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Abstract

The development and application of computational methods have revolutionized
experimental chemistry, allowing calculations on real chemical systems without requiring in-depth
mathematical understanding. Computational chemistry has become a valuable tool alongside
experimental techniques in elucidating reaction mechanisms. In the field of aminocatalysis, these
methods have facilitated a deeper understanding of selectivity, prediction of stereochemistry, and

the design of novel catalysts to expand its scope.

Chapter 2 focuses on the aminocatalytic y-amination reaction of enals with Diethyl
azodicarboxylate. The observed stereochemistry of the product challenges existing mechanistic
models, prompting a study that employs both experimental and computational methods to explore
plausible downstream reaction pathways. Two mechanisms are proposed: one involving the
formation of a downstream aminated dienamine intermediate and the other invoking a Michael
addition pathway. However, the mechanistic investigations suggest that the aminated dienamine is
not formed, necessitating further inquiry into the Michael addition mechanism for a comprehensive

understanding of the reaction.

Chapter 3 examines the impact of aminocatalysts in promoting the dearomatization of
several heteroaromatic aldehydes. The constructed hyperhomodesmotic equations indicate that the
formation of an iminium ion reduces the energy cost for dearomatization compared to the parent
aldehyde. The role of the catalyst and heteroatom of the aldehyde on the orbital coefficients at

different positions of the trienamine intermediate is also explored.

In Chapter 4, the influence of substituents on a trienamine intermediate is investigated.

Trienamine-mediated Diels-Alder reactions show reactivity at the terminal diene (3,6-scis diene)
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over 1,4-scis diene. Various substituents are employed to assess their influence on the
thermodynamics and HOMO energy of trienamine intermediates. Additionally, orbital coefficients

are calculated to understand the impact of substituents on the pi-backbone.

Chapter 5 presents an investigation into the unprecedented dimerization of electron-
deficient cyclic allenes. The study also explores the trapping of cyclic allenes with electron-rich
dienes to gain insights into the observed selectivity. Computational data are utilized to develop a

novel trapping method of allenes with enamines.

Overall, this dissertation showcases the application of computational chemistry in
aminocatalytic reaction mechanism elucidation and method development, demonstrating its

significance in advancing the understanding and manipulation of complex chemical processes.
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Chapter 1

Chapter 1 : Introduction

1.1: Computational Chemistry

Over the past decades, computational chemistry has emerged as a powerful aid for
experimental chemists. The significant advances in the development of hardware with the
associated software have resulted in immense progress in accuracy and speed of computational
methods. The advancement in software packages such as Gaussian have allowed computational
chemistry to be applied without a deep understanding of its theoretical aspects. Now,
computational chemistry is routinely used by experimental chemists to explain chemical
phenomena that are not well understood. One of the main goals of computational chemistry is to
generate robust models of chemical systems that may have some predictive ability. The accuracy
of experimental investigations of chemical systems are limited by the resolution of probe being
employed, whereas computational investigations of chemical systems are performed by creating
models which are limited only by the accuracy of approximations used in the quantum mechanical
methods. The significant improvements of computational methods have made it possible to not
only explain difficult chemical phenomena but also the ability to make predictions.'™

For an organic chemist, computational chemistry has become crucial to investigate reaction
mechanisms which can lead to development of novel reactions and prevent side products. One of
the most attractive characteristics is that computational chemistry allows the exploration of various
aspects of a potential energy surface (PES) and study systems that are difficult to observe
experimentally such as transition state structures and short-lived intermediates. The examination
of PES provides crucial information such as geometric, thermal, and electronic properties of the
molecular structures of local minima and transition states.> Such properties are used to generate

the energy profiles of chemical reactions, examine dipole moments, electronic charge distribution,
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orbital composition, vibrational frequencies, and predict molecular spectra of novel asymmetric

remote functionalization reactions.®

1.1.1: Computational methods?*’

In this thesis, the computational models are derived from quantum mechanical (QM)
methods. There are various quantum mechanical methods that have been developed and are
employed by chemists to perform computations regarding structural and electronic features of
molecules. The resulting answers, depending on the method, range from approximate to extremely
accurate. The basis of quantum mechanical methods is the Schrédinger equation (eq 1):

HY = E¥ (1)

Where H is the Hamiltonian operator, ¥ is the wavefunction consisting of complete mathematical
description of the system and E is the scalar quantity corresponding to the total energy of the ¥
obtained as an eigenvalue. The resultant eigenfunction ¥ is the wavefunction which contains all
the essential information of an atom or molecule such as the spatial coordinates of the electrons
and nuclei. The Hamiltonian accounts for the total energy of a molecule by potential and kinetic
energy contributions: the kinetic energy of the electrons and nuclei, and the potential energy due
to the attractive and repulsive interactions between electrons and nuclei. However, the exact
solutions of the Schrodinger equation are limited for one electron systems such as the hydrogen
atom or one-electron ions. In order to solve the equation for many-electron system, approximations

must be used.
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1.1.2: Born-Oppenheimer Approximation

One of the first approximations is the Born-Oppenheimer approximation® which simplifies
the Schrodinger equation by separating into one part that depicts the electronic structure around
fixed nuclei and another describing the nuclei motion. This approximation allows the wavefunction
to be only a function of electron coordinates while the solution depends on nuclear coordinate
parameters. Thus, by solving the Schrédinger equation with Born-Oppenheimer approximation,
the electronic energies for various positions of the nuclei can be calculated to result in potential
energy surface which can be utilized further to elucidate structural and electronic properties.’

The Schrodinger equation is simplified by the Born-Oppenheimer approximation, however
the exact solution only exists for one-electron molecules (rather than one-electron atoms).
Therefore, an approximate solution is found by utilizing the variational principle. It states that the
energy of a wavefunction generated as a linear combination of orthonormal functions is greater
than or equal to the lowest energy of the system i.e., the energy of any approximate trial
wavefunction is higher than the energy of the exact wavefunction. The computational methods

used to find an approximate solution for Schrodinger equation employ the variational principle.

1.1.3: Density Functional Theory*’

The use of a specific method depends largely on the complexity of the system and
computational cost. When starting a computational investigation, a balance between speed and
accuracy is determined. The computational work presented in this thesis utilizes Density
Functional Theory (DFT) which has gained significant popularity amongst the experimental
chemists. Initially developed by Hohenburg, Kohn and Sham in 1960s, this method determines the

energy of a molecule from the electron density function (electron distribution) instead of relying
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on the correct wavefunction. By utilizing variational principle, Hohenburg, Kohn, and Sham
determined that the energy functional adopts its minimum value, the ground state electron density
which fully specifies all molecular properties such as the electronic energy and molecular potential
energy surface.

Density functional theory is an exact theory meaning that no approximations can be made
in order to solve for the electron density. However, the exact electron density functional is
unknown because the theory includes an exchange-correlation functional term, which is unknown.
Therefore, applying the density functional theory is accompanied by an estimate of the exchange-
correlation functional term which results in a range of density functionals each with their own
advantages and disadvantages offering a combination of accuracy and computational cost. Since
there are various different functionals, choosing a functional relies on literature precedent for
certain class of molecules, benchmarking with available experimental data, speed, and
computational cost. However, it is important to be consistent with the functional throughout the
investigation because results using the B3LYP functional cannot be directly compared M06-2X
functional.

The density functionals employed for most of the calculations in this thesis are Becke,
three-parameter, Lee-Yang-Parr (B3LYP) and Minnesota 2006 (MO06) hybrid functionals
(specifically M06-2X). These functionals are classified as hybrid functionals which incorporate a
fragment of exact exchange from Hartree-Fock (HF) theory with local density functional when
approximating exchange-correlation energy.

The one-electron atomic orbitals in the hydrogen wavefunction are described by
mathematical functions known as basis functions. A set of these basis functions is called a basis

set. The accuracy of atomic orbital descriptions can be further improved by using a linear
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combination of sets of basis functions. For instance, when two sets of functions to describe each
atomic orbital are called double zeta (DZ) basis sets. Similarly, basis sets with three and four
functions are called triple zeta (TZ) and quadruple zeta (QZ) basis sets respectively. The number
of basis functions increases as the number of atoms increase, therefore, the choosing a DZ, TZ, or
QZ basis set may depend on factors such as number of atoms, speed, and computational cost.

The core orbitals do not play a crucial role in formation of molecules compared to valence
oritals, hence, approximations in basis functions to represent the valence orbitals separately from
the core orbitals are made. The resulting basis sets are known as split valence basis sets. The most
commonly used split valence basis sets are known as Pople basis sets which use the notation of X-
YZg. The number of primitive gaussian functions which describe the core atomic orbitals is
represented by X, whereas Y and Z indicate that the valence orbitals are composed of two basis
functions each. Some examples of these basis sets include 3-21g, 6-31g, 6-311g.

The accuracy of Pople basis sets can be adding polarization and diffuse functions.
Polarization functions describe the higher angular momentum functions to improve the description
of bonds since the orbitals are not purely s or p orbitals in a molecule. For example, p functions
can be added to s orbitals and d functions can be added to p orbitals. Addition of polarization
function to Pople basis sets is noted as a the type of functions, for example, the notation 6-31g(d)
adds d functions on all atoms with p valence orbitals. Similarly, 6-31g(d,p) implies addition of d
functions on all atoms with p valence orbitals and p functions to all atoms with s valence orbitals.
The notation (d) and (d,p) are used interchangeably with asterisk. Hence, 6-31g(d) and 6-31g(d,p)
are also denoted as 6-31g* and 6-31g**. Diffuse functions, denoted as +, are used for atoms to
correctly describe when electron density if far from the nuclei such as anions or lone pairs. The +

notation describes that one s-type and one p-type diffuse function is added to the standard basis set
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on all non-hydrogen atoms. Hence, the double-zeta split valence basis set with polarization and
diffuse basis function would be denoted as 6-31+g(d,p). The work presented in this thesis is mostly
concerned with p-block of first three-rows of the periodic table, therefore, the double zeta split
valence and triple split valence basis sets with polarization and diffuse basis functions were
utilized. The exact functional and basis set used for calculations is described at the beginning of
every chapter.

