.04604800 -1.55035200
3.46406100 -4.31651600 -3.04528000
4.05742900 -3.55768100 -3.57184100
3.91732600 -5.29438000 -3.25513900
246783700 -4.31701600 -3.49373000
4.86488200 -4.08427700 -0.96036500
5.33372400 -5.06585700 -1.11157600
5.51151500 -3.33384900 -1.43588600
4.85751700 -3.88282300 0.11688800
2.92403200 -2.44814000 -0.10393200
-1.12647700 -2.36358800 -2.03374800
-1.03798400 -1.29363900 -2.25687900
-1.00103100 -2.90393200 -2.98031900
-2.13507700 -2.55445300 -1.66319900
-1.66365300 -1.96762600 3.92004000
-3.11918400 -2.59095700 3.84189900
-3.82597900 -1.89306300 4.31399400
-3.34727000 -2.58098200 2.77459800
-3.38707700 -4.02784800 4.30679600
-2.28216300 -4.83085900 4.97160200
-2.18655700 -5.87035100 4.65922100
-0.94674300 -4.12247900 5.16898500
-0.15746000 -4.87758600 5.25219500
-0.92214300 -3.56282400 6.10995900
-0.66940700 -3.18719400 3.96529800
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-0.91974400 -3.76064300 3.06208600
0.76752000 -2.82536400 3.75745400
1.54956500 -3.98264500 3.26974000
1.08308100 -4.37052300 2.35889100
1.57523500 -4.79888700 4.01181000
2.98702800 -3.56510800 2.96791100
3.63001100 -3.03080900 4.11396000
2.89670900 -1.92049600 4.61684100
1.45835300 -2.30058600 4.95476300
1.47371000 -3.05349600 5.76048600
0.93910900 -1.41936300 5.32693900
3.41952800 -1.58848100 5.51919000
2.90001800 -1.09655100 3.88642800
2.99643600 -2.82677300 2.14985500
3.57539200 -4.43366700 2.65643800
-3.55324500 -4.50824800 5.73903700
-3.57110700 -3.54695600 6.91226500
-4.59496200 -3.19673600 7.09814000
-3.22490700 -4.04301900 7.82889200
-2.95233900 -2.66336900 6.75732100
-4.51195800 -5.67525800 5.93718500
-4.25729000 -6.24718300 6.83948000
-5.54583700 -5.32227000 6.04942600
-4.48812700 -6.36816000 5.08817900
-3.99998600 -4.58100000 3.59470700
-1.56050200 -1.02763500 5.14529300
-2.45060200 -0.38978900 5.18003800
-1.48018700 -1.53109300 6.11359200
-0.69594700 -0.36884000 5.04072900
-2.39431800 1.73346100 0.03315300
-3.34844200 1.34680600 -1.17417100
-2.85901100 1.62779500 -2.11633100
-3.36313100 0.25424900 -1.16088500
-4.80731400 1.81493600 -1.17793400
-5.26902400 2.87112400 -0.18744600
-6.24420000 2.70948600 0.27154700
-4.22009200 3.42697100 0.76784900
-4.72753300 3.85849500 1.63885300
-3.66002200 4.24875000 0.30923100
-3.26115600 2.29705500 1.20960100
-3.88901100 1.44735000 1.50229500
-2.45335300 2.59518800 2.44051700
-3.25509100 2.37870500 3.66402200
-3.60248900 1.33941700 3.67892800
-4.14436600 3.03374800 3.68679500
-2.42022200 2.64925100 4.91517200
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-1.89409700
-1.10700500
-1.92084200
-2.73818900
-1.29044800
-0.76224700
-0.22683500
-1.59952600
-3.04069100
-5.29952500
-4.35062700
-4.28529400
-4.71018500
-3.33531900
-6.67835500
-7.14295900
-6.61727200
-7.35402100
-5.51415700
-1.32710200
-0.85221800
-1.72587700
-0.53419400

3.96728400 4.92801500
4.19141600 3.76486400
3.97631900 2.49497200
4.71537000 2.48760900
4.16471700 1.62602300
5.22867000 3.81951600
3.53038700 3.76465100
1.91794100 4.98149500
2.55004300 5.81157400
3.16433200 -1.67683400
4.16104600 -2.31574900
3.98243400 -3.39689500
5.18918200 -2.17510100
4.10542600 -1.92001100
3.17713900 -2.32221500
4.16929000 -2.24409500
2.92272400 -3.38871100
2.45658700 -1.84670600
1.00617700 -1.36294700
2.73586200 -0.46665400
2.33717200 -1.36879500
3.72742100 -0.71106200
2.85438600 0.27706000
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Table A.1.32. Geometric coordinates and thermally corrected MP2 energies for (S)-16a’

Atom X Yy |

NOZNTACOCLCOTTNIZIATONQNZIAIIZIAOQAOL

0.00000000 0.00000000 0.00000000
-1.47719900 0.30818500 -1.19032800
-2.36168200 -0.48915900 -1.47154600
-3.42053700 -0.07999300 -2.22509100
-4.18908800 -1.23041900 -2.61343000
-3.89449000 -1.51951900 -3.62863900
-5.24629000 -0.96137300 -2.60615800
-3.82201200 -2.30006200 -1.57656700
-3.72655500 -3.27408700 -2.06086600
-2.50327900 -1.81077100 -1.14289300
-1.56449800 -2.60360500 -0.35075400
-1.77212900 -3.94916500 -0.29615900
-2.57322900 -4.39349400 -0.87507900
-0.93058900 -4.89577000 0.51363700
-1.54727000 -5.52974500 1.16762700
-0.34901000 -5.58500300 -0.11604300
-0.22618500 -4.35275500 1.15137700
-0.61582800 -1.93207200 0.24012100
-0.22222100 -1.40838000 2.17963500
1.97302800 -0.20800900 1.60838900
1.62593800 -2.07903700 2.03798800
1.36659500 -2.19317300 0.13252900
-4.82089700 -2.39591700 -0.39812900
-4.35020200 -3.00498200 0.38081600
-4.96283200 -1.38967500 0.01535900
-6.15182900 -2.99121800 -0.80228200
-6.27269200 -4.36992100 -1.03453500
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G =-3305.096039
Gy = —3294.259156

Y Z

-7.48770800 -4.92555300 -1.43399300
-8.60863200 -4.11007100 -1.60721000
-8.50465900 -2.73846800 -1.37483700
-7.28555900 -2.18603000 -0.97600700
-7.21645500 -1.11709900 -0.78487900
-9.37262100 -2.09634900 -1.49902600
-9.55660600 -4.54242800 -1.91548100
-7.56135300 -5.99640000 -1.60464200
-5.40816400 -5.01492700 -0.88992000
1.86928000 -0.39011100 -0.33482100
0.14385700 0.47641600 1.86949300
-1.92868800 -1.48162600 4.76042700
-1.02233000 -1.36950700 5.36416200
-2.31765500 -0.48954100 4.51641800
-2.97700600 -2.38556000 5.42698600
-3.73455700 -1.80856100 5.96577200
-2.50264900 -3.06721000 6.14251900
-3.54794000 -3.17820400 4.24036300
-3.99977900 -4.13077600 4.53354700
-4.30447000 -2.58785200 3.70974500
-2.30985900 -3.35671400 3.36644900
-2.51846200 -3.49532900 2.30392100
-1.69067400 -4.19367100 3.72011900
-1.57578600 -2.12337000 3.50687200
2.44498600 -2.51915800 3.08555800
2.52449200 -4.10740400 3.07775400
1.97759800 -4.49447200 3.94792600
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1.93475300 -4.40656200
3.88848200 -4.79490600
5.14021200 -4.03122500
6.01886100 -4.19005600
4.94143600 -2.58368600
5.89852600 -2.05493000
4.64106300 -2.50909700
3.88407900 -1.92828600
4.14336900 -2.22101700
3.91536800 -0.42598300
4.99458600 0.04485300
4.81042600 -0.34610800
5.98223800 -0.32008200
5.03750800 1.56997400
5.22395500 2.14143300

2.20789000
2.97953200
3.37748000
2.75265900
3.80486400
3.72765400
4.85564300
2.88630500
1.86123500
2.85084300
1.95251800
0.94713100
2.28575900
1.89558200
3.18130000

4.17942300 1.72747300 4.05071700
4.12645300 0.20727400 4.17341200

5.07580400 -0.12528600
3.32017100 -0.07233100
4.39134500 2.17359600
3.21375500 2.11663700
4.10859900 1.95566200
5.88058000 1.89977300
4.70141200 -5.23408200
4.14661300 -5.08218000
3.53002000 -5.95156400
4.96029000 -5.02215200
3.52275900 -4.19411700
5.53512700 -6.49590000
6.39324000 -6.49936600
4.93904600 -7.39394500
5.92527100 -6.58753800
3.99094700 -5.45216800
1.79575500 -2.08672000
0.84828800 -2.62474400
2.40845300 -2.30439500
1.56256100 -1.01820200
-0.22706000 1.74160400
0.71970100 2.83585700
0.62783900 3.75411800
1.75185500 2.49164700

4.62220700
4.85236900
5.02738300
3.69245400
1.44415100
1.28081500
4.18965500
5.59379000
5.85729100
6.32852200
5.71784500
4.02077600
4.70619300
4.23055600
3.00054300
2.11682800
442160100
4.53216800
5.30570400
4.41058900
2.37579100
1.78170200
2.37412200
1.92485700

0.45477000 3.12152500 0.31407000
-0.99452800 3.46281000 0.00815600
-1.42872800 3.01514200 -0.88351100
-1.90048500 3.42654700 1.22861300
-2.94594300 3.55930600 0.92286700
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-1.67841000
-1.73634600
-1.93494000
-2.76629700
-4.01365600
-3.78591700
-4.50244300
-5.00210000
-5.27195300
-4.06575400
-3.08568000
-3.54851400
-2.17221900
-4.34948800
-3.59956000
-4.60372000
-5.96367400

4.25134600
2.05839200
1.30114600
1.80811400
1.28549800
0.38764600
2.01396900
0.92054200 3.53183900
2.02019600 4.38811200
2.52406800 4.94817800
2.95078900 3.85829900
3.78199800 3.29687600
3.33217400 4.32245800
3.38007600 5.56860400
1.76023000 5.59346700
0.07701800 4.12117400
0.61912800 3.10307600

1.91397000
1.94705600
1.18492400
2.99339300
2.42453800
1.83773600
1.74853500

0.08906200 4.49925000 -0.22286700
0.20278600 5.75778800 0.61983200

1.22651900
-0.46529900
-0.05047900

6.15336900 0.58451200
6.53866900 0.23283600
5.60545700 1.67185200

0.44972600 4.74865200 -1.68101200

-0.20881200
1.48315900
0.35612900
0.97624700

-0.02181400
1.00713700

-0.16386700

-0.70182800

5.50640900 -2.12661600
5.10781700 -1.77741900
3.83498200 -2.27900400
2.46948000 -0.38405800
1.74620700 3.90306700
1.43459100 4.11628000
2.73642900 4.35372900
1.04614500 4.39108500

2.52886700 -0.34361500 -1.57149100
3.43342600 0.96120300 -1.65434700
2.96827400 1.67094400 -2.35056100
3.34298000 1.42147300 -0.66757500
4.92581500 0.82876300 -1.97290900
5.44371300 -0.43712500 -2.63531500
6.40271000 -0.80934800 -2.27529500
441888800 -1.53128600 -2.90028500
4.94096900 -2.48574200 -3.03446800
3.86879300 -1.35492900 -3.83085900
3.44885600 -1.60866700 -1.69947800
4.07068500 -1.56971700 -0.79650400
2.70317500 -2.90314800 -1.56172900
3.56762500 -3.95439000 -0.98036800
3.95003200 -3.60917100 -0.01396300
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443399100 -4.16851200 -1.63101200
2.77884600 -5.24575100 -0.77252100
2.20307600 -5.72264000 -1.97978600
1.38231900 -4.72387200 -2.57638500
2.16216900 -3.43920200 -2.83159600
2.97558300 -3.66226100 -3.54150400
1.50379300 -2.70583500 -3.29619800
1.03033300 -5.14390800 -3.52395100
0.50772200 -4.51153800 -1.94278500
1.99271100 -5.08391000 -0.01877000
3.44243900 -6.03783800 -0.41150000
5.50322300 0.88228800 -3.38044100
4.61209400 1.15785700 -4.57737200
4.51513400 2.23926600 -4.73954600
5.04302700 0.72639100 -5.49053700
3.60229300 0.75737400 -4.46611700
6.88347200 1.50809100 -3.52048000
740551100 1.12142100 -4.40598200
6.81349600 2.59878500 -3.62600900
7.51158100 1.29854400 -2.64699700
5.57664100 1.26195300 -1.21427300
1.46134500 -0.25271100 -2.68847300
0.94392300 0.70927700 -2.60879700
1.87398200 -0.32231500 -3.70272600
0.70085200 -1.02844100 -2.56629700
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Table A.1.33. Geometric coordinates and thermally corrected MP2 energies for (S)-26a

Atom X Y Z

c

NOZIACDOCCOTIITZOATINAZIAIIOONO

0.00000000 0.00000000 0.00000000
-1.87065000 0.41556800 0.18831300
-2.76198000 -0.36351000 -0.11948600
-4.00771200 0.10690700 -0.40868400
-4.80906500 -0.98951300 -0.89171700
-4.77381600 -0.99425200 -1.98709500
-5.83589200 -0.83898700 -0.55669100
-4.13261500 -2.21938300 -0.28048600
-4.18657400 -3.08250300 -0.94753100
-2.74564900 -1.72815100 -0.21076600
-1.56069500 -2.58128200 -0.12791700
-1.77933000 -3.91158000 0.06332700
-2.79155000 -4.27155000 0.19612500
-0.70322300 -4.95466700 0.11618000
-0.71485400 -5.50435100 1.06829900
-0.81461700 -5.71201200 -0.67535300
0.28722500 -4.50764000 0.00296600
-0.41603000 -1.97643500 -0.30718800
1.64703600 -2.10386800 0.41342000
2.33518200 -0.06455900 -1.02601300
2.34684800 -1.98243400 -1.36533700
0.57726200 -1.51237100 -2.04437400
-4.70719500 -2.57188400 1.11742700
-4.01875700 -3.26528100 1.60962600
-4.71754500 -1.65527200 1.71992200
-6.09811000 -3.16482500 1.04812900
-6.29015500 -4.48521100 0.61313000
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G =-3305.078929
Gypr = —3294.241841

Atom X Y Z

TONOTTTOITTIAQAIIZIQAINIIANAOOTIITITIITAONNN

-7.57007900 -5.03113700
-8.68575500 -4.26474600
-8.51013500 -2.95237100
-7.22651800 -2.40944500
-7.09741900 -1.38933700
-9.37077000 -2.34993800
-9.68325900 -4.69020900
-7.69666000 -6.05717400 0.18673700
-5.42739600 -5.09524800 0.35256500
0.64162500 0.37808200 -1.81058200
1.72282600 -0.20630000 0.88195400
3.86485300 -3.41638800 2.19480200
4.46059800 -3.10886500 1.33213200
3.89801700 -2.62674100 2.95267700
4.27551500 -4.77336800 2.76713500
5.06262700 -4.68228700 3.52185700
4.64046900 -5.43621900 1.97408200
2.94733900 -5.29404300 3.33568200
2.91796800 -6.38229200 3.44611900
2.75201500 -4.84952900 4.31783300
1.93782000 -4.79132800 2.30119400
0.95272200 -4.56862100 2.72096000
1.81368400 -5.51417200 1.48684300
248823100 -3.56936500 1.75595900
0.57545500 1.51905500 -2.62504300
-0.85586800 2.20172000 -2.54020000
-1.22833500 2.35626100 -3.55973900

0.52217000
0.86727100
1.30630700
1.39488300
1.75044100
1.58471500
0.79918300
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-1.50927300 1.45041900 -2.09141600

-0.98753400
0.16460500
0.43375000
1.36591800
2.22354700
1.18283500
1.66125800
1.50962700
3.07485400
3.95601200
3.56466300
3.99582100
5.37901800
5.93131200
5.10825500
3.67467000
3.69629700
3.08970500
5.55957200
5.11131000
5.38688600
6.03179000
-1.18264400
-1.39421000

3.50493300 -1.75719200
4.49183700 -1.85641900
5.01821500 -0.94046600
3.98696100 -2.64366800
4.64864700 -2.47569900
3.99339300 -3.72410900
2.54957300 -2.14337200
2.57669500 -1.05770900
2.08060900 -2.28535400
2.74861500 -1.30547200
2.58120900 -0.29871400
3.84021900 -1.47048200
2.20329800 -1.39219300
2.39365500 -2.68562900
1.77304800 -3.66299400
2.29853200 -3.61876400
3.37297700 -3.87020500
1.78981100 -4.38345800
1.99627000 -4.63497700
0.68110800 -3.51850300
1.13044900 -1.13158600
2.73334800 -0.69149600
4.85373000 -2.44472900
4.95815000 -3.94465300

-2.44694700 4.77901500 -4.20050300
-1.13704900 5.96553500 -4.29771300
-0.79434100 4.24825600 -4.51984200
-1.99042600 5.88470900 -1.66943300
-1.71382800 6.90714100 -1.96062400
-3.06564300 5.76451800 -1.85716500
-1.83078300 5.79083900 -0.58922800
-1.46760000 3.40931900 -0.78552000
0.73929200 1.08375900 -4.09794000
-0.14989400 0.51057600 -4.38461300

0.82022500
1.60641500
2.25539400
1.84965600
2.26199900
2.31755000
0.34305200
-0.43260700

1.92750000 -4.79579900
0.43131700 -4.22713200
0.40037500 2.04433100
1.90330700 2.09710000
2.36043000 3.00600800
2.42945100 1.25779500
2.06517800 2.02736100
1.18615500 2.99105200

-1.31705200 0.69435400 2.59502300

0.40649600

0.35290300 3.94833700

-0.22716400 -0.41593700 4.40572700
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0.73601400 0.98204700 4.78045200
1.66398900 -0.34165800 3.32532300
1.34835200 -1.30942800 2.92629300
2.66488200 -0.69864100 4.37103100
2.21592900 -1.78440600 5.24697900
1.84544600 -2.61089100 4.62923900
1.39199300 -1.47533600 5.91772400
3.37950900 -2.27162700 6.11143800

3.93650600 -1.21833300
4.35115800 -0.14377400
3.18774000 0.38452300
2.43060300 0.78908300
3.53499400 1.21161800
4.73165900 0.63420700
5.16719900 -0.47221700
4.15772200 -2.71590600
3.04120800 -3.03049600
-0.52135100 2.70276300
0.07476200 3.46215400
0.21221900 4.51923000
-0.59791900 3.42533600
1.04731600 3.08208700
-1.82537700 3.31883600
-2.57427800 3.34200800
-1.67136400 4.35321700
-2.24648100 2.74988600
-0.05573300 2.15919500
3.79257200 0.30909900
4.10859600 0.76449900
4.32176500 0.82862200

6.88330600
6.04839000
5.21030900
5.90642100
4.58582900
6.71774800
5.38358200
5.46680100
6.82503500
3.10125200
4.27364000
4.01058900
5.14107800
4.59719900
2.61295800
3.41656200
2.27578600
1.77771700
1.01950800
1.95958400
1.01351300
2.76468200

4.12489900 -0.72973700 1.95526900
2.94421900 -2.81904800 -2.32158700
4.14647600 -3.64510600 -1.70570900
5.00227000 -3.57733900 -2.38706200
4.44364500 -3.09603300 -0.80755000
3.89656300 -5.11082200 -1.36483800
3.05438500 -5.90745000 -2.34889500
2.34690900 -6.61643700 -1.91855000
2.46948100 -5.08727000 -3.49151400
1.70934100 -5.67634700 -4.01732000
3.22516300 -4.82245100 -4.23975600
1.85442700 -3.81837700 -2.85154900
1.36476700 -4.15905600 -1.93406200
0.74538600 -3.15666300 -3.61437900
-0.52029100 -3.91046300 -3.45037300
-0.77136400 -3.96630000 -2.38820300
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-0.42507300 -4.94027300 -3.83727900
-1.66202600 -3.22330900 -4.19252500
-1.38979000 -3.10196000 -5.58006600
-0.18844900 -2.36879600 -5.77404100
0.99713900 -3.02309600 -5.06743400
1.16258500 -4.01162700 -5.52583500
1.89045000 -2.42182700 -5.23802900
-0.01025300 -2.34247200 -6.85356700
-0.31806100 -1.33625000 -5.41677900
-1.84770200 -2.22615600 -3.75526600
-2.57821900 -3.81526000 -4.10239100
4.51646500 -6.25382400 -2.16487200
5.53919800 -5.99969900 -3.25830100
6.54359600 -5.88292800 -2.83065700
5.57313600 -6.85045300 -3.95112100
5.33129000 -5.10571400 -3.85151100
4.80138500 -7.53150300 -1.38795500
4.79221400 -8.40846600 -2.04873600
5.78772300 -7.48915600 -0.90690300
4.05488000 -7.70019300 -0.60294900
3.73249900 -5.32092700 -0.30988300
3.56625500 -1.93786300 -3.42640400
4.39469800 -1.37093300 -2.98618000
3.97385400 -2.51596100 -4.26631800
2.84361300 -1.21340600 -3.80972600
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Table A.1.34. Geometric coordinates and thermally corrected MP2 energies for (S)-27a

Atom X Y 7 @

NCAACCZACOCCOIITIATZIAAZIATINOAQAOL

0.00000000 0.00000000 0.00000000
1.09145100 -1.35475500 0.80530300
2.19166900 -1.58574500 0.31606600
3.22534400 -1.97612100 1.11196700
4.31870500 -2.39472200 0.27588600
4.29528600 -3.48735300 0.19485600
5.25368100 -2.08549500 0.74562200
4.05144900 -1.70809500 -1.07094100
4.30648000 -2.37787700 -1.89372000
2.59652300 -1.51174500 -0.98352800
1.75737500 -1.10962200 -2.11893200
2.13063200 -1.59333200 -3.33340000
2.93722300 -2.31759000 -3.38182800
1.46190600 -1.24896200 -4.63297100
2.19207300 -0.95337700 -5.40088000
0.90244100 -2.09766200 -5.05352600
0.76087100 -0.42004200 -4.50685700
0.76164000 -0.31120600 -1.84116000
0.70945900 1.79639200 -1.84787400
-1.52786500 1.91721100 -0.57123700
-1.13851500 1.88841000 -2.52265000
-1.20687300 -0.10184000 -2.17694700
4.78996200 -0.36251500 -1.25041300
4.31934100 0.14661100 -2.09734800
4.60751600 0.25365300 -0.36141800
6.27515200 -0.52563700 -1.48616700
6.75157900 -0.98154200 -2.72543100
8.11710100 -1.15944400 -2.94658000
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G =-3305.084817
Gyypy = —3294.244903

Atom X Y Z

OTZDOQOQ0OIITAQAIITIAQAIIQAIITIAQAOOII I DT OOAN

9.03401000 -0.88300000 -1.92966000
8.57502800 -0.42572000 -0.69406000
7.20681400 -0.24928300 -0.47639900
6.85778100 0.11820600 0.48640100
9.28087100 -0.20189900 0.10147000
10.0982150 -1.01916500 -2.10159500
8.46612900 -1.51006100 -3.91432500
6.04406300 -1.19288600 -3.52500300
-1.89405100 0.03157000 -0.40043800
0.29695200 1.91768200 0.02619900
3.41016900 3.37194100 -2.00051300
2.82661500 4.19367800 -1.57600600
392711100 2.85445100 -1.18350600
4.38857200 3.81654500 -3.09221400
5.37468100 4.06331100 -2.68757800
400757600 4.69949100 -3.61730000
4.40360900 2.60256500 -4.03372600
4.71253500 2.85256800 -5.05322400
5.08221000 1.83003800 -3.65410000
2.95082500 2.13028400 -3.96674000
2.82653400 1.05624500 -4.11659400
2.32021500 2.67217100 -4.68207900
2.50047000 2.43963100 -2.62664600
0.54564100 2.50600100 1.27511600
2.10914700 2.69021000 1.49642400
241124700 2.11193900 2.37832400
2.57047500 2.18438100 0.64340100
2.68149700 4.10434300 1.60066500
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1.78939100 5.21240500
1.87993900 6.18180500
0.35610900 4.81412600

2.13363400
1.64348600
245092500

-0.25935500 5.71743500 2.53577500

0.28077500 4.30671600
-0.16654600 3.90199000

0.14292600
-1.65838300
-2.20364100
-1.74446500
-1.97698400
-3.71817500
-4.36925200
-3.87048900
-2.36157700
-2.16009000
-2.02139100
-4.38119800
-4.12283900
-3.96012600
-4.11836100

4.37079600

341875600
1.31624600
0.37341400

3.81448100 1.21006300

5.00196100

0.52362400

5.08226400 -0.46678500
5.93234600 1.07578500

4.89154200

0.36716600

4.75228600 1.61928500

3.60853200
3.69566600

2.30049800
2.50722400

4.56932700 3.14903600
2.80654800 3.03740900
3.57609200 3.26788200
2.69465500 1.74069400
4.03386600 -0.28194900
5.79985500 -0.09458300

3.00056300 4.77504500
2.85475900 4.02097100

3.76808200
2.69415700
2.02459100
4.18066900
4.07932200
5.12527700
4.26656600
3.35184100
0.04821900
0.66271600
0.12047900
-0.98661400
-1.72954500
-3.20359100
-3.45294500
-3.20036200
-4.27590900

3.45259100
4.71915600
3.31026000
5.73575000
6.48596600
5.20102200
6.27246400
4.38504300
1.54550500
0.63789300
1.97421400

2.93230600
4.24163000
446146100
5.07354400
4.24304200
2.93630200
3.73196400
3.10347800
1.98426000
0.78989400
2.38389000
2.37517000
3.39219400

1.23997900 2.20341900
2.43901700 -3.67655500
1.91347300 -3.83444200
1.87576300 -4.90115300
0.87484500 -3.49169200
2.69347900 -3.09133000

-4.22668200 4.19570500 -3.31113800
-4.42658400 4.83315800 -2.45123300
-3.04780700 4.65435800 -4.15478500
-2.97661500 5.74857200 -4.12883200
-3.17251100 4.38361000 -5.20941100
-1.75124400 4.02168700 -3.57681600
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-1.79253700
-0.50143500
-0.16738800
-0.10772400
-0.93256600

1.18255700

1.22047800
0.90362800
-0.46798800
-1.22119000
-0.67193700

0.91860800

1.67436300

1.97570000

1.38762800
-5.41572200
-5.68491400
-6.27083800
-6.26877600
-4.77869300
-6.69973700
-7.27354900
-7.34306000
-6.49483000
-4.50924800
-0.96278600
-1.01815600
-1.38228100

0.08959800

4.19191900 -2.49643200
4.69721000 -4.01561200
5.84139400 -3.16177900
5.50285300 -2.12134800
6.64158000 -3.21522400
6.43591500 -3.55643900
6.81673900 -4.92380000
5.70994600 -5.75681900
5.13215600 -5.41801900
5.91210300 -5.63186000
4.28493400 -6.07672100
6.08428900 -6.78535800
4.92675100 -5.65595000
5.69896600 -3.35039200
7.34163500 -2.97646700
3.40237600 -3.81647800
3.20654500 -5.29861500
2.29370800 -5.46879400
4.04950600 -5.69054700
3.13213600 -5.90478300
3.56668300 -3.01480700
4.43712500 -3.35965300
2.68277400 -3.11750600
3.70549400 -1.94721100
2.33524200 -2.08900300
1.94462500 -4.91933000
0.84995200 -4.96165800
2.32146800 -5.86095100
2.23247400 -4.86371500

-2.88410200 -0.89246000 -0.03544700
-4.02099700 -0.12246700 0.75210100
-3.76367000 -0.10544500 1.82026100
-3.91984800 0.91007700 0.40197600
-5.49703000 -0.48776600 0.54976000
-5.87293200 -1.66446400 -0.33476600
-6.71349800 -1.50649400 -1.00985600
-4.72478800 -2.45175800 -0.95858700
-5.09494300 -2.95886900 -1.85629600
-4.37001800 -3.24594200 -0.29367100
-3.57201900 -1.48133300 -1.32027100
-4.04110200 -0.60590500 -1.79032400
-2.61969900 -1.96416500 -2.36759500
-3.27267300 -2.04276700 -3.69209800
-3.71905800 -1.07308500 -3.93391900
-4.07979000 -2.79487500 -3.70261500
-2.25489900 -2.42021700 -4.76435000
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-1.64252200 -3.67077700 -4.48839600
-1.03438100 -3.66457900 -3.19910800
-2.02404800 -3.29140400 -2.09993000
-2.80639200 -4.06740500 -2.04500200
-1.49826000 -3.27307800 -1.14656600
-0.65957200 -4.67992400 -3.03519800
-0.18039800 -2.97303600 -3.18020900
-1.48914800 -1.63189100 -4.84794600
-2.74914800 -2.52362200 -5.73572600
-6.23369000 -1.67777300 1.14169300
-5.57854800 -2.62098900 2.13269100
-5.72882800 -2.25496700 3.15688200
-6.02740700 -3.62179700 2.07520100
-4.50438400 -2.72760400 1.98513000
-7.70730000 -1.45096200 1.45478900
-8.26405100 -2.39753000 1.43702200
-7.83542300 -1.00927100 2.45197400
-8.17650800 -0.77620500 0.72970000
-6.12596300 0.39580700 0.44204500
-2.21898900 -1.95042200 0.88296700
-2.03374600 -1.50432900 1.86699900
-2.80340300 -2.86224300 1.03760900
-1.24361400 -2.24171500 0.48928300

331



Table A.1.35. Geometric coordinates and thermally corrected MP2 energies for (5)-28a

Atom X Y Z

NN TNACOCCOT T IATANQNZIANTITANOAOL

0.00000000 0.00000000 0.00000000
1.00099200 -1.62585600 0.17943400
2.06786600 -1.66309800 -0.42048700
3.12431300 -2.35973500 0.08663900
4.15125700 -2.43569100 -0.91895800
4.07886500 -3.40998200 -1.41506400
5.12283500 -2.34950500 -0.42937800
3.83962200 -1.27384600 -1.87558400
4.00061100 -1.58025800 -2.91079700
240833100 -1.08387500 -1.60451600
1.52238200 -0.24959900 -2.43485000
1.71175700 -0.37458600 -3.77491300
2.37579400 -1.15177500 -4.13837700
0.99004700 0.44280200 -4.80465700
1.60385300 0.58416500 -5.70379600
0.04729400 -0.01957800 -5.13910500
0.74175800 1.43450700 -4.41207500
0.69377800 0.53549800 -1.80497300
1.01128700 2.27356700 -0.83512200
-0.92670000 2.17823700 0.88065600
-0.75847300 3.12930500 -0.86736700
-1.60397300 1.57819200 -1.52984900
4.64549000 0.01275400 -1.58871400
4.14833600 0.82782500 -2.12413500
4.56786900 0.24049400 -0.51946700
6.09575200 -0.08544200 -2.00717100
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G =-3305.085448
Gyypy = —3294.247183

Atom X Y Z

(@RoRasligRuasiigRasfcsigNacsioNoNoNRalcsgaloloNoNoNoNQ!