Most chemical reactions are performed in a solvent medium which needs to be taken
account of when performing computational investigation. While calculations can be performed in
gas phase, the solvent properties such as the dielectric constant play a crucial role in a reaction.
Such properties result in interactions between the reactants and the solvent which gives rise to
energy being associated with those interactions. Hence, solvation models are necessary to
approximate the ‘real-world’ scenario. The solvation models employed in this thesis are the
integral equation formalism polarizable continuum model (IEFPCM) which places the solute
molecule in a cavity described by Van der Waals surface simulating a continuum medium of
solvent molecules; and solvation model based on density (SMD) which is based on the electron
density of the solute.

The significant development in computational methods have decreased calculation time
and increased accuracy of results. This progress has proved to be notably beneficial in modelling
organic reactions to investigate the reaction pathway, study the driving forces behind reactivity,
and the origin of selectivity. The transition state structure of a chemical reaction cannot be directly
observed with any experimental techniques, however, various possible transition state structures
and their relative energies can be calculated using computational chemistry. This provides a

method to compare the energies and visualize the transition state structure which gives rise to the
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observed product. This allows chemists to develop methodology of novel organic reactions with a

more rational approach.

1.2: Asymmetric Synthesis

1.2.1: Chirality

Stereochemistry is the study of stereosiomers, also known as spatial isomers, are type of
isomers for molecules with the same connectivity that differ in spatial arrangement of atoms. The
differences in spatial arrangement might seem unimportant but stereoisomers have different
chemical, physical, and biological properties.” The cis and trans isomers of butenedioic acid,
shown in Figure 1.1, demonstrate this difference in properties. The cis isomer commonly known
as maleic acid and #rans isomer which is commonly known as fumaric acid not only have different
melting points!® but different biological properties. Fumaric acid is an important metabolite in

plants and animals'!, whereas, maleic acid is toxic to tissues.'?

HO. __O
&1 :

O
1.1 1.2
cis-butenedioic acid trans-butenedioic acid
mp: 143.5 °C mp: 289.4°C

Figure 1.1: Differences in cis and trans isomers of butenedioic acid, commonly knonw as maleic
acid (cis, left) and fumaric acid (trans, right).

There are two types of stereoisomers, enantiomers and diastereomers (Figure 1.2). When
two stereoisomers are non-superimposable mirror images of each other, they are called
enantiomers and the rest of stereoisomers are called diastereomers (Figure 1.2). A molecule that is
non-superimposable with its mirror image is called a chiral molecule and this property is called

chirality. This property results in molecules being optically active, the ability to rotate plane-
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polarized light. Enantiomers, a pair of chiral molecules which differ in structure only in the left-
and right-handedness of their orientation, i.e. non-superimposable mirror images of each other
rotate the plane of polarized light in opposite directions by equal amount. Enantiomers have
identical physical and chemical properties, except the ability to rotate polarized light in opposite
directions. The isomer that rotates the plane to the left is called the levo isomer and is represented
as (-), whereas the isomer that rotates the plane to the right is called the dextro isomer and is
represented as (+). A mixture that contains equal amounts of a pair of enantiomers (50:50) is
referred to as a racemic mixture. If a mixture contains higher amount of one enantiomer over
another, it is referred to enantiomerically enriched. Furthermore, if only one enantiomer is present

in the sample, it is called enantiomerically pure.’
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Stereoisomers

Enantiomers Diastereomers
COOH! COOH | | | |
HaC L H EH B.CHs
(S) (R) cis/trans isomers syn/anti isomers

O OH O OH
H3C>_<CH3 H3C>_<H HMPh H)K:)\Ph

H H H  CHs CH, CHs
cis trans syn anti

Figure 1.2: Classes of stereoisomers.

Another important property of enantiomers is that they may interact differently with other
chiral compounds. This results in many chiral compounds being biologically active while their

enantiomers are not. Figure 1.3 illustrates these differences.!'>!*
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0 o)
OH HO
HN NH ~ 0] o e
0O O O O o o)

(R)-Thalidomide (S)-Thalidomide (R)-Naproxen (S)-Naproxen
(analsgesic) (teratogenic) (liver toxin) (common anti-
inflammatory drug)

“C <8

N— N
(R,R)-LSD (S,S)-LSD Levomethorphan Dextromethorphan

(Commonly used (20X less psychoactive) (Opiod analgesic) (Over the couter

psychoactive drug) cough suppresasnt)
© 0 cl ] ) cl
‘__OH Ho_
;\Oﬁr m”o/;
Cl 0] O Cl

(R)-Carvone (S)-Carvone (R)-dichloroprop (S)-dichloroprop

(Caraway odor) (Spearmint odor) (Herbicide) (No herbicide activity)

Figure 1.3: Some examples of enantiomer pairs and their bioactivity.

One of the most famous examples that demonstrated the importance of chirality is of
thalidomide.'>!® This drug was commercialized as a racemic mixture in the 1950s and prescribes
to treat morning sickness in pregnant people. It was observed that people prescribed thalidomide
had newborns with severe birth defects. It was later discovered that R-enantiomer had the desirable
analgesic properties whereas, the S-enantiomer has teratogenic properties. This understanding of
importance of chirality led to government agencies tightening regulations around pharmaceutical
drugs resulting in rigorous testing of both enantiomers. Hence, the development of methods to
selectively synthesize one stereoisomer over another to result in enantiomerically pure compounds

is crucial in synthetic organic chemistry.
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1.3: Asymmetric synthetic methods

There have been three main strategies developed for achieving stereoselectivity in organic
synthesis,!” 1) chiral auxiliaries, 2) chiral pool synthesis and 3) asymmetric catalysis. The chiral
pool strategy utilizes cheap, readily available enantiomerically pure natural products to induce
chirality and as the building blocks for the target molecule (Figure 1.4a).!®2* The chiral
compounds employed are incorporated in the final product. Some examples of chiral pool are
amino acids, sugars, and terpenes which naturally occur as single enantiomers. The example shown
in Figure 1.4a utilizes the naturally occurring amino acid for the total synthesis of alkaloid (—)-

allonorsecurinine.

Chiral auxiliaries are a class of chiral molecules that are enantiomerically pure, usually
derived from chiral pool, that are attached to the pro-chiral starting material (Figure 1.4b).2!?
Upon completion of the reaction, the chiral auxiliary is removed resulting in enantiomerically pure
compound as the final product. It is important to note that stoichiometric amount of the chiral
auxiliary must be used for a reaction, however, it is possible to recover them. The final approach
is asymmetric catalysis which is the main focus of work presented in this thesis. These compounds
are used in sub-stoichiometric amounts to induce chirality and achieve highly stereoselective

transformations.
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a)
0 —
N —
H OH —
10 Steps
L-(-)-Proline
b)
O 0] O 0]
HO)H _ X, X _r . X )JV(Y HOJ\*(Y
C c N
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installment transformation recovery
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Ph Q\ O \H //g Ph N~
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Figure 1.4: a) Totaly synthesis of alkaloid (—)-allonorsecurinine starting from naturally occuring
L-proline amino acid. b) Synthetic strategy using chiral auxiliaries to induce asymmetry in the
final product and some selected examples of chiral auxiliaries.

1.4: Asymmetric Catalysis

There are three classes of asymmetric catalysis,>*2° 1) biocatalysis, 2) metal catalysis, and
3) organocatalysis. Biocatalysis mainly utilizes enzymatic processes to perform highly regio-,
chemo-, and stereoselective transformations. Since enzymes are very substrate specific, this

method is limited to certain substrates and reactions.?”-*®

Metal catalysis utilizes transition metals coordinated to chiral ligands to induce
asymmetry.”’>° The 2001 Nobel Prize in Chemistry was awarded to Knowles, Noyori, and

Sharpless who had made significant contributions to asymmetric catalysis.*' Transition metal
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catalysis is highly effective and widely used in industrial scale synthesis due to sub-stoichiometric
catalyst loading. However, the highly effectiveness of this method comes with some disadvantages
such as the toxicity of metal residue leftover in pharmaceutical drugs, highly expensive equipment

needed to handle the transition metal complexes sensitive to air and moisture.>?

1.5: Organocatalysis

Organocatalysis, the main focus of this dissertation, has emerged as an important synthetic
tool, comparable with biocatalysis and metal catalysis. This method has gained popularity because
of its relatively low cost, mild reaction condition, wide scope of applicability, while resulting in
highly stereoselective transformations. Organocatalysis employs small chiral organic molecules
that are largely derived from naturally occurring amino acids and other natural compounds. These
catalysts are also attractive because of their stability towards air and moisture making them easier
to handle without utilizing any expensive equipment for inert environment.**> The impact of this
field has been recognized by Royal Swedish Academy of Sciences by awarding the 2021 Nobel

Prize in Chemistry to the founders of this field, Benjamin List and David MacMillan.3®
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Scheme 1.1: Early examples of asymmetric organocatalysis. a) Hydrocyanation of benzaldehyde
catalyzed by quinine. b) Hajos-Parrish-Eder-Sauer-Wiechert intramolecular aldol reaction
catalyzed by L-proline.

For over a century, small organic molecules have been used as catalysts. One of the earliest
examples form 1912 of an asymmetric reaction employing an organocatalyst is of hydrocyanation
of benzaldehyde 1.3, reported by Bredig and Fiske, catalyzed by alkaloids quinine and quinidine
(Scheme 1.1a).%” Later in the century, Hajos-Parrish-Eder-Sauer-Wiechert (HPESW) reaction,
reported by two inndepenent groups in 1970s, which is an enantioselective intramolecular aldol
reaction catalyzed by L-proline I (Scheme 1.1b).3¥3° This report was significant since it
demonstrated the use of proline, a small chiral secondary amine, did not only catalyze the aldol
reaction but also performed it stereoselectively. This report also made it possible to synthesize
Wieland-Miescher ketone 1.9, a key scaffold for total synthesis, in a stereoselective fashion.*’
Despite these initial reports, the filed of organocatalysis was not explored further until 2000 when

two independent works reported by List ef al., L-proline I catalyzed enantioselective aldol rection
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(Scheme 1.2a),*! and MacMillan et al. performed enantioselective Diel-Alder reaction catalyzed

by chiral imidazolidinone II (Scheme 1.2b).*?

a)
o o L-Proline | O OH |
+ J (30mol%) I O\COH
A H” "R DMSO, rt )J\/'\R N 2
110 1.11 1.12 o
up to 97% yield :
up to 96% ee
b)

IO lIsHCI
+ (5 mol%) ;
| MeOH/H20

CHO

)Y
I

1.10 1.1 1.12

82% yield
94% ee
14:1 endo:exo

Scheme 1.2: First reports of modern aminocatalysis. a) Intramolecular aldol reaction catalyzed
by L-proline (I) reported by List an coworkers. b) Diels-Alder reaction catalyzed by chiral
imidazolidinone (11) reported by MacMillan and coworkers.

Since the seminal works by List and MacMillan, the field of organocatalysis grew
significantly and has become one of the most powerful strategies for asymmetric synthesis in last
two decades. There are four main classes of organocatalysis®’, 1) aminocatalysis, 2) hydrogen bond
(H-bond) catalysis, 3) N-heterocyclic carbene (NHC) catalysis, and 4) asymmetric phase-transfer
catalysis (APTC). This dissertation mainly focuses on aminocatalysis, thus the discussion for other

types of organocatalysis is beyond the scope of work presented here.

1.5.1: Aminocatalysis

Amongst different classes of asymmetric organocatalysis, aminocatalyst is one the most
widely used method. This method uses small chiral primary or secondary amines to activate

carbonyl compounds. A chiral secondary amine condenses with carbonyl compounds which results
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in a positively charged iminium-ion intermediate. The positive charge results in redistribution of
the electron density towards the nitrogen centre which lowers the Lowest Unoccupied Molecular
Orbital (LUMO) of the system making the B-carbon more electrophilic, according to the vinylogy
principle. This allows nucleophilic addition at B-carbon in a stereoselective fashion (Figure 1.5,
right). The LUMO-lowering strategy by aminocatalysis has become a general strategy for

enantioselective B-functionalization of carbonyl compounds.***4

|
Enamine pathway f Iminium ion pathway

o)
2 (HOMO-raising) E R (LUMO-lowering) H®
R ()~
R([ \( R | % N
® Iminium ion
H Nu

Figure 1.5: Aminocatalytic activation modes. Enamine activation pathway (left) and Iminium-ion
activation pathway (right)

The lowered LUMO makes the proton at a-position more acidic making it prone to
deprotonation. This results in the formation of reactive enamine intermediate which is equivalent
of the nucleophilic enolate where the Highest Occupied Molecular Orbital (HOMO) energy is
raised. This allows enamine intermediate to be reactive towards electrophiles and perform
enantioselective a-functionalization of the carbonyl compounds (Figure 1.5, left). The HOMO-
raising strategy has become a general method for enantioselective o-functionalization for
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aldehydes and ketones.***° The nucleophilic enamine intermediate may also undergo one-electron
oxidation, photochemically or by utilizing one-electron oxidants, to form a radical cation by Singly

Occupied Molecular Orbital (SOMO) activation, however, it is not discussed in this dissertation.

The development of aminocatalytic systems has allowed for stereoselective,
chemoselective, and efficient reactions to create novel molecules which has enormously expanded
the chemical space. In relation to the work presented in this thesis, computational chemistry has
proved to be a valuable tool for modelling catalytic processes to gain an understanding of their
mechanisms. A complex catalytic mechanism contains various elementary steps, short-lived
intermediates, unknown active species, and competing processes that might be similar in
thermodynamics. Therefore, by gaining a deeper understanding of the catalytic cycles, the
knowledge gained can ultimately aid to design novel catalysts and catalytic methods. The
mechanistic investigations performed computationally have not only helped explain the
experimental results but have also allowed to develop novel catalysts and new models to predict

selectivity in the field of aminocatalysis.

1.5.2: Enamine Activation

The report of HPESW reaction was very significant, however, the mechanism remained
debateable with a number of different mechanisms and models being proposed for the C-C bond
formation. Hajos initially proposed a mechanism which suggests activation of one of the carbonyl
groups as a carbinolamine intermediate, according to H»'80 labelled kinetic studies (Figure
1.6).3%47 Later kinetic studies by Agami suggested an enamine mechanism*® by one proline

molecule with the side chain carbonyl and another proline molecule is involved in proton-transfer
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(Figure 1.6).* This mechanism with two proline molecules was widely accepted for HPESW

reaction.

\

; 0,C ™

K // 1 H @
e N~
e (o)
(e}
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o)
o)
A
HO—\—
H. o i \ o7
/

Figure 1.6: Proposed early transition state models of HPESW reaction.

In 2001, Houk led a computational investigation for intramolecular aldol reaction using
diketones to understand the origin of stereoselectivity and proposed a similar mechanism as
Agami, invoking an enamine intermediate, but with one molecule of proline.’® The study
performed using B3LYP/6-31g(d) level of theory determined that four transition states, two chair-
like and two boat-like, were possible. The chair transition states were determined to be favourable.
Further examination of transition state structure revealed that the anti orientation of enamine with
respect to the carboxylic acid resulted in the observed stereochemistry. The syn and anti orientation
of enamine with respect to the carboxylic acid provided a model to understand the preference of
anti product. The syn TS leading to the major product showed preference by 1.0 kcal/mol relative
to syn TS due to the enamine of anti TS being more planar. The intramolecular hydrogen bond in
syn TS distorts the pyrrolidine ring. After applying the same model for HPESW reaction, the anti
TS showed preference by 3.4 kcal/mol relative to syn TS. In another investigation by Houk and
Hanessian in 2004, the anti TS showed preference of 2.2 kcal/mol relative to anti TS at B3LYP/6-
311+G(2df,p) level of theory which was consistent with experimental anti-syn TS difference of

2.1 kcal/mol.>!
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Figure 1.7: Illustration of proposed model for proline catalyzed intramolecular aldol reaction by
Houk. Energies are in kcal/mol

The computational study of proline catalyzed intramolecular aldol reaction led to further
investigation of HPESW reaction. This kinetic and computational study provided more evidence
of only one proline molecule being utilized to catalyze the aldol reaction.’> The DFT study was
performed with B3LYP/6-31g(d) level of theory. It was proposed that the proline acts as a
bifunctional catalyst. The nucleophilic pyrrolidine portion condenses with the carbonyl moiety of
the substrate and after subsequent deprotonation of the a-proton the reactive enamine intermediate
is formed. The carboxylic acid part of the proline induced enamine intermediate acts to direct the
electrophilic carbonyl carbon to the enamine via hydrogen bonding. The hydrogen bond pre-
configures the side chain enamine and cyclic ketone in a highly ordered transition state. This highly
ordered transition state was calculated to be more thermodynamically preferred than other
transition states from previous models. Further examination of the transition state suggested that
the approach from re face of the enamine had a stabilizing CH-O interaction resulting in the

observed selectivity.
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Since the HPSEW reaction, the first proline catalyzed aldol reaction reported by List and
coworkers is one of the most well-studied reactions in aminocatalysis. The authors initially
proposed the observed stereoselectivity by invoking Zimmerman-Traxler type transition state.
However, Houk and List performed an extensive computational investigation using B3LYP/6-
31g(d)//CPCM(DMSO) to gain insights about the observed stereoselectivity.>* Unlike the HPSEW
reaction, the electrophile for an intermolecular reaction can approach at different dihedral angle
with respect to the enamine pi-bond. The examination of the transition states showed that the
transition state with dihedral angle of +60° (carbonyl group and C=C bond enamine) was the
preferred approach of the electrophile (Figure 1.8a). This preference is due to stabilization due to
the increased hydrogen bonding interaction between carboxylic acid of the proline and electrophile
resulting in the observed facial selectivity. This study led to one of the most generally applied
stereochemical models, the Houk-List model (Figure 1.8b),>* for predicting stereoselectivity of
proline catalyzed reactions, with X=Y electrophiles, such as Mannich reaction,> aminoxylation,®
a-amination,’’ and Michael addition.>®

et

NT ) NT

a)

R AN
~J1 ___O \X
+60° -60°

Figure 1.8: a) Transition states for proline catalyzed intermolecular reaction b) Houk-List model