6.44664800 -0.07159000 -3.36665200
7.77909200 -0.17985800 -3.76397000
8.78859700 -0.30421600 -2.80629700
8.45486800 -0.31757500 -1.45179800
7.11919300 -0.20928800 -1.05798500
6.86746100 -0.21053000 0.00043000
9.23335200 -0.40926500 -0.69892300
9.82717200 -0.38713800 -3.11483900
8.03045200 -0.16453400 -4.82133700
5.66589400 0.02805800 -4.11854400
-1.87082200 0.62227200 0.05688500
0.86067000 1.53702400 0.91842300
3.40375500 4.33304100 -1.02548500
2.92662300 5.30459700 -1.22554100
3.42809600 4.16598300 0.05253800
4.76285200 4.22652400 -1.72133400
5.38394300 3.47844700 -1.21857500
5.30744100 5.17536000 -1.71611000
4.38923800 3.75309500 -3.14993900
447717900 4.56310600 -3.88046600
5.04344100 2.94104500 -3.47956400
291758600 3.28878400 -3.02225200
2.73434000 2.27852800 -3.39179600
2.23362600 3.98500400 -3.52631600
2.62222700 3.28119600 -1.61080100
1.51362700 1.62554200 2.15245100
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3.08478700
3.52496800
3.18491000
3.90729100
3.30562100
3.51597300
1.87866100
1.44396400
1.85443000
1.05132100
1.28252300
-0.43745200
-0.87180100
-0.57168000
-0.39432900
-2.38751900
-2.83481800
-2.45543100
-0.94235900
-0.49011700
-0.68497200
-2.80471300
-2.95851700
-2.89165500
-2.68782200
4.50692700
440117400
5.24092500
4.44355900
3.48398400
5.83351900
5.97109500
6.67865000
5.89512500
4.52359000

1.70939700
0.72493300
1.85482000
2.80826300
3.60422800
4.67352900
3.25349300
4.10167400
2.40859600
2.94020100
3.73096600
3.03651700
4.45033700
4.89899400
5.03035300
4.55968000
3.95568100
2.58597400
242880300
2.90921200
1.37024700
2.17846900
2.04398600
4.09061200
5.61149100
2.71184900
1.43472500
0.76653600
1.65175000
0.87483600
3.42836500
3.70312200
2.78892900
4.34827000
3.38015000

1.91292700
2.12234000
0.83377100
2.59602200
3.74180000
3.74648800
4.14164200
4.68345100
4.83796000
2.87326700
2.14739400
3.04751600
3.03004700
2.07636400
3.83954500
3.19179900
4.39486200
441319300
4.30052800
5.18330400
4.32752400
5.36690600
3.59653000
2.33138200
3.23580200
3.99127400
4.80349800
4.57154300
5.87912500
4.61304200
4.20239800
5.25677100
3.91412800
3.60943500
1.90209200

1.21006700 0.34211400
1.67076000 -0.51305500
1.57885800 0.36614600 3.99274900
0.13611700 0.14697200 2.98348100
-1.33114900 4.28234300 -1.42425300
-0.30797400 5.49291600 -1.30794300
-0.64527500 6.16776200 -0.50939300
0.61022800 5.03151100 -0.93916100
0.05412600 6.30653500 -2.55354600
-0.83611300 6.23924800 -3.78307100
-0.32400500 6.21212200 -4.74463100

2.96034600
2.45720200
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-2.04005400
-2.37329600
-2.89180500
-1.63684700
-0.66856700
-2.52783300
-2.24357000
-1.18616700
-2.45777100
-3.08719700
-4.47509800
-4.78669100
-3.98041000
-4.24954100
-4.25904600
-5.85595900
-4.60627500
-2.81928500
-2.90299600
-0.70221900
-1.84994000
-1.47084300
-2.54218000
-2.42908600
0.12737600
-0.48633800
0.56352200
0.95128300

1.12490500
-2.59847800
-2.29476200

5.31077100 -3.69938800
5.06759800 -4.71460700
5.79816600 -3.21318700
4.02587800 -2.94093400
3.71166200 -3.35123100
2.83939800 -3.18028100
2.24263200 -4.50616800
1.98124200 -4.55695600
2.95811500 -5.31878700
0.99270500 -4.73370600
1.27995200 -4.65866800
1.86168000 -3.40043200
3.13296400 -3.14742900
3.87128400 -3.91975800
3.54514600 -2.17798300
2.09504000 -3.42231900
1.13709700 -2.59266600
0.21867000 -3.99449900
0.58874500 -5.73383400
7.54262100 -3.01901000
8.10637700 -2.20171600
8.79866900 -1.43856900
8.67037000 -2.84059000
7.33967100 -1.68285100
8.62762500 -3.69058400
9.23045800 -4.37308900
9.30857400 -2.94769700
8.20156700 -4.27472200
6.34524400 -2.75268300
4.63492400 -0.60906400
4.98598500 0.38148000
-3.21454200 5.42419900 -1.05620500
-3.22247400 3.74870700 -0.46098600
-2.87088100 -0.22237200 0.58494500
-4.10064200 0.63389300 1.09210800
-4.40734100 0.25995500 2.07609000
-3.71403200 1.64329800 1.26927600
-5.32661800 0.71813100 0.18902100
-5.73484000 -0.56101000 -0.52346900
-6.08845000 -0.45900700 -1.54945000
-4.78962600 -1.73534100 -0.31715300
-5.02266000 -2.52608400 -1.03960100
-4.90496100 -2.18568100 0.67557500
-3.33603200 -1.23682700 -0.52540900
-3.36274500 -0.62660300 -1.43666400
-2.34189200 -2.29563000 -0.80460500
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-2.16195500 -2.55805000 -2.23397600
-1.94033200 -1.61415600 -2.74472800
-3.07137700 -2.99190400 -2.69838400
-0.99177000 -3.51488500 -2.45993900
-1.16286200 -4.73486700 -1.75027300
-1.32241000 -4.47717000 -0.35886800
-2.52494500 -3.57075400 -0.10301700
-3.43310000 -4.10605400 -0.43927000
-2.61969900 -3.39792400 0.97158000
-1.46969500 -5.45162300 0.11843900
-0.41426100 -4.00818800 0.04858900
-0.05772000 -3.02260900 -2.15092600
-0.91651000 -3.78035100 -3.51970900
-6.64429500 0.02993700 0.53466300
-6.86019800 -0.65155700 1.87425400
-7.14407200 0.08193000 2.64042800
-7.67476300 -1.38387100 1.80146100
-5.97839300 -1.18304200 2.24079700
-7.90359800 0.71225000 0.01971200
-8.71900300 -0.01048700 -0.11672700
-8.25332900 1.47937000 0.72343700
-7.73009600 1.20151000 -0.94581500
-5.43081300 1.64789400 -0.36920100
-2.30392100 -0.95150200 1.82044600
-2.04087900 -0.20773300 2.58179300
-3.03003700 -1.63762500 2.27562500
-1.40325500 -1.51600800 1.56503700
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Table A.1.36. Geometric coordinates and thermally corrected MP2 energies for (S)-16a

(observed structure)

Atom X Y Z

c
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0.00000000 0.00000000 0.00000000
1.72217900 0.11054000 0.87466200
2.77220000 -0.48694900 0.69128600
3.85906800 -0.18151600 1.45805700
4.88427900 -1.15996700 1.22359300
4.83385400 -1.91562500 2.01595200
5.85493200 -0.66305100 1.25829300
4.54185900 -1.74112100 -0.15335700
4.72845700 -2.81695400 -0.16572600
3.09571900 -1.47182100 -0.20384600
2.19030800 -2.07603900 -1.18038800
2.66073100 -3.13889700 -1.89497400
3.65285200 -3.52643000 -1.69597000
1.86942300 -3.85192700 -2.95599600
241740300 -3.90297700 -3.90856800
1.64262900 -4.89250000 -2.68075300
0.91862700 -3.34546300 -3.14881100
1.01339300 -1.52790000 -1.27088500
-0.03074300 -0.49235100 -2.65005200
-2.20239400 -0.36307500 -1.25622700
-1.57511700 -1.70445900 -2.54678400
-0.74518400 -2.40967800 -0.95850200
5.29852100 -1.06075700 -1.32004900
4.81333800 -1.37337800 -2.25035900
5.16390200 0.02419300 -1.23071900
6.77090800 -1.40772300 -1.34995900
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G =-3305.095693
G = —3294.259925

Atom X Y Z

(@RoRNaslgRuasiigNearfcsigNafcsioNoNoNsRaolcgaRoloNoNoNoNQ!

7.19467600 -2.67365100 -1.78290100
8.54694200 -3.01388200 -1.78920200
9.50448800 -2.09038500 -1.36295000
9.09850400 -0.82643000 -0.93439100
7.74293200 -0.49045800 -0.92843300
7.43615800 0.50153700 -0.60355800
9.83589100 -0.09798700 -0.60750700
10.5587540 -2.35334700 -1.36996300
8.85416800 -3.99839200 -2.13222600
6.45741000 -3.39584200 -2.12829700
-1.48912200 -1.21820600 0.36118200
-0.77352300 0.92154300 -1.52941000
0.90168700 0.98570500 -5.37043300
-0.11580200 0.94963600 -5.77202600
1.03916100 1.94206600 -4.85763500
1.97748700 0.74803800 -6.44073100
2.36690000 1.68576300 -6.84803000
1.57185900 0.16226900 -7.27386500
3.03022500 -0.07288500 -5.67991800
3.67245500 -0.66778100 -6.33649900
3.66866900 0.58134900 -5.07420300
2.14789400 -0.93398900 -4.78246700
2.63044200 -1.29244800 -3.87139100
1.74744800 -1.79598500 -5.33341300
1.05753000 -0.07045700 -4.39015000
-2.55242600 -1.91286400 -3.52736100
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-2.29149700 -3.29182600 -4.27557400
-1.96741000 -3.08106900 -5.30330000
-1.41706800 -3.71491500 -3.77561700
-3.38819500 -4.36009600 -4.29452300
-4.83354600 -3.94843200 -4.06773700
-5.43533800 -4.62305400 -3.45910900
-5.07670800 -2.47394400 -3.77675900
-6.05986200 -2.35953700 -3.30586000
-5.11175500 -1.87954400 -4.69624800
-3.96193200 -1.95978300 -2.83789800
-3.83977600 -2.72014900 -2.05702200
-4.29864000 -0.71295100 -2.07202100
-5.15468400 -1.03575600 -0.90812600
-4.62490400 -1.74724300 -0.26765800
-6.10438800 -1.50241000 -1.22449800
-5.47893200 0.21821800 -0.09936400
-6.12074800 1.20629100 -0.88994200
-5.29510600 1.54771800 -1.99405900
-4.99432300 0.32874900 -2.86158800
-5.95071200 -0.04648900 -3.26048300
-4.37520600 0.63048300 -3.70672300
-5.84413700 2.29578300 -2.57477600
-4.35651300 2.00133700 -1.63917600
-4.55409900 0.63100000 0.33658200
-6.16540400 -0.02659700 0.71684600
-4.41014600 -4.49904800 -5.41510600
-4.33928900 -3.61179900 -6.64441800
-3.67181800 -4.05279700 -7.39639200
-5.33008300 -3.50735200 -7.10589400
-3.96596900 -2.60765600 -6.43069900
-4.87234600 -5.91258900 -5.73743200
-5.87216200 -5.90869800 -6.19196300
-4.18814900 -6.40007100 -6.44458200
-4.91987200 -6.53699100 -4.83784100
-3.09116000 -5.30762100 -3.84682000
-2.43524100 -0.78408400 -4.57986100
-1.47472400 -0.89299200 -5.09539100
-3.22573200 -0.80409200 -5.34067900
-2.43555000 0.19735800 -4.09797900
-0.50295700 2.30043200 -1.59920200
-1.03956900 2.91092200 -2.96107400
-0.24999800 3.53340500 -3.39969200
-1.15912300 2.06189000 -3.63904100
-2.33892500 3.70906000 -2.93181000
-2.56635000 4.60711900 -1.72842800
-3.58098600 4.64448700 -1.33123200
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-1.49017800
-1.84002000
-0.57394800
-1.19973000
-2.17942800
-0.57260400
-1.57393800
-2.32250600
-2.09893500
-0.92174500
0.11158700
1.09669200
0.48263200
0.08709900

1.26393200

1.84918200

1.57204900
-0.51846200
-1.66093000
-2.37946400
-1.13565000
-0.97022000
-1.25023200
-0.22568200
-3.63450900
-3.81335800
-3.54831700
-4.52310000
-3.21028300
1.03178100

1.43804200

4.51777900 -0.65725500
5.01075700 0.25720300
5.04161000 -0.95356100
3.01914300 -0.38714300
2.52812400 -0.33904200
2.72545000 0.92611300
2.64486700 1.99964400
1.89252400 1.72992300
3.60892600 2.14777000
2.24303900 3.32179900
3.14125700 3.69640100
3.20229900 2.66934600
3.66200800 1.34933100
4.68329800 1.49675800
3.71351100 0.58978600
3.92187000 3.00835100
2.21965500 2.53565600
1.22166800 3.23672900
2.26119700 4.12964700
5.22616200 -3.09822600
6.02261500 -3.45015000
6.02231900 -4.53587200
7.06826200 -3.13594400
5.63995900 -2.98098900
5.78951100 -3.74934800
6.82634100 -3.43458400
5.78537900 -4.84430600
5.20514300 -3.48383100
3.18914500 -3.32631900
2.49638800 -1.61220700
2.00954200 -2.50742300
1.32833900 3.55355900 -1.64632200
1.49592500 2.02670900 -0.74170100
-1.73223600 -1.90949300 1.55895000
-2.82455300 -1.13328900 2.41246100
-2.32774800 -0.63279000 3.25349900
-3.16228000 -0.33107600 1.75272600
-4.07086900 -1.87128200 2.91113300
-4.07727300 -3.38939200 2.96234400
-5.00357700 -3.87676700 2.65888400
-2.82004600 -4.08911700 2.46582600
-3.06605000 -5.12678000 2.21149400
-2.05398400 -4.14379800 3.24630300
-2.27761600 -3.34313900 1.22477800
-3.14117700 -3.15186800 0.57590200
-1.34867300 -4.14586200 0.36065200
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-2.10709500 -5.07230000 -0.50893700
-2.81215400 -4.49468100 -1.11539700
-2.68697400 -5.79879900 0.08734000
-1.16312500 -5.83587900 -1.43462600
-0.18075900 -6.56564400 -0.71448500
0.55585700 -5.70220000 0.14569200
-0.36297600 -4.95978300 1.10907800
-0.87100000 -5.70266100 1.74460600
0.23619000 -4.31865400 1.75507000
1.24537300 -6.34302700 0.70449200
1.14575000 -4.98153600 -0.44053900
-0.67726500 -5.13290200 -2.12820000
-1.72406900 -6.56861200 -2.02329500
-4.16145800 -2.59037600 4.24901500
-3.00989700 -2.54722600 5.23619400
-3.08126200 -1.65130600 5.86665800
-3.03602200 -3.41961800 5.90251100
-2.02887400 -2.52562400 4.75714500
-5.52072100 -2.56957900 4.93379200
-5.64014500 -3.43168500 5.60360800
-5.64485400 -1.66069700 5.53730200
-6.33974000 -2.59895200 4.20576400
-5.00609600 -1.40774700 2.59880700
-0.41668600 -1.94961800 2.37226700
-0.15218500 -0.93276400 2.67868200
-0.47515300 -2.56410600 3.27924600
0.40772400 -2.31448300 1.75447200
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Atom X Y Z

0.00000000 0.00000000 0.00000000
1.79702000 0.22524500 0.64372500
2.78695900 -0.31514300 0.16650200
3.98855900 -0.19254800 0.79417300
5.01789600 -0.71840300 -0.06102400
5.76354500 -1.21712800 0.55955600
5.48669900 0.11584800 -0.59514500
2.92284300 -1.08333700 -0.96009100
1.86625300 -1.38870600 -1.92415000
2.21191800 -2.07316700 -3.04926900
3.24452200 -2.35893600 -3.21242900
1.23352400 -2.44969100 -4.12741400
0.22481600 -2.10161500 -3.88895200
1.51423600 -2.02578300 -5.10260500
1.17762000 -3.53914900 -4.27620500
0.67794200 -0.95452900 -1.60687900
-0.57229400 0.43486900 -2.42873300
-2.44866700 0.10425500 -0.70462500
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Table A.1.37. Geometric coordinates and thermally corrected MP2 energies for (R)-32a

G =-3305.091430
Gyypy = —3294.252023

Atom X Y Z

-2.06836000 -0.78871800 -2.41497100
-1.05906700 -1.97794600 -1.27278000
-1.50807100 -1.20499500 0.46905100
-1.00434400 1.39549100 -0.82496900
0.20709300 -4.79885000 -1.51863600
1.03046500 -4.28246400 -2.01422600
0.46399000 -4.95338000 -0.45974400
-0.23643600 -6.10409000 -2.17561600
0.37827900 -6.95856400 -1.87638500
-0.18056400 -6.00782400 -3.26526700
-1.70617900 -6.22781200 -1.71079100
-2.34711500 -6.64754700 -2.49145900
-1.78684500 -6.88018700 -0.83500900
-2.10688500 -4.77741700 -1.34328400
-2.36200700 -4.67320600 -0.28339300
-2.92635800 -4.38501100 -1.95017400
-0.94994000 -3.95409800 -1.61859400
-0.67951800 2.75793000 -0.88093100
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-0.41280900 3.29757200 0.58905100
-1.29807900 3.85216400 0.92956300
-0.37340700 2.39802400 1.20768200

0.85851500
1.68261100
2.76409000
1.19138700
2.02970300
0.43373300
0.63584100
1.36015700
0.56051200
1.90158900
2.27663200
2.61595500
1.83624700
1.32424900
0.02952400
0.04552100
0.67511600

4.09646500 0.89131200
4.66555300 -0.24982100
4.59551400 -0.13750400
4.37294600 -1.66163200
4.48705400 -2.35895600
5.09549600 -1.98455600
2.93104400 -1.71640900
2.29887600 -1.18932600
2.32434100 -3.08982700
1.86528600 -3.51968300
1.14080000 -2.79179300
2.70572500 -3.56699300
1.20856100 -4.89484300
2.09995900 -5.87638900
2.54199000 -5.49874600
3.23449800 -4.13798500
4.13459000 -4.22399100

-0.96535700 3.55732800 -3.88630600
-0.30004900 3.24305300 -6.27200100
-0.66941200 1.68943500 -5.48199400

1.21310300
2.83843400
0.99336100
-0.19142400

0.30183300 -4.84799300
0.91885000 -5.22478100
5.60205600 0.72623400
6.45444500 0.31171100

-0.76937900 6.75822200 1.19447700

0.14377700

7.37153100 -0.19113300

-0.87965000 5.93946400 -0.36116900

1.90024300
2.30320400
1.35285500
2.74965500

6.30883500 1.72367400
7.24047200 1.30362900
6.56775600 2.63985600
5.67912100 2.01209400

1.43224400 3.68681300 1.72097200
-1.88758400 3.51333500 -1.48113000
-2.71434000 3.47956800 -0.76392700
-1.69275200 4.56781100 -1.70854400
-2.23188600 3.02138000 -2.39498800
-1.34709100 -1.71130700 1.77996500
-0.86479700 -0.57586400 2.74540400
-0.46657800 -1.03930300 3.65524700
-0.00639800 -0.06738900 2.29260500
-1.95268500 0.41966000 3.10715500
-3.19715700 -0.22689200 3.68929800
-4.16383400 0.16901700 3.38182500
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-3.12935600 -1.74445400
-4.10044400 -2.15739900
-2.41142900 -2.08880300
-2.74255000 -2.28232000
-3.45777300 -1.84306600
-2.94120500 -3.75463700
-4.34147200 -4.09807400
-4.66542000 -3.56786500
-5.01817400 -3.79951700
-4.50452500 -5.60154500
-4.01664300 -6.36428500
-2.65492700 -6.04716200
-2.48155700 -4.56118900
-3.04823000 -4.33985000
-1.42795600 -4.35336100
-2.35422700 -6.65078700
-2.03020100 -6.33174400
-3.98112700 -5.89789300
-5.56401700 -5.85557700
-2.35843500 0.70390700
-1.55507200 0.21000200
-0.72173700 0.89271800
-2.18787600 0.17482000
-1.13119900 -0.78783400
-2.96428700 2.07862200
-3.64030000 2.06355600
-2.18213100 2.82244000
-3.53934000 2.42865500
-2.08724200 1.23996300
-0.23754900 -2.78379500
-0.55297400 -3.64796400
0.65782800 -2.35278800
0.04837600 -3.12984600

3.72895100
4.02992600
4.48046900
2.32070700
1.62087300
2.18422500
1.90498800
1.00188900
2.72883000
1.67512700
2.76809100
3.02327900
3.32419900
4.24600100
3.52483100
3.88543500
2.15924800
0.75087600
1.56723700
4.54712100
5.73844700
5.94974700
6.63510600
5.60145100
4.79545000
5.66095800
4.99683000
3.93045700
2.40464200
1.75785700
1.16867300
1.29551500
2.75891100

-3.16461000 -0.89593100 -3.27891400
-2.98060300 -2.17728200 -4.20178900
-2.59736500 -1.85724800 -5.18045800
-2.16330800 -2.73048300 -3.73288300
-4.13826700 -3.16425200 -4.38752300
-5.54022400 -2.78127000 -3.94278300
-6.11857600 -3.56173100 -3.44881000
-5.70526200 -1.40192400 -3.31729100
-6.61966100 -1.39425900 -2.71298700
-5.84574000 -0.62883500 -4.08047700
-4.47386900 -1.08338800 -2.43720200
-4.27105100 -1.98556200 -1.84509000
-4.69146600 -0.02252100 -1.40040400
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-5.46478200 -0.56823800 -0.26437900
-4.92293900 -1.42546100 0.14576300
-6.46262400 -0.91800500 -0.58279000
-5.64986800 0.48421300 0.82447200
-6.32179500 1.63273600 0.33011200
-5.58644100 2.19045900 -0.74881100
-5.40171600 1.18406100 -1.88198900
-6.40042600 0.92883300 -2.27296600
-4.83616800 1.65214800 -2.68751900
-6.15648700 3.05470800 -1.10342700
-4.60516600 2.54072100 -0.39205100
-4.66858700 0.76928800 1.23715400
-6.26465500 0.08494300 1.63712700
-5.25342600 -3.02665000 -5.41265600
-5.25244700 -1.89835900 -6.42700900
-4.70621900 -2.20118400 -7.32983900
-6.27643900 -1.64594900 -6.73292900
-4.78063700 -0.98647900 -6.05757500
-5.79950800 -4.32611600 -5.98777500
-6.83201400 -4.20007700 -6.34019700
-5.19655800 -4.66361000 -6.84124600
-5.79951700 -5.12974500 -5.24230700
-3.85153400 -4.19831500 -4.19624900
-3.18725400 0.36669200 -4.17405000
-2.33299700 0.32569500 -4.86009400
-4.08974600 0.47851000 -4.78556200
-3.07304000 1.26767100 -3.56517100
4.27281600 -1.66797100 -1.00728300
4.68169800 -1.59421600 -2.01729300
4.28103400 -3.14370400 -0.53909700
3.92927100 -3.17592400 0.49936800
3.54827200 -3.68600700 -1.14543600
5.64443800 -3.79037900 -0.65135000
6.43564100 -4.01435200 0.48343300
6.15643900 -4.16305500 -1.90367200
7.70342300 -4.58964500 0.37321300
6.04928900 -3.74718900 1.46482100
742239900 -4.73657200 -2.01849500
5.55221700 -4.01220500 -2.79617400
8.20145200 -4.95046100 -0.87891300
8.29836600 -4.75886300 1.26682000
7.79888700 -5.02204800 -2.99727300
9.18678100 -5.39990100 -0.96709400
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Table A.1.38. Geometric coordinates and thermally corrected MP2 energies for (R)-33a

Atom X Y Z

Li
O
Li
Li
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0.00000000 0.00000000 0.00000000
0.92135300 -0.05933100 -1.75380800
-0.27643200 1.51835200 -2.06977600
-2.28647400 0.75590200 -0.68374300
-1.90924900 0.61340700 -2.62061600
-1.07332200 -1.06781700 -2.13617000
-1.61183500 -1.03654200 -0.26541600
-0.72280600 1.79718400 -0.23693000
0.80835900 -3.38804400 -2.90073100
1.66289100 -3.01112700 -3.47531500
0.98780400 -3.20409000 -1.84174100
0.48186200 -4.83687600 -3.25349100
-0.12917300 -5.28377900 -2.46222100
1.37811100 -5.45169900 -3.38099700
-0.33246000 -4.68696700 -4.55679900
0.31150000 -4.79978700 -5.43496600
-1.12791400 -5.43364600 -4.63497600
-0.89493900 -3.24663000 -4.48138600
-1.98494000 -3.21074300 -4.41840800
-0.57186800 -2.64239700 -5.33796700
-0.38239600 -2.66301000 -3.26706000
-0.91235900 2.70871100 0.80901200
0.28984800 3.74823500 0.84594700
0.88534000 3.56707300 1.74993000
0.93156200 3.45416300 0.01111300
-0.00653700 5.24433900 0.71606600
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G =-3305.087504
Gypr = —3294.249372

Atom X Y Z
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-1.39446700
-1.78931700
-2.42497300
-3.42875500
-2.32953000
-2.25907900
-2.15710900
-3.45490500
-4.46542600
-4.01443600
-4.81661200
-5.67566000
-6.27948400
-5.32584500
-4.12760600
-4.49288300
-3.42692400
-5.84153300
-4.99106600
-5.37337000
-6.44239200
-0.20825000
-0.03568900

5.76044600 1.05776600
6.54107600 0.40783900
4.71615600 1.46262200
5.14284500 1.35156500
4.44222100 2.51883100
3.47160900 0.55993400
3.84542800 -0.46589900
2.56623300 0.49528100
3.10772300 -0.43857100
3.21439700 -1.43029200
4.10540900 -0.11897400
2.18143900 -0.53671400
1.96168200 0.72716800
1.42207000 1.63204000
2.35121300 1.79583400
3.30214600 2.21654100
1.91809900 2.50931300
1.29731800 2.58940400
0.43232800 1.28396000
1.21704600 -0.97935600
2.62832000 -1.17715000
6.16991900 1.90837100
5.65941800 3.32710500
1.01676300 5.72714000 3.63200700
-0.62113300 6.26508900 4.03135700
-0.34023900 4.61791700 3.45393200
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0.27143000 7.60438600 1.73915600
-0.28594300 8.28814200 2.39337800
1.33599500 7.69758100 1.99209600
0.14314600 7.95366000 0.70803900
0.47695400 5.72102500 -0.13578400
-0.89850400 1.93213200 2.14598900
0.09856200 1.50462600 2.29784200
-1.12928500 2.55510500 3.01967800
-1.60529100 1.09978200 2.11614400
-1.99671800 -2.16488000 0.48974100
-1.73347400 -1.94041600 2.03245400
-1.33171700 -2.86961900 2.45171700
-0.91688600 -1.21667900 2.11347800
-2.91264800 -1.48549800 2.88363700
-4.24105900 -2.16927400 2.60977100
-5.13461100 -1.54653000 2.64330100
-4.21952500 -3.14462100 1.44356800
-5.24627500 -3.42443200 1.17890100
-3.70548300 -4.07760200 1.70294400
-3.52581100 -2.45463200 0.24017400
-3.96606300 -1.45271500 0.17705400
-3.80993800 -3.07798300 -1.07891300
-4.97923800 -2.48959300 -1.73823200
-4.84322000 -1.40487700 -1.80155200
-5.91696900 -2.68368900 -1.17952000
-5.13130500 -3.04559500 -3.15188000
-5.23023500 -4.46353500 -3.15741800
-4.10569000 -5.04673400 -2.51514600
-3.94926800 -4.53865200 -1.08354900
-4.83191000 -4.87762400 -0.51078800
-3.06567800 -4.99919000 -0.63452400
-4.27517500 -6.12844400 -2.52058700
-3.18815800 -4.83177700 -3.08861300
-4.27037200 -2.72455800 -3.76285100
-6.04804400 -2.67001700 -3.61746000
-3.54945000 -2.38216200 3.94158900
-2.94706300 -3.72203600 4.32772900
-2.13199900 -3.58629600 5.05063100
-3.70662500 -4.35696100 4.80247300
-2.54138200 -4.28046400 3.48039000
-4.17197000 -1.66456400 5.13090100
-4.97909600 -2.26149700 5.57629100
-3.42519200 -1.47785500 5.91403500
-4.59692600 -0.69647200 4.84093500
-2.94399500 -0.42133700 3.11074400
-1.11741300 -3.36418200 0.08127500
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-1.21790100 -3.56221100 -0.98774800
-0.06998300 -3.12400800 0.30203600
-1.36712000 -4.27930100 0.63474800
-2.38272700 1.13851100 -3.83170400
-3.96739200 1.02423900 -3.86585800
-4.24601900 0.13412300 -4.44646600
-4.23861000 0.79487500 -2.83207500
-4.81950400 2.22374800 -4.29478000
-4.16177300 3.42170300 -4.95939500
-4.52185400 4.40158700 -4.64712300
-2.65210100 3.35380900 -5.15341300
-2.26306400 4.37242700 -5.26306600
-2.38747800 2.83144700 -6.07903100
-2.00713600 2.66104300 -3.93053600
-2.47304800 3.10362900 -3.04119200
-0.54602100 2.94453000 -3.73427900
-0.34539900 4.29708700 -3.16534600
-0.88963900 4.36745900 -2.21875600
-0.73272500 5.07927600 -3.84110600
1.13652600 4.56790400 -2.91289600
1.90627000 4.44233400 -4.09770200
1.74296000 3.13984200 -4.64419000
0.27751900 2.85091100 -4.96102900
-0.05796300 3.57799900 -5.71865400
0.19119400 1.85359600 -5.39107000
2.33685800 3.11243200 -5.56319900
2.13960800 2.38341900 -3.94783600
1.51691000 3.87676500 -2.14196300
1.27543200 5.59272100 -2.55515500
-5.16674100 2.58581900 -5.73038200
-4.75187600 1.69767800 -6.88820500
-5.52060500 0.93684400 -7.07634500
-4.63919200 2.28400000 -7.80979400
-3.81367300 1.16919300 -6.71251300
-6.53117900 3.22577900 -5.94775100
-6.53757700 3.84416600 -6.85526300
-7.31228800 2.46245200 -6.06090100
-6.81428800 3.86877800 -5.10644200
-5.61238400 2.45812700 -3.58538500
-1.79995700 0.28808000 -4.98418800
-2.26057900 -0.70537000 -4.95393800
-1.97241400 0.69955100 -5.98498300
-0.72554300 0.15048800 -4.85215200
4.51976600 0.22884100 -0.83826900
4.79692200 0.87955800 -1.67039500
4.74909700 0.91368500 0.51117000
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4.65568600 2.00372600 0.44730400
5.69706000 0.65138800 0.98241600
3.67768000 0.40599200 1.33003900
2.65329800 0.02710200 0.51529800
3.05594000 0.07246900 -0.79219100
2.13953200 -0.53679700 -4.46933000
2.56700400 -1.39154000 -5.01397100
2.22494200 0.32446800 -5.14987100
1.07746800 -0.73901700 -4.31593900
5.25535300 -1.13365900 -0.93883900
4.83783400 -1.68645200 -1.78575000
5.02296300 -1.71191200 -0.03604700
6.75382400 -0.98202100 -1.08879200
7.62117700 -1.25736800 -0.02301300
9.00139300 -1.09236000 -0.15830100
9.53766900 -0.64657200 -1.36642900
8.68563300 -0.37133000 -2.43864800
7.30828200 -0.53884900 -2.29945000
6.65484400 -0.33141800 -3.14459900
9.09474100 -0.03016000 -3.38602500
10.6112750 -0.51857700 -1.47457500
9.65584600 -1.31593200 0.68010400
7.21191500 -1.61561900 0.91926900
2.84067000 -0.32204100 -3.15938900
3.92248300 -0.33594600 -3.19214500
2.20642800 -0.12723800 -1.96914700
1.58000000 -0.30816700 1.00131000
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Table A.1.39. Geometric coordinates and thermally corrected MP2 energies for (R)-34a

Atom X Y Z

Li
O
Li
Li

TOOIZITOQOO0OIIITIOIITOITZIOTIZNOOL O

0.00000000 0.00000000 0.00000000
0.78036500 -1.88235200 0.43471400
-0.80983400 -2.43190900 -0.64954900
-2.42326300 -0.68291900 0.29484700
-2.11049600 -2.53140400 0.75499000
-0.68871300 -1.73792600 1.86706900
-1.16355500 0.09693400 1.50097600
-1.31706200 -0.61419800 -1.32326200
1.34550700 -1.51553900 4.04514100
2.15725500 -1.96351500 3.46246000
1.25569300 -0.46104200 3.77132700
1.50858800 -1.74565800 5.55002500
1.00703500 -0.95373400 6.11888400
2.55920400 -1.76720600 5.85444400
0.78821800 -3.08724600 5.75612800
1.44011000 -3.91999700 5.46727300
0.46030400 -3.25138100 6.78701700
-0.38371600 -2.96818400 4.78139000
-1.23681400 -2.44740100 5.23776600
-0.72786100 -3.92829800 4.38899700
0.10844900 -2.18136900 3.67762000
-2.86735700 -3.70888300 0.74584300
-4.39082500 -3.33564000 0.98529500
-4.59558900 -3.36051000 2.06477300
-4.45085400 -2.28066400 0.70125200
-5.50138200 -4.04726800 0.20326900
-5.16235600 -5.22909700 -0.68943500
-5.65851800 -5.25456400 -1.65902700
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G = -3305.086762
Gy = —3294.246358

Atom X Y Z

TTTOQOITZITZTOQIZTITITITZIITITOOO0OAQAITITIAQAZITINOITAO

-3.69859100 -5.65372200 -0.73852600
-3.52333200 -6.20211600 -1.67022100
-3.45279700 -6.35261800 0.06761500
-2.79841000 -4.39505100 -0.67006300
-3.25345900 -3.65282500 -1.34009800
-1.41531200 -4.55368000 -1.22677500
-1.45314300 -4.70558500 -2.70015600
-1.96424200 -3.84284500 -3.13688200
-2.00781600 -5.61098900 -2.99889400
-0.04280100 -4.81049500 -3.27617800
0.66426300 -5.91095800 -2.72800500
0.73279800 -5.78013200 -1.31364000
-0.65841900 -5.70565000 -0.68818700
-1.18331000 -6.65282100 -0.89769000
-0.55770800 -5.60799300 0.39102200
1.25979100 -6.66601900 -0.94562500
1.31894400 -4.88700200 -1.04338800
0.51450100 -3.87765200 -3.08883800
-0.09045300 -4.97159000 -4.35776500
-6.08215800 -5.41927700 0.50443000
-5.66934900 -6.21352900 1.72929000
-6.31555400 -5.95879600 2.57955200
-5.77602300 -7.29186100 1.55023700
-4.64154900 -6.02727500 2.04096300
-7.55776000 -5.60015700 0.17219900
-7.79252000 -6.65550000 -0.02117100
-8.19292700 -5.26528500 1.00293400
-7.84529400 -5.02758300 -0.71694100
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-6.23249100 -3.34908300 -0.20342700
-2.36190400 -4.59504100 1.91186200
-2.68800000 -4.14688200 2.85757800
-2.71473000 -5.63086100 1.89806100
-1.27019800 -4.61377400 1.92467400
-1.34876200 -0.23329900 -2.68092600
-2.54087300 -0.94476300 -3.41979900
-2.25185600 -1.13336800 -4.46048700
-2.65046200 -1.92836500 -2.95309200
-3.87996000 -0.22298300 -3.39102200

-3.82591000
-4.46281600
-2.42095800
-2.44155600
-2.01295100
-1.51069700
-2.05792800
-0.23742600
-0.33816400
-0.75527300
-1.00241000
1.04437500
1.67199200
1.78738400
0.41606400
-0.17320800
0.54060700
2.25483500
243829600
1.66808700
0.96104000