Following the development of Houk-List model, computational studies were then also used
to design new catalysts to achieve desired stereoselectivity. One of the earliest examples of this is
a collaborative report by Houk (computational) and Barbas (experimental) groups to develop

stereoselective Mannich reaction with anti-diastereoselectivity.>” The proline catalyzed Mannich
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reactions result in syn-diastereoselectivity (Scheme 1.3). The computational studies were
performed with HF/6-31g(d) level of theory. By calculating the transition states of proline
catalyzed Mannich reactions, the authors determined that the s-trans conformation of (£)-enamine
results in syn-diastereoselectivity. The s-trans conformation dominates due to the steric interaction
between the enamine and the carboxylic acid substituent of proline. Therefore, it was determined
that the selectivity for anti-product is a result of a nucleophilic attack of s-cis conformation of the
enamine intermediate (Figure 1.9). Hence, in order to shift the equilibrium, it was determined that
a catalyst with substituents at 3- and 5-position of the pyrrolidine ring would be adequate. The
methyl substituent at 5-position was deemed to sterically fix the conformation of enamine to s-cis
and the carboxylic acid subtituent at 3-position controlled the facial selectivity. The substituents at
3- and 5-positions were required to be in trans configuration in order to avoid steric interactions
between the electrophile and the methyl substituent at 5-position. Computationally, the catalyst IIT
was predicted to result in 95:5 anti:syn diastereomeric ratio (dr) and 98% enantiomeric excess (ee).
These computational predictions were then experimentally verified which were consistent.
Experimentally, the Mannich reaction with new catalyst resulted in 94:6 anti:syn dr and 99% ee

(Scheme 1.3).
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Figure 1.9: Transition states for proline | catalyzed syn-selective Mannich reaction and
computationally designed catalyst 111 for anti selective mannich reactions.
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Scheme 1.3: Comparison of proline | catalyzed and computationally designed catalyst 111 for
Mannich reaction.

The asymmetry in aminocatalytic reactions is induced using two different approaches, 1)

hydrogen-bond (H-bond) directed approach, and 2) steric-bias approach (Figure 1.10). The chiral
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aminocatalysts possess substituents which direct the approach of substrates towards the reactive
intermediates. If the catalyst contains an H-bond donor, as is the case for L-proline, the H-bonding
interaction will direct the electrophile from the same face as the H-bond moiety preferentially. Due
to its, H-bonding abilities, L-proline has been extensively exploited for stereoselective
functionalization of carbonyl compounds. Furthermore, this has led to the design and development

of proline derived H-bonding bifunctional catalysts with thiourea, and squareamide moieties.

H
Q%
E.
N N -

— —
R R k
E
Hydrogen bond Steric discrimination
directed approach approach

Figure 1.10: The two general models to induce chirality and predict stereoselectivity in
Aminocatalysis: Hydrogen bond directed approach (left) and Steric shielding approach (right).

The steric-bias approach which is more widely used in aminocatalysts utilizes steric
hinderance of a bulky group to direct the approach of substrates to the reactive intermediates. This
approach to induce chirality has led to various other imidazolidnone aminocatalysts by
MacMillan*?6%®! and diarylprolinol silyl ether aminocatalysts®* ®* by Hayashi and Jorgensen
which are two of the most utilized and studied aminocatalysts. An example of a scope of various
types of enamine mediated a-functionalizations of carbonyl compounds is shown in Scheme 1.4,

reported by Jergensen, showcasing the robustness and generalization of the aminocatalyst.®

23
S. Singh



Chapter 1

j 2 .3
Ph\/S/,H )J\//IKH

R

R
up to 94% yield up to 85% yield
up to 98% ee up to 95% ee
N Ar
R' OZC

H OTMS R

IV: Ar = 3,5-(CF3),-Ph
up to 88% yleld up to 74% yield

up to 97% ee / \ip to 95% ee
PMP<

)NH (l') O
, I
R'0,C H FH

R R
up to 84% yield up to 75% yield
up to 98% ee up to 97% ee

Scheme 1.4: Aminocatalytic enantioselective a-functionalization of aldehydes via enamine
activation reported by Jgrgensen.

Following the development of enamine mediated reactions using the diarylprolinol-silyl
ether catalyst, computational investigations were performed to understand the origin of
stereoselectivity.®® A DFT study of possible enamine intermediates for o-fluorination was
performed using B3LYP/6-31g(d) level of theory. It was determined that out of four possible
enamine configurations, the two E-enamine intermediates were energetically favoured and were
similar in energy. While examining the o-fluorination reaction performed with N-
fluorobenzenesulfonimide (NFSI) revealed that in addition to the steric shielding by catalyst, the
configuration of enamine intermediate was a crucial factor. The study revealed that E-s-trans
conformation resulted in a transition state which was favoured over transition state resulting from
E-s-cis conformation by 2.4 kcal/mol (Figure 1.11). This difference in two transition state structure
was a result of unfavourable steric interactions between the bulky zert-butyl group of enamine and

the diaryl catalyst bulk and between the aryl ring of the NFSI.
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Figure 1.11: Relactive free energies of enamine intermediates with Diarylprolinol silyl ether
catalyst 1V and b) Depiction of transition state structures for a-fluoriantion. Energies are in

kcal/mol.

1.5.3: Dienamine activation

The diarylprolinol silyl ether aminocatalysts allowed to expand the scop of organocatalysis

by extending enamine activation. The vinylogy principlem reported in 1934, states the propagation

of electronic effects through a conjugated m-system.®” Therefore, by utilizing poly-unsaturated

carbonyl compounds, the enamine activation mode has been extended to poly-enamine activation

allowing for stereoselective functionalization at more distal positions of the carbonyl compound

(Figure 1.12). This has allowed the development of remote functionalization methods with a range

of substrates.%%7°
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Figure 1.12: Vinylogous aminocatalytic activation modes (left). Reactivity of vinylogous
aminocatalytic activation modes (right)

By using an aminocatalyst with a,-unsaturated carbonyl compounds, dienamine activation
can be achieved.”! The first example of dienamine mediated reaction was reported by Jorgensen
in 2006.7% This work was extremely significant in the field of aminocatalysis since it demonstrated
induction of chirality at a remote position. The authors reported an enantioselective y-amination
of o,B-unsaturated aldehydes 1.13 with diethyl azodicarboxylate (DEAD) 1.14 by utilizing

diarylprolinol silyl ether catalyst IV (Scheme 1.5).

J j
|+ N IV (10 mol %) W
EtO,C7 PhCO,H (10 mol%) EtO,C”

Toluene, rt R
1.13 1.14 1.15

up to 58% yield
up to 93% ee

Scheme 1.5: Dienamine mediated enantioselective y-amination of enals 1.13 catalyzed by 1V,
reported by Jargensen.

Interestingly, the observed stereochemistry of the product was opposite of expected
stereochemistry. A DFT investigation performed with B3LYP/6-
31g(d)/CPCM(toluene)//B3LYP/6-31g(d) level of theory determined that E,s-trans conformation

of dienamines were energetically favoured than FE,s-cis dienamines with E,s-trans,E being
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favoured by 1.4 kcal/mol relative to E,s-trans,Z (Figure 1.13). The barrier of addition of DEAD
for E,s-trans,Z dienamine, resulting in S-enantiomer was calculated to be 13.0 kcal/mol while the
barrier was 15.7 kcal/mol for E,s-trans,Z dienamine. The higher energy E-s-cis dienamines are
electron-rich dienes and are arranged to take part in [4+2] cycloaddition with DEAD 1.14. The
[4+2] cycloaddition transition state energy for E,s-cis,Z dienamine and DEAD 1.14 was calculated
to be 12.3 kcal/mol, resulting in S-enantiomer upon hydrolysis of cycloadduct. The cycloaddition
barrier was only 6.7 kcal/mol for E,s-cis,E dienamine, resulting in R-enantiomer upon hydrolysis
of cycloadduct. The cycloadducts were also found to be thermodynamically favoured significantly
when compared to iminium ion intermediates resulting from mono-addition of DEAD 1.14.
Therefore, the authors concluded that the y-amination proceeds via [4+2] cycloaddition between
E,s-cis,E dienamine and DEAD 1.14, resulting in the observed R-enantiomer upon hydrolysis of
the cycloadduct. This computational investigation explained the observed enantioselectivity,
however, it does not rationalize the observed E-configuration of the a,-double bond. The [4+2]
cycloaddition reaction pathway result in intermediates with Z-double bond. The work presented in
chapter 2 of this dissertation is related to a detailed mechanistic study to answer this anomaly by

utilizing experimental and computational methods.
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Figure 1.13: Relative energies of dienamine intermediates and their barriers for reactions with
DEAD 1.14. Energies are in kcal/mol.

Using the electron rich nature of dienamine, Christmann reported dienamine mediated
intramolecular Diels-Alder of o,B-unsaturated carbonyl compounds 1.16 to make bicyclic
compounds 1.17 with great enantioselectivity (Scheme 1.6).”* This report was investigated using
DFT methods by Gil Santos in 2012 to determine the origin of selectivity.”* It was found that the
enantioselectivity was dictated by the combination of E,s-cis-E conformation of the dienamine and
steric bulk of the catalyst during the cyclization step. The experimental report by Christmann and
computational work by Santos helped expand the use of electron rich dienamine for Diels-Alder

type reactions.
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Scheme 1.6: Dienamine mediated intramolecular [4+2] cycloaddition catalyzed by V

1.5.4: Trienamine and Polynemaine activation

The enamine and dienamine activation have been further extended to trienamine by using
poly-unsaturated carbonyl compounds. The first example of trienamine activation was reported by

Jorgensen and Chen in 2011.7°

They reported Diels-Alder reactions between 2,4-dienals 1.18 with
3-olefinic oxindoles 1.20 and cyanoacetates 1.22 with excellent selectivity, driven by diaryl-
prolinol silyl ether (Scheme 1.7). This report was significant as it demonstrated the ability to induce
enantioselectivity in more distal positions. By using B3LYP/6-31G(d) level of theory, authors
studied the observed f,e-reactivity. The linear all-¢rans trienamine conformer 1.25 was determined
to be the lowest in energy (Figure 1.14). The authors determined that barrier for rotation of a-f
bond of all-trans trienamine to result in 1.26 was 1.8 kcal/mol higher than the barrier for rotation
of y-6 bond to result in 1.24. Furthermore, the HOMO of 1.24 is located higher in 2.17 eV energy
than the corresponding HOMO of 1.26, set up to favourably interact with LUMO of dienophile.
The difference in HOMO energy level combined with low rotational barrier around y-0 bond
explained the observed f,e-reactivity. This initial report demonstrated the ability of aminocatalyst
to induce chirality at a distal position. Following the initial report of trienamine activation, there

76,77

have been various reports utilizing linear trienamine intermediate along with cross-

trienamines’® and tetraenamines.”®
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Scheme 1.7: Trienamine mediated enantioselective Diels-Alder reactions of 2,4-Dienals 1.18 with
olefinic oxindoles 1.20 and cyanoacetates 1.22, reported by Jargensen and Chen.
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Figure 1.14: Calculated conformations of trienamine and their rotational barriers. Energies are

in kcal/mol.
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The first example of utilizing the cross-trienamine intermediate was reported by Jorgenson.
When an aminocatalyst condenses with cyclic 2,4-dienals 1.27, the resulting intermediate can be

either a cross-trienamine 1.29 or linear-trienamine 1.30 (Scheme 1.8).

@\R
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.o |
| N R 1.29
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Y, V'
5
€
1.27 1.28 R
L

g-deprotonation

1.30
Linear trienamine

Scheme 1.8: Cross-trienamine activation mode in aminocatalysis promoted by y'-deprotonation.

By exploiting this feature, Jargensen demonstrated a [4+2] cycloaddition reaction between
cyclic 2,4-dienals and olefinic oxindoles or azalactones to result in complex polycyclic
compounds.’® Interestingly, the computational investigation suggests that linear trienamine
intermediate 1.36 is thermodynamically favoured by 4.2 kcal/mol relative to the cross trienamine
1.38 which was also confirmed by NMR studies. The study further determined that the
thermodynamic preference of [4+2] cycloadduct 1.41 utilizing cross-trienamine intermediate was
determined to be favoured by 8.8 kcal/mol relative to the cycloadduct 1.39 via linear trienamine
intermediate (Figure 1.15). This thermodynamic preference was found to be a result of formation
of a conjugated n-system which is not formed for cycloadduct with linear trienamine suggesting

that the reaction is thermodynamically driven.
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mediated enantioselective Diels-Alder reactions reported by
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Figure 1.15: Pathway comparison of Diels-Alder reaction between cyclic linear trienamine and
olefinc oxindole (top), and cross-trienamine and olefinic oxindole (bottom). Energies are in
kcal/mol.

By using cyclic substrates with extended conjugation, resulting in extended enamine,
aminocatalysis has allowed the development of enantioselective higher-order cycloadditions
beyond [4+2] cycloadditions resulting in complex polycyclic compounds. In 2018, Jergensen
reported highly stereoselective [8+2] cycloadditions between indene-2-carbaldehydes 1.43 and
nitroolefins 1.45 using a C>-symmetric aminocatalyst VIL3® The condensation of catalyst with
indene-2-carbaldehydes allowed the first report of catalytic formation of electron rich amino
isobenzofulvene intermediate 1.44 (Figure 1.16). The authors performed a DFT study using
oB97XD/6-31+g(d,p)/SMD(chloroform) level of theory to understand the origin of
stereoselectivity. It was determined that the reaction proceeds via stepwise pathway and the
barriers were determined to be 13.7 kcal/mol and 10.1 kcal/mol for TS1 and TS2, respectively.

The authors also concluded that transition states for concerted cycloaddition pathways were not
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located, however, a zwitterionic intermediate 1.46 resulting from Michael addition of the amino
isobenzofulvene to the nitroolefin was found for various stereochemical approaches. It was also
determined that the observed stereoselectivity was dictated by (i) the kinetics of the initial Michael
addition step and (ii) the electrostatic interactions between nitro group of nitroolefin and ipso
carbon of amino isobenzofulvene intermediate. The electrostatic interactions between the oxygen
atom of the nitro group and ipso carbon of amino isobenzofulvene following the first addition step
suggested the possibility of a [10+4] cycloaddition pathway. The [10+4] cycloadduct 1.48 was
found while optimizing the zwitterionic intermediate, however, it was not observed

experimentally, suggesting the likelihood of post-TS bifurcation.
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Figure 1.16: Aminocatalytic higher-order formal [8+2] cycloaddition reaction between 1.43 and
1.45, and its stepwise pathway. Potential [10+4] pathway (red) for cycloadduct 1.48 observed in
silico. Energies are in kcal/mol.

The computational insights gathered from the study of amino isobenzofulvene from [8+2]
cycloaddition, Jeorgensen reported the first stereoselective [10+4] cycloaddition amino
isobenzofulvenes and electron deficient all-carbon dienes (Figure 9).%' Similar to [8+2]
cycloaddition, the reaction was determined to proceed in a stepwise fashion. As predicted from
[8+2] cycloaddition report, the [10+4] cycloadduct resulted from the initial Michael addition step
which formed a zwitterionic intermediate. This was followed by ring closure at the ipso carbon of

amino isobenzefulvene.
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Chapter 2

Chapter 2 : Mechanistic Investigation of Aminocatalytic Remote
Functionalization of a,p-Unsaturated Aldehydes

2.1: Introduction

Since the proline catalyzed aldol reaction reported by List et al. in 2000, aminocatalysis
has become one of the most efficient and widely studied strategies for stereoselective
functionalization of carbonyl compounds.'? There now exist transition state models which are
utilized to rationalize experimental results and predict stereochemical outcomes for enamine
facilitated reactions, aiding in reaction development.’® These models are widely accepted which
explain the regio- and stereochemical outcomes for most enamine mediated reactions. See section
1.5.2 in Chapter 1 for details.

More recently, the enamine activation mode has been extended to dienamines, trienamines,
and even tetraenamines by using polyunsaturated carbonyl compounds which has allowed for
stereoselective functionalization at more distant positions.”'* However, efforts to understand the
mechanism of these extended activation modes have been limited. Additionally, this understanding

has mostly relied on analogy of models that are well established for enamine reactions.
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Scheme 2.1: Dienamine mediated y-amination of o, f-unsaturated aldehydes reported by
Jargensen.

The first remote functionalization, with the aid of dienamine activation, was reported by
Jorgensen et al. where the authors successfully performed y-amination of o,p-unsaturated
aldehydes (Scheme 2.1).” In this work, the authors detail the reaction of enals with diethyl
azodicarboxylate (DEAD) yielding remotely functionalized aldehydes. The y-amination reaction
provides high enantioselectivity, however, the observed stereochemistry is determined to be
opposite of that expected. The steric shielding from the catalyst would interfere with electrophile
to be added from the back, instead, the observed stereochemistry is in the same face as the catalyst

(Figure 2.1).

R R
Expected Observed

Figure 2.1: Depiction of selectivity in dienamine intermediate by steric discrimination from
aminocatalyst 1V for y-amination.

The proposed mechanism by Jaorgensen et al. suggests that reaction proceeds via Diels-
Alder type pathway between the dienamine intermediate and DEAD. In the report, the Diels-Alder

pathway was shown to be more favoured than mono addition of DEAD at y-position of the
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dienamine. The authors suggested that the resulting cycloadduct undergoes hydrolysis to give the
v-aminated product and release the catalyst. It was also stated that the configuration of the double
bond in the product was determined to be E. However, no explanation was provided about how the
hydrolysis of the cycloadduct leads to the R-enantiomer with E-configuration of the double bond.

In 2011, Christmann reported y-alkylation reaction, with high E:Z selectivity, between
enals and stabilized carbocations using diaryl alcohols (Scheme 2.2).!° The authors noted that the
stereochemical configuration of the remote stereocenter in the product was not expected. The
general stereochemical models for enamine reactions would invoke a steric-shielding model, and
the diaryl electrophile should add on the ‘back-side’ which is opposite of the steric bulk of catalyst.

This was determined to be completely opposite to what was observed.

wr
9 N Ar 9

H OTMS
OH A
| (20mol %) "
Ar Ar TFA (10 mol%) Ar
R Toluene, -20°C R

up to 92% ee

Scheme 2.2: Dienamine mediated y-alkylation of a,f-unsaturated aldehydes reported by
Christmann.