1.25506600 -3.73735500
1.92650200 -3.16110600
1.78635000 -3.97238600
2.88126200 -4.03119300
1.43988000 -4.92865300
1.34188500 -2.79549300
1.59709600 -1.88208700
2.09018100 -2.69539900
3.29678500 -1.86993000
3.02854600 -0.89337600
4.06006300 -2.32522200
3.91329700 -1.65946700
4.22568800 -2.89886600
3.05275900 -3.69391600
2.43456700 -3.96305400
3.16305400 -4.55091600
1.53877400 -4.57676400
3.36287300 -4.63480700
2.31827100 -3.19487500
3.21380000 -1.08433000
4.85781000 -1.11075100

-4.55860900 0.29543800 -4.65537300
-4.04490100 -0.03738100 -6.04569700
-4.41374300 -1.01955100 -6.36971500
-4.40545100 0.70454900 -6.77004000
-2.95487700 -0.05720500 -6.11895100
-6.07843000 0.36560200 -4.60761500
-6.46110800 1.13755200 -5.28843400
-6.52683500 -0.59174800 -4.90480500
-6.44158900 0.60154500 -3.60085600
-4.55765700 -0.52587000 -2.59463200
-0.05011000 -0.72015300 -3.35769400
0.82123900 -0.26355800 -2.88170900
0.02357000 -1.80890400 -3.24998600
-0.01751300 -0.50112100 -4.43262400
-1.64881700 1.06256400 2.39231500
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-0.48413200
-0.53227900

0.44425300
-0.40922500
-1.72897700
-1.80603100
-2.96870700
-3.85555400
-3.14624000
-2.75494400
-2.30783700
-3.99197700
-4.64351200
-3.92737500
-4.98062700
-5.85485000
-6.81195600
-6.21274800
-5.01402400
-5.37729800
-4.59196700
-6.98669600
-5.90302600
-5.52599100
-6.36458400
-0.76197800
-1.07063300
-0.14328100
-1.65659300
-1.63814800
-0.01167900
-0.59518100

0.94553000

0.20536400

0.36462100
-2.17467700

2.02376600 2.87031300
2.12057700 3.96177700
1.48585600 2.65437200
341387100 2.24469100
4.12679100 1.99363100
4.69591900 1.06699400
3.29825900 2.30209800
3.79114100 1.88673200
3.20786000 3.38008900
1.90555400 1.65844900
2.09806500 0.67581200
1.13150100 1.34124600
1.63179900 0.11536400
1.59875700 -0.71134100
2.67875800 0.22867300
0.77173000 -0.23858100
0.74647900 0.80803900
0.27433600 2.00750500
1.12878000 2.40884700
2.15129000 2.61019800
0.73767900 3.33353100
0.32400100 2.77988500
-0.77623900 1.88844200
-0.25598700 -0.47078300
1.17783900 -1.11783300
4.68111600 3.01859800
4.64696500 4.50506600
4.66202600 5.09292100
5.52948000 4.79335300
3.76495500 4.81291900
5.94057200 2.60951400
6.84233800 2.83866000
6.01916800 3.14168600
5.94898100 1.53523400
3.53550400 1.48889200
0.34488200 3.65722400

-1.32796100 -0.12837400 4.16513300
-2.65415800 1.02493400 4.37391800
-2.87952600 -0.44776400 3.38786400
4.28247200 -1.66695600 -0.75873300
4.30215000 -2.69964200 -1.11430000
4.40498000 -0.65962800 -1.90507500
3.98156300 -1.03993200 -2.84140500
542149600 -0.30281800 -2.07401200
3.60272800 0.45258200 -1.45472000
2.66558800 -0.02018400 -0.58245300
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2.92889600 -1.32991400 -0.28882300
1.86109800 -4.37140000 1.79056200
1.98445100 -5.37070900 1.34722500
0.79410200 -4.14584300 1.82875000
2.21412500 -4.45392800 2.82998800
5.37011400 -1.43889000 0.32568800
5.08096900 -1.97911600 1.23178500
5.37333600 -0.37270800 0.58324900
6.74855400 -1.86838100 -0.12957900
7.72941000 -0.92375500 -0.46042500
8.99206000 -1.32381200 -0.90330800
9.29383200 -2.68035300 -1.02372800
8.32712900 -3.63335100 -0.69411900
7.06827300 -3.22949100 -0.25068800
6.32634100 -3.98087100 0.01256500
8.55538700 -4.69263200 -0.77817800
10.2757730 -2.99415300 -1.36724800
9.73905600 -0.57417400 -1.15067000
7.50515900 0.13613900 -0.36010800
2.60906200 -3.31641600 1.03010600
3.68022300 -3.45674000 0.95376900
2.04208400 -2.22259900 0.45126400
1.77862400 0.71235000 -0.16581300
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Table A.1.40. Geometric coordinates and thermally corrected MP2 energies for (R)-35a

Atom X Y Z

c

TN OTITIONOOLCODDOTITITIAIANAZITOAOOND

0.00000000 0.00000000 0.00000000
-1.75939200 -0.57503400 -0.39769000
-2.61486600 0.16579500 -0.86575500
-3.79742500 -0.35913800 -1.29227200
-4.53915900 0.66748400 -1.97529800
-5.60064100 0.52216300 -1.77100000
-4.35569200 0.57378200 -3.05184200
-2.61558800 1.52468500 -1.04343700
-1.49247700 2.43725300 -0.81535200
-1.73032600 3.77046300 -0.95166600
-2.72231000 4.12517200 -1.20203100
-0.66797400 4.81595500 -0.77720000
-0.56297300 5.44759800 -1.67215900
-0.88883700 5.49737000 0.05846100
0.30201600 4.35601800 -0.57189100
-0.35252400 1.87057700 -0.53241200
1.49929300 1.56023700 -1.43313800
2.42988400 0.22862800 0.55849800
2.56361300 2.24678300 0.02332500
0.89694200 2.22814300 1.08535400
0.87081000 0.38847500 1.64248300
1.56974000 -0.33253000 -1.06920300
-1.33666100 3.35507000 2.76070900
-1.93308200 3.66006800 1.89463900
-1.54085300 2.30247600 2.97869500
-1.54582400 4.27673600 3.96952300
-1.40868900 3.72366600 4.90622200
-2.54659700 4.71883800 3.98447900
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G =-3305.093551
" Gypy = —3294.255592

Atom X Y Z

TOO0ODNIDOQOZIOITIOTAOQOIIZIOQOAQAOIIITAI TN

-0.42405800 5.31457000 3.79888800
-0.71329000 6.07967700 3.06849600
-0.15330200 5.81728500 4.73230000
0.70780900 4.45328100 3.24310500
1.24158300 3.93006900 4.04995300
1.43104800 4.99046200 2.62668700
0.05983500 3.48540300 2.39513000
1.64526700 -1.09795200 -2.24082500
1.05151600 -2.54661800 -1.96608300
1.88413100 -3.25306300 -1.84195400
0.57685700 -2.46851900 -0.98415500
0.00321700 -3.13573700 -2.91565800
-0.21862600 -2.51024300 -4.28188500
-1.25550600 -2.43833900 -4.60876200
0.61765500 -1.28160200 -4.61743100
0.11527300 -0.71360900 -5.40939400
1.59822000 -1.55582000 -5.02202900
0.77061200 -0.41349000 -3.34779900
-0.22347800 -0.35566700 -2.88870200
1.13427800 1.02196200 -3.59422000
-0.05487700 1.79756100 -4.01274500
-0.83254500 1.69093900 -3.25315600
-0.45626500 1.42682900 -4.97240000
0.29602700 3.27400700 -4.16870300
1.33326000 3.46871000 -5.12113100
2.48600000 2.72757600 -4.74948600
2.17950000 1.23743500 -4.61810400
1.85486900 0.86412800 -5.60324400
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3.08882800 0.70221200 -4.34230500
3.22954500 2.89323700 -5.53573400
2.89183800 3.10966700 -3.79860700
0.59413700 3.69090400 -3.19319400
-0.57079000 3.83541300 -4.52982900
0.32463600 -3.92364300 -4.17608600
1.75739300 -4.25772100 -4.54699700
2.06786600 -5.19202200 -4.06094200
1.85616400 -4.40437300 -5.63086200
247215600 -3.48774800 -4.25024100
-0.64659300 -5.03855800 -4.53770800
-0.63188200 -5.24283000 -5.61692300
-0.38677800 -5.97145300 -4.01984200
-1.67569400 -4.78195200 -4.26163000
-0.89846900 -3.46527900 -2.40240300
3.13478400 -1.22856600 -2.63373400
3.64619500 -1.85693800 -1.89690900
3.30416500 -1.67778000 -3.61913700
3.62225100 -0.25089800 -2.61157800
0.88570500 -0.32759300 2.84327400
-0.60257600 -0.72763900 3.23900000
-0.93826500 -0.07661000 4.05844100
-1.20297700 -0.44797000 2.36910900
-0.93771100 -2.18693400 3.56383100
0.18052200 -3.16290100 3.88775100
0.07586300 -4.16341800 3.46914100
1.60128500 -2.61700900 3.82699700
2.29915900 -3.45369500 3.70786100
1.88535200 -2.11910200 4.76071000
1.71240600 -1.64275100 2.63136400
1.20865500 -2.13008300 1.78693100
3.10582200 -1.40383500 2.12427100
3.55182700 -2.54420300 1.29212800
2.85268900 -2.66247100 0.45888500
3.55873300 -3.48525300 1.86985600
4.95721200 -2.30568000 0.74571100
5.90026200 -2.09245200 1.78627800
5.50169500 -0.98799800 2.58539400
4.11579300 -1.20388600 3.18721400
4.16955800 -2.08127100 3.85200600
3.84831800 -0.34010300 3.79700600
6.24622000 -0.89592400 3.38244700
5.51680500 -0.06322000 1.98656100
4.95277600 -1.44165200 0.06084800
5.29934500 -3.18321000 0.18813500
-0.83741300 -2.80123400 4.95249300
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-0.46284500 -1.95379600 6.15390900
-1.35970500 -1.49659100 6.59269900
0.00651300 -2.56758700 6.93430800
0.22619000 -1.14262200 5.91048900
-1.86049700 -3.87616700 5.29047500
-1.47856900 -4.55957900 6.06100900
-2.78923000 -3.43152100 5.67254100
-2.11813700 -4.47767800 4.41128600
-1.74808100 -2.58824800 2.95700500
1.46004100 0.59393600 3.94554300
0.75461200 1.41423900 4.11428700
1.62933500 0.09434000 4.90703200
2.39921000 1.04609700 3.61748700
3.81147500 2.86079000 0.25533000
4.96201600 2.00257100 -0.38983600
5.88549700 2.16221300 0.17856400
4.70314400 0.94807500 -0.23675700
5.22599700 2.25623000 -1.86523900
5.39666400 3.71899800 -2.23318100
4.94265600 4.05905200 -3.16371800
5.19030800 4.66604200 -1.06446200
5.17573800 5.70203000 -1.42357800
6.01652600 4.60603100 -0.34745100
3.84194500 4.32555700 -0.37091900
3.09634000 4.26179700 -1.17094000
3.34714800 5.41816100 0.51494100
2.65224500 6.46193500 -0.25258500
1.85332300 6.00169600 -0.84073900
3.33266000 6.98039700 -0.95553900
2.04724800 7.50787800 0.68093200
3.03289100 8.10829600 1.51053600
3.72736200 7.11900200 2.25592600
4.37041400 6.07460300 1.34486500
5.13022600 6.59195500 0.73278000
4.88728200 5.33563700 1.96064800
4.49680300 7.64796600 2.82763100
3.04159100 6.62901300 2.96706400
1.26344600 7.04156600 1.30124500
1.59430400 8.31952100 0.10266800
6.56603600 2.76476600 -2.38537400
7.80147800 2.84977500 -1.50518800
8.29744100 1.87249000 -1.44056800
8.52290200 3.55804300 -1.93301100
7.59317700 3.17829600 -0.48402900
6.90705800 2.36887700 -3.81523900
7.58551100 3.09854200 -4.27686600
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7.40152500
6.01052800
4.66816700

1.38892300 -3.84579000
2.30753000 -4.44311900
1.62841000 -2.55675400

407636300 2.86936600 1.77612600

403473100

5.06356000

3.31295600
-3.97371700
-3.92181600
-4.76498500
-4.87281400
-4.15905400
-6.12456100
-6.23750200
-7.29778900
-7.48345800
-5.34079400
-8.54792000
-7.23266400
-8.64410800
-7.54917800
-9.44532000
-9.61566800

1.83919300 2.14807300
3.26936700 2.03964400
3.45025900 2.30003600
1.96932200 -1.40073000
2.74480500 -2.16792900
2.48107900 -0.17032700
1.64868100 0.53585500
3.24613800 0.32506800
3.03724500 -0.53499700
4.28612600 -1.16522700
2.31646400 -0.27432300
4.79554200 -1.52917500
4.87004100 -1.36355000
2.82340300 -0.63604300
1.35382500 0.22859600
4.06384900 -1.26695000
5.76666800 -2.01274000
2.24962700 -0.42022600
446115300 -1.54772800
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Table A.1.41. Geometric coordinates and thermally corrected MP2 energies for (R)-29a

N\ |\
L1—|O r
& Li‘—o.[_D
Bn" \ A

O—Li

Atom X

Li
O
Li
Li

TOOQOIDTOONO0OIITIOQOITOIZIIZIOITIITAOOOL O

0.00000000

Y

0.00000000 0.00000000

-0.69437500 -0.98436500 1.60635800

0.59623000
2.45156400
2.18815300
1.12502100
1.54579000
0.87516600
5.19184900
5.39692700
5.93045500
5.14754800
6.13209000
4.79409000
4.12081300
3.38151800
4.60432800
3.46432800
3.80798500
2.37437900
3.87710600
0.47211900
0.02738700
0.79766200
0.06602300
-1.35788300
-2.11216800
-3.18484600

0.39759700 2.49344900
0.28682100 0.68121000

-0.73840000 2.47693600
-1.90205900 1.32148100
-1.09684700 -0.35572700

1.41547500 0.91724200
1.93362900 -0.12056000
1.77529800 0.93891500
1.37026800 -0.71078600
3.40531300 -0.54707200
3.77619600 -0.84771900
4.02595500 0.28189100
3.40839000 -1.70886300
4.20429100 -1.58227700
3.56147900 -2.67857300
2.01029900 -1.63917900
1.36868100 -2.46074700
2.02807700 -1.63587800
1.43147600 -0.38611500
2.74792100 1.06625600
3.33657300 -0.34433900
4.03760300 -0.69449400
2.48320500 -1.02612000
3.96981300 -0.50186700
443765700 0.73057800
4.24534700 0.73361500
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-1.43908400
-2.19517600
-0.71032900
-0.76206500
-1.48104700
-0.50150300
-1.75454000
-2.16079400
-2.51221900
-1.49463000
-0.92630200
0.28480200
0.06218700
-0.62092300

1.00911200

0.65238900

1.03349000
-0.83146500
-2.43557700
-1.64322100
-0.52127000
-0.07806200
-0.89941100
0.28781200
-2.72587900
-3.18388100
-2.31375200

4.18680900
4.22571500
4.96799700
2.79717200
2.11379400
2.17502800
1.62240500
0.87714500
241318700
0.95617600
1.86035600
2.39560800
3.10549800
3.95168000
3.51067100
3.10678600
1.59514200
0.08703600 5.15914400
0.60447400 5.72650000
5.45047700 -0.29636600
6.42580600 0.00781600
6.80061200 -0.92441300
7.29477700 0.56265400
5.98465100 0.59435300
6.05803800 -1.17654400
6.93316600 -0.69585500
6.38631400 -2.14008600

G =-3305.089696
Gy = —3294.251657

Z

2.07288500
2.86568700
2.31528500
2.03437700
1.56629500
3.37812600
3.94419900
3.25475000
4.08459800
5.29266000
6.22950600
5.71598100
4.38342200
4.56078800
4.02680600
6.46238300
5.59991300

-3.52451600 5.33743900 -1.38628100
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-1.96447700 3.49610700 -1.27145300
1.68369600 3.56368700 1.57537000
244226600 3.58719700 0.78804000
1.44523400 4.60105800 1.84170500
2.14272500 3.07593100 2.43920400
3.15315800 -0.78385100 3.50463900
248360800 -1.15122500 4.87910400
3.06836800 -0.69771000 5.68810600
1.51035300 -0.64716500 4.90146100
2.30382600 -2.63547700 5.15637300
3.53676100 -3.48642500 4.91142800
3.38719700 -4.45884300 4.44164900
4.72401700 -2.71076200 4.36751900
5.51312100 -3.40742400 4.05912500
5.17049000 -2.06947600 5.13548700
4.26466000 -1.86509600 3.14964500
3.72310000 -2.55435300 2.49462200
5.39086400 -1.35814000 2.31831800
5.80226100 -2.32674700 1.29543900
4.93161600 -2.59251900 0.68712300
6.20438900 -3.25889900 1.74074300
6.87063000 -1.72857200 0.38370900
8.00732500 -1.29130500 1.11663000
7.62641100 -0.34944500 2.10999400
6.58374100 -0.92969500 3.06265200
7.05908900 -1.76697700 3.60438000
6.31030100 -0.17051800 3.80024300
8.53918500 -0.09248600 2.65714400
7.23478000 0.56389900 1.63456000
6.43885100 -0.88692500 -0.18193800
7.23092500 -2.47911500 -0.32710600
2.98674800 -3.34809200 6.31851000
3.73544400 -2.59773500 7.40642700
3.03928400 -2.23651800 8.17461200
445496100 -3.26351500 7.90062800
4.29321700 -1.73221700 7.04003600
2.25353400 -4.56729500 6.86056900
2.95258300 -5.27678200 7.32331300
1.51992100 -4.27770900 7.62453100
1.71405900 -5.09986000 6.06887100
1.34528600 -3.05612200 4.86429400
3.75524900 0.62679200 3.67734500
295137300 1.33206500 3.91972600
449310500 0.68314000 4.48769200
4.23295300 0.95645400 2.75071400
1.71363900 -2.01108000 -1.40406200
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2.90793000 -1.52023300 -2.32382100
2.49937500 -0.89328400 -3.12868400
3.47323400 -0.84779400 -1.67398100
3.92524700 -2.52350800 -2.88206400
3.70694100 -4.01470700 -2.69025400
4.58598700 -4.59901300 -2.41939000
2.44017000 -4.43294200 -1.95200300
2.59109500 -5.43270700 -1.52933100
1.58715800 -4.52214400 -2.63299700
2.14034600 -3.40900700 -0.82917200
3.09824300 -3.20109000 -0.33475400
1.27897100 -3.90905200 0.28921200
2.02976100 -4.85052000 1.14910900
2.92925200 -4.35049200 1.52304800
2.35035800 -5.74453900 0.58720400
1.17417500 -5.30335400 2.32871300
-0.02143400 -5.93386400 1.89571800
-0.77063400 -5.05384100 1.06542600
0.03959700 -4.59224800 -0.14280800
0.27157000 -5.47285700 -0.76470900
-0.56665800 -3.91052600 -0.73889200
-1.64710000 -5.61870500 0.73170400
-1.11605900 -4.18309900 1.64291400
0.93820200 -4.44093600 2.97211300
1.71762000 -6.04143500 2.92716300
3.73707000 -3.42603600 -4.09030400
2.49817700 -3.34592400 -4.96183400
2.65551300 -2.62561800 -5.77536600
2.28040800 -4.31803500 -5.42429100
1.60841400 -3.02608700 -4.41944400
4.99286300 -3.72443000 -4.89890900
4.89921700 -4.67775700 -5.43620800
5.17777900 -2.94025900 -5.64517500
5.88030800 -3.79026000 -4.25898400
4.95318200 -2.18349300 -2.75504200
0.39342800 -2.03894600 -2.21445700
0.28885500 -1.09387100 -2.75969100
0.31429500 -2.85299500 -2.94192500
-0.46373700 -2.10567200 -1.54012700
-4.34366500 -1.41490400 0.99365200
-4.71063100 -1.31788100 2.01742900
-5.01125600 -0.37837800 0.08433800
-5.35728500 0.50080800 0.63988500
-5.83419100 -0.78170600 -0.50717100
-3.96085500 0.02815400 -0.80939700
-2.75889500 -0.22628500 -0.22115400
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H
C

-1.73347800 0.19327900 -0.74081300
-2.94119600 -0.97083500 0.91512800
-1.37720100 -2.57172400 4.02746900
-1.70812800 -2.26784100 5.03057700
-0.37416000 -2.16617500 3.87265300
-1.29188300 -3.66914300 4.05005200
-4.52016300 -2.87150100 0.49735700
-3.82089700 -3.50098700 1.05682500
-4.21999300 -2.91192200 -0.55714100
-5.93656600 -3.38000300 0.65708500
-6.79908600 -3.48222900 -0.44277700
-8.11347600 -3.92731000 -0.28609700
-8.58734600 -4.27789400 0.97823300
-7.73764100 -4.18489300 2.08307100
-6.42556000 -3.74107400 1.92183600
-5.76772300 -3.68534200 2.78691400
-8.09520900 -4.46442000 3.07058200
-9.60889300 -4.62675100 1.10224900
-8.76385900 -4.00392900 -1.15345700
-6.43346100 -3.22333800 -1.43429700
-2.31513400 -2.09527700 2.95719800
-3.35706300 -2.36350900 3.07683900
-1.91108400 -1.37663600 1.87368500
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Table A.1.42. Geometric coordinates and thermally corrected MP2 energies for (R)-30a

Atom X Y Z

Li
O
Li
Li

OODTOONOO0CITITZIOITOIIZIOITIITAOOOL O

0.00000000 0.00000000 0.00000000
0.62365100 1.90691200 0.26903100
-1.51884600 2.01060700 0.68870600
-2.24022600 0.44055700 -1.21536400
-1.94737600 2.42998300 -1.09927600
-0.17673400 1.92701600 -1.67207500
-0.37527800 0.04255800 -1.91303300
-1.77022800 0.13184700 0.65506500
-5.38719900 0.48591200 -1.41785900
-5.65127600 -0.08120200 -0.51937400
-5.22944800 1.53226800 -1.13971300
-6.42749600 0.29732300 -2.52790700
-6.45081400 1.17170400 -3.18910700
-7.43535700 0.14765400 -2.12921700
-5.87802300 -0.92291700 -3.28229200
-6.13062500 -1.85033100 -2.75421700
-6.24923900 -1.00224400 -4.30857700
-4.37479100 -0.66448500 -3.22134300
-4.06092700 0.02776300 -4.01488000
-3.75334300 -1.56028300 -3.26521700
-4.14340300 -0.04393700 -1.93733100
-2.28862300 -0.38631200 1.84858800
-1.67821900 -1.82903400 2.13165100
-2.45525400 -2.58249900 1.94527400
-0.92706800 -1.97768000 1.35364100
-0.99195700 -2.11235700 3.47108000
-1.27585400 -1.21655900 4.66455100
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[

Atom X

H
C
H
H
C
H
N
C
H
H
C
O
C
C
H
H
H
H
H
H
C
C
H
H
H
C
H

Y

GMP2 ==

G =-3305.092470

3294.255439

Z

-0.42016400 -0.97600700 5.29496100

-2.20648500
-2.06098000

-0.03799100

0.70695500

4.41681100
5.20787700

-3.25986800 -0.33328900 4.47169300

-1.87805300
-0.78356900
-2.29757300
-1.38454500
-0.36382400
-1.38230000
-1.80084300
-3.13307900
-4.02533200
-3.67474400
-3.78326400
-4.38702800
-5.02719000
-4.01144400
-1.69934100
-1.15853000

0.56365500
0.60120500
1.99249100
291619300
2.76879500
2.72079200
4.36936100
4.61567300
3.75392700
2.28870400
2.08070600
1.66080100
3.96706400
3.98007400
4.63004300
5.03932100

3.03031900
2.95935900
2.83170700
3.54516500
3.17411500
4.63153300
3.31965800
3.74483500
3.05473200
3.28744100
4.36426600
2.75396700
3.44051500
1.97522400
2.25404900
3.89916300

-1.70952700 -2.66968800 4.69207900
-3.17382700 -3.06227100 4.62463300
-3.27643800 -4.09415700 4.26347700
-3.63613600 -3.01649000 5.61979800
-3.76191000 -2.42779600 3.95763400
-0.89719200 -3.59207500 5.58965000
-1.27721900 -3.57966100 6.62028200
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-0.94089500 -4.62953100 5.23221400
0.15782000 -3.29675400 5.62023000
0.04053400 -2.43950400 3.36466500
-3.81542100 -0.54196900 1.67079700
-3.99769000 -1.31360800 0.91422600
-4.34730700 -0.83681900 2.58371600
-4.25147300 0.38562800 1.29339300
-2.37226900 3.49462700 -1.90695300
-3.56869500 4.27751900 -1.21690500
-4.43560000 4.26628700 -1.88939900
-3.85185100 3.65780600 -0.36041600
-3.32331300 5.70657500 -0.73112900
-2.32910800 6.56562800 -1.49688100
-1.68978800 7.21092800 -0.89470400
-1.59414800 5.86495300 -2.63111100
-0.72218800 6.46159300 -2.92355400
-2.21516600 5.77275000 -3.52908800
-1.16229800 4.47365800 -2.11482400
-0.78721500 4.63421900 -1.09879900
-0.00385100 3.83907300 -2.82876000
1.28146200 4.40611900 -2.35777600
1.36465200 4.24947900 -1.27953100
1.33637800 5.49142300 -2.55380000
245991100 3.72305500 -3.04687700
2.39100700 3.83788200 -4.46023000
1.16827600 3.29611900 -4.94029200
-0.03719700 3.98069700 -4.30242600
-0.01865800 5.04324800 -4.59459900
-0.95180400 3.54076000 -4.69995400
1.16134800 3.45778200 -6.02270300
1.13250700 2.21195700 -4.75040500
249692100 2.65997600 -2.75469900
3.39908400 4.19467000 -2.74113400
-3.79792100 6.93331700 -1.50364400
-4.64397200 6.79213300 -2.75630300
-5.70479300 6.68332000 -2.49449500
-4.55147000 7.68790200 -3.38417800
-4.37167500 5.93133500 -3.37281100
-4.18736500 8.14390600 -0.66763700
-4.07103500 9.07432800 -1.23935000
-5.23526600 8.08015300 -0.34602400
-3.56863500 8.22685700 0.23302500
-3.32308900 5.82627900 0.35150200
-2.91087900 2.91980300 -3.23776900
-3.81407200 2.33894300 -3.02748900
-3.17513600 3.69347400 -3.97130300
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-2.18788600 2.23362600 -3.68793000
0.08141600 -0.85945700 -2.89742200
1.58136200 -0.57211100 -3.25201300
1.78871400 -0.96610900 -4.25373800
1.68930300 0.51569300 -3.33337600
2.58777500 -1.13043400 -2.26214400
2.39216700 -2.59788600 -1.92984400
2.51445800 -2.88654200 -0.88695800
1.19075300 -3.22957900 -2.61436300
1.02432900 -4.23892300 -2.21831500
1.35893200 -3.34872000 -3.69037600
-0.05973500 -2.34839800 -2.34673700
-0.08673300 -2.20713100 -1.26218600
-1.35095500 -3.01910300 -2.66804500
-1.85804600 -3.80062200 -1.53259200
-1.94157600 -3.14348600 -0.66088600
-1.17869500 -4.63395400 -1.26511300
-3.23287500 -4.38457200 -1.84880100
-3.21298600 -5.18456200 -3.02390200
-2.73400300 -4.43438000 -4.13070700
-1.33961000 -3.87026800 -3.86501500
-0.64899600 -4.72573800 -3.76018500
-1.01703800 -3.28752800 -4.73279300
-2.70969800 -5.12264500 -4.98185700
-3.43554900 -3.61593900 -4.36617400
-3.96552800 -3.56753200 -1.96286200
-3.56679400 -5.03759000 -1.03619700
3.65465300 -2.15054200 -2.64391200
3.94596200 -2.51972600 -4.08855800
4.62626100 -1.78800400 -4.54436900
443696700 -3.50061600 -4.13832900
3.05483800 -2.57213100 -4.71895300
4.91488900 -2.13697300 -1.78988000
540336800 -3.12064500 -1.79131700
5.64262300 -1.40800000 -2.17483100
4.68871000 -1.87984300 -0.74952500
2.84457000 -0.46736300 -1.43947400
-0.71850200 -0.63209800 -4.19473000
-0.58991200 0.41016500 -4.51187300
-0.38106300 -1.26969600 -5.02171600
-1.78087600 -0.81463900 -4.03081500
4.11950200 1.50863800 1.32740300
4.29286600 2.26432700 2.09612300
4.64065400 0.14664100 1.82012300
4.77547100 0.12306200 2.90672300
5.56783400 -0.16274700 1.33542700



AZAQOTCTZTZTTTOOOONQO0AQADITIAQOZDITITANZ0OANO0

3.60890900
2.45077800
1.40485800
2.68211900
1.08900000
0.83341300
0.15353800
1.60049800
4.73851700
4.14881300
4.61678900
6.19687800
7.21261800
8.55771700
8.90836000
7.90596100
6.56403000
5.78901600
8.16972100
9.95432100
9.32986700
6.94705700
1.93469300
2.82471800
1.66249300

-0.79358400 1.47294200
-0.11940900 1.22842800
-0.73698400 1.06847400

1.22384700 1.19483700
4.70511800 1.36534000
5.14940500 2.33705800
4.48213900 0.84553500
5.49696400 0.79628300
1.99127900 -0.00404100
2.85273300 -0.33717200
1.20218500 -0.75516400
2.37063300 0.13347300
1.53391700 -0.34808600
1.87536100 -0.19146800
3.06269200 0.45156000
3.90834900 0.93264300
3.56427200 0.77347900
4.23431000 1.14064200
4.83965700 1.42703800
3.33120400 0.57229000
1.21472700 -0.57686100
0.61244700 -0.86195600
3.47580600 1.52350200
3.58861400 2.13234600
2.25981800 0.97680900

355



Table A.1.43. Geometric coordinates and thermally corrected MP2 energies for (R)-31a

Atom X Y Z

Li
O
Li
Li

TOOQOIDTOONO0OIITIOQOITOIZIIZIOITIITAOOOL O

0.00000000 0.00000000 0.00000000
0.88454100 -0.19912600 1.81434400
-0.70400600 -1.44939800 1.97803500
-2.44149600 0.08608800 0.77621200
-1.95706700 -0.15519900 2.70201100
-0.59611600 1.17942100 2.22263100
-1.11922300 1.46739900 0.42320500
-1.32689200 -1.44863300 0.13052800
-5.26501600 0.52466200 -0.69361100
-4.93887400 1.11734200 -1.56038700
-5.15827300 -0.53508700 -0.92600900
-6.68103900 0.93909100 -0.23413900
-7.30068500 0.06485500 -0.01402800
-7.19144900 1.51388400 -1.01282400
-6.43023200 1.78299600 1.04390900
-6.96816900 2.73580600 1.03661800
-6.73807100 1.23135800 1.93769200
-4.90989700 1.98035500 1.04471200
-4.46441600 2.04622600 2.03818600
-4.61693800 2.86325300 0.46029300
-4.39290700 0.79672800 0.41690500
-1.58177500 -2.21991900 -1.02825800
-0.25260000 -2.78289800 -1.63438600
-0.44046900 -3.05888600 -2.67847000
0.47198300 -1.96570700 -1.67188900
0.32228800 -3.97369800 -0.88783900
-0.66889100 -5.10443100 -0.67244600
-0.65618600 -5.61565600 0.28996500

356

G =-3305.086186
Gypy = —3294.246839

Atom X Y Z

TTTZTOQOTIZITOQITIITITZITTZIOQOO0OOQITIITIONOZITIANOT TAO

-2.06312000 -4.80441200 -1.20158300
-2.75881300 -5.59468400 -0.89264200
-2.07725300 -4.80000100 -2.29643900
-2.54124600 -3.43437100 -0.64577200
-2.41876000 -3.49168800 0.43891500
-3.99905300 -3.18966700 -0.84210900
-4.80452200 -3.77981100 0.23417500
-4.45339900 -3.39052800 1.19637700
-4.71804400 -4.88406600 0.26335000
-6.27950800 -3.41995100 0.06796500
-6.78491600 -3.82465300 -1.19607600
-6.01910900 -3.25080700 -2.24693500
-4.54408100 -3.62895700 -2.13439800
-4.47231800 -4.72321400 -2.26650400
-3.98771500 -3.15859400 -2.94963100
-6.44085800 -3.63614600 -3.18069900
-6.13092600 -2.15387800 -2.24128600
-6.41038200 -2.33193600 0.19593100
-6.88535500 -3.93234900 0.82224300
0.55535500 -5.32800000 -1.54383200
0.45703900 -5.53739100 -3.04521500
1.39692400 -5.25196200 -3.53536800
0.27521600 -6.59650600 -3.27065500
-0.34286300 -4.96245200 -3.51751600
1.65320500 -6.17764400 -0.91816500
1.47345900 -7.24767700 -1.08835200
2.63321500 -5.93405700 -1.35020300
1.71932600 -6.02037400 0.16466400



AT TQOIIZIIZIQIDNIITIQOQIITI I I I ZIQOQ0OAIDITQAZIQAITIQOIQAQADIAQAQAIT T TAO T

0.99909100 -3.72931800 -0.06985900
-2.18366400 -1.29910500 -2.11074900
-1.48291200 -0.47969300 -2.31059700
-2.35892000 -1.81435800 -3.06342700
-3.12899100 -0.86782000 -1.77639600
-2.62754500 -0.67692700 3.82062100
-4.17613200 -0.36644700 3.67751600
-4.38462800 0.60747000 4.14394600
-4.31353500 -0.22629400 2.60378400
-5.23019800 -1.39988800 4.09416900
-4.80334200 -2.68903900 4.77502800
-5.29980100 -3.59886400 4.43870200
-3.31106300 -2.86289100 5.03234000
-3.09354500 -3.93270600 5.12186600
-3.01108400 -2.41958800 5.98732000
-2.50610600 -2.24701400 3.85998700
-3.00715700 -2.56769500 2.93632300
-1.11467000 -2.77462500 3.69516600
-1.12710700 -4.17356400 3.21303000
-1.69558700 -4.22389100 2.27964800
-1.60848100 -4.84941800 3.94011300
0.29599800 -4.67075300 2.97063800
1.08036300 -4.60513700 4.15034900
1.11854600 -3.26801400 4.63379700
-0.28344700 -2.73383900 4.91775400
-0.73283000 -3.34469700 5.71852800
-0.20778600 -1.70941800 5.27731300
1.70367200 -3.29030400 5.55857000
1.63300200 -2.61571300 3.91033600
0.76649300 -4.07761600 2.16934900
0.28117200 -5.72049900 2.66166200
-5.70132800 -1.70542400 5.50638900
-5.22744400 -0.90239900 6.70298900
-5.88400300 -0.03633800 6.85916300
-5.26312200 -1.50743100 7.61883400
-4.21261300 -0.52024500 6.59489800
-7.15927300 -2.12629400 5.64022600
-7.31095200 -2.74446400 6.53518000
-7.81616500 -1.25049700 5.72744300
-7.49492000 -2.70844600 4.77434900
-6.01602500 -1.50731300 3.34614300
-2.06615700 0.02945600 5.07884900
-2.43712000 1.06027500 5.10396400
-2.33232000 -0.43679800 6.03224000
-0.97691500 0.07956800 5.02937300
-0.97514800 2.78720300 -0.02438200

357

OO TN ITIITOQOZDIT T IZIQOIIITIOOQAIDIIIZII T ITINOOOAQOITIINAZIAQAITIITIOQOITIOOQOTTAO

-1.95464200 3.02402900 -1.24974900
-1.38291300 2.93554200 -2.18356200
-2.62075300 2.15833400 -1.22538900
-2.84639000 4.26951800 -1.28848500
-2.61686400 5.40087600 -0.29970000
-3.51006400 5.85262400 0.13122900
-1.47144300 5.23227900 0.69166300
-1.65504400 5.87953800 1.55757200
-0.52037000 5.56741100 0.26395200
-1.37711100 3.75521500 1.13839500
-2.39384900 3.43968000 1.40041100
-0.58847000 3.52071300 2.39554100
-1.40556600 3.81592500 3.59259300
-2.29745100 3.17906000 3.57640000
-1.73970400 4.86878300 3.60460100

-0.61370900
0.58660500
1.39420800
0.65237700
0.42656400
1.30075600
2.27991700
1.71830600

3.54017700
4.29536200
4.01621200
4.32344700
5.40185800
4.10508700
4.65332400
2.96444300

4.87001400
4.92460600
3.78736700
2.49216900
247831700
1.64339700
3.87316000
3.79603600

-0.38408400
-1.20287900
-2.42912600
-1.05888600
-1.08653100
-0.74225400
-0.28412300
-3.51467800
-3.30105500
-3.58961900
-4.49806100
-3.89067500
0.48737800
0.65949700

2.46566500 4.94043600
3.82316500 5.74813500
5.64326200 -1.78713800
5.87835300 -2.39471900
5.68733200 -3.47538700
6.92049700 -2.25428000
5.23465100 -1.97577700
6.46677700 -2.46661800
7.54145600 -2.39172400
6.21723000 -3.53339700
6.29196400 -2.01479600
4.03650400 -1.49669000
2.97681900 -0.49305600
2.37288100 -1.39012800
0.75032000 4.01330200 -0.73404700
1.18187100 2.61215700 0.26900500
443358500 -1.02208200 1.06383300
4.57713900 -1.65196200 1.94433000
4.58551000 -1.81822800 -0.23458700
4.30693400 -2.87123100 -0.11422900
5.57716600 -1.74679300 -0.68272600
3.63872900 -1.19064300 -1.12291800
2.66594800 -0.60508300 -0.37113100



AOTAOTCTTZ T TONOOOOQOQODITIAQOZTIZTAOZO

1.67497900 -0.13145800 -0.91253000
3.01544200 -0.63957700 0.95157200
2.05577800 0.24515100 4.55640100
2.16518500 -0.55263800 5.30705900
0.98623700 0.38585700 4.38217200
243836100 1.16110600 5.02811700
5.37683700 0.20925400 1.10933100
5.04053500 0.87444200 1.91027100
5.25795300 0.76082600 0.16870500
6.82827600 -0.17052700 1.31084600
7.74563100 -0.11558500 0.25284100
9.07898000 -0.48781800 0.43747300
9.51681200 -0.92395400 1.68805900
8.61429800 -0.98116600 2.75271300
7.28428500 -0.60702800 2.56417300
6.59271600 -0.64550700 3.40357500
8.94780300 -1.31270400 3.73255300
10.5540160 -1.21268700 1.83471600
9.77444300 -0.43276000 -0.39588900
7.41464800 0.23396800 -0.72287600
2.77393700 -0.07310900 3.27836100
3.85092100 -0.15733500 3.34944600
2.16432500 -0.26656600 2.07736600

358



Table A.1.44. Geometric coordinates and thermally corrected MP2 energies for (R)-16a

(observed structure)

Atom X Y Z

Li
O
Li
Li

OXTZDOQOOQO0OIITAQAIITAQAITIAQAITIITINOODO

0.00000000 0.00000000 0.00000000
0.64749000 -1.06656600 -1.59806100
-0.42351500 0.40046100 -2.56696500
-2.36204200 0.31572800 -0.89991600
-2.06537700 -0.65782500 -2.58093100
-1.15871200 -1.86606900 -1.38773100
-1.61934300 -1.03953100 0.29735200
-0.76152900 1.47091600 -0.97066600
0.34392400 0.86565000 -5.60308300
-0.04170000 -0.14662300 -5.75077800
-0.40879500 1.58596500 -5.94790200
1.69619300 1.10837500 -6.27753500
1.58898900 1.46450900 -7.30661100
228705500 0.18512900 -6.29541000
2.34157700 2.13746800 -5.33734300
343221700 2.17312400 -5.41855200
1.95155500 3.14174900 -5.54159300
1.87250600 1.65085900 -3.96595900
1.76004600 2.44753500 -3.22705400
2.53109000 0.86715900 -3.57018400
0.56282900 1.07089300 -4.19022900
-3.18996900 -0.54640600 -3.41252600
-3.15654500 -1.67091500 -4.53581000
-3.07758600 -1.18779400 -5.51826300
-2.20401100 -2.18627700 -4.38735600
-4.26936500 -2.71986500 -4.57719500

359

G =-3305.095949
Gypr = —3294.260834

Atom X Y Z

TIODITOQTITTTZITTZIQOQA0OQNAITITQOZIQITIAQIAN

-5.63225100 -2.36641800 -4.00558300
-6.14231900 -3.15435500 -3.45150000
-5.75274200 -0.98887900 -3.37056200
-6.64470300 -0.96369900 -2.73386000
-5.89770600 -0.20692700 -4.12399400
-4.48185500 -0.71225400 -2.53505700
-4.28802500 -1.62469300 -1.95844700
-4.62859300 0.35378100 -1.48786400
-5.30053700 -0.18552800 -0.28410700
-4.71311900 -1.02365700 0.10167000
-6.31321300 -0.55768500 -0.52127000
-5.42002100 0.88557700 0.79748800
-6.14705900 2.01665000 0.34093100
-5.52142600 2.56667100 -0.80907200
-5.40287000 1.53821600 -1.92974000
-6.42367300 1.25120900 -2.22911400
-4.92017900 2.00091700 -2.79049600
-6.14912800 3.40176900 -1.13548600
-4.52750100 2.96121200 -0.54810100
-4.41604300 1.19383900 1.13328500
-5.96483100 0.49108200 1.66072400
-5.48249700 -2.61341900 -5.49319100
-5.60167200 -1.48165500 -6.49756500
-5.09051800 -1.74438300 -7.43304000
-6.65479700 -1.28996500 -6.74154400
-5.16865700 -0.54235200 -6.14500000



OIDTCITITQOIIIIZINQODNIITIZIIITIOQNO0CAIDIQOZIOQOIIIQOIOOOQODIIOQIDI T TZTAQOIT DI TN

-6.05030900 -3.92492100 -6.01573000
-7.11619600 -3.82573200 -6.26076600
-5.52846000 -4.24580100 -6.92698200
-5.95333400 -4.72874300 -5.27685100
-3.93202200 -3.74061700 -4.40512600
-3.13963600 0.82108000 -4.13216900

-2.28597400
-4.03654900
-2.98780700
-0.61176500
-1.57350200
-1.55571000
-2.59514800
-1.22448700
0.22759800
0.75153300
1.04015200
2.09810400
0.72936900
0.90346600
1.38176100
1.69158400
3.12774600
3.27352600
3.60084800
3.84201100
3.63138000
2.24060700
1.52587700
1.95155900
0.46428200
2.16173400
1.78776200
3.48975700
4.92460300
-0.88537900
-1.11643200
-2.14659900
-0.44535300
-0.95591000
-1.15263500
-0.49790300
-2.19137400
-0.97938700
-1.65344500
-1.03369200

0.82961300 -4.81656600
1.03350400 -4.72873700
1.63472600 -3.41863000
2.84658100 -0.67836600
3.21864000 0.48897400
4.30377200 0.65257900
2.97924500 0.17025100
246167000 1.75858300
2.61441700 2.18052500
1.72200600 2.51717700
3.52426200 1.27479600
3.48793800 1.56145500
4.56476100 1.40998800
3.12893900 -0.22393000
2.15340300 -0.33504800
4.02200200 -1.11877700
3.72218200 -1.10822700
2.65130600 -1.29448100
3.95654200 -0.13575900
4.52641400 -2.19620700
5.92269800 -2.04726600
6.22225700 -2.03554300
5.46654200 -0.91785100
5.80714600 0.04311100
5.72703200 -0.92009600
7.30375000 -1.88573800
5.96305200 -3.00701800
4.20006700 -3.18953800
4.37014900 -2.14166200
3.12040200 3.08530000
4.59970800 3.34323100
4.77193500 3.68204400
4.96197400 4.13346500
5.22985000 2.46493900
2.27506100 4.32312800
2.57265200 5.15333100
2.38661200 4.66253500
1.21061600 4.12835300
1.46417100 1.82547500
3.65069100 -1.92286400

360

OO IDIQOIID I TQOIIDIQOOQODNITID I TN IQAZIQOIIQAIDOQOAQAII TN T o

-2.04265800 3.33148700 -2.20850200
-1.06842700 4.73335100 -1.75687300
-0.36336400 3.45602600 -2.76384700
-1.78811000 -2.01926800 1.28734200
-2.74756100 -1.47189000 2.43051400
-2.14302700 -1.22854700 3.31405200
-3.10543600 -0.51233500 2.05048700
-3.97390900 -2.28862900 2.85051500
-4.05844100 -3.76337600 2.49295100
-5.03655300 -4.12409800 2.17568300
-2.89999300 -4.33476200 1.68625500
-3.23073100 -5.25416800 1.18932100
-2.06217300 -4.62478000 2.32933100
-2.45155600 -3.28782900 0.64157400
-3.36881100 -2.89693400 0.18321600
-1.68188500 -3.83744100 -0.52435900
-2.58474100 -4.49000100 -1.49855100
-3.34260400 -3.76865000 -1.82126700
-3.10586800 -5.35311300 -1.04871000
-1.80041900 -4.97201400 -2.71777700
-0.76430200 -5.87452800 -2.36141500
0.11590400 -5.27147100 -1.42067400
-0.63319500 -4.82067100 -0.17036400
-1.07335800 -5.71078600 0.30819300
0.07092200 -4.37683400 0.53260600
0.85681000 -6.03384000 -1.15980700
0.63856900 -4.41613500 -1.87827400
-1.37888700 -4.10695700 -3.25504300
-2.46175200 -5.51291700 -3.40170100
-3.96728200 -3.34343600 3.94748000
-2.72037700 -3.60411500 4.77176700
-2.68241700 -2.92413900 5.63277600
-2.72062000 -4.62991800 5.16355900
-1.79460900 -3.46374100 4.21011100
-5.24648700 -3.47804400 4.76136400

-5.34130600 -4.48685200
-5.26095500 -2.76479300
-6.13612200 -3.29055200
-4.91008900 -1.73547200
-0.40584100 -2.31070400
-0.06663700 -1.42087900
-0.40889700 -3.14699200
0.34052700 -2.51183500

5.18504000
5.59606800
4.14903300
2.78062100
1.91979500
2.46089500
2.62935900
1.14725500

4.16990800 -2.03183900 -0.93204900
4.61446600 -1.93921100 -1.92519600
4.94452300 -1.18115200 0.08106100



OZNOQOZITZTZ T TN IO I TNZONQN0OIT T

547576400 -0.34941800 -0.39602000
5.64357200 -1.75508100 0.69077500
3.92516900 -0.64145500 0.93880800
2.73695100 -0.64925800 0.27080500
1.77105000 -0.07306100 0.75273100
2.86071700 -1.35977300 -0.89398600
1.18987100 -2.47851300 -4.16178100
1.56491800 -2.10417500 -5.12593200
0.22687700 -1.99615200 -3.97153300
1.00436900 -3.55453500 -4.30302400
4.06553000 -3.52522300 -0.53650600
3.30918000 -3.98459200 -1.18107100
3.69315400 -3.58070900 0.49392000
5.38314700 -4.25925900 -0.65753700
6.15034400 -4.56447200 0.47490600
7.38038800 -5.21496300 0.35561900
7.86376200 -5.57169800 -0.90342500
7.10751500 -5.27829300 -2.04064200
5.87937200 -4.62939400 -1.91688000
5.29157400 -4.41702200 -2.80777000
7.47180000 -5.56089500 -3.02487000
8.81940000 -6.07992200 -0.99887800
7.95691600 -5.44602000 1.24744700
5.77457600 -4.30112000 1.46149200
2.15859600 -2.20803600 -3.04540600
3.17200500 -2.56359300 -3.18809600
1.81850500 -1.55334500 -1.90131000

361



Table A.1.45. Geometric coordinates and thermally corrected MP2 energies for (R)-26a

Atom X Y Z

Li
O
Li
Li

OODTOONOO0CITITZIOITOIIZIOITIITAOOOL O

0.00000000 0.00000000 0.00000000
-0.78578900 1.83284800 -0.47354500
1.31827400 2.33608200 -0.08078900
1.33135800 0.81223100 2.00531900
0.94299800 2.69397400 1.76927400
-0.84416700 1.92307200 1.56802400
-0.43635900 0.09157400 1.90320500
1.87893300 0.47255100 0.11056100
3.93194100 3.84867400 -0.82106900
3.99227500 3.91856900 0.26768400
447313500 2.95690500 -1.15273000
441383800 5.11278900 -1.53526000
548540000 5.07986700 -1.75428300
4.21983800 6.00241700 -0.92493000
3.53638400 5.12667900 -2.79606200
3.43854100 6.11919600 -3.24635800
3.94360000 4.44960600 -3.55516000
2.20414500 4.60200700 -2.25943500
1.61164900 4.05706900 -2.99947400
1.59383400 5.41799000 -1.85540300
2.53353800 3.69096300 -1.18560000
-0.84551100 -0.88221900 2.82705700
-1.87899300 -1.89221600 2.16802100
-2.76144400 -1.95897200 2.81519000
-2.21551300 -1.40463700 1.24985500
-1.39780500 -3.30099500 1.83203000
-0.42690400 -3.95322700 2.80319400

362

G =-3305.080315
Gypr = —3294.242019

Atom X Y Z

TODNITTOOQTIIZITIZIIZIOQOQO0OAQATTQOZIQITIIOIE

0.37403700 -4.54669100
0.03670100 -3.05270200 3.93927300
0.89832900 -3.50719500 4.44211900
-0.73294200 -2.92959100 4.71000300
0.41658900 -1.68564000 3.31517500
0.93595600 -1.92146800 2.37870400
1.41509900 -0.87684000 4.07925800
2.77501300 -1.43484100 3.94483900
3.02985300 -1.51299000 2.88479300
2.84805700 -2.44812000 4.38006500
3.79737600 -0.54165200 4.64270400
3.51025700 -0.40208600 6.02557400
2.20016400 0.11797700 6.20397800
1.14461100 -0.75402300 5.52670900
1.15410300 -1.74374600 6.01582000
0.16311400 -0.31196400 5.69180400
202461200 0.14893100 7.28405900
2.14545000 1.14532600 5.81097500
3.81912900 0.45042000 4.15839200
4.79703600 -0.98211000 4.57362600
-1.82110300 -4.52206200 2.64420100
-2.85503600 -4.41881500 3.75121800
-3.87093400 -4.45347500 3.33579900
-2.75567300 -5.26174700 4.44775100
-2.77454000 -3.50017200 4.33797100
-1.92031000 -5.83125500 1.87450800
-1.76494500 -6.69426100 2.53611500

2.36206700



TTOIDITITTITIZIOQOIDITIOQOQAIDIIDITITZIOOQO0OAQAIIQAZOAIZIQOIQOQAIINOD DT I T T

-2.90972400 -5.94106300 1.41100900
-1.17290800 -5.88521500 1.07475400
-1.22910200 -3.48740700 0.77342500
-1.61463200 -0.18405600 3.96968700
-2.55168400 0.21031500 3.55901300
-1.87914200 -0.86060900 4.79302600
-1.04983300 0.66111200 4.37151200
3.06251100 -0.16769300 -0.32857600
2.94469000 -1.70679600 -0.11989900
3.87141200 -2.19211200 -0.45354600
2.86601200 -1.91360500 0.95284500
1.73103900 -2.26638900 -0.83765400
1.60067900 -1.84077600 -2.28763000
0.60704600 -1.55034400 -2.61755300
2.74478200 -0.99916600 -2.83139500
243899300 -0.54422200 -3.78094200
3.58356900 -1.65335000 -3.08605600
3.26653600 0.13015100 -1.88222000
2.64876200 1.01740700 -2.04568800
4.63771800 0.57163300 -2.26850400
4.67050100 1.30323000 -3.53821400
3.89890600 2.08190800 -3.52135000
4.46549200 0.65118700 -4.40805400
6.04472900 1.94587200 -3.73460500
7.08537500 0.98085700 -3.69897300
7.04755800 0.24070600 -2.48463100
5.69472400 -0.44502600 -2.29970700
5.57028500 -1.16497200 -3.12894200
5.69880600 -1.01576300 -1.36780200
7.85156300 -0.49893900 -2.55256100
7.24618400 0.90551200 -1.62774000
6.21232400 2.70670200 -2.95257500
6.10861400 2.43160800 -4.71413800
1.76983700 -3.31350300 -1.93718000
3.03456200 -4.08415000 -2.27341200
3.11418700 -4.97791000 -1.64064500
3.01570500 -4.42282100 -3.31805800
3.95245200 -3.50726100 -2.13337200
0.51614200 -4.16619100 -2.07693700
0.41530100 -4.55114300 -3.10103000
0.54895200 -5.03236300 -1.40140000
-0.38573900 -3.59016400 -1.84528300
0.81789700 -2.26977500 -0.24699500
4.22573700 0.35809300 0.53807000
3.96523600 0.20025800 1.59206900
5.18235800 -0.14430200 0.36309300

363

TITOTOTCT T TOQOIETIZITQOIZI T TOOIITITIZITQOQO0OQNIITAZIAQAIZITIQAITOQOOQOITTOOT

4.37575500
0.84284600
2.08345000
242880900
2.88438100
1.89399100
0.57456500
0.12841600
-0.42999700
-1.41360400
-0.16183200
-0.46870500
-0.44150000
-1.72690400
-2.79975100
-2.46629000
-3.03213200
-4.07782100
-4.54744300
-3.54664900
-2.25169800
-2.46428300
-1.51245700
-3.94895400
-3.35657800
-3.90055600
-4.87729700
1.86158900
2.17029300
3.25451500
1.74566000
1.77119900
2.36984800
1.91485300
3.45876900
2.13841200
2.29407700
0.87982000
1.87309500

1.42857000
3.78893900
4.76067100
5.02758500
4.15296000
6.03576400
6.76922800
7.19632300
6.05159400
6.52588800
6.11601300
4.57821700
4.62211700
3.81808300
4.19668800
3.98373000
5.27427500
3.41077100
3.62179900
3.24166600
4.01947600
5.08539000
3.69600500
3.45856700
2.16036400
2.33423000
3.73758300
7.42045800
7.62540500
7.66814800
8.57594600
6.83706400
8.56538000
9.51962700
8.67458100
8.40349600
6.00406200
3.26257300
2.83655700

0.38995100
2.64220800
2.50700200
3.51230900
2.07576500
1.69128200
1.87330200
0.97493600
2.76475400
2.66834200
3.82546900
2.28846200
1.19515900
2.58000400
1.63058600
0.61061100
1.69630300
1.91242300
3.23406100
4.16765500
3.95048900
4.13360300
4.68297000
5.16209000
4.09604300
1.74322800
1.24057500
2.33321400
3.80593700
3.97325300
4.15390900
4.44899100
1.46827700
1.76524100
1.55911400
0.40888400
0.67979900
4.09331400
4.27803000

0.71392900 4.04560600 4.84503000
0.15016000 2.46261000 4.24281300
-3.86735000 1.11252700 -2.37968500
-3.83966600 1.77694500 -3.24597600
-4.16325300 -0.32429300 -2.84109600
-3.95670300 -0.46758600 -3.90747200
-5.18349900 -0.64650100 -2.62644000



AZAQOTCTZTZTTTOOOONQO0AQADITIAQOZDITITANZ0OANO0

-3.25604800

-2.23835700 -
-0.90184500 -1.12441100

-1.25401900
-2.51866600

-1.14550800 -2.08916400

0.37194500 -1.62306200

0.95006700 -1.81057900

-1.19264200 4.54532900 -1.76803700

-0.72103300
-0.41304300
-1.88495300
-4.87254800
-4.45099200
-4.93587600
-6.24554400
-7.32019300
-8.57953900
-8.78378100
-7.72230400
-6.46690700
-5.64959400
-7.87412700
-9.76332400
-9.40048800
-7.17248900
-1.89037900
-2.62471300
-1.65686400

4.96362500 -2.66817000
4.41754200 -1.01277500
5.31878800 -1.40013800
1.66379600 -1.34415700
2.59518500 -0.95239300
0.95608500 -0.50856700
1.91194000 -1.92966600
1.05846700 -1.64618000
1.27822700 -2.20835000
2.35849800 -3.06695200
3.21938400 -3.35604000
2.99743100 -2.79109300
3.68121600 -3.01185300
4.06861400 -4.01715500
2.53279900 -3.50370300
0.60694500 -1.97059800
0.22041700 -0.96831000
3.25014100 -2.05991600
3.27858600 -2.85652200
2.07357000 -1.41836000

364



Table A.1.46. Geometric coordinates and thermally corrected MP2 energies for (R)-27a

B So—1

Atom X Y Z

Li 0.00000000 0.00000000 0.00000000
O -0.89013200 -0.02504800 -1.80358100
Li 0.34002100 -1.77663400 -1.92109000
Li 2.33091700 -0.65986800 -0.72705000

TOOIDTOOQOO0CIIZIOIZIZIONOITZIOTIZNOOL O

1.88026400 -0.77090700 -2.65004200
0.84626500 0.89301000 -2.18363700
1.54782700 1.08158300 -0.42162000
0.87280100 -1.73380200 -0.07915900
-1.40031700 -4.38420000 -1.91087400
-0.54583600 -4.91875300 -1.48850300
-2.03483200 -4.03346700 -1.08716400
-2.19922000 -5.20763800 -2.92345500
-2.98983000 -5.79686000 -2.44900400
-1.54007800 -5.89620200 -3.46459300
-2.72877000 -4.12099100 -3.87091500
-2.99945600 -4.50273200 -4.85991300
-3.61219000 -3.63328200 -3.44121900
-1.55466900 -3.14266200 -3.92463200
-1.86134800 -2.10636300 -4.06702200
-0.82902100 -3.42219000 -4.69763300
-0.90314500 -3.23850500 -2.63471800
1.09932200 -2.36695400 1.15389200
-0.05613300 -3.41062200 1.46966000
-0.51504400 -3.14569200 2.42955300
-0.82425000 -3.21546200 0.71685700
0.27808200 -4.90198400 1.46716300
1.67716900 -5.32308700 1.88297300
2.12422100 -6.14138800 1.31840600

365

G =-3305.083778
Gypy = 3294241551

Atom X Y Z

TTTOTTITZTOQODITITIZITZTTOONOOAQAITTAOAZIAQITAO

2.64049500 -4.18463200 2.18315000
3.66586300 -4.57188300 2.20031400
2.46442900 -3.75341200 3.17487500
2.47925200 -3.10797000 1.08408500
242663600 -3.64540700 0.12888400
3.65094600 -2.18744500 0.92058700
4.72898700 -2.85528100 0.16365000
4.33937000 -3.16636600 -0.81090200
5.09142500 -3.76020300 0.68429000
5.91264900 -1.91441200 -0.04452800
6.44441900 -1.45579900 1.18789800
543191500 -0.79386800 1.93314000
4.23882900 -1.70922400 2.19279100
4.59385600 -2.55230500 2.80873900
3.49058300 -1.16631000 2.76911300
5.88846500 -0.49481900 2.88179100
5.10534200 0.11407300 1.40210200
5.59574500 -1.05775400 -0.66138100
6.72459300 -2.43593000 -0.56117600
0.49276300 -5.70267200 2.74763500
0.27130800 -5.07432300 4.11174200
-0.78796900 -5.13233600 4.39447000
0.84627100 -5.60896900 4.87914500
0.56076800 -4.02150800 4.15803700
0.07688900 -7.16596100 2.70345700
0.64970000 -7.76268400 3.42590800
-0.98751700 -7.28197300 2.94784600
0.23953200 -7.60199100 1.71089200



AT TQOIIZIIZIQIDNIITIQOQIITI I I I ZIQOQ0OAIDITQAZIQAITIQOIQAQADIAQAQAIT T TAO T

-0.16930600 -5.47269200 0.65501100
1.04477700 -1.30427600 2.28004600
0.02193100 -0.91955300 2.35864500
1.31429100 -1.70933700 3.26437400
1.69927300 -0.45729000 2.05431100
2.61883200 -0.90447700 -3.84274900
3.61223400 0.30595300 -4.00844800
3.71657700 0.53453300 -5.07534300
3.11481200 1.17326700 -3.56418000
4.99235500 0.14163700 -3.39120100
5.68153600 -1.17514300 -3.70450400
6.24967500 -1.64190400 -2.90127100
4.82792000 -2.15053500 -4.49991200
5.31261700 -3.13427900 -4.52085300
4.72417400 -1.84136700 -5.54642100
3.43605500 -2.25993000 -3.82055900
3.63601700 -2.40484800 -2.75416600
2.65085000 -3.45345700 -4.22746500
2.90279300 -4.61412700 -3.36982100
2.72810200 -4.32974700 -2.32616300
3.94632100 -4.98040500 -3.45301500
1.95665800 -5.75767500 -3.72899000
2.06752500 -6.13072600 -5.09557000
1.82402500 -5.01215000 -5.93692700
2.78123200 -3.86277400 -5.63093400
3.80375500 -4.20588600 -5.87318300
2.54962500 -3.02114300 -6.28854400
1.96354400 -5.36285700 -6.96454900
0.78138400 -4.67071100 -5.82066100
0.92194200 -5.44992700 -3.50669100
2.19335600 -6.65228000 -3.14384000
6.26329400 0.12057000 -4.23492300
6.25816100 0.45981300 -5.71550800
6.28348400 1.54743000 -5.86372900
7.14839100 0.04120400 -6.20268500
5.38618600 0.07644100 -6.25132300
7.52486600 0.60817100 -3.53569500
8.42217700 0.15303500 -3.97564100
7.62783400 1.69784700 -3.62421300
7.51701600 0.36170800 -2.46782300
5.10831800 0.54293800 -2.38483800
1.65809100 -0.83933600 -5.04647800
1.15852900 0.13680500 -5.05618900
2.17600700 -0.94155000 -6.00894800
0.89438000 -1.61756200 -4.97547900
1.81609800 2.38777400 0.01033600

366

OO TN ITIITOQOZDIT T IZIQOIIITIOOQAIDIIIZII T ITINOOOAQOITIINAZIAQAITIITIOQOITIOOQOTTAO

3.17022000 2.37397600 0.83106300
2.94269800 2.19113600 1.89055400
3.67365400 1.47107600 0.47245500
4.18789400 3.51004400 0.67841000
3.84516200 4.72705300 -0.16385100
4.63568900 5.09631500 -0.81646100
2.45945000 4.75666300 -0.80038900
248664000 5.42244700 -1.67009500
1.71452700 5.18379000 -0.12090000
2.05849800 3.32310200 -1.22873600
2.94172900 2.88703300 -1.71553500
1.00206600 3.23361100 -2.28413300
1.51743900 3.68065600 -3.59643300
241757500 3.10941200 -3.84465500
1.79195600 4.74943900 -3.58219200
0.46428000 3.46900500 -4.67997500
-0.73252200 4.17842000 -4.39660700
-1.24681900 3.81826000 -3.11712900
-0.21827700 4.02405100 -2.00972300
0.01816300 5.09925800 -1.94055600
-0.65523600 3.71376100 -1.06161700
-2.11416300 4.46389600 -2.94600700
-1.58717400 2.77308700 -3.11885800
0.25156700 2.39339600 -4.78813700
0.82860100 3.84560800 -5.64116900
4.11800000 4.88434500 1.32289800
3.03025400 5.25130600 2.31453200
3.34969900 4.99990700 3.33444200
2.82850600 6.33077000 2.29317900
2.08887900 4.73161300 2.13711200
5.45749400 5.51682400 1.67809800
5.38312800 6.61242900 1.69978400
5.79914400 5.18801400 2.66860500
6.23565400 5.25113900 0.95344300
5.20632400 3.13828100 0.56732800
0.64223300 2.82533800 0.92322300
0.71195400 2.28983900 1.87698300
0.60324500 3.89605600 1.14600200
-0.31412900 2.54117300 0.47782000
-4.52080100 -0.30443100 -1.04523800
-4.75551700 -0.93795300 -1.90350900
-4.79512300 -1.02011700 0.28029600
-4.68981000 -2.10811400 0.19749400
-5.76293900 -0.77669700 0.72006100
-3.76069700 -0.52195500 1.15064700
-2.71075600 -0.11270200 0.38394200



AOTAOTCTTZ T TONOOOOQOQODITIAQOZTIZTAOZO

-1.66139900
-3.06265800
-1.99145200
-2.39017400
-0.93534900
-2.04896700
-5.27088400
-4.82931400
-5.08403700
-6.75962500
-7.67213200
-9.04276500
-9.52382100
-8.62646500
-7.25884400
-6.57013600
-8.99280900
-10.5899030

0.22684200 0.91530500

-0.13417600 -0.93784700

0.45980100 -4.57479500

-0.19071200 -5.36736200

0.21171000 -4.44967900
1.48661600 -4.96544600
1.05033800 -1.14591600
1.63015100 -1.96201600
1.61062200 -0.22154100
0.87920400 -1.35946100
1.10439100 -0.31990600
0.91897900 -0.51366700
0.50314900 -1.75525200
0.27898400 -2.80207300
0.46650100 -2.60443500
0.30101700 -3.43062900

-0.03640200 -3.77553000

0.36018000 -1.90921600

-9.73293200 1.10411400 0.30519700
-7.30627900 1.44036900 0.64808900

-2.74434600

0.29102800 -3.28622800

-3.82197900 0.37060000 -3.35301400

-2.16385900

0.07139300 -2.07336700

367



Table A.1.47. Geometric coordinates and thermally corrected MP2 energies for (R)-28a

Atom X Y Z

Li
O
Li
Li

OXTZDOQOQO0OIITAQAIITAQAITIAQAITZINOOLO

0.00000000 0.00000000 0.00000000
0.51767800 -1.04327900 1.69305300
-1.53403000 -1.24967600 1.77497000
-2.02669900 1.14414500 0.96058300
-1.82608500 0.39913000 2.77457800
0.03323200 0.86479400 2.43420200
-0.12724300 1.81478400 0.79887400
-1.84991300 -0.51654500 0.04191600
-3.69228200 -3.34150200 2.66541500
-3.73709000 -2.91562000 3.67188700
-4.41563800 -2.82103800 2.02894000
-3.89914900 -4.86780600 2.67061600
-4.47978700 -5.18025200 1.79545500
-4.43257300 -5.20817400 3.56297500
-2.46407700 -5.41412900 2.57703800
-1.99365900 -5.44416000 3.56661300
-2.41438300 -6.41643700 2.14079900
-1.79234900 -4.35762500 1.70587900
-2.03186400 -4.51203100 0.64455700
-0.70927400 -4.28361000 1.81713500
-2.35837500 -3.10718700 2.15323400
-2.76972800 -0.73996000 -0.98971100
-2.89762300 -2.29486000 -1.29630600
-2.53491400 -2.48536800 -2.31386900
-2.16841000 -2.76614000 -0.63485500
-4.25005500 -2.98303400 -1.10204600