To explain the observed stereochemistry, Christmann proposed that the iminium ion
produced after the electrophilic attack can interconvert between £ and Z isomers via a sequence of
deprotonation/protonation.'* This sequence suggests that a second dienamine intermediate which
is alkylated at gamma position may be plausible. The authors proposed this second dienamine
intermediate to explain the E/Z selectivity of gamma alkylation where the E/Z ratio of the second
dienamine intermediate is dictated by thermodynamics. It was further proposed that the
protonation of the alkylated dienamine intermediate would be the stereodetermining intermediate
and not the initial electrophilic attack (Figure 2.2).
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Figure 2.2: Christmann's proposed second dienamine

The mechanistic investigations of the y-alkylation reaction by Gschwind found that the
stereochemical outcome of the reaction depended heavily on the induced conformation of the
reactive dienamine intermediate.'> While these conformations are well understood for more simple
enamine systems, the additional complexity of a second, conformationally flexible pi-backbone
cannot be ignored. The authors explored the E/Z ratios, relative to terminal double bond, of the
dienamine intermediate by NMR and computational studies. The report suggests that the terminal
double bond shows a kinetic preference for the Z-isomer during the formation of dienamine, which
slowly isomerizes to thermodynamically preferred E-isomer with E:Z ratio of 1:2. With the steric
shielding model, the E-isomer leads to the S-enantiomer and Z-isomer leads to the R-enantiomer,
the E:Z ratio of 1:2 which does not correlate to the experimental ee values of up to 92%. Hence,
by NMR and computational studies, it was observed that the barrier for reaction between Z-
dienamine and the electrophile was lower than that with E-dienamine. Additionally, in the case of
Z-dienamines, there were favourable CH-m interactions observed with the electrophile. In
summary, the authors proposed that the kinetic preference of Z-dienamine, lower activation barrier

for attack on electrophile from nucleophilic dienamine, and the favourable non-covalent
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interactions with the electrophile are responsible for the high ee favouring the R-enantiomer. The
authors did not perform an extensive study on the y-amination report, however, it was suggested
that the Diels-Alder pathway requires a downstream isomerization of the product.

In aminocatalytic reactions with diarylprolinol ether catalysts, the enantioselectivity is
rationalized by simple steric shielding model which states that the bulky group of the catalyst
hinders the approach of the catalyst from one face which promotes reactivity from the other face.
However, mechanistic studies on enamine mediated reactions reported by Blackmond suggest the
interaction of enamine intermediate and electrophile, relating to kinetic preference, alone may not
provide the whole picture.* The authors note that the enantioselectivity in aminocatalytic reactions
must be rationalized by the thermodynamic stability and of the intermediates formed after
interactions between enamine and the electrophile termed ‘downstream intermediates’.

Herein, an extensive mechanistic study to gain insights about the principles of origin of
selectivity for dienamine mediated y-amination is reported. The results of this work will not only
aid in understanding the pathway but also benefit chemists in designing and expanding the scope

of novel asymmetric remote functionalization reactions.

2.2: Computational methods

All structures were optimized using B3LYP'®!7 with the double-{ split valence 6-31G(d)
basis set.!®!° Solvation with toluene was performed using the Integration Equation Formalism
Polarizable Continuum Model (IEFPCM) model?® and vibrational analysis verified that each
structure was either a minimum or transition state. All optimizations were performed in Gaussian
09.e01.2! Single point energies were calculated using M06-2X?? functional and the triple zeta for
valence electrons plus polarization function (TZVP) basis set?® using the IEFPCM solvation model

with toluene. All 3D figures were generated using CYLview20.%*
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2.3: Results and Discussion
2.3.1: Diels-Alder Cycloaddition between Dienamine and DEAD

We started our investigation by studying the different conformations of the dienamine
intermediate in order to examine its thermodynamic preference. It was determined that the E,s-
trans,E dienamine (A) and E,s-trans,Z dienamine (B) were similar in energy, however, the E,s-
cis,E dienamine (C) is disfavoured by 2.0 kcal/mol relative to A (Figure 2.3). Experimentally, only
the peaks of dienamines A and B were observed as evidenced by E:Z ratio to be 1:1. (Figure 2.4)
gschwend and Jergensen reference In order for the reaction to proceed through a Diels-Alder type
pathway, as proposed by Jorgenson, the formation of thermodynamically disfavoured E,s-cis, E

dienamine (C) configuration is crucial.

(T)\/\Ph(ca,)2 OXPh(CF3)2 Oxph(CF?’)z
N"TPhicF), N Ph(CFa), N Ph(CFa),

™S OTMS OTMS
= = =
= = X
A B c
[0.0] -0.2 +2.0

Figure 2.3: Computed energies of Dineamine A, B, and C. Free energies reported are in kcal/mol.
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Figure 2.4: Experimental evidence of dienamines A and B by *H-NMR at 300MHz in CDCls.

We then investigated the barrier for addition of electrophile to the dienamine intermediate.
The barrier for [4+2] addition between dienamine C and DEAD (DA-TS) was calculated-to be
+23.7 kcal/mol relative to dienamine A and DEAD. The resulting Diels-Alder cycloadduct, DA-
INT, was found to be thermodynamically favoured by 31.6 kcal/mol relative to A and DEAD.
(Figure 2.5) In comparison, the barriers for mono-addition of DEAD to the y-carbon of the
dienamines were determined to be disfavoured by 5-13 kcal/mol relative to DA-TS. The resulting
mono-addition intermediates were found to be endergonic by 6-14 kcal/mol. This suggests that the
reaction proceeds through the kinetically favoured cycloaddition pathway to result in the notably
thermodynamically favoured cycloadduct DA-INT.

The kinetic preference for cycloaddition suggests that the E/Z dilemma of the dienamine
intermediate is not an important factor during the addition of DEAD. Since, the dienamine C is
too sterically hindered for DEAD to be approached from the same face as the catalyst bulk, the

formation of cycloadduct DA-INT obeys the steric shielding model resulting in high
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enantioselectivity. Due to the nature of [4+2] pathway, the dienophile DEAD reacts at ipso and -
carbon resulting in high regioselectivity for the amination reaction at the y-position.

Ph(CF3)

Ph(CF3), OTMS

OTMS _CO,Et )
= N 4237 “N-CO2EL
+ N DA-TS N
= CO,Et “NNCo,Et
A DEAD DA-INT
0.0 316

Figure 2.5: Calculated barrier for Diels-Alder cycloaddition between Dienamine intermediate and
DEAD. All energies are reported in kcal/mol.
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Figure 2.6: a) Reaction coordinate diagram of calculated barriers for mono-addition of DEAD
and [4+2] cycloaddtion to dienamine intermediate. B) The resulting iminium-ion intermediates

DA-INT
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after mono-addition of DEAD and [4+2] cycloaddition to dienamine intermediate. All energies
are in kcal/mol.

In order to obtain the observed product, the cycloadduct DA-INT must undergo ring
opening and hydrolysis. Our calculations indicate that the protonation of the nitrogen of DEAD
attached at the ipso carbon results in a barrierless ring opening of the cycloadduct leading to INT
6. However, the hydrolysis of INT 6 would not result in observed product with £ configuration of
the double bond (Figure 2.7). Therefore, the downstream reaction following the ring opening of
DA-INT must go through an intermediate which allows rotation around the a,3-bond in order to
generate the observed product.

Ph(CF5) Ph(CFs)
%Ph(C;jZ @%Ph(csﬁz

OTMS OTMS

—Z

N-CO2Et @ Hn-CO2Et Ph(CF3),
’\|l I > [{j + i\i Ph(CF3)2
“N>c0,Et “N>co,Et H OTMS
DA-INT INT 6 Z-configuration

not observed

Figure 2.7: Hydrolysis of cycloadduct leading to product with Z-configuration

2.3.2: Plausible Mechanisms

The conversion of the Z to £ double bond could occur via 2 pathways: 1) formation of
aminated dienamine intermediate which examines the second dienamine intermediate proposed by
Christmann'® (Figure 2.8, left, green) or 2) reversible Michael addition at the B-carbon of INT 6.
(Figure 2.8, right, blue). For the mechanism involving aminated dienamine downstream
intermediate, we propose that deprotonation at the y-carbon of INT 6 leads to aminated dienamine

intermediate. The favoured conformation dictated by thermodynamics would then get protonated
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that may lead to the productive iminium ion conformer. Upon hydrolysis, this would result in the
observed product with E-configuration of the double bond and (R)-stereocenter.

For the Michael addition pathway, we propose a nucleophilic addition of a water molecule
to the B-carbon of INT 6, resulting in an enamine intermediate that has free rotation around the a-
B bond. Upon rotation and elimination of water, the resulting iminium ion conformer would lead
to the observed product. Therefore, we examined both plausible mechanisms with computational

and experimental methods.
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2.3.3: Aminated Dienamine

Upon ring opening of the cycloadduct DA-INT, the iminium ion intermediate INT 6 can
undergo deprotonation at the y-carbon to result in the aminated dienamine intermediate D Figure
2.9a). The formation of dienamine D is important since rotation around the a,p-bond allows for a
downstream intermediate with E-configuration to result in the observed product. Therefore, we
started by calculating different configurations of aminated dienamine intermediate were also
calculated (Figure 2.9). It was determined that dienamine D was thermodynamically disfavoured
relative to E and F by 7.0 and 5.1 kcal/mol, respectively. This suggests that, upon rotation around
the a,-bond, the thermodynamic preference of dienamines E and F could be the driving force that

promotes E-configuration of the double bond in the observed product.
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Figure 2.9:a) Formation of aminated dienamine intermediate D from the cycloadduct DA-INT. b)
Conformers of aminated dienamine intermediate. Free energies are reported in kcal/mol.