368

G =-3305.087991
G = —3294.249702

Atom X Y Z

TIODTOQTITTTZITITZIQOQA0OQNAITITQOZIQITIAQIN

-5.52183300 -2.15492400 -1.19567000
-6.31106900 -2.40053400 -0.48487900
-5.33043600 -0.66018500 -1.41044800
-6.25699300 -0.13671400 -1.14747400
-5.13636900 -0.42438100 -2.46219000
-4.15899300 -0.18635300 -0.52000800
-4.30367800 -0.66340500 0.45761700
-4.14250400 1.28024600 -0.20313200
-5.10425500 1.58810600 0.87815100
-4.82941400 1.00992500 1.76740100
-6.13471300 1.30787300 0.59495700
-5.08721800 3.07726200 1.21808200
-5.38504100 3.88200400 0.08795700
-4.44878000 3.62240300 -0.94978900
-4.46496500 2.15186600 -1.35547100
-5.46817100 1.92711600 -1.75338000
-3.74409800 1.98832700 -2.15731200
-4.74280000 4.24859300 -1.79781900
-3.43798700 3.92062000 -0.62933400
-4.10153300 3.35738000 1.62428700
-5.84716500 3.30112500 1.97346800
-5.23870700 -3.21918000 -2.23716100
-4.88345700 -2.85467400 -3.66704700
-4.32538700 -3.67155600 -4.14307100
-5.79199300 -2.68775200 -4.26055700
-4.26834800 -1.95514800 -3.74550600
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-6.08050500 -4.48361900 -2.14650200
-7.02685200 -4.37123500 -2.69234600
-5.54971100 -5.34336400 -2.57689700
-6.32573500 -4.73073000 -1.10683500
-4.25152200 -3.76554800 -0.34394200
-2.23833100 -0.07703600 -2.28065300
-1.30840500 -0.57998500 -2.57014000
-2.93348200 -0.14959000 -3.12767100
-1.99669300 0.97370300 -2.11634800
-2.12820700 0.80277500 4.08443400
-3.43551000 0.05850600 4.59785500
-4.23723900 0.79733800 4.72689000
-3.74546800 -0.56519900 3.75548400
-3.35387700 -0.82607700 5.84365800
-2.25591900 -0.57296800 6.86218300
-1.79763000 -1.45889000 7.30092700
-1.26197600 0.52839100 6.52226000
-0.35877300 0.39414800 7.12876700
-1.65243400 1.52007500 6.77617300
-0.91990600 0.43855200 5.01820600
-0.73976000 -0.62055300 4.80894800
0.36010800 1.11503800 4.61328700
1.52796100 0.24528600 4.88695300
1.40710600 -0.69207600 4.34076700
1.60935500 0.01235500 5.96350900
2.82201700 0.91367100 4.43045200
3.02076400 2.17229700 5.05466100
1.91530400 3.02535900 4.79148300
0.60654200 2.41273200 5.28067500
0.67707800 2.28806500 6.37303400
-0.21379000 3.10109800 5.07499800
2.11319700 3.96326500 5.31999000
1.84887400 3.23863400 3.71412700
2.81046100 1.03451100 3.33323500
3.68160000 0.29107700 4.69742000
-3.70378300 -0.33806500 7.24393200
-4.24592100 1.06231300 7.46505900
-5.33706600 1.07437500 7.34388500
-4.02519000 1.40659400 8.48390900
-3.83594500 1.80013700 6.77116500
-4.32375700 -1.36270200 8.18275000
-4.13180600 -1.10503200 9.23288500
-5.41234200 -1.41475800 8.04778500
-3.91857100 -2.36616500 8.00832300
-3.59527900 -1.87380900 5.66662700
-2.42818800 2.31872800 4.07307500

369

s
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-3.34815400 2.49245600 3.50538900
-2.57829700 2.74693300 5.07270900
-1.62828600 2.86872700 3.57104800
0.20866300 3.03919500 0.18325900
-0.67498300 4.20746800 0.77216500
-0.90826400 4.91063500 -0.03566300
-1.63499500 3.76114300 1.05536300
-0.10371100 4.98037000 1.95220500
1.34709800 5.40478400 1.80792100
1.97506000 5.34225600 2.69598600
2.01758700 4.89389600 0.54367000
3.09776200 5.07365000 0.59910500
1.66648100 5.42836400 -0.34637800
1.73978900 3.37079400 0.40831300
1.94872100 2.93773600 1.39299600
2.66870700 2.67180800 -0.51521100
3.90419000 2.25624500 0.15630500
3.64519800 1.64467800 1.02899800
4.49584700 3.12103200 0.51847800
4.78355400 1.43253700 -0.78477600
5.09189800 2.14053900 -1.97636000
3.89071900 2.51703900 -2.64019200
3.02361400 3.39648600 -1.74354200
3.59151900 4.32144500 -1.53292000
2.11960300 3.67753600 -2.28662800
4.19418800 3.06773800 -3.53640800
3.32777300 1.62047400 -2.94528900
4.27743500 0.48787900 -1.03574000
5.74221100 1.20782800 -0.30270700
0.25935100 6.45943100 1.85806800
-0.09958900 7.30475600 0.64835700
-1.13796700 7.65524000 0.71480300
0.54536500 8.19185400 0.60068900
0.00715300 6.77610700 -0.30206400
0.16324800 7.24358600 3.15940500
0.84537200 8.10423900 3.15590800
-0.85415500 7.62645300 3.31479500
0.41925400 6.62145400 4.02514200
-0.43034500 4.64826900 2.93609100
-0.14279300 2.95197600 -1.31535100
-1.22002700 2.77991900 -1.41445400
0.08529500 3.87615100 -1.86127300
0.38600700 2.12141600 -1.79164200
3.69332600 -2.68193000 0.79828300
3.62060100 -3.69229500 1.20676600
4.13917400 -2.75648200 -0.67330800
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4.00539400 -3.75789900
5.17105600 -2.43718500
3.27129600 -1.85076200

2.18385000 -1.57495000 -
-1.07255300

1.24414300 -0.95181300
2.35806700 -2.08265900
0.60333800 -3.14623900
0.21965700 -4.17167400
-0.26234700 -2.48058400
1.14746000 -2.93831900
4.61480100 -1.83601500
4.08882000 -1.69496200
4.73779400 -0.84626200
5.96263700 -2.48318500
7.11194600 -2.02299100
8.34735600 -2.64437400
8.45224300 -3.73966800
7.31562200 -4.20632000
6.08422100 -3.58217800
5.20616400 -3.94398900
7.38975000 -5.05350300
9.41290200 -4.22329600
9.22694600 -2.26832100
7.04151900 -1.16222900
1.47016500 -3.00825200
2.22430000 -3.77708100
1.37259900 -2.02855700

-1.09622900
-0.82891800
-1.37264800

0.60011200

0.65803800
3.90642100
4.00605300
3.87055500
4.84069400
1.70648400
2.65740000
1.25183300
1.93876400
1.28219800
1.47693300
2.33449800
2.99914100
2.80273000
3.33422000
3.67601300
248920200
0.96121900
0.62041000
2.68598600
2.56235900
1.74324400

370



Table A.1.48. Geometric coordinates and thermally corrected MP2 energies for precomplex

pre-(S)-48a

Atom X Y Z

Li
O
Li
Li

TOOQOO0OTTZDIANAITIZZAQATITZIAQAITITZINOOL O

0.00000000 0.00000000 0.00000000
-0.64034500 -1.75668200 0.90262400
-0.11611200 -0.68678500 2.53304200
2.02723700 0.33578500 1.49525800
1.71012900 -1.28233600 2.52387400
1.43306400 -2.06903200 0.78687100
1.87864900 -0.54001000 -0.29580800
0.17865700 1.05628100 1.61529600
-1.71111800 -0.13703600 5.36739600
-0.75557400 0.15892500 5.80972800
-2.23572700 0.76346500 5.03315300
-2.57427200 -0.98228200 6.31262100
-3.27543600 -0.37055400 6.88794900
-1.94573500 -1.53278600 7.02242200
-3.26179700 -1.95827800 5.34679100
-3.61513300 -2.87315800 5.83215500
-4.11586600 -1.47820100 4.85421000
-2.14459500 -2.22136900 4.34131200
-2.48464700 -2.52282700 3.34894600
-1.44386600 -2.97859100 4.71822100
-1.45138500 -0.96101500 4.20278700
2.57028000 -1.50450300 3.60489900
2.67633400 -3.06950200 3.86312900
1.98989400 -3.34092000 4.67762600

371

G = —3537.443713
Gy = —3525.833331

Atom X Y Z

OTTTTITETOOQOO0OOQNITITOZITIOQOITITAQAITAOOIT

2.25657100 -3.51833700 2.95927300
4.04436200 -3.72477400 4.07972200
5.26668500 -2.85818200 4.32809100
6.18269300 -3.16629300 3.82483000
5.04604200 -1.35101000 4.33895400
6.00129000 -0.85175500 4.14167700
4.72362800 -0.99810200 5.32453900
4.00471400 -0.97521200 3.25658300
4.27306900 -1.53880600 2.35374800
4.04632400 0.45520900 2.80518800
5.21792500 0.67591400 1.92876000
5.15895200 -0.01034600 1.08030500
6.16362200 0.47319800 2.46116700

5.26305900
5.31775500
4.18673400
4.12400700
5.02252500
3.25187800
4.28121700
3.26598800
4.38229900
6.16434400

2.11207700
3.04387100
2.86764500
1.45221300
1.29585600
1.36551200
3.59630900
3.08716300
2.31357300
2.27002400

1.41690600
248640700
3.32535900
3.89617900
4.51590400
4.54426000
4.13691900
2.76192700
0.78597400
0.81666400

4.77891300 -3.80653300 5.40880500
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4.14415200 -3.30145800 6.69062100
3.54768500 -4.09628400 7.15783100
4.91232800 -3.00010200 7.41539300
3.48029300 -2.44945400 6.53581200
5.62729900 -5.05086600 5.63019700
6.44233700 -4.85393300 6.33972500
5.02418900 -5.87323400 6.03803100
6.07917300 -5.40227000 4.69552300
4.20704800 -4.58773600 3.43488800
1.95085800 -0.82271200 4.84993100
1.04598900 -1.36968200 5.13532200
2.60923500 -0.78423500 5.72471300
1.64562500 0.19909400 4.60676400
0.68521500 2.12923300 1.92252500
0.49415200 2.57471000 3.42380300
-1.46905600 2.86955800 3.83065800
-0.19862500 1.67662800 3.97297300
0.51502600 3.68038600 3.69252100
0.44020500 4.87613800 2.76070500
1.38514300 5.30729200 2.42894500
-0.59687400 4.73243900 1.65907000
-0.48096800 5.54166400 0.92817700
-1.61728000 4.82064500 2.04969100
-0.39804900 3.35898100 0.96427700
0.67702400 3.27223000 0.76805700
-1.03572600 3.26093000 -0.36963300
-0.20628800 3.82152200 -1.44174200
0.79412200 3.38486600 -1.39073400
-0.09796700 4.92147200 -1.35274500
-0.82085400 3.50729800 -2.80505000
-2.14128200 4.02623900 -2.91434200
-2.95834200 3.50316300 -1.87512600
-2.38289500 3.83315500 -0.49799900
-2.37625200 4.93403200 -0.38812400
-3.04408600 3.42839200 0.26995700
-3.94356500 3.96668900 -1.99611800
-3.06002600 2.41199100 -1.98417000
-0.83122500 2.41747300 -2.96023300
-0.23717800 3.97538900 -3.60476000
0.12045700 5.05189900 4.23260500
-1.28551600 5.35570300 4.72011900
-1.41750300 5.01871200 5.75711800
-1.46920800 6.43789500 4.70069600
-2.06797800 4.88427400 4.12042500
1.18378600 5.76330200 5.05757200
1.05033100 6.85273400 5.02161500

372

TTOIDITITTITIZIOQOIDITIOQOAIDIIDIITIZIOQOQO0OAQAIIQAZODAIZIQOIQOQAIINODID T I T T

1.13714900 5.45777800 6.11164800
2.19291800 5.54177400 4.69136100
1.50436800 3.34156500 3.98911900
-2.14199100 1.62374700 1.80087400
-2.28221400 0.77421200 2.47977100
-2.88361100 2.38609100 2.07282600
-2.34101700 1.28722400 0.78034300
2.34690600 -0.52480000 -1.63097600
2.05115600 0.86410600 -2.29004100
1.98931800 0.73257900 -3.37619400
1.04661100 1.16556700 -1.97704800
3.06140200 1.95418000 -1.96872800
4.50779400 1.56277700 -2.21281400
5.24457700 1.90046400 -1.48503000
4.68881200 0.11624500 -2.64278700
5.75424500 -0.14593500 -2.63462200
4.34467800 -0.04692300 -3.67021900
3.91387200 -0.79590800 -1.65207400
4.22136100 -0.47905200 -0.65256000
4.29358400 -2.22823300 -1.73210400
5.38656800 -2.58616800 -0.82700800
5.12778800 -2.26740400 0.18836100
6.34219900 -2.09618700 -1.10536900
5.59749600 -4.09854100 -0.81989900
5.85830400 -4.60337000 -2.12457800
4.80646200 -4.25414800 -3.01295100
4.59567500 -2.74299300 -3.07036500
5.51007700 -2.29181900 -3.49884300
3.76829400 -2.52293800 -3.75067500
5.09247600 -4.64050900 -3.99680000
3.86959100 -4.74397100 -2.69971000
4.70219000 -4.58214400 -0.39782000
6.46567800 -4.36460100 -0.20815100
3.87602300 2.65993500 -3.04826800
3.58653000 2.48257000 -4.52900400
2.76730100 3.14193900 -4.84461000
447077900 2.74912100 -5.12273300
3.30755000 1.46212300 -4.80262800
4.32503500 4.07609000 -2.71498200
5.24466200 4.33778800 -3.25539300
3.55652600 4.80918200 -2.99402200
4.52390800 4.19616600 -1.64379000
2.85056000 2.54656500 -1.07911100
1.57520400 -1.57839300 -2.45414000
0.50450100 -1.35755900 -2.40541800
1.86428300 -1.57761800 -3.51325400
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1.75470900 -2.57843500 -2.05230400
-1.62516500 -2.53868200 0.57019200
-2.59043000 -1.98649900 -0.38200600
-3.99815400 -2.40725700 -0.45926000
-4.41779500 -1.73914300 -1.77661000
-4.32047100 -2.41651800 -2.63263100
-5.42864100 -1.32921900 -1.75391500
-3.48773100 -0.65693600 -1.94327400
-2.37360800 -0.91054000 -1.20002600
-1.38297000 -0.20679400 -1.32908100
-4.07379700 -3.49243400 -0.55316100
-4.80823400 -1.93733400 0.77202000
-4.28449600 -2.30209800 1.66216400
-4.78301400 -0.84142300 0.80645300
-6.23677600 -2.43535000 0.76127900
-6.52458200 -3.77578400 1.06084700
-7.83451900 -4.25277400 1.02720300
-8.88487500 -3.39437200 0.69351700
-8.61439000 -2.05808300 0.39796300
-7.30082100 -1.58486800 0.43191300
-7.09975400 -0.53857000 0.21141700
-9.42520400 -1.38035000 0.14419500
-9.90631700 -3.76413700 0.66928400
-8.03667400 -5.29352500 1.26670800
-5.71354400 -4.44846500 1.33312900
-1.86969000 -3.80236600 1.02359100
-2.70988600 -4.35779900 0.62148500
-1.04378100 -4.49889500 2.06751100
-0.24498400 -3.85181300 2.44062600
-1.65113600 -4.81580100 2.92822000
-0.57167000 -5.41729800 1.68725800

1.89561200 -4.01723200 0.29534800

1.22436200 -4.82745000 -0.32541400

1.73418400 -6.16705700 -0.80118700

2.82796000 -6.14022900 -0.74170400

1.28637500 -6.41618300 -2.25178200

1.65796900 -7.38563000 -2.60032900
0.19233900 -6.42876800 -2.33085800

1.66550100 -5.64577400 -2.93160900

1.20947000 -7.27148900 0.14204900
0.11357400 -7.30834800 0.14235200

1.57667600 -8.24744400 -0.19369000

1.54849200 -7.11378100 1.17097500
0.16434400 -4.59747500 -0.55194800
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Table A.1.49. Geometric coordinates and thermally corrected MP2 energies for precomplex

pre-(S)-47a

Atom X Y Z

Li
O

0.00000000 0.00000000 0.00000000
-0.81634900 -1.70497300 0.71066000

Li -0.00323400 -0.95915200 2.37718100

Li
O
Li

TOOQOO0OTTZIAQAITIITIAQAIZIITIANAITITNOO

2.16490300 -0.14172100 1.31689500
1.69502000 -1.82707000 2.19639400
1.15210800 -2.37750300 0.42103600
1.75926400 -0.77042500 -0.51595600
0.47216900 0.82135900 1.69492200
1.63717700 -5.49667600 0.37061900
2.69515200 -5.24333400 0.47956100
1.22338500 -5.71242100 1.36421600
1.37348000 -6.64984900 -0.59767400
1.43553200 -7.62687500 -0.10868900
2.09553900 -6.63376800 -1.42227200
-0.03449500 -6.31032900 -1.10864900
-0.26995100 -6.77512100 -2.07096000
-0.79146200 -6.62996700 -0.38294400
0.01453000 -4.78254600 -1.19875900
-0.94594700 -4.30269300 -0.99560600
0.38765500 -4.45154700 -2.17458400
0.95540600 -4.35303800 -0.18365000
2.53786200 -2.17182000 3.26262700
2.37993700 -3.71772700 3.60103000
1.89020400 -3.81736900 4.57851000

374

G =-3537.446097

) Gyp, =—-3525.836270

Atom X Y Z

OTTTTITETTOOQ0OOQNITTOZITIOQOITITAQAITAOOT

1.65242000 -4.08304000
3.60587200 -4.63152500
4.99094600 -4.02517400
5.76661600 -4.44658100
5.05125700 -2.51015400
6.06490800 -2.17021800
4.86333800 -2.18325500 4.84418400
4.02136700 -1.88204800 2.84727100
4.12760800 -2.41054600 1.89109100
4.27790200 -0.44687800 2.49746900
5.35820200 -0.34273800 1.49447700
5.07859800 -0.92509300 0.61241700
6.30966600 -0.74942000 1.88152800
5.58534200 1.11044000 1.08673500
5.91337300 1.92625200 2.20079200
4.88455800 1.84770500 3.17682900
4.66579200 0.41024100 3.64000000
5.60292200 0.05704000 4.10127400
3.89021000 0.39003200 4.40470400
5.20619900 2.47018100 4.01803700
3.94582800 2.26043500 2.77395300
4.68449100 1.49944400 0.58585300
6.42674700 1.18008100 0.39043800
4.46522000 -4.95715600 4.76225800

2.87330200
3.54737700
3.68833800
3.04922400
3.81566200
3.57365300
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4.08751300 -4.44632700 6.14048400
3.39413500 -5.14324600 6.62963300
4.97527500 -4.36337000 6.78135500
3.60071500 -3.46848100 6.12092100
5.08227000 -6.34765100 4.80005300
5.99811900 -6.35919400 5.40618400
4.38703000 -7.07749500 5.23611100
5.34550700 -6.69873700 3.79555500
3.52048600 -5.44995700 2.83358500
2.09541900 -1.37608600 4.51390400
1.10357000 -1.72202300 4.82314700
2.76856100 -1.49481100 5.37295300
2.00808600 -0.31108400 4.28495600
-0.19775000 1.95260600 2.21257900
-0.00338000 2.04777200 3.76952600
-0.86902200 2.56864700 4.19552400
-0.04702500 1.02789000 4.16678600
1.27178600 2.73543100 4.23088900
1.54513500 4.07598900 3.57324500
2.57643000 4.29671000 3.29709000
0.52612400 4.45974600 2.51227600
0.86827300 5.34930700 1.96952600
-0.43867500 4.72884300 2.95706700
0.35989900 3.27316000 1.52406500
1.37442400 2.98356100 1.22891700
-0.31572900 3.63759300 0.25652300
0.59740200 4.19220300 -0.74665400
1.44733100 3.51702700 -0.87244300
0.99409500 5.18388000 -0.44868700
-0.12017700 4.34191700 -2.08728100
-1.26928000 5.17359600 -1.97663900
-2.15784600 4.65738600 -0.99509600
-1.47264700 4.53412600 0.36525300
-1.18124300 5.54955100 0.69362700
-2.18826100 4.14447200 1.09196700
-2.99627900 5.35999700 -0.93930200
-2.53788600 3.67108200 -1.30776600
-0.41001400 3.34686700 -2.46085800
0.53629900 4.81875400 -2.82274200
1.26634100 4.01312400 5.06354100
-0.00344200 4.58328900 5.67170500
-0.23372000 4.08603100 6.62339900
0.12367100 5.65335700 5.88195400
-0.88100600 4.48189900 5.02873900
247481200 4.21495900 5.96722800
2.65044100 5.28147200 6.16181400

375
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2.33075100 3.71970300 6.93695000
3.38755100 3.80653300 5.51819900
2.12255400 2.07841400 4.39878900
-1.71410200 1.77188300 1.97415800
-2.03272800 0.83439700 2.44287200
-2.31669500 2.57433600 2.41798400
-1.93064200 1.71588300 0.90505700
2.08997000 -0.61547200 -1.88174200
1.97413600 0.89176500 -2.30543000
1.74200600 0.93898200 -3.37513100
1.09510000 1.30868600 -1.80216400
3.20110400 1.74283500 -2.01699000
4.51012300 1.15779700 -2.51564900
5.38093100 1.26530900 -1.86962300
4.36873300 -0.22527400 -3.12874900
5.36110800 -0.65612800 -3.31180400
3.86920100 -0.18916500 -4.10349100
3.57505700 -1.12017300 -2.13759900
4.04638900 -0.97597600 -1.16196900
3.70542700 -2.57607400 -2.40782500
4.88526600 -3.16254500 -1.76694900
4.86019800 -2.93588700 -0.69502700
5.83249500 -2.75636700 -2.17578800
4.89413600 -4.67976000 -1.94411600
4.84246000 -5.05839700 -3.31199800
3.70296700 -4.49010800 -3.94386200
3.69763200 -2.96861500 -3.82202400
4.57969100 -2.58509500 -4.36683200
2.80634100 -2.57360500 -4.31459100
3.75267600 -4.79134100 -4.99523000
2.77948300 -4.90221700 -3.50221600
4.03628900 -5.11200300 -1.40340600
5.81626800 -5.10923500 -1.53889900
3.98938500 2.44849800 -3.11688500
3.49192100 2.52840100 -4.54992600
2.77726200 3.35372100 -4.66669800
4.33134700 2.72066300 -5.23096600
2.99710200 1.61718900 -4.89462200
4.72718400 3.71110800 -2.69249600
5.60516800 3.88851500 -3.32794100
407743400 4.59281800 -2.77150500
5.07510100 3.64769100 -1.65511100
3.21711900 2.23318200 -1.04477200
1.06931900 -1.39428800 -2.73651000
0.06379200 -1.02014500 -2.52292200
1.24073800 -1.27509700 -3.81413600
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1.11268900 -2.45835600 -2.49372700
-1.98246900 -2.25099200 0.53718600
-2.85253200 -1.58393500 -0.42947400
-4.25249300 -1.96077000 -0.67749200
-4.48891100 -1.27073200 -2.02619900
-4.27142800 -1.93184400 -2.87296100
-5.49261900 -0.85804500 -2.13664200
-3.54523900 -0.18750800 -2.03581600
-2.52860800 -0.47858000 -1.17529700
-1.53023200 0.22579200 -1.15932600
-4.33843500 -3.04475800 -0.78195600
-5.19586300 -1.46078800 0.44488300
-4.80523100 -1.84135600 1.39462800
-5.13245500 -0.36641100 0.48268200
-6.63175700 -1.89620200 0.25075600
-7.01243900 -3.22699400 0.48252500
-8.32812900 -3.64193900 0.27877300
-9.29129800 -2.73026400 -0.15993000
-8.92868200 -1.40289800 -0.38949300
-7.60964700 -0.99202400 -0.18556500
-7.33743100 0.04738000 -0.35649500
-9.67165100 -0.68394700 -0.72437100
-10.3171610 -3.05227100 -0.31652100
-8.60331500 -4.67640000 0.46719200
-6.27240000 -3.94302300 0.83502600
-2.46102000 -3.37329900 1.14985300
-3.44913900 -3.74397800 0.90412800
-1.65252800 -4.20145800 2.10943100
-0.69001900 -3.73151400 2.32406900
-2.17166300 -4.35637700 3.06774800
-1.44716400 -5.20775600 1.71303700
-1.28810900 -1.36263000 3.93094500
-2.50348400 -1.44805000 3.99168800
-3.12365700 -1.03591600 3.17373400
-3.26574400 -2.07223700 5.13494500
-3.84786900 -2.88595300 4.67022000
-2.35311400 -2.64615800 6.21939300
-2.94990100 -3.12976600 6.99996700
-1.66030200 -3.38501800 5.80617100
-1.75637500 -1.85539800 6.68622400
-4.27905400 -1.04286300 5.68156300
-4.91692400 -0.63825600 4.88745700
-4.92779600 -1.51451900 6.42629300
-3.76243600 -0.20568800 6.16470100

376



Table A.1.50. Geometric coordinates and thermally corrected MP2 energies for precomplex

pre-(R)-49a

Atom X Y Z

Li
O
Li
Li

TTOQo0o@mITODNITOQO@n T QOmITQ0o0oDO

0.00000000 0.00000000 0.00000000
-1.13259100 1.18565400 -1.18252800
0.39741400 0.76506200 -2.40851000
2.24900200 0.97374500 -0.66510900
1.48213800 2.26462300 -1.91757700
0.23320300 2.61947100 -0.47872700
1.06046300 1.44568400 0.84904600
1.26224900 -0.63393800 -1.33252400
-0.45846500 5.68538500 -0.81302100
0.59430600 5.85264200 -0.57034000
-0.57296700 5.69646600 -1.90494100
-1.41512100 6.67553400 -0.14995100
-1.53797400 7.59267500 -0.73406300
-1.05326700 6.95009100 0.84755000
-2.70049900 5.84060300 -0.04595700
-3.39042700 6.20171400 0.72277900
-3.23248900 5.83957800 -1.00453700
-2.15670700 4.44418000 0.27257300
-2.75147900 3.63423000 -0.15734100
-2.06150300 4.28757300 1.35289600
-0.83169700 4.38666100 -0.31113500
243170800 2.86637200 -2.75567800
1.82737600 4.19360200 -3.38816200
1.64556700 4.02477900 -4.45763400
0.83840700 4.28173500 -2.93383300

377

G =-3537.446049
Gyp, =—-3525.837092

Atom X Y Z

TOQZITID T T D0 IZDQZIDOQOTZIAQITAON

2.55631200
4.03466500
4.35652100
4.67998700
5.60812600
4.97186500
3.69405200
3.28027300
4.32498000
4.98289700
4.24160900
5.79181600
5.57619700
6.51435300
5.89959300
5.34420300

5.52510600 -3.19334800
5.52200200 -2.84334100
6.26551400 -2.11436700
4.15656200 -2.65609700
4.27513200 -2.08527300
3.71006600 -3.61295400
3.23316200 -1.90328100
3.82356800 -1.07564700
2.05439200 -1.22572100
2.47098000 0.03049600
2.95242200 0.67411300
3.19891100 -0.16026500
1.26899900 0.76078600
0.57099700 -0.04381100
0.15618400 -1.25527400
1.34649700 -2.03185100
6.18833000 2.01106500 -2.28082200
4.90669400 0.99964100 -2.96718500
6.67532000 -0.34825700 -1.84028800
5.09387200 -0.56546000 -1.04580400
4.76692800 0.59020100 1.07324700
6.11535700 1.59923600 1.65405900
3.57725200 6.08306300 -4.17546200
3.87270800 5.36917400 -5.48148700
3.16591700 5.68763900 -6.25913200
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4.88268900
3.80063300
3.62365300
4.61509700
2.89066200
3.40332400
1.95745800
2.74227000
1.84883600
3.56253500
2.98198900

5.61218600 -5.83709700
4.28169700 -5.40698200
7.59814600 -4.31247400
7.93627200 -4.64242000
7.95105400 -5.05030000
8.09602100 -3.36099300
6.28854400 -2.69789900
1.89265100 -3.91811400
1.79162000 -4.54337200
2.22393700 -4.56773300
0.89657000 -3.53767900

1.29075600 -1.96346500 -1.81077000
2.00289500 -2.03603500 -3.21025000
1.59151100 -2.88796700 -3.76396600
1.70378500 -1.14545200 -3.77392800
3.51820600 -2.14995400 -3.17360100
4.05381800 -3.22256500 -2.24196600
4.94170100 -2.97961400 -1.65791300
2.97498000 -3.94736500 -1.45287200
3.43514700 -4.58572400 -0.68876000
2.38726400 -4.61613800 -2.09211700
2.05563400 -2.89634300 -0.77385800
2.72315000 -2.19443900 -0.26203600
1.19872600 -3.45653800 0.29816500
1.87707400 -3.54414800 1.59430300
2.31945700 -2.57496700 1.83665900
2.69227800 -4.29591600 1.58952700
0.87814500 -3.92291100 2.68713400
0.23377100 -5.15883400 2.40316800
-0.41525500 -5.09611300 1.14015000
0.57328700 -4.75613300 0.02551600
1.31891000 -5.57162100 -0.02814600
0.04221500 -4.73009100 -0.92772700
-0.85711600 -6.08418600 0.97218100
-1.21999000 -4.34329700 1.16325000
0.12816600 -3.12267400 2.79116400
1.39058000 -4.05502800 3.64594300
4.26987600 -3.35049300 -3.73855500
3.58363000 -4.42501700 -4.56453600
3.49494600 -4.10965500 -5.61271700
4.17348400 -5.35087700 -4.54831600
2.57985700 -4.67476900 -4.21228600
5.68496500 -3.07116200 -4.22555000
6.30745700 -3.97442100 -4.17378200
5.68311800 -2.72800600 -5.26889000
6.17462300 -2.29760900 -3.62268500

378
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4.05960200 -1.20703600 -3.21324100
-0.16350100 -2.43122100 -2.04342500
-0.64630800 -1.73942500 -2.74220200
-0.22355900 -3.43159000 -2.48993500
-0.72230500 -2.42840400 -1.10544100
0.95105800 1.48647200 2.25757000
1.27512600 0.07781000 2.87268800
0.72890200 -0.02660700 3.81675300
0.84659200 -0.67893100 2.20688000

2.75147700 -0.20288600
3.48838700 0.88125200
4.49925700 1.12171700
2.63419700 2.10172900
3.25996300 2.90814400
1.88022300 1.89125200
1.96250900 2.55778400
2.76070800 2.57237300
1.45184600 3.95310100
2.48192000 4.93534000
291661500 4.67043000
3.30484800 4.96378100
1.87687600 6.33398100
1.21273800 6.72178500
0.21592300 5.76971200
0.81015400 4.37308400
1.52307800 4.40719300
0.01486200 3.67302800
-0.22116400 6.11393000
-0.57448100 5.74949200
1.17086400 6.35897000
2.65946400 7.07962100
3.32050900 -0.49251600
243289000 -0.73176900
2.07540600 -1.76974800
3.00010200 -0.56205800
1.55392100 -0.08354100
4.57676400 -1.35263100
5.18209700 -1.13852300
4.32309200 -2.42080700
5.20650700 -1.17793600
3.28084100 -0.67068700
-0.50923400 1.80899500
-1.16955400 1.05221200
-0.67482000 1.80539900
-0.78921700 2.79036500
-0.41923700 0.55312700

3.10934400
3.87566900
3.54747800
4.17532800
4.57718300
4.94210700
2.85046700
2.10350000
2.88371300
2.53646900
1.56607600
3.27916900
243114900
3.62520200
3.97357900
4.13509700
4.97939200
4.40032400
4.91643900
3.20400000
1.58541700
2.25631400
4.49509900
5.70423600
5.72334300
6.62882500
5.74037400
4.52390100
5.41483800
4.54428000
3.64417900
2.28060900
2.63750500
2.20271900
3.72267800
2.24744000

-4.27433700
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-1.50256000 0.12047100 -4.63358200
-2.08937400 -0.52620800 -3.95541200
-2.12564200 0.37879600 -5.98402500
-3.08056800 0.88126900 -5.75603600
-1.26910800 1.28049300 -6.87378300
-1.78770600 1.48791300 -7.81583800
-1.05154400 2.23253800 -6.38106600
-0.31243700 0.80194500 -7.10887100
-2.46693700 -0.97369000 -6.64584800
-3.07008200 -1.60894700 -5.98683800
-3.03538200 -0.80940700 -7.56678600
-1.55417400 -1.52197700 -6.90569000
-4.65780700 0.06497600 -0.83781000
-4.98156600 0.11088600 -1.88010600
-4.86404400 -1.34291300 -0.26935300
-4.84913700 -2.11191100 -1.05042700
-5.77249400 -1.44633000 0.32541000
-3.72938700 -1.53959000 0.59035400
-2.72098600 -0.71604400 0.18538700
-1.60787100 -0.83778300 0.67388300
-3.19135100 0.16464200 -0.75732300
-2.37165300 3.06823700 -3.13068900
-2.56714600 3.00438200 -4.21158500
-1.28923200 3.04430200 -2.98467900
-2.72491800 4.06381800 -2.81980800
-5.36586700 1.16736600 -0.01049100
-4.97703900 2.13541500 -0.34208200
-5.07528400 1.04505700 1.04007400
-6.87258800 1.12818300 -0.14512400
-7.67974700 0.62367600 0.88358200
-9.06813600 0.56503400 0.74482100
-9.67339700 1.01138300 -0.43011700
-8.88201900 1.52097900 -1.46224900
-7.49611100 1.57895500 -1.31869500
-6.89001100 1.99056300 -2.12352900
-9.34551400 1.87953800 -2.37765900
-10.7535680 0.96858100 -0.53974400
-9.67499500 0.17422700 1.55726800
-7.21674000 0.28411300 1.80774100
-3.04828200 1.96450500 -2.36586600
-4.11536900 1.85266100 -2.51756700
-2.39984400 1.16675200 -1.46606100

379



Table A.1.51. Geometric coordinates and thermally
pre-(R)-50a

Atom X

Y

V/

Li
O
Li
Li

TOQOZIZOQOTTQOTQOQOZZZQQ0o0oLD o

0.00000000 0.00000000 0.00000000
-1.29722100 -0.81350400 1.27581100
0.12651600 -0.09166100 2.60542500
2.08565600 -0.78422000 1.12195700
1.17239800 -1.71884500 2.55444100
0.06024500 -2.38337000 1.14238700
1.06714500 -1.65240300 -0.35147800

1.11635600 0.93492900
2.05070300 -2.31294000
1.36572600 -3.53698100
1.56745300 -3.45516700
0.28884900 -3.37934000
1.73089500 -4.94154900
3.19287200 -5.18494200
3.39281100 -5.81682100
4.07139600 -3.94286200
5.04272500 -4.15431400
4.28482500 -3.63545700
3.31736900 -2.82479000
2.88282500 -3.30722700
4.16332900 -1.73212800

1.24279600
3.47086100
4.20772100
5.28243000
4.09283100
3.73661900
3.39636000
2.53059700
3.45535600
2.99322300
448561800
2.69103000
1.80730400
2.11778900

4.87178000 -2.19262800 0.90429000
4.13574300 -2.53857700 0.17302800

380

corrected MP2 energies for precomplex
( .

) G =-3537.446490
. Gypy = —3525.839661

Atom X Y Z

TODNITITTOQOTIITQOQDIZIZD DT IZIOQ0OONT

5.55138700 -3.03457300 1.12767500

5.69318800 -1.06132500
6.64713300 -0.54504500
5.99580800 -0.08760100
5.18546400 -1.19853600
5.88626000 -1.99239700
4.71084500 -0.80448500
6.78444500 0.25530700
5.34240900 0.76726400
5.02467800 -0.25457300
6.25675700 -1.43117800
2.57399300 -5.89129300
2.97261800 -5.55171600
2.16162400 -5.79708800
3.85232500 -6.13654300
3.21967900 -4.49691000
2.29323000 -7.37553700
3.17936100 -7.98047100
1.48010500 -7.70937300

0.29010400
1.20595800
2.38287200
3.04460600
3.35363500
3.94200400
3.06012900
2.14715600
-0.05254600
-0.57214200
4.58413100
6.00936400
6.70791300
6.30818300
6.15348600
4.39735800
4.63171800
5.05585100

1.99916000 -7.60263700 3.36607100
0.99522500 -5.41793600 3.09172400
2.38150300 -1.28268000 4.57332300
1.47248400 -1.09385900 5.15309700
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3.14858900 -1.63036500 5.27788600
2.69762000 -0.33022300 4.13854900
1.05914900 -2.17073900 -1.66655100
1.67762100 -1.13551000 -2.67170000
1.24255000 -1.30782700 -3.66268900
1.32893300 -0.14175300 -2.36751100
3.19544300 -1.15627000 -2.77655700
3.79987100 -2.53251500 -2.99351400
4.71904600 -2.76660000 -2.45562900
2.77830600 -3.65682400 -2.98809100
3.28940600 -4.62746600 -2.98747400
2.15879700 -3.64054000 -3.89163200
1.89750700 -3.52139300 -1.71679000
2.59252000 -3.40258300 -0.88103500
1.12830100 -4.74950000 -1.38863100
1.90330100 -5.69224400 -0.57610200
2.26820700 -5.17574600 0.31801000
2.78225500 -6.09019800 -1.12240200
1.03088300 -6.86583400 -0.13615000
0.44344900 -7.53948500 -1.24315400
-0.30671100 -6.63019700 -2.03509600
0.55851900 -5.47439800 -2.53036700
1.33863000 -5.89841000 -3.18856500
-0.05485900 -4.80147500 -3.13400000
-0.69824500 -7.20673500 -2.87965600
-1.15650700 -6.23183300 -1.45448000
0.24563900 -6.49429600 0.53983000
1.63160200 -7.61240300 0.39416900
3.92890900 -1.47726100 -4.07516500
3.20957300 -1.59506800 -5.40828700
3.06226900 -0.60341500 -5.85575000
3.80923800 -2.18783800 -6.11154800
222767700 -2.07020800 -5.33965900
5.31088800 -0.85584900 -4.22220000
5.94807400 -1.45928700 -4.88260500
5.24615200 0.15237300 -4.65157000
5.82061900 -0.77041300 -3.25569400
3.72446100 -0.48581900 -2.10286800
-0.40451200 -2.38974300 -2.10775800
-0.93255900 -1.43181700 -2.07745100
-0.48380300 -2.77177500 -3.13335700
-0.90457100 -3.09309800 -1.43518900
-0.92539400 -4.16075200 1.43780200
-2.11588400 -4.42080000 1.52103300
-2.67333400 -5.80784900 1.73166300
-1.84807600 -6.51801100 1.61029000

381
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-3.77004500 -6.09339100 0.68986100
-4.19210800 -7.09079500 0.85223300
-4.58910000 -5.36756100 0.76607300
-3.37615200 -6.05717700 -0.33153900
-3.22482100 -5.91394700 3.16948200
-4.02719700 -5.18702900 3.34328000
-3.63886100 -6.91481700 3.33320300
-2.44010800 -5.74256400 3.91348100
-2.85824000 -3.60083300 1.45522500
-4.66394200 -0.29941100 -0.17296100
-5.28289100 -0.07301600 0.69749300
-4.83998400 0.79019400 -1.23900400
-5.19404500 1.73498900 -0.81105200
-5.49769400 0.49582300 -2.05818400
-3.51778900 0.99342500 -1.76298100
-2.60640000 0.55117300 -0.85243900
-1.41807200 0.79218500 -1.02265500
-3.23811900 -0.13218500 0.15148800
-2.90144800 -1.78985700 3.59590000
-3.07691400 -1.15328300 4.47606800
-1.82609500 -1.98045400 3.54066200
-3.40522400 -2.74506600 3.81043600
-4.97597800 -1.72707400 -0.68087700
-4.59485600 -2.42820500 0.06910200
-4.40820800 -1.89798600 -1.60356100
-6.45178500 -1.96153600 -0.91763400
-6.98060200 -2.01235200 -2.21435400
-8.34734900 -2.20740600 -2.42537900
-9.20945900 -2.35420900 -1.33850800
-8.69589100 -2.30857800 -0.04016700
-7.33038600 -2.11514600 0.16593200
-6.93778800 -2.09230700 1.18077600
-9.35905700 -2.42912300 0.81247300
-10.2728530 -2.50766900 -1.50045700
-8.73578600 -2.24810500 -3.43954600
-6.31339500 -1.91052000 -3.06767100
-3.40784900 -1.15789300 2.33031200
-4.47716700 -0.99260500 2.26665600
-2.59299800 -0.73405700 1.32144000
-0.71399200 0.46006900 5.64005900
-0.79987500 -0.62100700 5.78663000
0.25934300 0.79056300 6.02215000
-1.86566300 1.24605600 6.27703000
-1.63695600 1.55876500 7.30042100
-2.77729900 0.63754500 6.30526900
-2.04012100 2.41981400 5.30140000



T ITOQOITITDZIQOD I TNQOIDITID TIOQ0OODITIQZODOD IO IO T TN IT T

-3.03174000 2.87967300 5.35299800
-1.29347800 3.19851300 5.49922500
-1.77117100 1.75241200 3.95368200
-1.36054100 2.42474300 3.19627100
-2.66657500 1.25514400 3.55996500
-0.76733000 0.74167600 4.22539900
1.61768500 2.25567800 1.30116300
2.99928200 2.32492000 0.57246800
3.53376900 3.22430400 0.90052500
3.59528500 1.47833000 0.93381700
2.89655000 2.29846800 -0.94191200
1.96032000 3.34652500 -1.51562200
1.30680800 3.03944900 -2.33197500
1.27820500 4.19309800 -0.45551100
0.52557000 4.84154900 -0.92062600
1.99089300 4.86221600 0.03806400
0.59629500 3.25569300 0.57947100
-0.03563900 2.58177800 -0.00308700
-0.36037300 3.97197300 1.47372600
-1.66046600 4.17249500 0.81699600
-2.04492000 3.20007200 0.49128800
-1.57791200 4.81385100 -0.08111100
-2.66410700 4.81698700 1.77270600
-2.18451200 6.04480300 2.30168800
-0.93414500 5.85144300 2.94977400

0.10241900
0.26696000
1.04893000

5.26625400
6.00415100
5.13741300

-0.61554300 6.83717500
-1.05788400 5.18816400
-2.89880400 4.12205700
-3.59440500 5.05096500

3.44229200
4.34501700
5.38900800
4.30168400
4.08454300
3.81763900
3.73095500
4.85380900
3.17059600
2.85725900
1.87886800
2.54644000
2.36807700

3.40261300 -
4.50556600 -
-1.28333500
-1.97366000
-0.30721000
297750300 -
-3.95251300
-3.29269500
-3.61467700
-1.38645800

4.16679300
5.38142400
4.84496400

3.81864900
2.61587400
2.17124800
1.30860000

1.99398400
1.18885900
2.52467300
3.30364000
3.82266600
2.59606200
1.24436900
1.83860600
1.31274900

3.25144700

2.62132300 2.77643900

1.86629200
3.59594900

3.20899100
2.89607800

0.95023000 2.62410300 3.35120600

382



Table A.1.52. Geometric coordinates and thermally corrected MP2 energies for transition state

(S)-48a

Atom X Y Z

Li
O
Li
Li
O
Li

QAAQOOCTTANAITAQATITQAITITNOO

0.00000000 0.00000000 0.00000000
-1.31387000 0.93228400 -1.35221500
0.22059500 0.54565100 -2.59195100
2.15168600 0.95472900 -0.92970700
1.30426700 2.09161600 -2.24491100
0.22834500 2.71640000 -0.74531000
1.01861500 1.56261300 0.60036200
1.16301100 -0.71136600 -1.36101800
-0.21802000 -0.28828500 -5.73405700
-0.30138200 0.68206500 -6.23747300
0.84018700 -0.54142800 -5.63839500
-1.03816200 -1.38474300 -6.45412500
-0.39679800 -2.13571900 -6.92358600
-1.66061500 -0.94329300 -7.23953600
-1.91771300 -1.97552500 -5.33488400
-2.88246500 -2.34245600 -5.69835400
-1.40354100 -2.79798000 -4.82671400
-2.05461300 -0.78805100 -4.38816700
-2.28966800 -1.04772900 -3.35493700
-2.80680900 -0.07369500 -4.75508300
-0.75337200 -0.17627800 -4.39430900
2.16607900 2.77069600 -3.11767700
1.47312400 4.12523600 -3.57069500

383

Atom X

TTTDIZTTOQOCOQOIITQZITIQAIZIITIQOIOQNIT

0.98533800
0.66025900
2.27451100
3.78402600
4.21184700
442440600
5.39152900
4.64811900
3.49337000
3.15278400
4.16343800
4.95276900
4.29534100
5.76147900
5.57888500
6.42511800
5.68989100
5.07648000
5.89830600
4.53070000

G =-3537.433670
Gy = —3525.829105

Y Z

3.96443400 -4.54260400
4.26769100 -2.85355200
5.43185900 -3.58853400
5.39900100 -3.41945700
6.17605900 -2.78667500
4.02994700 -3.22722300
4.16009800 -2.72848200
3.54781800 -4.18516500
3.13997300 -2.36953900
3.76388900 -1.53405700
1.98241300 -1.69326500
2.44663500 -0.53142900
2.99275800 0.14988100
3.13166900 -0.84045700
1.26795700 0.20724700
0.50907000 -0.64279300
0.04556100 -1.76581500
1.20024500 -2.55415300
1.82692200 -2.93880500
0.80180100 -3.40954400

6.39674000 -0.50640300 -2.39385400
4.89770800 -0.64604600 -1.44018100
4.78592100 0.62518200 0.62340600



TTZTTOOID T ZIZDTOON0COQODIQZIQODIOIZINOD IO I IQOITII I TIQIDI T ZTO0OT

6.20260000 1.62586900 1.03216200
3.17816200 5.89668700 -4.71964000
3.29063000 5.11113300 -6.01230800
2.52224100 5.44106900 -6.72399100
4.26736300 5.27472300 -6.48735000
3.16194600 4.03629400 -5.87721500
3.24707400 7.40065800 -4.94666500
4.19485900 7.68659200 -5.42263300
243202700 7.73908900 -5.60019900
3.16851600 7.95500400 -4.00458100
1.76327000 6.24473000 -3.07391900
2.39090300 1.86259800 -4.35104800
1.46501800 1.83165300 -4.93544800
3.19106700 2.18807700 -5.02473200
2.61267300 0.83938700 -4.03199200
1.23867100 -2.09811100 -1.61975200
1.82379300 -2.35983200 -3.05803700
1.37132100 -3.27552500 -3.45691700
1.45914200 -1.54910200 -3.69597800
3.33723200 -2.46776700 -3.16104400
3.98552900 -3.37924900 -2.13424900
4.92844200 -3.04872900 -1.69914100
3.01134700 -3.96075300 -1.12241000
3.56356900 -4.46179500 -0.31828300
2.36924000 -4.72621800 -1.57289800
2.15452000 -2.80518200 -0.53580400
2.86303600 -2.01720400 -0.25618500
1.45294600 -3.15040200 0.72445300
2.29296200 -2.96384500 1.91193400
2.70219700 -1.94990700 1.90392800
3.14557400 -3.67195700 1.93603000
1.46840100 -3.15850900 3.18385700
0.86234400 -4.44408000 3.22498700
0.04706500 -4.63768200 2.07746800
0.85778800 -4.49213700 0.79107100
1.62722000 -5.28623200 0.78335900
0.20140400 -4.65810400 -0.06500300
-0.36338400 -5.64980400 2.15779400
-0.78489400 -3.91429500 2.07522600
0.69376100 -2.37745800 3.24355200
2.10845500 -3.08825100 4.06926600
4.04054200 -3.74732700 -3.60458700
3.28177300 -4.93621200 -4.16876300
3.07164600 -4.78952900 -5.23675200
3.88358400 -5.84954800 -4.07519800
2.32771300 -5.12562300 -3.67057000

384

OIDTCITITQOIIIIZINOQODNIITIZIIITIOQN0CADIQOZIOQOIITIQOIOCOOQODITIOQIDI T TZTAQOIT DI TN

5.39172300 -3.55655200 -4.27968000
6.02922000 -4.44056500 -4.14614900
5.27476600 -3.39120500 -5.35919600
5.93042800 -2.69525900 -3.86832400
3.85664000 -1.54435500 -3.40976100
-0.19282100 -2.67658200 -1.62459100
-0.77667400 -2.15197700 -2.38670200
-0.21841100 -3.74502400 -1.87358600
-0.67765900 -2.52825300 -0.65667300
0.99516100 1.95226600 1.96134100
1.45208700 0.76607900 2.88185700
0.94364300 0.85792500 3.84829400
1.06297900 -0.15498700 2.43431100
295167100 0.64856000 3.11115500
3.64514500 1.94023100 3.50706200
4.62578700 2.13115800 3.07005900
2.73046800 3.15419900 3.51829200
3.32362800 4.06901700 3.63811800
2.03377900 3.12957300 4.36388400
1.95803100 3.19450200 2.17249100
2.71104300 3.04962900 1.39295400
1.33625600 4.50189100 1.86065500
2.21361600 5.40609100 1.11528100
2.60362500 4.88353300 0.23561300
3.07981900 5.74753800 1.71854200
1.42861800 6.62994000 0.64752000
0.84519900 7.32610300 1.74232200
-0.00044300 6.45922200 2.48827800
0.75991100 5.23497100 2.99305900
1.53581700 5.58191600 3.70062700
0.07231300 4.59027000 3.54526300
-0.37760700 7.04886900 3.33059700
-0.85096500 6.13546700 1.86995700
0.64749000 6.30627100 -0.05836500
2.09050000 7.34374400 0.14592000
3.58770900 0.78725800 4.49082200
2.75869900 0.85406800 5.76212800
248203000 -0.15429700 6.09690200
3.33884300 1.32139000 6.56853500
1.83488300 1.42728500 5.65344600
4.89458100 0.03325700 4.69407700
5.51660300 0.51864400 5.45798700
4.70871900 -0.99755300 5.02402900
548159100 -0.01590200 3.76975700
3.48452100 -0.00285500 2.42079200
-0.45934400 2.28473000 2.35830200



TIODITITODITTQOITIQOQA0ODN I ITIOIIOIIIIZIQOQONOMNNANITIOITIOANAOIINNZAO T T T

-1.07150000 1.38538900 2.23663300
-0.54924200 2.59529800 3.40716000
-0.85662400 3.07814800 1.71918500
-2.51860100 1.27833000 -1.23749600
-3.28711400 0.65787300 -0.19884800
-4.75511000 0.73444800 -0.07578700
-4.93353300 0.18876000 1.34693100
-4.93223800 0.98440300 2.09929200
-5.82376800 -0.42902300 1.46783600
-3.77351900 -0.63828400 1.55975200
-2.78090200 -0.24208300 0.72685000
-1.64945700 -0.67235300 0.85329000
-5.08633800 1.77280300 -0.12937700
-5.46814100 -0.11369300 -1.15656200
-5.11688700 0.22609500 -2.13755500
-5.14478200 -1.15588500 -1.04382400
-6.97719000 -0.02148400 -1.07639100
-7.64360200 1.14407500 -1.48392700
-9.03108200 1.24545300 -1.38859600
-9.77925500 0.17880900 -0.88488300
-9.13024000 -0.98794000 -0.48074700
-7.74032000 -1.08496200 -0.57623900
-7.24280800 -2.00249600 -0.26903800
-9.70375700 -1.82600800 -0.09401200
-10.8605750 0.25616600 -0.81283800
-9.52889600 2.15557800 -1.71227300
-7.07234300 1.97764800 -1.88790600
-3.11481900 2.34385100 -1.95879800
-4.19567900 2.40031700 -1.91114100
-2.50485600 2.74302100 -3.28488700
-1.47920200 3.09467500 -3.14112500
-2.47452700 1.91741900 -4.00410300
-3.08305600 3.55447900 -3.73927000
-1.21468200 3.92981100 -0.86509500
-2.47700800 3.85996600 -0.72158600
-3.32939400 5.06592100 -1.17570300
-3.09336500 5.26571200 -2.22788200
-2.87350900 6.29024000 -0.35708300
-3.40480100 7.19206700 -0.68433600
-3.08575700 6.14888400 0.71111900
-1.79991900 6.45606300 -0.46961000
-4.84218400 4.86678900 -1.01432100
-5.08369200 4.48680200 -0.01167400
-5.37103200 5.81951100 -1.13189100
-5.26133700 4.17371700 -1.75132400
-2.86970600 3.41938400 0.22074900

385



Table A.1.53. Geometric coordinates and thermally corrected MP2 energies for transition state

(S)-47a

Atom X Y Z

Li
O
Li
Li

TONOO0OTTIDIOQOIZIAQOITIZIAQATTZTAOOOL O

0.00000000 0.00000000 0.00000000
-0.84214000 -1.84923300 0.57285400
0.04449800 -1.11499500 2.40362500
2.15635000 -0.19920200 1.31342000
1.75752500 -1.94440300 2.05010000
1.27330700 -2.41610500 0.27495100
1.72817400 -0.73378800 -0.57710500
0.44940600 0.69117900 1.72453100
1.66758500 -5.53658600 0.06980800
2.72870800 -5.32527100 0.22506900
1.21192400 -5.78141900 1.03725900
1.39950300 -6.63071900 -0.96338100
1.40682900 -7.63147500 -0.52123000
2.15264700 -6.60238000 -1.75913600
0.02473900 -6.21510000 -1.50831000
-0.19087300 -6.62474000 -2.49969300
-0.76933000 -6.53963500 -0.82561100
0.13569500 -4.68798300 -1.52308900
-0.81420500 -4.17638100 -1.34381700
0.55864300 -4.32640000 -2.46683100
1.04388000 -4.34227700 -0.45183000
2.57140400 -2.33580200 3.12478300
2.43847600 -3.90046100 3.36711600
1.91586600 -4.06737900 4.31767200

386

Atom X Y

OTTTTITETTOQOQ0OOQITITOZIAQOTIIZIAQAITONOT

1.74618600 -4.23941400
3.68916300 -4.78032200
5.05347700 -4.15104900
5.86062200 -4.51683100
5.07202200 -2.64365100
6.08445300 -2.26805000
4.84019500 -2.37846000
4.05842200 -1.98993400
4.20843100 -2.46817800
4.28728200 -0.53373300
5.37644300 -0.35637100
5.11689600 -0.89450700
6.33064600 -0.76802300
5.58188500 1.12056500
5.88050200 1.88046200
4.83993700 1.73306300
4.64196100 0.26930300
5.57933900 -0.08952900
3.85602000 0.19236300
5.13931200 2.31573100
3.90009800 2.15134700
4.67956800 1.51965700
6.43000700 1.24296400
4.51526700 -5.15422700

G =-3537.431037
Gy = —3525.824982

Z

2.59388000
3.30569400
3.52876100
2.89427400
3.74171700
3.55326600
4.77903200
2.77328500
1.79662700
2.50079300
1.51810300
0.60178800
1.89347100
1.19188300
2.35217400
3.30823200
3.69210900
4.14808100
4.44304700
4.18524400
2.91405700
0.70098900
0.51101400
4.52973300



TOZTITIITOQOIID I I ITIOQO0OOIIDIQZODOOIIQOINNAIIDIQOODNII TN I D TIOQOIDITTO

4.07923500 -4.72902200 5.91953800
3.38171400 -5.46319500 6.34370800
4.94224900 -4.66744800 6.59553400
3.57588800 -3.75974200 5.93564600
5.16394200 -6.53058300 4.51212400
6.05731100 -6.55670300 5.15041400
447085000 -7.29870900 4.88045200
547157000 -6.81834500 3.50002700
3.64877300 -5.55951400 2.54500400
2.06455100 -1.62428800 4.40170100
1.05668800 -1.98802700 4.63240000
2.69187800 -1.80405300 5.28412800
1.99207100 -0.54493100 4.24507600
-0.24253300 1.77284000 2.32384600

-0.02421400
-0.90361900
-0.02980400

1.78208900
2.23927900
0.74036300

3.88040800
4.34721700
4.21738700

1.22698600 2.49542500 4.36799800

1.43920900
245810100
0.39591300
0.69672800
-0.57553200
0.27265400
1.29754500
-0.40872200

3.88092800
4.15940300
4.27937000
5.21059100
4.48243600
3.13995700
2.90039400
3.54444000

3.78304600
3.51260100
2.75110500
2.25576900
3.21579100
1.70404200
1.39909600
0.44943500

0.49063200 4.20278400 -0.50332200
1.37186400 3.57538700 -0.66069300
0.83998300 5.18863200 -0.13596600
-0.21696500 4.41135200 -1.84137500
-1.40128800 5.18492800 -1.69357000
-2.27796700 4.57037200 -0.75894300
-1.60373900 4.38447700 0.59940200
-1.35735200 5.38639400 0.99765800
-2.30983300 3.91831900 1.28872800
-3.14491400 5.23354200 -0.66862500
-2.61477100 3.59258400 -1.14129800
-0.46032200 3.43238100 -2.28508700
0.42756400 4.96238300 -2.53433000
1.17574000 3.72484300 5.26922000
-0.11204900 4.20615600 5.91509900
-0.31682900 3.64364400 6.83557500
-0.02643200 5.26608100 6.18858300
-0.98894700 4.10763800 5.27087200
2.38185400 3.92837800 6.17556800
2.51372800 4.98927200 6.42723600

387

TTOIDITITTITIZIOQOIDITIOQOAIDIIDIITIZIOQOQO0OAQAIIQAZODAIZIQOIQOQAIINODID T I T T

2.26611800 3.37545300 7.11745100
3.30769200 3.58435300 5.70003600
2.10561600 1.86649900 4.49602900
-1.75745600 1.55875600 2.11128800
-2.03121900 0.59569100 2.55338000
-2.36775800 2.32748900 2.60182500
-1.99948400 1.54694700 1.04557400
2.07698900 -0.47763200 -1.92326100
1.95578300 1.05603500 -2.23833200
1.71971100 1.17878200 -3.30116700
1.07669000 1.43261200 -1.70381500
3.17912400 1.89159200 -1.89464400
4.49206700 1.34514000 -2.42724000
5.36111500 1.41621100 -1.77374700
4.35856100 0.00144700 -3.12527700
5.35327900 -0.41249800 -3.33189500
3.85961400 0.09428500 -4.09664800
3.56764500 -0.95267900 -2.18931300
4.02958900 -0.85166400 -1.20325000
3.71336300 -2.39238500 -2.52695500
4.89251700 -2.99802400 -1.90179500
4.85515900 -2.82154600 -0.82091000
5.83965600 -2.56524300 -2.28205500
4.91644200 -4.50499900 -2.14852700
4.88168800 -4.82015100 -3.53299900
3.74479800 -4.23258700 -4.15066900
3.72330500 -2.71833800 -3.95820800
4.60692600 -2.30200900 -4.47566300
2.83309300 -2.30907100 -4.44112100
3.80866200 -4.48393500 -5.21426700
2.82002100 -4.67321700 -3.73955800
4.05676100 -4.96861600 -1.63737900
5.83801100 -4.94520500 -1.75400600
3.96506100 2.66749100 -2.94810000
3.46789800 2.83150300 -4.37414600
2.74359100 3.65392100 -4.44019500
4.30533600 3.07566000 -5.04068600
2.98437500 1.93754500 -4.77564500
4.69396400 3.90613500 -2.44507500
5.57074000 4.12952600 -3.06749900
4.03783500 4.78626300 -2.46874300
5.04216300 3.78005200 -1.41354600
3.19050600 2.32205000 -0.89426000
1.07154300 -1.19479500 -2.84723200
0.06193900 -0.83230000 -2.62941900
1.26370900 -1.00454200 -3.91105600
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1.10539100 -2.27285900 -2.67520200
-2.04949900 -2.21205200 0.61610400
-2.97055500 -1.52136700 -0.24264900
-4.37790100 -1.89624600 -0.48604700
-4.55919600 -1.35323000 -1.90990500
-4.32241500 -2.09916300 -2.67665800
-5.55087100 -0.94033700 -2.09536900
-3.59841100 -0.28392200 -2.00286900
-2.61142200 -0.48848400 -1.09750600
-1.60473200 0.19432500 -1.10767200
-4.48005000 -2.98334300 -0.46878200
-5.34589900 -1.25079600 0.53273500
-5.02882500 -1.54395500 1.53790100
-5.23379800 -0.16166600 0.47094500
-6.78982300 -1.64305100 0.29800600
-7.70191100 -0.73752400 -0.26072300
-9.02727900 -1.10799600 -0.49829000
-9.46116800 -2.39501300 -0.17990600
-8.56405700 -3.30633800 0.38187100
-7.24168300 -2.93209500 0.61908300
-6.55593900 -3.64509500 1.07196100
-8.89633900 -4.30782100 0.64207700
-10.4923050 -2.68518000 -0.36177100
-9.71946200 -0.38873100 -0.92771000
-7.37397100 0.27179200 -0.50041400
-2.55324400 -3.19492300 1.50589700
-1.61761100 -4.31335000 1.91722700
-1.25001600 -4.88730800 1.05757900
-0.74701300 -3.91389000 2.44598600
-2.13130200 -5.01405000 2.58358200
-3.58398800 -3.49444300 1.34631600
-1.37047600 -1.70905500 3.47904200
-2.57650000 -2.04421600 3.27163200
-3.27228800 -1.27589400 2.87666200
-3.25012200 -2.96232700 4.30844700
-2.59525800 -3.82966400 4.45353500
-3.28604100 -2.18020200 5.63923000
-3.70687200 -2.80150200 6.43893200
-2.28014600 -1.86665300 5.92900900
-3.91112700 -1.28165900 5.55091500
-4.65923600 -3.43762000 3.93681500
-4.65872600 -4.13691400 3.09423900
-5.12589000 -3.95125400 4.78535900
-5.30900200 -2.59111300 3.67807000
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Table A.1.54. Geometric coordinates and thermally corrected MP2 energies for transition state

(R)-49a

Atom X Y Z

Li
O
Li
Li

TONOO0OTTIDIOQOIZIAQOITIZIAQATTZTAOOOL O

0.00000000 0.00000000 0.00000000
1.20416500 -1.41699000 -0.96338000
-0.16957200 -0.80269100 -2.53513200
-2.21175100 -0.71446100 -0.99729400
-1.46721600 -2.15951400 -2.05427200
-0.54425700 -2.63547800 -0.45540600
-1.30910800 -1.28220200 0.70182300
-0.93705000 0.70493800 -1.51671000
-0.04282100 -5.73972100 -0.61460500
-1.13033800 -5.82485400 -0.54553300
0.24544700 -5.76454000 -1.67305500
0.71535900 -6.79433100 0.18972000
0.86463400 -7.72061000 -0.37312900
0.17586300 -7.03650200 1.11252900
2.02468900 -6.05736900 0.50936600
2.55245100 -6.46674400 1.37591900
2.70325000 -6.09654100 -0.35090000
1.53752200 -4.62555600 0.75090900
2.25794400 -3.86050400 0.44817900
1.27247500 -4.46244500 1.80110200
0.34341200 -4.46681800 -0.05166800
-2.32205400 -2.68845400 -3.03341900
-1.77735000 -4.09976900 -3.51871900
-1.38488700 -3.99642800 -4.53859600
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G =-3537.433083
Gy = —3525.828111

Atom X Y Z

OTTTTITETTOQOQ0OOQITITOZIAQOTIIZIAQAITONOT

-0.90391500 -4.28291200 -2.88986300
-2.68461100 -5.32998800 -3.43598400
-4.18971200 -5.14423800 -3.34719600
-4.71780200 -5.82005400 -2.67471400
-4.69214400 -3.70815900 -3.29689200
-5.70987400 -3.69988400 -2.89004400
-4.76466200 -3.27015800 -4.29827000
-3.74475200 -2.87313700 -2.40493700
-3.55095800 -3.47415700 -1.50696700
-4.33380400 -1.60281500 -1.87008600
-5.20925900 -1.88557700 -0.71397200
-4.62580500 -2.40512200 0.05164000
-6.05504300 -2.53852300 -0.99599900
-5.77167800 -0.59372200 -0.12662300
-6.50362100 0.14836300 -1.08931500
-5.67553300 0.44173900 -2.20565800
-5.13609100 -0.83358700 -2.84687000
-5.99800500 -1.42025800 -3.20579400
-4.52466300 -0.57770600 -3.71183200
-6.29962800 0.98792000 -2.92009700
-4.84171700 1.09343700 -1.89953400
-4.94907600 0.01898900 0.27626000
-6.46644900 -0.82026900 0.68809500
-3.58273300 -5.79863700 -4.57296700
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-3.56254700 -5.09632700 -5.91808700
-2.78228600 -5.52484300 -6.56066500
-4.52153500 -5.22283700 -6.43772500
-3.36472500 -4.02491500 -5.84275900
-3.78683700 -7.30139900 -4.69805600
-4.73997200 -7.53216100 -5.19244700
-2.98544500 -7.76114600 -5.29177100
-3.79597800 -7.79044900 -3.71697700
-2.27496000 -6.14108600 -2.83432300
-2.30925500 -1.73477800 -4.25190400
-1.30570800 -1.73899900 -4.69319100
-3.01831000 -2.01551100 -5.04092700
-2.52431000 -0.70769400 -3.94584600
-0.73908900 2.00236500 -2.05183100
-1.26227400 2.08313300 -3.53099400
-0.68095000 2.84647900 -4.05982700
-1.00673800 1.13811500 -4.02214900
-2.74305600 2.38737600 -3.68836000
-3.23968300 3.57039700 -2.87536200
-4.21519100 3.47451000 -2.39775600
-2.17620000 4.19574300 -1.98625300
-2.63464500 4.93100300 -1.31348000
-1.43142700 4.74435100 -2.57386000
-1.49982300 3.07063900 -1.15628900
-2.31867800 2.48782800 -0.71972700
-0.72263300 3.55968400 0.00739200
-1.54753100 3.79736400 1.19528300
-2.15197800 2.91008300 1.40004800
-2.23953100 4.65304600 1.06018300
-0.65740300 4.08303400 2.40382500
0.18671200 5.20564700 2.18046200
0.97878600 5.00431000 1.01734100
0.10784400 4.75028800 -0.21220000
-0.50449900 5.65427300 -0.38962100
0.75022400 4.60931600 -1.08312200
1.56991200 5.91699900 0.88651400
1.66346400 4.15328300 1.16703700
-0.04775400 3.19264100 2.62736200
-1.26633100 4.32442000 3.28148900
-3.25682200 3.63942100 -4.39117300
-2.34026600 4.56936200 -5.16791000
-2.17099000 4.18554300 -6.18260000
-2.79926900 5.56219500 -5.26329500
-1.36068800 4.70859700 -4.70453000
-4.62865000 3.51700200 -5.03981600
-5.12571900 4.49431600 -5.10206300
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-4.54901600 3.11920200 -6.06043100
-5.28626000 2.84785400 -4.47299500
-3.39563900 1.51964400 -3.75629000
0.77928800 2.27208700 -2.12432800
1.23769500 1.48667200 -2.73280500
1.01755400 3.23268000 -2.59804000
1.21710200 2.25946500 -1.12348900
-1.43133600 -1.27662800 2.11127600
-1.68089800 0.18228400 2.63239700
-1.29754600 0.25943500 3.65591300
-1.05512500 0.85918800 2.03975700
-3.13000400 0.64331900 2.60131400
-4.11338500 -0.31655300 3.24782700
-5.07519100 -0.44986700 2.75377100
-3.47940200 -1.61495700 3.71911600
-4.25992200 -2.32575500 4.01744900
-2.85256500 -1.46298800 4.60511100
-2.64496800 -2.20310100 2.54786100
-3.29713800 -2.16965100 1.67096600
-2.30681000 -3.64096300 2.71046900
-3.36079900 -4.52631500 2.20759900
-3.58249200 -4.26307500 1.16712900
-4.30095000 -4.43379000 2.78758000
-2.90588800 -5.98392600 2.25439800
-2.51498700 -6.38020100 3.56089900
-1.49549900 -5.52365000 4.05788500
-1.94700400 -4.06557000 4.06863100
-2.79577600 -3.98128900 4.77180000
-1.13605600 -3.44221700 4.45212100
-1.27490000 -5.86595000 5.07404200
-0.58305600 -5.62493900 3.44536500
-2.06582700 -6.12371100 1.55442000
-3.72227000 -6.65130600 1.95959400
-3.88694300 1.05174500 3.86137100
-3.19402100 1.23251300 5.20099100
-2.71237300 2.21746900 5.25856300
-3.92719500 1.17660000 6.01616500
-2.42689100 0.48133400 5.40373000
-5.01386100 2.05468700 3.65498300
-5.78310200 1.95063300 4.43179200
-4.63717300 3.08521600 3.69736700
-5.50261000 1.92019500 2.68326900
-3.44834000 1.13727500 1.68438100
-0.09859300 -1.74559800 2.72953900
0.70941600 -1.09354800 2.38260400
-0.10334400 -1.70711700 3.82636700