In the downstream second dienamine pathway, the formation of aminated dienamine E is
an important step. The protonation of aminated dienamines E and F would result in iminium ion
intermediates with E-configuration of the double bond which, upon hydrolysis, would lead to
observed product. The protonation at the y-carbon can take place from both faces of dienamine E
and F resulting in iminium ion intermediates with S- and R- stereochemistry. Upon protonation,
dienamine E would result in iminium intermediates INT 7 and INT 8, and dienamine F results in
INT 9 and INT 10 (Figure 2.10). It was determined that intermediates INT 7 and INT 8, resulting
from dienamine E, were thermodynamically favoured than intermediates INT 9 and INT 10,
resulting from Dienamine F, which were similar in energy as INT 6 (Figure 2.10). The iminium
ion intermediate INT 7 and INT 8 were determined to 1.1and 2.6 kcal/mol, respectively, more

thermodynamically favoured relative to INT 6.
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Figure 2.10: Calculated Iminium ion intermediates resulting from protonation of aminated
Dienamines D, E, and F.

The thermodynamically favoured intermediates (INT 7 and INT 8) result in the E-
configuration around the double bond with S- and R-stereocenters at the y-carbon. In order to
determine the thermodynamically favoured conformers of INT 7 and INT 8, a conformational
analysis was performed. It was determined that the iminium ion intermediate (INT 11) leading to
the expected product with (S)-stereocenter and E-configuration around the double bond was
determined to be thermodynamically favourable by 6.6 kcal/mol, relative to INT 6. The iminium
ion intermediate leading to the observed product with (R)-stereocenter and E-configuration, INT
12, was determined to 3.0 kcal/mol higher in energy than INT 11 (Figure 2.11). This suggests that

the y-amination reaction may undergo another pathway from the cycloadduct DA-INT.
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Figure 2.11: Resulting iminium ion intermediates upon protonation of Dienamines D, E, and F.
Free energies are reported in kcal/mol. (C = grey, N = blue, O = red, F = green, Si = yellow, H
= white).

We further investigated this mechanism by experimental methods. We proposed that if the
reaction does form y-aminated dienamine, evidence for the presence or absence of the second
dienamine can be gathered by deuterium labelling the gamma position. Hence, if the amination

reaction is performed with y-deuterated aldehyde and the product shows evidence of y-proton, it

would provide evidence of the aminated dienamine intermediate (Scheme 2.3).

i
_CO,Et
5 D |+ N IV (10 mol %) _
Et0,C PhCO,H (10 mol%)
Toluene, rt
nR

Scheme 2.3: Proposed reaction.

Hence, the reaction was performed with 5-phenyl-2-pentenal-4,4-d> while mimicking the
conditions reported by Jergensen et al. After carefully monitoring the reaction with NMR, there
was no product observed containing protons at gamma position. In the reaction with non-
deuterated aldehyde, the gamma proton of the product appears at 5.16-5.15 ppm’, however, as the
reaction was monitored over time, this signal was not present in the reaction with deuterated
aldehyde (Figure 2.12). The consumption of starting material and formation of product was
evident, but no gamma-proton was observed as we hypothesized. Therefore, this study suggests

that the formation of aminated dienamine is very unlikely.
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Figure 2.12: Stacked NMR segment of y-amination reaction with deuterated enal. The signals on
left (red) show the ethyl protons of DEAD, the signals on the right (green) show the ethyl protons
of hydrazine moeity in the product.

2.3.4: Michael Addition pathway

Another plausible pathway for the y-amination reaction is that after the formation of
cycloadduct DA-INTS, it could undergo a Michael addition. It is proposed that a water molecule
could add at the B-carbon of DA-INT to result in the enamine intermediate EN-1 which allows
rotation around the o-f bond. The rotation which is followed by elimination of water could
potentially result in iminium ion intermediate INT 8, the productive conformer leading to the

observed product (Figure 2.8).

64
S. Singh



Chapter 2

h(CF3) h(CFs) Ph(CF3), Ph(CF3),
Ph(CF3 Ph(CFg Ph(CF3), Ph(CF3),
OTMS OTMS N OTMS N OTMS
COzEt COzEt EO,C.,, -~ Et0,Ceyy .~
N N
COzEt COzEt Et0,C” “OH EtO,C” OH
EN-1 EN-2 EN-3 EN-4
0.0 25 0.8 4.9

Figure 2.13: Michael addition intermediates.

We started with calculating the different configuration of the resulting enamine
intermediates upon Michael Addition on DA-INT (Figure 2.13). The diastereomeric enamine
intermediates EN-1 and EN-2, which upon rotation would result in diastereomers EN-3 and EN-
4 were calculated. It was determined that the enamine intermediate EN-1 was thermodynamically
favoured by 2.5 kcal/mol relative to the diastereomer EN-2. The rotation of EN-1 results in EN-3
which was determined to be slightly disfavoured by 0.8 kcal/mol while the diastereomer EN-4 was
found to disfavoured by 4.9 kcal/mol. The lack of thermodynamic preference for the enamine

intermediate EN-3 over EN-1 upon rotation makes this pathway implausible.

2.4: Conclusions

Computational and experimental methods were utilized to study the aminocatalytic v-
amination reaction of enals with DEAD via dienamine activation. This reaction was investigated
to rationalize the unexpected stereoselectivity of the product. Our calculations indicate that the
reaction proceeds via a Diels-Alder type pathway, which is kinetically favoured compared to
nucleophilic addition. The excellent regioselectivity is also a result of the nature of Diels-Alder
reaction which takes place at the ipso and y-carbon of the dienamine.

The y-amination reaction results in product with E-configuration of the a,-double bond and

(R)-stereocenter. To understand the observed stereochemistry with E-configuration, two plausible
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mechanisms were studied. Our calculations on the first mechanism consisting of downstream
aminated dienamine suggested that the formation of aminated dienamine could be the driving force
to result in intermediates with E-configuration. In order to obtain evidence of aminated dienamine,
y-amination reaction was performed with y-deuterated-2,4-enal. The NMR monitoring of the
reaction did not show any evidence of the downstream aminated dienamine. Furthermore, the
productive intermediate with E-configuration containing (R)-stereocenter did not demonstrate
thermodynamic preference. The intermediate resulting in product with (S)-stereocenter was

thermodynamically preferred which is not observed experimentally.

The second mechanism consists of nucleophilic substitution of water molecule on the Diels-
Alder cycloadduct DA-INT. This results in an enamine intermediate which, upon rotation, can
lead to intermediate with (£)-configuration around the double bond. Our calculations indicate that
there is no significant thermodynamic preference of intermediate resulting in product (E)-

configuration around the a,-double bond with (R)-stereocenter at the y-position.

Overall, our mechanistic investigation suggests that the addition of DEAD to the dienamine
proceeds via Diels-Alder pathway. However, the experimental and computational data did not
support the proposed mechanism for the downstream reaction pathway. Therefore, new plausible

mechanisms must be explored to rationalize the observed stereochemistry.
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Chapter 3 : Exploring the Role of Aminocatalysis in the
Dearomatization and Regioselectivity of Heteroaromatic Aldehydes.

3.1: Introduction

Heteroaromatic scaffolds (specifically furans, pyrrole and thiophenes) have recently gained
attention as a substrate for asymmetric vinylogous aminocatalysis and have been used to form
polyenamine intermediates for remote alkylation and numerous Diels-Alder reactions.'® These
heteroaromatic compounds appear to be a privileged scaffold for asymmetric aminocatalysis as
they not only provide a rigid, conjugated backbone for improved stereocontrol but also have
enhanced reactivity upon formation of the enamine due to conjugation of the polyeneamine with
the heteroatom of the aromatic ring. These features, paired with the driving force of regeneration
of the aromatic ring upon reaction of the enamine, suggest there is a great deal of potential for

further development in this area of remote functionalization of heteroaromatic aldehydes.
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Scheme 3.1: Model systems studied in this work (X=0, NH, and S)

The relative stability of enamines can be readily assessed by examining the energies of the

equilibrium between two carbonyls and their corresponding enamines (i.e.: carbonyl A + enamine

B — enamine A + carbonyl B).® However, one of the most interesting features of aminocatalytic

reactions involving heteroaromatic aldehydes is the formation of dearomatized trienamine

intermediates. Herein, we have examined a series of heteroaromatic aldehydes (Scheme 1) with

particular emphasis on the effects that the formation of the iminium ion intermediates have in the

dearomatization of these systems. The use of homodesmotic equations to study the aromaticity of

5-membered heteroaromatic rings has been explored in the literature.!’ ' In this, we decided to

employ a higher hierarchy of homodesmotic equations, hyperhomodesmotic equations, to more

accurately assess the dearomatization penalty for the Model Systems depicted in Scheme 1.'%!¢

Hyperhomodesmotic equations allow for a systematic error cancelation and thus provide a good
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estimation of the energy penalties for dearomatization of these systems. '*'® We have also studied
the trienamine intermediates formed from these aldehydes and have employed computational
methods for predicting the most reactive sites of the intermediates, including population analysis

of the HOMOs and isosurfaces of Fukui functions.'”