TZTTTOTTITTOZIQOQAO0OIT T TOTOTITITIITIT OO TOTOAQAOIZIITNONZAOT

0.11583200 -2.77064600 2.41977100
243035500 -1.38408400 -1.25696900
3.25379700 -0.43696700 -0.56402000
4.72805000 -0.39923700 -0.61851500
4.98133200 0.97990300 0.00285400
5.02008800 1.77335500 -0.75084500
5.87536600 1.02043400 0.62551500
3.83246200 1.20595600 0.84199200
2.79696300 0.45461000 0.39531100
1.67498100 0.60958300 0.83997900
5.07015900 -0.41925900 -1.65454400
5.36594400 -1.56040300 0.18216600
4.96162000 -2.50153700 -0.20710100
5.03846400 -1.47860300 1.22584500
6.87802100 -1.56488000 0.10686100
7.53317100 -1.96109000 -1.06887000
8.92492900 -1.94253600 -1.15358300
9.68860100 -1.52852800 -0.05969800
9.05061200 -1.13688800 1.11737300
7.65653000 -1.15537700 1.19770500
7.16696500 -0.85901300 2.12304300
9.63584200 -0.82004100 1.97642200
10.7730990 -1.51637500 -0.12403200
941371800 -2.25621500 -2.07206900
6.94918900 -2.29634000 -1.92385000
3.00880600 -2.10566700 -2.32984400
4.09131400 -2.11366800 -2.37478300
2.33457300 -3.37935800 -2.78765200
2.88282400 -3.82013300 -3.62717200
1.31150900 -3.17625100 -3.11721600
2.28445600 -4.13444100 -1.99395500
1.16482800 -0.81452900 -3.86958300
243264100 -0.75734500 -3.82574200
3.22781400 -1.21928900 -5.06144000
2.91526700 -2.24299400 -5.30084700
2.79965200 -0.31362000 -6.23576100
3.29454500 -0.62670300 -7.16296600
3.07595400 0.73214900 -6.04611900
1.71756600 -0.35660400 -6.38111800
4.75016400 -1.16981100 -4.88297000
5.12315300 -1.95341900 -4.21508800
5.06676300 -0.19797700 -4.47922800
5.25619500 -1.29796700 -5.84663300
2.90090000 0.12884600 -3.34628800
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Table A.1.55. Geometric coordinates and thermally corrected MP2 energies for transition state
(R)-50a

Atom X Y Z

Li
O
Li
Li

TTOQZTIQITQIZTQOQIZTOCNQNOoOoOLD O

0.00000000 0.00000000 0.00000000
1.16850800 -0.89339200 -1.43329600
-0.38064500 -0.15321500 -2.63925500
-2.26375100 -0.50584300 -0.95407500
-1.63649900 -1.58180700 -2.40654200
-0.60428200 -2.50627600 -1.05176600
-1.22400400 -1.44352700 0.46552100
-1.02589600 1.04390000 -1.21556500
-2.61368400 -2.10744400 -3.26637200
-2.09502900 -3.47590500 -3.88979300
-1.93486200 -3.33460700 -4.96711200
-1.10269500 -3.62453900 -3.45678500
-2.89713100 -4.75762400 -3.65622800
-4.37945800 -4.65770700 -3.33659100
-4.75873700 -5.35309000 -2.58799000
-4.94178300 -3.24963300 -3.20892300
-5.89582800 -3.29044500 -2.67074500
-5.16758300 -2.81074200 -4.18695100
-3.92172800 -2.37596600 -2.44156400
-3.57301700 -2.98199900 -1.59621500
-4.49306300 -1.15151800 -1.78995700
-5.22161300 -1.50853300 -0.55349500
-4.53716300 -2.02346400 0.12646600
-6.06792800 -2.18765700 -0.76162100
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G =-3537431123
Gyp, =-3525.827569

Atom X Y Z

esfiasiasii@asiiasfasfasi@Rusfasfarl@N@Nasasiiasfiasa RN NONONQ!

-5.76665600 -0.26094000 0.13648300
-6.64617300 0.46617700 -0.70773500
-5.98077300 0.83153100 -1.90851600
-5.43277900 -0.38870200 -2.64348200
-6.29024700 -1.01485300 -2.94084800
-4.93054800 -0.05946400 -3.55244300
-6.72347900 1.33878400 -2.53243300
-5.16806200 1.54155000 -1.69036800
-4.93247500 0.38433600 0.45806800
-6.34526600 -0.54195400 1.02192400
-3.93100700 -5.29158300 -4.63829300
-4.16410500 -4.60788000 -5.97311900
-3.44938700 -4.97514700 -6.72149400
-5.17284900 -4.82488300 -6.34858500
-4.05550800 -3.52139900 -5.92886900
-4.06067400 -6.80541000 -4.72497800
-5.06349500 -7.09960800 -5.06301800
-3.33485400 -7.22385400 -5.43494500
-3.88462300 -7.28090800 -3.75325400
-2.34647100 -5.52955000 -3.12087500
-2.83057700 -1.10953900 -4.42678300
-1.93156400 -1.09487100 -5.05022800
-3.67320700 -1.36792600 -5.08083500
-2.97893100 -0.09529300 -4.04463200
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-1.21838600 -1.98533600 1.77504600
-1.60591900 -0.89038500 2.82776400
-1.14251900 -1.14966000 3.78660400
-1.12609400 0.04444800 2.51406100
-3.09912000 -0.67922800 3.02871400
-3.89875700 -1.95064000 3.25559600
-4.87400600 -2.01771700 2.77288700
-3.07647100 -3.22615600 3.16331100
-3.74038700 -4.09950100 3.15916000
-2.41964400 -3.34880500 4.03191400
-2.24979700 -3.19248900 1.85023100
-2.96412400 -2.95305500 1.05723600
-1.67578800 -4.49983600 1.45947300
-2.54184600 -5.29173800 0.58471900
-2.86110400 -4.67536000 -0.26243500
-3.45328100 -5.65044700 1.10590100
-1.77285400 -6.49769000 0.04801800
-1.27941300 -7.31635700 1.10366100
-0.45225700 -6.55921400 1.97637400
-1.19646700 -5.35479700 2.54921800
-2.02552300 -5.73277200 3.17629700
-0.51949300 -4.79253300 3.19759400
-0.14908200 -7.23919800 2.77964800
0.44866100 -6.21414500 1.44496000
-0.94071700 -6.13959100 -0.57735500
-2.42750700 -7.13643700 -0.55425400
-3.79440800 -0.92063800 4.36440900
-3.02319800 -1.19202200 5.64435500
-2.69316900 -0.25097800 6.10345900
-3.66442100 -1.70668400 6.37187400
-2.13600600 -1.81277800 5.49837700
-5.04875100 -0.09428500 4.61295600
-5.73051700 -0.60788100 5.30407600
-4.79816100 0.87926200 5.05452900
-5.59886400 0.09605200 3.68407300
-3.55518000 0.08643700 2.40459100
0.21646200 -2.44146100 2.11347200
0.88486500 -1.57486700 2.06981400
0.29924500 -2.86281100 3.12334000
0.55360800 -3.19161600 1.39337800
0.44552300 0.05208400 -5.71737300
0.42646800 -1.04082400 -5.76723500
-0.50388900 0.43907200 -6.10411600
1.64770700 0.66831400 -6.44460000
1.41244200 0.93523400 -7.47918000
248929100 -0.03413900 -6.46054400
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1.98441700
3.01553300
1.31412500
1.70048700
1.42849900
2.55157600
0.56256200

1.87895700 -5.56035400
2.22618600 -5.67675200
2.71820100 -5.78173600
1.32924500 -4.16476200
2.08504100 -3.42410200
0.74181700 -3.79052300
0.45324800 -4.33201100
-1.31359500 2.42731300 -1.26132600
-2.57694900 2.72747500 -0.39133100
-2.99084500 3.70044100 -0.68110500
-3.33850500 1.98832900 -0.66503200
-2.31257000 2.69134800 1.10311600
-1.16384400 3.57983700 1.54653600
-0.47911300 3.17745800 2.29302200
-0.48074600 4.30163700 0.39819700
0.41070000 4.82677400 0.76249600
-1.13093800 5.07132900 -0.03098100
-0.07353600 3.25918600 -0.68007700
0.50481600 2.49969200 -0.14859500
0.88219600 3.80315500 -1.68909100
2.25851400 3.81687900 -1.17253900
2.52654900 2.80452700 -0.85009800
2.36691500 4.48150400 -0.29473700
3.24333900 4.28118900 -2.24536300
2.90143800 5.55649700 -2.76648200
1.57516300 5.54542500 -3.27868300
0.56742400 5.14375100 -2.20499200
0.59895800 5.91190800 -1.41232100
-0.43722100 5.15094900 -2.63457800
1.37387800 6.56163400 -3.63197700
1.50526100 4.85539900 -4.13667900
3.28547400 3.54267500 -3.06363100
4.24758800 4.38060000 -1.81989100
-2.57299300 3.87218000 2.02879900
-3.34276500 5.10336700 1.58113900
-4.42369600 4.93621000 1.67608800
-3.08598800 5.96381700 2.21303000
-3.14781500 5.39192800 0.54536100
-2.85135500 3.51883100 3.48347300
-2.56031200 4.34087400 4.15125500
-3.91983900 3.32271200 3.64428700
-2.30007000 2.62447400 3.79466600
-2.38306100 1.70961600 1.56236500
-1.67239800 2.80819700 -2.71166700
-2.49204200 2.16147300 -3.04759500
-2.01437500 3.84565200 -2.81045100
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-0.82296000 2.65622100 -3.38184800
2.32591600 -1.37516800 -1.35012700
3.17324400 -0.87538400 -0.30379300
4.61636400 -1.15399500 -0.15409100
5.07124800 0.13937800 0.53638500
5.39623700 0.90335300 -0.17818700
5.84863600 -0.01624700 1.28435000
3.88791800 0.61899200 1.20575700
2.79122300 0.10259500 0.60269000
1.67583000 0.49802000 0.89153900
5.07705400 -1.24858100 -1.13953600
4.89345200 -2.42137000 0.68787600
4.37455700 -3.26470400 0.22160800
444288100 -2.28427000 1.67827700
6.37240200 -2.72057500 0.81930000
7.05918900 -2.46482400 2.01375900
8.42781500 -2.72044900 2.12303100
9.13177300 -3.23756700 1.03538300
8.45863900 -3.50224500 -0.15960100
7.09176000 -3.24661900 -0.26434500
6.57429500 -3.47099200 -1.19510300
8.99711400 -3.91503900 -1.00847600
10.1959420 -3.43995100 1.11908500
8.94042600 -2.52019800 3.06003000
6.51453300 -2.07515800 2.87126500
2.79952600 -2.44647300 -2.15859200
2.27664100 -2.51717800 -3.58047100
2.74303300 -3.35134300 -4.11304400
249076300 -1.60265900 -4.14710700
1.19368400 -2.67050200 -3.58215100
3.85635300 -2.68020100 -2.05722300
0.62549600 -3.87246400 -1.43588300
1.88182200 -3.99325400 -1.24695000
2.26319900 -3.76077200 -0.23202700
2.61606300 -5.23750300 -1.83135800
3.58658600 -4.92778500 -2.24228200
1.81128000 -5.93052300 -2.93746700
2.37055800 -6.78928000 -3.32840000
1.58790000 -5.26002600 -3.77054700
0.85588300 -6.29349100 -2.54692300
2.90367500 -6.22477900 -0.68391700
3.50792300 -5.76668300 0.10901800
3.45005000 -7.10070900 -1.05410100
1.97045300 -6.58031100 -0.23196400

394



Table A.1.56. Geometric coordinates and thermally corrected MP2 energies for transition state

(S)-46a

Atom X Y Z

c

COXTZQZIOQOIITIQOIOOIITIONOOOL

0.00000000 0.00000000 0.00000000
-1.98968800 0.03680300 1.58607700
-1.52799400 -1.13835400 0.10185400
-1.20804900 -1.12982600 2.99803500
-0.42858700 1.19778800 1.42314500
0.02383600 2.50844800 1.21582700
0.26639200 3.21858700 2.61775500
-0.54265900 3.93992900 2.79367500
0.11859700 2.42954700 3.36017600
1.62013300 3.87133000 2.91261900
2.55980800 4.20657000 1.76717000
3.61768600 4.01768700 1.94812700
209674900 3.81826100 0.36910100
2.96817300 3.76604400 -0.29401000
1.43462700 4.57564100 -0.06435200
1.38645800 2.44700000 0.44209100
201296100 1.80664200 1.07481400
1.30506200 1.69642000 -0.85930200
2.60810100 1.06525100 -1.17122600
2.87028000 0.38624600 -0.35404200
3.40984700 1.81858700-1.26121700
2.53357800 0.28319100 -2.48068100
2.16051700 1.11428300 -3.56845700

395

G =-3305.095924
Gy = —3294.255762

Atom X Y Z

OTLTTTOZTZZIEIETZIQOIZITTOOTITITIZITIZON

0.89907800 1.71206100 -3.30598800
0.92822300 2.53526700 -2.02140500
1.64950200 3.35534600 -2.16355400
-0.05329900 2.97943200 -1.85549000
0.67623300 2.35894200 -4.16005400
0.11941700 0.93597600 -3.24400300
1.81478500 -0.54661000 -2.38116800
3.51373000 -0.13722500 -2.72737300

1.95347400 5.32220700
0.90336300 6.25551000
0.32571400 6.72185400
1.37218100 7.06426200
0.19015100 5.75161200
2.89687800 6.02371900
3.43498800 6.84321800
2.34608100 6.45243200
3.64428900 5.33256900
209783200 3.48698900
-1.07963400 3.28389100

2.59720300
2.02402100
2.83280900
1.44769000
1.36828300
3.56351200
3.06810000
441114900
3.96970900
3.81209600
0.46107000

-1.93499700 3.41553300 1.13199500
-0.77474600 4.28065500 0.12013300
-1.43150700 2.71266100 -0.40296900
-1.34983800 -1.52757200 4.34821400



TOODTOOIITIITZIQOIIT T ITOQOIITZOQADITIZZITITION0OAQAITIIQNAZIAQAITIITIOQOIZIOQOTTAO

-1.19181800 -0.29219600 5.30191100
-0.84097500 -0.64795200 6.27730400
-0.37682800 0.32943900 4.91187300
-2.44811300 0.54331000 5.48831700
-3.68812700 -0.25711800 5.85030100
-4.62802000 0.04438700 5.38823600
-3.47043300 -1.76352300 5.87615800
-4.43362800 -2.27970400 5.97403600
-2.87184100 -2.07260300 6.74048400
-2.78052900 -2.18234200 4.54945500
-3.36842700 -1.71736500 3.75366800
-2.82656700 -3.63315000 4.25672400
-4.00574700 -4.04422600 3.49391200
-4.09229200 -3.41511700 2.60113600
-4.94379200 -3.93803400 4.07659700
-3.86669100 -5.50078200 3.05230400
-3.67892100 -6.36917300 4.16247300
-2.53604300 -5.97623000 4.91044300
-2.66198800 -4.53510700 5.40056300
-3.51954000 -4.48567700 6.09786500
-1.76362300 -4.26770200 5.96224300
-2.47145600 -6.66580200 5.75864300
-1.62694300 -6.08035200 4.29610900
-3.01719700 -5.58854000 2.35555600
-4.77730000 -5.83841200 2.54662400
-3.11209300 0.73012400 6.84798000
-2.45588100 0.27981000 8.14191500
-1.73857100 1.03297100 8.49346200
-3.21273600 0.15349900 8.92714000
-1.91810500 -0.66757500 8.05509400
-3.90062500 2.02093800 7.02112700
-4.69955200 1.90092300 7.76511900
-3.24973100 2.83735500 7.36117600
-4.36668400 2.33867400 6.08131100
-2.56740200 1.37345500 4.79291900
-0.21281400 -2.51018700 4.69727800
-0.24935300 -3.38119200 4.03889900
0.74793200 -2.00144400 4.56279100
-0.25009100 -2.84995400 5.73998700
-2.53921400 -1.36325700 -0.84345300
-2.37229900 -2.82472400 -1.44331500
-1.85266100 -2.75269900 -2.40916800
-1.67042700 -3.32191200 -0.76836200
-3.59011400 -3.74684500 -1.56727500
-4.98986000 -3.18237300 -1.39310500
-5.68856500 -3.79891700 -0.82839300

396

TONOIXTITNMOZOAOODLO LTI IOQOIZDI T ITQOIIZINOAQAIDITITIZZI T TOOO0OAQAITITIONZITIAQOT TAO

-5.09374500 -1.69428600 -1.08268400
-6.06280800 -1.49720900 -0.61043000
-5.07892300 -1.08864000 -1.99513500
-3.93749700 -1.28729900 -0.13772500
-3.87788300 -2.06741100 0.63272500
-4.16663300 -0.03222800 0.65347900
-5.13245900 -0.28589900 1.74602400
-4.75090400 -1.09387500 2.37617700
-6.11415800 -0.60098700 1.35197100
-5.33934900 0.96499900 2.59438000
-5.82121700 2.04768400 1.81344800
-4.90795700 2.32727700 0.76300600
-4.68533500 1.11005100 -0.13230300
-5.64624300 0.85772600 -0.61010700
-3.97873300 1.37148600 -0.91994600
-5.34121900 3.14671600 0.18114200
-3.94763600 2.66573000 1.18226600
-4.39362000 1.24479600 3.08796200
-6.09062700 0.77710100 3.36756800
-4.56622300 -3.75621700 -2.73306400
-4.34797700 -2.87653900 -3.94954200
-3.70846900 -3.39002500 -4.67946000
-5.30124500 -2.65532700 -4.44799700
-3.86736300 -1.92531700 -3.71521500
-5.16612800 -5.10831700 -3.09392900
-6.14134500 -4.99072000 -3.58536400
-4.51174800 -5.65918000 -3.78261600
-5.31436600 -5.73368000 -2.20611600
-3.42222000 -4.72893600 -1.12700400
-2.35992100 -0.32417300 -1.97628900
-1.44958900 -0.57140200 -2.53575500
-3.18357200 -0.28425900 -2.69740400
-2.22431000 0.67780800 -1.55770100
-0.89276100 -2.31014600 1.51278700
0.35762500 -0.08457400 2.56672300
1.30109800 -1.20762100 1.13277200
2.25201500 -2.02030100 1.28574700
3.12456700 -1.81812700 2.40828800
4.43494000 -2.47606500 2.58528400
4.71994000 -2.11149400 4.04774700
4.34922500 -2.87022000 4.74469700
5.77176200 -1.90887400 4.25014500
3.97359100 -0.89692700 4.26270500
2.96114400 -0.83156700 3.36733700
2.08278400 0.00673500 3.47496800
4.33540700 -3.55711900 2.47522200



TTDTODNIZITQOIZIQOQ0OIZIDIQOIQAI I D I TN m IO

5.49320000 -1.92917200 1.59680900
5.10354700 -2.05367400 0.58024300
5.59987000 -0.85105500 1.76895000
6.83464800 -2.61751200 1.73476900
7.01949800 -3.92285800 1.25486800
8.24433700 -4.57260200 1.40362300
9.30937400 -3.92561600 2.03476500
9.14117500 -2.62567600 2.51192100
7.91262300 -1.97879900 2.36210600
7.79302900 -0.96020000 2.72525400
9.96599400 -2.11084900 2.99713100
10.2646850 -4.43048400 2.14829200
8.36917500 -5.58238500 1.02204300
6.20045000 -4.43242900 0.75096600
242532800 -3.19919500 0.51660400
3.37901200 -3.70130100 0.62693500
1.85040600 -3.22201300 -0.88192700
1.91808500 -4.22709500 -1.31053700
0.79639100 -2.93350100 -0.86774100
2.38806600 -2.54636500 -1.55956300
-0.04944800 -3.96335000 1.29005800
1.11804400 -4.38983400 1.56483900
1.49447700 -5.81963900 1.11744400
1.38570200 -5.87767400 0.02751100
0.46041000 -6.78109300 1.73806700
0.65109300 -7.81198400 1.41620800
0.51227900 -6.75875700 2.83481700
-0.55307500 -6.50042300 1.44252800
2.91220700 -6.24639300 1.51853000
3.08624000 -6.06843100 2.58878200
3.05603000 -7.31858500 1.34310900
3.69149800 -5.72152000 0.95534800
1.52905400 -4.16431200 2.57207100

397



Table A.1.57. Geometric coordinates and thermally corrected MP2 energies for transition state

(S)-45a

Atom X Y Z

Li
O
Li

OQ0COITTOAZIDZOQOIIZIOTOONOITTZTOOO

0.00000000 0.00000000 0.00000000
0.37115700 -1.83151900 -0.52762300
0.70347100 -2.04546100 1.31844400
0.24166400 -0.28080200 1.94029500
-0.44979900 -2.24437400 -1.58877300
-0.47476500 -3.83044100 -1.67121000
0.07237100 -4.14676000 -2.56845600
0.13843500 -4.16062600 -0.82922200
-1.81447700 -4.56800800 -1.59507200
-3.09886200 -3.82391000 -1.92115900
-3.95885900 -4.05229300 -1.29174300
-2.95861800 -2.34591900 -2.25792300
-3.93033700 -1.85620600 -2.12476500
-2.68637900 -2.19284800 -3.30777800
-1.90176700 -1.71627000 -1.32227300
-2.12811500 -2.08304600 -0.31309500
-1.97645200 -0.22099000 -1.18698800
-3.03724100 0.16041100 -0.22734100
-2.81422400 -0.29302800 0.74381600
-4.02689700 -0.20503100 -0.55435800
-3.11067100 1.67736100 -0.06681700
-3.35479100 2.32727200 -1.30379200
-2.33374900 1.99664400 -2.23556100
-2.24905500 0.48970700 -2.45867000

398

(

G =-3505.094249
Gypr = —3294.256843

Atom X Y Z

esfasi@N@NasiiasfasN@RasRasfesferi@Rasiasfasi@N@Nasfasiasiasiasian

-3.20540000 0.16111600 -2.89529800
-1.46054300 0.27383900 -3.18019400
-2.59239200 2.49924600 -3.17257300
-1.36482500 2.38697200 -1.88781000
-2.17374000 2.05403500 0.37735900
-3.93755200 1.94632700 0.59779800
-2.63662500 -4.95731500 -2.81589900
-2.11757700 -4.70019300 -4.21864000
-1.48304000 -5.53250100 -4.54994400
-2.94953200 -4.61823900 -4.93046800
-1.52136500 -3.78861900 -4.30073100
-3.42580900 -6.25437000 -2.71114900
-4.29847900 -6.24262300 -3.37778600
-2.80635300 -7.11696000 -2.99021700
-3.78995200 -6.42322500 -1.69111100
-1.87964600 -5.28229000 -0.77479000
0.16119500 -1.71306000 -2.90688500
1.13210900 -2.19704600 -3.06593400
-0.45598500 -1.91429300 -3.79148000
0.34176200 -0.63616300 -2.85166900
2.16301600 1.97201100 -0.87357600
1.30488000 3.10351000 -0.23231400
1.45477300 4.03840700 -0.78657100
0.24639100 2.84322000 -0.36158400
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1.62281400
3.10231700
3.51997900
3.98166400
5.04126600
3.81634100
3.71770300
4.02087300
4.57073900
5.84617800
5.66099600
6.54622800
6.51225700
6.70113100
5.46036200
4.78953600
543638500
3.83275700
5.68856200
478758000
5.88948400
7.50654100
2.10498800
2.06936500
1.08179300
2.80897800
2.27546000
1.79244900
2.51381300
0.79056200
1.83010700
1.06172200

3.28634400 1.24216300
3.49084500 1.53388000
2.96302000 2.38837600
3.49438300 0.29417600
3.51132600 0.58038400
4.40714400 -0.28659000
2.24883200 -0.59910300
1.37448800 -0.01683300
2.21570000 -1.80863400
1.52641200 -1.63284600
0.54934700 -1.17380400
2.08692200 -0.97909700
1.31573100 -2.99259300
2.54510700 -3.68206700
3.21843800 -3.85111300
3.48326400 -2.50427600
4.17466700 -1.93156300
3.98906800 -2.67076700
4.15956800 -4.36215100
2.62052500 -4.48771400
0.63640900 -3.59769500
0.87253100 -2.87451700
4.59119900 1.85673700
5.90700800 1.09856000
6.37706800 1.19518200
6.60710300 1.50931300
5.80467100 0.03042500
4.77229700 3.33587500
5.45034200 3.81156500
5.19854800 3.48020200
3.81797900 3.87390600
2.63720900 1.91298300
1.84642800 1.90797100 -2.37734200
0.78452800 1.66627100 -2.50249000
2.03247600 2.85374100 -2.89958600
244459900 1.13284400 -2.86293000
-0.36516500 -0.33451200 3.20390300
-1.31467000 0.92450600 3.39744100
-0.83309900 1.63086500 4.08617700
-1.31086200 1.42016100 2.42350900
-2.77679300 0.71635500 3.80504900
-3.20786600 -0.60440600 4.42196100
-4.17548700 -0.98952100 4.10116300
-2.13245700 -1.67509500 4.55198500
-2.61346800 -2.65510900 4.65132700
-1.53387800 -1.53971500 5.45927200

399
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-1.23588600 -1.63732900 3.29472600
-1.91197000 -1.55883000 2.43389300
-0.46004700 -2.89350100 3.02289300
-1.32134100 -3.93415900 2.41620200
-1.76810500 -3.53701800 1.49870400
-2.14163800 -4.22582300 3.09531700
-0.50147900 -5.17697100 2.07448800
0.15078600 -5.71525400 3.21631100
0.97753600 -4.73362200 3.82333600
0.17980800 -3.49418700 4.21513100
-0.57579600 -3.79563500 4.95845800
0.84367800 -2.77043700 4.68764700
1.41088300 -5.20066900 4.71337000
1.79695300 -4.45129200 3.14164700
0.24205000 -4.93112100 1.29947100
-1.15339600 -5.96588300 1.68780000
-3.26254400 0.66738100 5.24626900
-2.30621500 0.91164400 6.39889400
-2.24019500 1.98545300 6.61705400
-2.65986200 0.41295800 7.31094100
-1.29101000 0.56138000 6.20107500
-4.65117800 1.23300500 5.50854800
-5.10099000 0.78072500 6.40252200
-4.61022100 2.31821700 5.67024400
-5.32846100 1.04832700 4.66675500
-3.48960400 1.16759500 3.11583600
0.75023200 -0.27066300 4.27507400
1.22298000 0.71719000 4.23933800
0.39566500 -0.42780900 5.30100100
1.53332700 -1.00285500 4.06069500
204149100 0.25407300 1.53351200
1.79844200 0.73566700 -0.28504700
2.15310600 -1.07526700 -0.88179900
2.71174900 -1.79490200 1.32488000
3.86890800 -2.27992400 1.41211800
4.79927000 -1.60369600 2.26160500
6.08094100 -2.14916400 2.75473400
6.18023800 -1.41267200 4.09871300
5.72275100 -1.97531200 4.91953800
7.19856900 -1.13322800 4.36832500
541810700 -0.20427200 3.89693400
4.52691300 -0.40003200 2.89799000
3.66169200 0.41939900 2.65386600
5.98595600 -3.22659100 2.90620900
7.26964700 -1.84616900 1.81263400
7.03600900 -2.24424900 0.82028700
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7.35658500 -0.75843700 1.70296300
8.57216900 -2.43113100 2.31875500
9.55719400 -1.61723000 2.89399100
10.7461610 -2.16555900 3.37998700
10.9674930 -3.54036100 3.29745000
9.99627300 -4.36264300 2.72141900
8.81093800 -3.81123200 2.23625500
8.06736600 -4.45915000 1.77606500
10.1648320 -5.43337000 2.64384000
11.8928110 -3.96868400 3.67258600
11.4999260 -1.51637200 3.81721300
9.39876400 -0.54221700 2.94851300
4.32817800 -3.37823800 0.62893400
3.29821300 -4.42986800 0.26207600
3.76853700 -5.24223200 -0.29908500
2.82709400 -4.87723300 1.14733900
2.51194600 -3.99420700 -0.36113800
5.29731900 -3.77982100 0.91618400
3.61976100 -1.98636000 -1.55451500
4.71676700 -2.42677900 -1.06602500
5.40099500 -1.67771000 -0.61429800
5.53660900 -3.45779800 -1.89943900
5.98480100 -4.20070200 -1.22497400
4.67778700 -4.18516200 -2.94068100
5.28663000 -4.91279900 -3.49120200
3.83748900 -4.71673600 -2.48790500
4.26198400 -3.47092500 -3.65756000
6.69373100 -2.71199400 -2.59172800
7.35764500 -2.22509400 -1.86655300
7.30234200 -3.40379400 -3.18639500
6.30810100 -1.93849100 -3.26658200

400



Table A.1.58. Geometric coordinates and thermally corrected MP2 energies for transition state

(R)-45a

Atom X Y Z

Li
O
Li
Li

TOQZIQTITITQOTQQOZDIZOQO0OOCDO

0.00000000 0.00000000 0.00000000
-0.87340400 -1.58500900 1.11493000
0.00011400 -0.13826800 2.72720700
2.16930800 0.10271800 1.35725800
1.63533800 -1.24052900 2.65497600
1.07642600 -2.16094900 1.10132100
1.66436700 -0.91719600 -0.24642600
0.52930400 1.17637600 1.41138100
2.51284100 -1.28755400 3.74903900
2.34448400 -2.66742100 4.51886300
1.84618700 -2.47882700 5.47843200
1.62089600 -3.22954600 3.92364700
3.56588400 -3.56563500 4.73558000
4.96045600 -2.96910300 4.64365700
5.71419600 -3.58441800 4.15270100
5.04446200 -1.49148700 4.28682300
6.04998500 -1.27274600 3.90891000
4.90800300 -0.85332700 5.16640400
3.98056500 -1.17264600 3.21212200
4.04499200 -1.97675900 2.46845900
4.23133400 0.07560900 2.41313800
5.22433200 -0.18916900 1.34728100
4.84314400 -0.98404900 0.69818700

401

Atom X

H
C
O
C
C
H
H
H
H
H
H
C
C
H
H
H
C
H
H
H
H
C
H

6.18706700
5.47804900
5.93696000
4.98496300
4.72774800
5.67405000
3.99831300
540326800
4.04453700
4.55566800
6.25649900

G =-3305.099148
Gy = —3294.261750

Y Z

-0.52706400 1.77022200

1.06229700 0.51041900
2.14294900 1.30610400
2.43503500 2.32028100
1.22185500 3.21033300
0.97101000 3.71555100
1.48347600 3.97778100
3.25288100 2.91489700
2.78168600 1.86448100
1.35170100 -0.02085500
0.86711500 -0.23360400

4.45552600 -3.50558500 5.96892000

4.12243300 -2.58042900
5.02836000 -2.32298100
3.65143600 -1.64611100
3.43112300 -3.07304300
5.06165100 -4.82339700
5.99189500 -4.65648800
4.37141400 -5.36673900
5.29702400 -5.47838500
3.45357500 -4.56750600

7.12497900
7.68938500
6.81148300
7.82115000
6.43003600
6.98948000
7.08892900
5.58318200
4.32220500

2.12755600 -0.14862400 4.72290600
1.12596600 -0.35111600 5.12091800
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2.80711500 -0.04685900 5.57844300
2.08224100 0.81262300 4.20384700
0.39922700 2.58588100 1.39858000
1.27564900 3.16969900 0.24657000
1.39084500 4.25069500 0.39021800
2.28296000 2.74453000 0.34353700

0.70841800
-0.74448100

2.87081900 -1.13083200
3.28463300 -1.30494100

-1.39642100 2.58982200 -1.83100900
-1.36175500 3.90293300 -0.06006600
-2.43908500 4.05268500 -0.20711800

-0.94382300 4.89577800
-1.13524400 2.96715800
-1.58231700 2.00841100
-1.86001900 3.38976300
-3.18464100 2.78990300
-3.08999700 1.70448200
-3.89856600 3.15687800
-3.75596100 3.09425900
-3.81333500 4.49296800

0.13758300
1.15802700
0.88403200
2.37787700
2.51518100
2.40499500
1.74804900
3.89947600
4.14922100

-2.52015400
-1.93739100

5.07108700 4.02628200

4.82794200

-2.57505200 5.35521300
-0.93759800 5.27038000
-2.64307000 6.14306500
-1.84361800 4.65188900
-3.13446300 2.59956000
-4.78343800 2.72404000

2.63545100
1.90088700
2.58205300
4.21216600
4.78921700
4.66292900
3.98501300

0.33524800
0.72529900
1.74425000
0.05102800
0.69454500
0.38449700

3.94605600 -2.14231900
5.40291200 -1.96027700
5.57730600 -2.33034200
6.05313700 -2.53326300
5.73850500 -0.92097400
3.51534200 -3.60177700

-0.29506400 4.12135500 -4.21604500

1.39615200
0.09206600
1.01536700
0.92945500
1.96648300
0.92613800

3.62946900 -4.01381400
2.46564700 -3.72094000
1.91673000 -1.55809100
3.14594000 2.73045000
2.81839300 2.86655500
4.24243200 2.76403400

0.33005400 2.77938500 3.56739800
2.09516900 -1.57929100 -1.40524800
3.13680300 -0.67291400 -2.19180400
2.65401100 -0.28323200 -3.09727100
3.28853100 0.19481400 -1.54490600

402
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4.51550000 -1.23914400 -2.54548000
4.73133700 -2.74384500 -2.55919800
5.68144900 -3.09552400 -2.15782900
3.53845900 -3.60217300 -2.15866600
3.89573300 -4.59461400 -1.85971900
2.85681800 -3.76825500 -3.00025900
2.80404200 -2.91466700 -0.98598600
3.58149500 -2.58526200 -0.28531300
1.93624100 -3.81402800 -0.15534500
2.74973700 -4.62867900 0.77567500
3.34721200 -3.96013100 1.40460800
3.44301100 -5.29195200 0.22966700
1.85083600 -5.48336900 1.66669000
1.00455000 -6.33690800 0.90856200
0.22254300 -5.58363300 -0.00703800
1.09639500 -4.74977600 -0.93725000
1.71908300 -5.43894900 -1.53054400
0.46093200 -4.19529100 -1.62744600
-0.36051900 -6.30802900 -0.58423700
-0.47595100 -4.92650000 0.53619200
1.24450700 -4.83261700 2.31681600
245816200 -6.13394000 2.30315000
4.82926500 -1.95571700 -3.85097200
3.77936100 -2.08483100 -4.93873700
3.79455300 -1.20213500 -5.59123600
3.97815900 -2.96196100 -5.56848100
2.76356200 -2.17924700 -4.54872900
6.23159400 -1.75770200 -4.40837800
6.52643600 -2.60009500 -5.04828000
6.28976400 -0.84400500 -5.01437200
6.97537100 -1.67290000 -3.60771400
5.34428200 -0.64838600 -2.15731600
0.86464300 -1.79700700 -2.31861000
0.51260400 -0.82295800 -2.67711600
1.06718200 -2.41765600 -3.20034600
0.03854200 -2.24318900 -1.75841900
-2.07985700 -1.88213200 1.32605600
-3.06372600 -1.31849200 0.45234200
-4.46990100 -1.76055900 0.37082500
-5.05923100 -0.61414900 -0.45972700
-5.44061800 0.19969500 0.16576300
-5.83242800 -0.93426000 -1.15845400
-3.93933400 -0.11599400 -1.21882900
-2.78805400 -0.43965000 -0.58391500
-1.72133600 0.02051600 -0.94855500
-4.92028200 -1.78294200 1.36446600
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-4.59603900 -3.14476300 -0.31029700
-3.96622700 -3.85181600 0.24135200
-4.17969900 -3.06805400 -1.32229700
-6.02412000 -3.64406400 -0.36700600
-6.65499000 -4.13223600 0.78711300
-7.97882100 -4.56870000 0.74798800
-8.69617000 -4.52655400 -0.44982700
-8.07948000 -4.04867100 -1.60620600
-6.75397600 -3.61115900 -1.56273100
-6.27607400 -3.25181200 -2.47175600
-8.62632900 -4.01947300 -2.54477500
-9.72662500 -4.86940500 -0.48140000
-8.44887800 -4.94720600 1.65166700
-6.10210800 -4.18090800 1.72325400
-2.53107100 -2.59760700 2.46288500
-3.55033700 -2.96450700 2.42271900
-1.54394800 -3.50666100 3.16069700
-0.68380600 -2.93379900 3.52060500
-1.17036200 -4.30340900 2.50459000
-2.01320500 -3.99532700 4.02051400
-1.50195500 -0.45146900 3.78866600
-2.65846600 -0.97560800 3.72858200
-3.25045000 -1.57129900 5.02262800
-2.52444300 -2.29132100 5.41878800
-3.36510300 -0.41950700 6.04270200
-3.71991500 -0.79650000 7.00947900
-4.07851300 0.34142000 5.70002700
-2.39624800 0.06485700 6.18711000
-4.61060300 -2.25517800 4.83820100
-4.53542600 -3.20611100 4.30026800
-5.30625000 -1.60597700 4.28815700
-5.07015400 -2.46806200 5.81008000
-3.43925900 -0.45267800 3.13251200

403



Table A.1.59. Geometric coordinates and thermally corrected MP2 energies for transition state

(S)-46a

N O o—1
Me
Atom X Y Z
Li 0.00000000 0.00000000 0.00000000

QAO0ONITTNZIQNIZIZQAITOQOQAIZITNAQOOOL

-1.59850800 -0.52975200 1.89277700
-1.22198400 -1.43899900 0.21600600
-0.35538100 -1.63781100 2.98044800
-0.33726000 0.93761000 1.63040600
-0.19194300 2.32620700 1.50408200
0.16856700 2.97987600 2.90889500
-0.62251200 3.68922200 3.18210600
0.08843800 2.16260300 3.63193200

1.53240800

3.64993800 3.08238600

2.19675000 4.26922500 1.86341900

3.27675200

4.14069600 1.79026100

1.46679200 4.07119700 0.54184300

2.15111900
0.62752800
0.97693900
1.80019600
0.73932600
2.02465600
2.56088000
2.66030800
1.78858400
1.06604100
-0.18367500

4.28425400 -0.28778000
4.76609700 0.42748400
2.60519500 0.49517500
1.99742000 0.88864100
2.03439400 -0.87365600
1.69963000 -1.52808100
0.98342500 -0.89796600
2.59398300 -1.64802900
1.08803600 -2.90749400
1.96703000 -3.75444900
2.28944200 -3.16080600

404

G = -3305.092295
G = ~3294.252700

Atom X Y Z

TOQODNITIZIQOIIIIITQOIDITZIQOOQOIT DT T DT O

-0.00171400 2.93331500 -1.78915200
0.54031700 3.88256100 -1.92901600
-0.98020000 3.16722300 -1.37064800
-0.68022200 2.98904900 -3.84015700

-0.80588600
1.24460600
2.74439400
1.72554700
0.53922900
0.08592300
0.85752800

-0.24868500
2.81451900
3.20581600
242935100
3.65651800
2.19730400

-1.54685900

-2.25505200

-1.49680800

-1.96206000

1.38382100 -3.07634300
0.13399800 -2.80669400
0.88864400 -3.40243600

5.15973500
6.09116000
6.32072500
7.04217600
5.67766100
5.75119900
6.68598600
5.97649200
5.05932500
3.14235300
2.92252700
2.82324300
3.98838200
2.37035100

-0.17129600 -2.21333700
-0.10457900 -1.09791400
0.45251500 -1.48868300

2.99472400
2.82307900
3.79630300
2.37614800
2.18838400
3.87760600
345385700
4.88083000
3.99385700
3.77826100
1.06372100
1.89322300
0.80489900
0.21523000
4.26068000
5.35904300
6.21824100
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0.50656400 -0.27564500
-1.45577700 -0.57743900
-2.44323800 -1.66177100
-3.48347500 -1.52163300
-1.93033700 -3.07943500
-2.74563600 -3.79889300
-1.15726500 -3.34332900
-1.38550500 -3.19123700
-2.17641600 -2.78853300
-1.17664300 -4.57556500
-2.34181600 -5.15115400
-2.68321100 -4.46153900
-3.18915800 -5.32352300
-1.96705800 -6.48077800
-1.45328800 -7.40302900
-0.32156300 -6.85366800
-0.66569900 -5.53620900
-1.40312400 -5.75050100

0.23289600 -5.13822800
-0.00062400 -7.60059500

0.49621700 -6.68896000
-1.22211500 -6.29931200
-2.84911500 -6.95457900
-1.92976000 -0.68869000
-1.00947200 -1.12659900
-0.41183000 -0.27966500
-1.59893500 -1.50023600
-0.31343100 -1.91953400
-2.92264600 0.37465800
-3.56248500 0.00246000
-2.40200000 1.26776800
-3.57658000 0.68933500 6.89311800
-1.84260600 0.27679700 5.26678500

1.18387800 -2.94976600 4.28069200

1.19747500 -3.73545700 3.52187600

1.98180300 -2.23033000 4.06310800

1.41012300 -3.39694600 5.25711900
-2.33153000 -1.79213400 -0.56580200
-2.01345700 -3.13930300 -1.34700200
-1.74473200 -2.89040300 -2.38306400
-1.09538900 -3.51764100 -0.88935000
-3.02576800 -4.28940600 -1.32894800
-4.44820700 -4.03984400 -0.85673400
-4.89084000 -4.81729700 -0.23457900
-4.77539000 -2.62450400 -0.39805900
-5.66182500 -2.65491500 0.24544700

4.96676500
5.82132700
6.22093200
5.92710100
6.01034800
6.15689000
6.74064800
4.56117200
3.92244400
4.08069000
3.40811100
2.62819900
4.10326300
2.75523000
3.70811100
4.36932400
5.06194600
5.85816700
5.54080100
5.10288500
3.64864600
1.96345600
2.31196600
7.26597400
8.39245600
8.75420500
9.24001700
8.10779300
7.71451400
8.52585700
8.08471800

405
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SHo
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-5.04085000 -1.97844900 -1.24191100
-3.56233200 -2.05069600 0.37286700
-3.21252500 -2.85191400 1.03699200
-3.87212500 -0.92631600 1.31733100
-4.55506800 -1.44265800 2.52533000
-3.91809400 -2.19570300 2.99816300
-5.51543900 -1.92464200 2.27258300
-4.83689800 -0.31834500 3.51751600
-5.65086800 0.69058700 2.93963500
-5.01528700 1.21957500 1.78561200
-4.73151400 0.13576200 0.74807300
-5.69695000 -0.27628900 0.41169800
-4.24272800 0.58856900 -0.11446000
-5.69601900 1.96863300 1.36915300
-4.07750400 1.71995400 2.07154800
-3.88788500 0.11715500 3.87337500
-5.38476600 -0.70635600 4.38165800
-4.18865600 -4.43926900 -2.29745900
-4.38479100 -3.46485500 -3.44370100
-3.82064700 -3.79697300 -4.32505300
-5.44259200 -3.40988600 -3.73367600
-4.05081100 -2.45178000 -3.21201800
-4.57299900 -5.86401500 -2.67138500
-5.62851000 -5.92481000 -2.96921100
-3.96902400 -6.22715900 -3.51353700
-4.42344700 -6.55515700 -1.83403300
-2.58738700 -5.23656700 -1.01749600
-2.55950400 -0.65744200 -1.59341900
-1.73465400 -0.67081500 -2.31610300
-3.49244700 -0.73478000 -2.16290700
-2.54252100 0.31752900 -1.09699000
0.86785400 -0.25430600 2.46244100
-0.11506400 -2.58094700 1.32003000
1.74618600 -0.95764000 0.71063000
2.84805400 -1.55369400 0.60615700
3.88556600 -1.18082400 1.52123000
5.31804700 -1.51806200 1.38883800
5.94296600 -0.29860500 2.08267300
6.16429500 0.51429300 1.38282800
6.83474100 -0.53639900 2.66231000
491971900 0.15352200 2.99383600
3.71337700 -0.27533500 2.55988600
2.68236200 0.11317400 3.07836000
5.59163800 -1.54612600 0.33201700
5.68774100 -2.85663900 2.06982300
5.05800700 -3.64596800 1.64784600
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543323100 -2.78658900 3.13419400
7.15192500 -3.20511500 1.89868700
8.05710900 -3.07381900 2.96024800
9.41072700 -3.37235800 2.78944600
9.88001700 -3.80806300 1.55017700
8.98762400 -3.94861400 0.48478200
7.63664500 -3.65066000 0.65967100
6.94769800 -3.77775400 -0.17323000
9.34269900 -4.29704900 -0.48135300
10.9321460 -4.04335000 1.41581700
10.0952870 -3.26899800 3.62700600
7.69677800 -2.74819200 3.93386500
3.08245800 -2.63633400 -0.29181900
2.31725500 -2.59743000 -1.60083200
2.63873500 -3.41197000 -2.25552000
247846500 -1.65966700 -2.14722700
1.24464800 -2.70853200 -1.41612000
4.12044400 -2.94640000 -0.38404700
0.97770600 -3.95794300 0.71294200
2.24877200 -4.11011100 0.74831700
2.75382200 -3.87572000 1.70751600
2.85489000 -5.40948000 0.14380300
3.84610400 -5.18602300 -0.27549200
1.97735000 -6.03064800 -0.94898300
244289800 -6.94671700 -1.33255000
1.81721300 -5.35396100 -1.79161200
0.99364900 -6.28813400 -0.54557400
3.05967500 -6.41695900 1.29275300
3.72051200 -6.01856200 2.07237400
3.50561600 -7.34701300 0.92007500
2.10059100 -6.66721100 1.76143000

406



Table A.1.60. Geometric coordinates and thermally corrected MP2 energies for transition state
(S)-37a (isomer A)

Atom X Y Z

Li
Li
O
Li
O

c

TZTTTOTTITTTEZIIZIZIZOQONOO0O0OZT OO0

0.00000000 0.00000000 0.00000000
-0.79082400 -2.41405100 0.28357100
0.92299100 -1.79306500 -0.47055200
-0.24601600 -1.60307500 -2.14307700
-0.75548000 0.22932900 -1.74313800
-2.23543000 -0.68473500 -1.00469100
-1.56291500 -0.74299000 0.83435600
-2.18949100 -0.80769000 2.07064200
-2.40444900 -2.31227100 2.51325100
-3.17545200 -2.67687900 1.82071300
-1.23942100 -3.18891800 2.21465800
-0.06168500 -3.10028600 3.13519500
0.21601900 -4.53316300 3.61805800
-0.34801400 -5.39503700 2.48013500
-1.61316800 -4.62683500 2.09339700
-1.95760800 -4.84784700 1.07702400
-2.43038000 -4.89057200 2.78283400
0.35295200 -5.42471600 1.63822300
-0.56361900 -6.42633900 2.77706800
1.27831500 -4.71030500 3.81491500
-0.33292400 -4.73576600 4.54654000
-0.25002700 -2.41028500 3.96072000
0.79846600 -2.70873200 2.57843200
-2.97488200 -2.45321500 3.93413200
-3.89152600 -1.86053800 4.03022500
-3.23459900 -3.49279900 4.16194500
-2.28054300 -2.09668500 4.70030500
-3.23104500 -0.43282100 1.99902500

407

G =-2722.303455
Gy = —2714.476008

Atom X Y Z

TTID T ITZ T TONOOQZIZIOQAOIIIZITITZTOOONOON

-1.54134500 0.08940700 3.13610500
-0.15500800 0.26803500 3.22004500
0.40906800 1.10432900 4.18508700
-0.40609800 1.78456800 5.09139200
-1.79059200 1.62728500 5.01513700
-2.34639400 0.79360200 4.04331500
-3.42864800 0.69635800 3.98044400
-2.44019300 2.16398200 5.70246800
0.03202200 2.44068200 5.83910600
1.48817200 1.23241300 4.22013600
0.49025300 -0.23802500 2.51158300
-1.70980000 -2.58158800 -1.42761000
-2.90663700 -3.28179800 -1.44165200
-4.00015900 -2.54701900 -2.29608200
-4.94135100 -3.12262900 -2.21791700
-4.23277000 -1.19438300 -1.71355600
-4.97583200 -0.25278800 -2.58150600
-5.38896400 0.89208000 -1.64055800
-5.43662500 0.23768500 -0.23240700
-5.06261900 -1.23141200 -0.48677200
-4.51717400 -1.68171300 0.34508900
-5.96960200 -1.83970900 -0.66237300
-4.71095700 0.70819300 0.43890300
-6.41968100 0.32078200 0.24110900
-4.64987700 1.69836900 -1.67018100
-6.35021500 1.32127400 -1.93903700
-5.87196200 -0.74281100 -3.00412100
-4.35470000 0.08678400 -3.41260900
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-3.60411300 -2.49983300 -3.77278800
-3.47494000 -3.52140600 -4.14105000
-4.36701100 -2.02042800 -4.39255000
-2.65758500 -1.97216900 -3.90916100
-3.32985800 -3.33507700 -0.41742700
-2.77923400 -4.74337400 -1.88857800
-3.78200700 -5.67110500 -1.56994900
-3.69049000 -7.00129000 -1.98161200
-2.58422900 -7.43121400 -2.71808800
-1.57502900 -6.52008800 -3.03345500
-1.67362400 -5.18916600 -2.62071100
-0.88763900 -4.47845600 -2.85368600
-0.70578100 -6.84634100 -3.59968500
-2.50722200 -8.46770600 -3.03625900
-4.47871200 -7.70362700 -1.72127700
-4.64332900 -5.34871600 -0.98670000
-0.02744100 1.08373700 -2.55959000
0.00666300 0.54766800 -4.03201400
0.68499300 1.18864600 -4.62481400
0.57430000 -0.83221300 -4.01742200
0.41948800 -1.58804300 -5.27910900
1.36582400 -2.78580700 -5.11567600
2.49687800 -2.25683300 -4.19190900
2.04182500 -0.83719000 -3.80181400
2.28307600 -0.58238700 -2.76800900
2.51891100 -0.08319100 -4.45444800
2.60881300 -2.88562800 -3.30382100
3.46736100 -2.23045800 -4.69742300
0.84058300 -3.62245800 -4.64249400
1.73558800 -3.14031800 -6.08269300
0.72722400 -0.97068400 -6.14330700
-0.62030200 -1.88540300 -5.43187200
-1.37800500 0.61221600 -4.67802200
-2.10194700 0.02399900 -4.11043400
-1.72010300 1.65094400 -4.68341200
-1.37122900 0.26134800 -5.71403100
1.02811000 1.11589400 -2.22554100
-0.49738600 2.54351300 -2.51216900
-1.64300200 2.90897700 -1.79796200
-2.06118900 4.24135600 -1.74230000
-1.33683700 5.23429200 -2.40196700
-1.65925800 6.27144800 -2.35784800
-0.18242100 4.88482800 -3.10697000
0.40043800 5.65124400 -3.61238800
0.23372300 3.55447900 -3.15463900
1.14675500 3.30191200 -3.69043800

408
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-2.95055800 4.50389600 -1.17395500
-2.18990500 2.13495300 -1.26981200
2.13696400 -2.21444000 -0.22962600
3.07149100 -1.19751000 0.24587300
2.76849700 0.10577700 0.54316600
1.71072100 0.71446900 0.45912900
3.88178600 0.75036200 0.99187300
4.91796500 -0.21744400 1.22681000
4.92367600 -0.47095200 2.29312000
5.87654700 0.22641700 0.95466900
4.52437000 -1.41084800 0.34797400
4.73146400 -2.34950500 0.86651200
5.21107500 -1.40761200 -1.03965800
4.68561800 -2.13152800 -1.67053600
5.06683600 -0.41805800 -1.49094800
6.68551400 -1.73958300 -0.96747700
7.66194700 -0.74296100 -1.09914900
9.02083600 -1.05145300 -1.00638600
9.42585000 -2.36693900 -0.77947100
8.46385700 -3.37162200 -0.65068400
7.10811700 -3.05918100 -0.74489400
6.36713100 -3.85127600 -0.65650300
8.77005300 -4.40082400 -0.48248500
10.4826210 -2.60974700 -0.70898200
9.76128300 -0.26348200 -1.11607200
7.35534400 0.28352200 -1.28926500
2.60310800 -3.48304700 -0.38384200
1.76365600 -4.62015200 -0.89321900
0.71674800 -4.32721700 -1.00926800
2.10890700 -4.98790900 -1.87267200
1.79430300 -5.48626400 -0.21697400
3.63263400 -3.71503600 -0.13949000



Table A.1.61. Geometric coordinates and thermally corrected MP2 energies for transition state
(S)-37a (isomer B)

Atom X Y Z

Li
Li
O
Li
O

c

TZTTTOTTITTTEZIIZIZIZOQONOO0O0OZT OO0

0.00000000 0.00000000 0.00000000
0.44971000 -2.28823400 1.17526600
1.78720900 -0.72411700 0.63622100
1.02891000 0.02576300 2.33540100
-0.46562000 0.96046500 1.63405600
-1.39048200 -0.75041200 2.01690400
-1.05705800 -1.56278800 0.25269800
-1.43479300 -2.27919700 -0.87555400
-0.28128300 -3.27177700 -1.30805700
0.51439900 -2.59656800 -1.63941400
0.33880300 -3.99339200 -0.15958600
-0.32758400 -5.22875200 0.30494000
0.68704800 -5.84044900 1.28180200
2.06810800 -5.39403400 0.72589000
1.73133000 -4.42942400 -0.43026600
2.39543200 -3.56071600 -0.48241600
1.80103600 -4.96288100 -1.39296800
2.65519100 -4.89333200 1.50236300
2.66423000 -6.23905200 0.36778300
0.53494900 -5.44183600 2.28923400
0.58563200 -6.92852300 1.34023100
-0.50611400 -5.92193100 -0.53334400
-1.29293500 -5.00484600 0.76089000
-0.65204200 -4.15554700 -2.50973900
-0.94320000 -3.52307100 -3.35593200
0.19655300 -4.76418700 -2.84050600
-1.49204700 -4.82267600 -2.29870100
-1.50688500 -1.60835700 -1.75845900

409

Atom X Y Z
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-2.82973200 -2.90911400 -0.76899100
-3.34193800 -3.37010000 0.44911100
-4.61029700 -3.94886100 0.52812900
-5.40462900 -4.06326800 -0.61428200
-4.91962600 -3.58524500 -1.83225500
-3.64865100 -3.01207800 -1.90296300
-3.28953700 -2.62970800 -2.85628700
-5.53364200 -3.64948400 -2.72728600
-6.39412300 -4.50876100 -0.55334400
-4.98207400 -4.30848800 1.48496700
-2.73760500 -3.25686800 1.34171000
0.14840200 -1.59226800 2.89335600
-0.03898600 -1.75608300 4.25659300
-1.44924000 -2.37466000 4.54817700
-1.58477800 -2.43665100 5.64432900
-2.49285000 -1.46469100 4.00274200
-3.85569000 -2.03790500 3.96954100
-4.75678700 -0.82752600 3.70469000
-4.02791000 0.34264400 4.41594700
-2.67113500 -0.25529900 4.84343000
-1.83313300 0.43309900 4.71975000
-2.70330700 -0.54416600 5.91018600
-3.90004300 1.19485900 3.74250100
-4.58078000 0.70391800 5.28871500
-4.82671300 -0.64287900 2.62737800
-5.77353200 -0.98775200 4.07632700
-4.10848700 -2.49930200 4.94299200
-3.94306200 -2.80450200 3.19924400
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-1.55072300 -3.79441100
-1.40278800 -3.80052800
-0.76865100 -4.41341700
-2.51183900 -4.26441600
-0.02951400 -0.77152200
1.06414300 -2.56778800
1.12864500 -2.63629700
2.12218800 -3.37626800
3.08166300 -4.06170700
3.03911400 -3.98856700
2.04157700 -3.24426900
2.01851000 -3.16869000
3.78390300 -4.51380300
3.85719300 -4.63814000
2.15175800 -3.41212200
0.39846700 -2.09486600
-0.34338500 2.27759400

3.98752800
2.90465700
443647200
4.21489200
4.76480000
4.94975600
6.34957900
6.99082900
6.24199100
4.84942400
4.21314100
3.13096100
4.25461400
6.73968300
8.07712800
6.94796000
1.19657000

-1.13199400
-1.08792300
-0.45940500
-1.24896300
-0.21765800

2.48775900 -0.14120200
3.55923000 -0.41026700
1.70641400 -1.21818900
1.57540500 -2.46289900
1.14317800 -3.50104300

0.99808000 2.02075400 -3.14966600
0.85105300 2.29972800 -1.63280800

1.66492800
0.85987900
1.94887300
0.95750500
0.01936400
-0.56879900
-1.69569400
-2.06024100
-2.60187100
-2.70473900
-3.01846100
-3.20200000
0.71579800
-0.74171700
-1.54599100
-1.91437000
-1.47729100
-1.75832700
-0.66447400
-0.30658300
-0.30012800
0.34744200

1.85607000 -1.05130400
3.38236800 -1.43465200
1.53915900 -3.39255100
2.96144400 -3.70960200
0.08043100 -3.37184500
1.28557600 -4.52802000
2.54278400 -2.75675700
0.85553700 -2.32892000
2.08954300 0.01930300
1.00989800 0.16577900
2.59523300 0.89563800
2.38239000 -0.84762100
2.49999000 0.95921200

3.34785300
3.04929800
4.03939100
5.35257100
6.12452100
5.66433500
6.68150400
4.66974900
4.92122700

2.21739400
3.31872500
4.23304200
4.05868100
4.77047500
2.96574400
2.82546100
2.05862300
1.22017600

410
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-2.54007600 3.78257100
-1.86833100 2.02480300
2.68999600 0.52984900
3.66931500 -0.11919100
4.68913200 -0.33856100
5.60652700 -1.27404000
5.33160400 -2.28417000
6.61409400 -1.03478900
5.39099300 -1.05667100
5.52753000 -1.97706600
3.96474400 -0.68815400
3.06411300 -0.79005100

5.08483400
3.45023100
3.05538300
2.71187100
3.58396400
2.98247200
3.30544300
3.32403200
1.48276100
0.91035600
1.49877300
0.35375800

3.62629000 -0.99129800 -0.86867500
2.85196300 -1.12770800 -2.14729500
3.26831200 -0.48307400 -2.93401000
2.86194500 -2.15193600 -2.55205000
1.80531400 -0.84294000 -2.00919200
4.70388100 -1.03899000 -0.95864700
6.29754400 0.07523600 0.92773800
5.92000300 0.37924800 -0.05272700
6.19405700 0.94471600 1.58816300
7.75179500 -0.33388400 0.83125400
8.70062500 0.14375500 1.74543100
10.0375130 -0.25241100 1.66747200
10.4479520 -1.13723400 0.67021900
9.51407700 -1.61933900 -0.25000900
8.18044900 -1.21980700 -0.16923100
7.46392900 -1.59327200 -0.89833300
9.82597000 -2.30323000 -1.03512400
11.4878710 -1.44582500 0.60626000
10.7570160 0.13416600 2.38446600
8.39077400 0.84268400 2.51942700



Table A.1.62. Geometric coordinates and thermally corrected MP2 energies for transition state
(S)-37a (isomer C)

Bn,

Atom X Y Z

Li
Li
O
Li
O

c

TTTOQOITTDITTIEZTITTETOOOOOO0ZTIOOO0O

0.00000000 0.00000000 0.00000000
-0.95127400 -1.93960900 -1.47086900
-0.15524400 -0.08577000 -1.97419500
-2.09035300 0.45103300 -1.55112100
-2.74140300 -1.36606100 -1.35242300
-2.26035400 -1.08828700 0.47418200
-1.74077900 0.79777700 0.31781200
-1.65331600 1.80932400 1.26310000
-0.40619700 1.58698200 2.20357200
-0.62488400 0.62337800 2.68127500
0.85978400 1.32643200 1.46010600
1.59761100 2.51667800 0.92682100
2.98793500 2.49487200 1.57855900
321891800 0.99793800 1.82040300
1.83263500 0.52314300 2.26249900
1.67513900 -0.54618400 2.09442800
1.70600600 0.71209900 3.33954200
3.51901100 0.50254600 0.88948400
3.98669800 0.78677100 2.57127100
3.75412400 2.96148600 0.95088000
2.96904200 3.03029900 2.53632700
1.05373000 3.44246600 1.12098300
1.68643200 2.42350700 -0.16313400
-0.29411300 2.63435600 3.32418500
-1.22534200 2.66767000 3.90149400
0.51271700 2.38773800 4.02281400
-0.11645400 3.64267500 2.93909300

411

G =-2722.311054
Gypr = —2714.490411

Atom X Y Z

esiiasBasficsfiasas o NONO NG A NoNoRo s NoNONONONON@Re=!

-2.50552800 1.76054600 1.97257000
-1.72473400 3.21537800 0.65380000
-1.12760100 3.50843200 -0.57938100
-1.18510200 4.79344400 -1.12205500
-1.85810600 5.81404100 -0.44601300
-2.47307600 5.53464000 0.77529200
-2.40617700 4.24758000 1.31444300
-2.89942600 4.03903100 2.26176600
-3.01219600 6.31548500 1.30620500
-1.90887300 6.81333400 -0.87046400
-0.70579000 4.99628900 -2.07698700
-0.60790000 2.71808800 -1.11159200
-0.43356000 -1.82664300 0.38035400
-0.27866400 -2.53795200 1.56164100
-1.55681200 -3.38837700 1.88890700
-1.38383500 -3.91182600 2.84794600
-2.70765600 -2.45293900 2.06278400
-4.04950000 -3.07659700 2.02309800
-4.98642500 -1.96327500 2.51841500
-4.09760600 -1.10122300 3.45757400
-2.70746200 -1.75715600 3.36798300
-1.89019500 -1.03516500 3.43231600
-2.57001600 -2.48777700 4.18670100
-4.06089700 -0.06178100 3.11488700
-4.46257900 -1.08945700 4.48927700
-5.34680000 -1.36702700 1.67325800
-5.86533700 -2.37372800 3.02475600
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-4.09466800 -3.94591200 2.70442900
-4.29082100 -3.42135000 1.01633700
-1.83390100 -4.44124100 0.81349900
-0.92978900 -5.03077100 0.63815400
-2.62438300 -5.13310300 1.11983100
-2.13196200 -3.98373400 -0.13300700
-0.17208100 -1.84210600 2.41891200
0.98480800 -3.40514300 1.60870300
1.56589500 -3.74500200 2.83878500
2.71794500 -4.53099300 2.89988800
3.31458100 -4.99015800 1.72344000
2.74709100 -4.65629100 0.49191200
1.59376400 -3.86986700 0.43683700
1.14958100 -3.61814800 -0.51889300
3.19526600 -5.01120000 -0.43319500
4.21278700 -5.60114600 1.76760000
3.15288300 -4.77941400 3.86516400
1.11541800 -3.38196800 3.76167600
-4.00767800 -1.49826300 -1.90619600
-4.17475500 -0.55114200 -3.14342500
-5.22665200 -0.62340200 -3.48281200
-3.91635600 0.85281900 -2.71640500
-4.02720900 1.82560500 -3.82743900
-4.13594500 3.18878600 -3.13808700
-4.85326800 2.88439500 -1.79857500
-4.90346600 1.34376200 -1.71881900
-4.65583400 0.96976700 -0.72219700
-5.91236900 0.97581100 -1.97731600
-4.30174200 3.30975700 -0.95653100
-5.86496200 3.30163200 -1.77036400
-3.14037700 3.59950800 -2.94725800
-4.67645900 3.91134300 -3.75782700
-4.93480300 1.62011200 -4.42520000
-3.16445000 1.75591100 -4.49314500
-3.26186300 -0.94558500 -4.30863600
-2.20594300 -0.81940100 -4.04900000
-3.42288200 -1.99478600 -4.56843800
-3.47037100 -0.35252700 -5.20410200
-4.77800200 -1.17145900 -1.18111100
-4.40048500 -2.93653900 -2.26361700
-3.45843600 -3.88788000 -2.67835300
-3.85097700 -5.18731300 -3.00682500
-5.19365700 -5.56195500 -2.92686800
-5.49679400 -6.57489700 -3.17939000
-6.14252500 -4.62502100 -2.51422600
-7.19095300 -4.90442400 -2.44134200

412

esfjasfiasfcs @R @Resfasfarfasa-HONONONONON@R=ResNoR-Ho Rz O NONON QWA @Rusfasasi@]

-5.74452800 -3.32785800 -2.18506300
-6.49019300 -2.60578600 -1.85524400
-3.10210400 -5.90826600 -3.32559500
-2.41107100 -3.61315100 -2.75047400
0.63408100 -0.05797700 -3.02181500
1.55418800 -1.19258000 -3.15234400
1.18937400 -2.49024900 -3.00125900
0.07532000 -2.94846900 -2.75911600
2.26822300 -3.30624500 -3.14212200
3.38997300 -2.51708900 -3.58913300
3.50578800 -2.66545200 -4.66813500
4.28506200 -2.87038600 -3.07522100
3.01263100 -1.06519200 -3.24086000
3.28860300 -0.38841100 -4.05362000
3.61419100 -0.54848100 -1.91413600
3.12947100 0.41048900 -1.69332100
3.33577400 -1.24519300 -1.11432100
5.11668400 -0.37877900 -1.96658200
5.96753500 -1.28693000 -1.32142300
7.35500800 -1.14396600 -1.39321300
7.91401000 -0.08829900 -2.11393200
707731100 0.82603300 -2.75853500
5.69237800 0.68123800 -2.68354300
5.04816500 1.40494300 -3.17926200
7.50398900 1.65610400 -3.31560100
8.99323900 0.02553800 -2.16929700
7.99724200 -1.85598100 -0.88156000
5.53788300 -2.10557300 -0.74767500
0.73410400 0.87851800 -3.99384200
-0.04196200 2.16077200 -4.05160500
0.60302100 3.04549900 -3.93261900
-0.55136700 2.27709500 -5.01851100
-0.80550100 2.20509000 -3.27072400
1.42162000 0.68319200 -4.81255500
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