3.2: Computational methods

All structures were optimized in the gas phase using M06-2X'® with the double-{ split
valence 6-31+G(d,p) basis set'®?® and vibrational analysis verified that each structure was a
minimum. All optimizations were performed in Gaussian 09.e01.?! Single point energies were
calculated using M06-2X'® functional and the correlation-consistent basis set cc-pVTZ*? as well
as the second order Moller-Plesset perturbation theory (MP2)* 26 with the cc-pVTZ?? basis set.
Values discussed in test are free energies calculated at M06-2X/cc-pVTZ //M06-2X/6-31+G(d,p).
MP2/cc-pVTZ//M06-2X/6-31+G(d,p) energies are included in tables and show the same trends as
those calculated with MO06-2X/cc-pVTZ //M06-2X/6-31+G(d,p). Orbital coefficients were

generated with QMForge v2.1.%

Electrostatic potential-derived charges were calculated using
CHelpG scheme.?® The Fukui function describes the change of the electronic density f(r) ina given
point with respect to the change in the number of electrons, both calculated at the geometry of the

neutral molecule. This approach has been used to predict reactivity in organic molecules. !"-**3!All

3D figures were generated using VESTA v3.5.5.3
3.3: Results and Discussion
3.3.1: Model System A

To begin this study, we explored the simplest heteroaromatic system bearing an aldehyde

and a methyl group at the 2- and 5-positions of the ring, respectively (Model System A, Scheme
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1). This represents one of the first compounds that employed the dearomatization approach in the
formation of polyenamines for the remote alkylation of furfural derivatives.**** We decided to
focus on the influence that the transient iminium ion has on the formation of the dearomatized
trienamine intermediate using the hyperhomodesmotic equations outlined in Table 3.1. The first
equation examines the energetic cost of breaking the aromaticity of the furfural derivative by
forming its enol tautomer while the second equation evaluates the same energetic penalty with the
iminium ion derived from furfural.

Table 3.1: Hyperhomodesmotic equations used to assess the dearomitization of Model System A.

Values in plain text are free energies at M06-2X/cc-pVTZ //IM06-2X/6-31+G(d,p) and values in
parentheses are free energies at MP2/cc-pVTZ//M06-2X/6-31+G(d,p)). All reported values are in

kcal/mol
0] OH OH 0]
1) X . X
( HW + H)ﬁ H)v + H»\@/

A1; X=0 A5; X=0
A2; X =NH A4 A6; X =NH A8
A3; X=8 A7; X=S8

A9; X=0 A13; X=0
A10; X = NH A12 A14; X =NH A16
A11; X=S A15; X =S
X=0 X =NH X=5
Equation 1 11.1(9.3) 16.8 (14.6) 11.5(10.1)
Equation 2 5.4 (3.8) 15.0 (13.0) 5.1(3.2)
AAG (eq.2-eq.1) -5.7 (-5.5) -1.8 (-1.6) -6.4 (-6.9)

In examining the energetics of equations 1 and 2, the dearomatization of the

heteroaromatric ring in both the aldehydes Al-3 (X = O, NH, S, respectively) and the
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corresponding iminium ions A9-11 is disfavored. However, the presence of the iminium ion
decreases the energetic penalty for loss of aromaticity in all heterocycles A9-11 when compared
to the corresponding aldehydes A1-3 (Table 3.1). Calculations on these equations with MP2/cc-
pVTZ /IM06-2X/6-31+G(d,p) show the same energetic trends with deviation of less than 0.4
kcal/mol for all systems. This decrease in the energy penalty suggests that the presence of the
iminium ion facilitates dearomatization.

Perhaps the most interesting observation noted is in the comparison of the influence of the
iminium ion across the three heterocyclic systems. The formation of the iminium ion in the furan
and thiophene systems has a significant influence on the dearomatization, in each case lowering it
by ~6 kcal/mol, relative to the corresponding aldehydes. On the other hand, the effect of the
iminium ion in the pyrrole system is significantly less, lowering it by less than 2 kcal/mol relative
to the aldehyde.

To understand how the choice of heteroatom in the heteroaromatic ring influences the
energetic penalty for dearomatization in Model System A, we examined the geometries of all
structures involved in equations 1 and 2. While no large geometric changes were noted in
comparing the structures of aldehydes (A1-3 and A8) and iminium ions (A9-11 and A16),
comparison of the enols and trienamines did reveal a significant change in geometry in Al4
relative to A6 (X = NH). In trienamine A14, the pyrrolidine ring of the catalyst is bent so that the
nitrogen lone pair is not fully aligned for donation into the m-system of the trienamine. This
twisting appears to be due to steric clash of the alkyl ring of the catalyst with the N-H bond of the
pyrrole and is not present in the furan- and thiophene-based systems (see supporting data).
Comparison of the Nea-C bond lengths of the enamines (1.36A for A13, 1.38 A for A12, 1.36 A

for A15, and 1.39 A for A14) suggests that trienamine A14 is the least conjugated (see supporting
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data). In the corresponding enolate A6 the pyrrole NH does not encounter the same steric repulsion
and is not bent out of conjugation, resulting in an increase in energy for the formation of trienamine
in the pyrrole system.

Next, we wanted to assess the influence of the heteroaromatic ring on the regioselectivity
of the addition reaction. To do this, we performed population analysis of the HOMO of the
trienamine systems A12-15 (Figure 3.1 and Table 3.2). In order to evaluate the possible synergistic
effects between the conjugation provided by the aminocatalyst and the heteroatom, the all-carbon
trienamine A12 was also computed. Examination of the HOMO orbital coefficients of the
trienamine derived from cyclopentadiene Al12 reveals that it follows the general vinylogy
principle®®, with the a-carbon having the largest coefficient followed by y-carbon and then the e-
carbon (Table 3.2). The presence of the heteroatom in the ring system of Model System A
(trienamines A13-15) significantly increases the orbital coefficient at the g-carbon whereas the
orbital coefficients for - and y-carbons decrease relative to those in A12. An interesting feature
of this model is the very low orbital coefficient observed at the y-carbon in trienamines A13-15,
when compared to Al2. It would appear that the heteroatom in the ring is influencing the
conjugated trienamine backbone in two ways; it donates into the terminal double bond, increasing
the orbital coefficient at the g-carbon and it also disrupts the donating abilities of the amine via
cross-conjugation with the enamine, decreasing the orbital coefficients at the a- and y-carbons. To
further explore the electronic nature of these enamine intermediates isosurfaces of the Fukui
function were also generated. Consistent with our orbital analysis of the Fukui isosurface shows

the most nucleophilic site to be the g-carbon of each heterocyclic enamine (see supporting data).
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Figure 3.1: HOMO of trienamines A12-A15 for Model System A (isovalue 0.035)

Table 3.2: Orbital coefficients of the HOMO of trienamines A12-A15.

Chapter 3

Al2 Al3 Al4 Al5
Carbon
(X = CHy) (X =0) (X = NH) (X =9)

ipso 13.6 11.8 15.2 10.8
o 18.7 11.3 8.4 11.2

B 7.5 3.4 3.3 3.3

v 16.0 8.0 5.6 7.6

0 2.5 3.3 3.7 3.4

€ 12.3 19.7 20.6 16.7
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Overall, the decreased energy penalty associated with the dearomatization of the
trienamine system and the regiochemical preferences suggested by the orbital analysis of the
various trienamines are in agreement with the experimental results reported by Albrecht and co-
workers.®33* Our results also suggest that other heteroaromatic rings follow a similar trend so,

similar reactivity may be achieved employing those systems.

3.3.2: Model system B

Next, we explored a family of heterocyclic systems containing an allyl group on the 3-
position of the ring (Model System B, Scheme 3.1). Upon deprotonation at the g-carbon of the
corresponding iminium ion, aromaticity in the ring is disrupted as the trienamine intermediate is
formed. While these ortho-olefinated, heterocyclic aldehydes have been synthesized and have
found use as intermediates in the design of photoswitches and optoelectronics, 38 to the best of
our knowledge, they have yet to be used as substrates in organocatalytic reactions. However, the
rigidity provided by the heterocyclic scaffold suggests that they would serve as optimal substrates
for organocatalytic remote functionalization and, therefore, we decided to perform a similar study
to that made for Model System A to provide insights into what features this scaffold may present
for future organocatalytic reaction development.

Assessment of the impact of the pyrrolidine catalyst on the energetic penalty for
dearomtization of the substrate was achieved through hyperhomodesmotic equations 3 and 4
(Table 3.3). It was observed that dearomatization of aldehydes B1-3 (eq. 3) and iminium ions B9-
11 (eq. 4) is, again, disfavored. Similar to Model System A, the addition of the aminocatalyst
decreases the energetic penalty for the loss of aromaticity by 4-6 kcal/mol in all heterocycles B9-
11 when compared to the corresponding aldehydes B1-3 (Table 3.3). Upon analyzing the

geometries of structures involved in equations 3 and 4, no major changes were observed when
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comparing the geometries of aldehyde (B1-3 and B8) and corresponding enols (B4-B7). However,
comparison of the iminium ions (B9-B11 and B16) and trienamines (B12-B15) shows a significant
geometric change in trienamine structures. While the dihedral angles between Ceca-Neat-Cipso-Co, n
the parent iminium ions B9-11 and B16, are fairly planar (between 0.6 and 2.7°), they are distorted
in the enamines to 33.5° in B12, 4.2° in B13, 46.6° in B14, and 27.5° in B15. These changes are
caused by increased steric repulsion between the CH> unit of the catalyst and hydrogens and/or
lone pairs of X in the cyclic substrate (see supporting data). The loss of planarity in trienamines
results in minimizing the steric clashes and consequently, favoring the dearomatization of iminium
ions.

Table 3.3: Hyperhomodesmotic equations used to assess the dearomatization of Model System B.
Values in plain text are free energies at M06-2X/cc-pVTZ //IM06-2X/6-31+G(d,p) and values in

parentheses are free energies at MP2/cc-pVTZ//M06-2X/6-31+G(d,p)). All reported values are in
kcal/mol.

OH OH
H X HTX HTN—X H
3) + — Y
7 z
| P P |
B1:X=0 B5: X =0
B2: X = NH B4 B6: X = NH B8
B3:X=8 B7:X=8
@ @
H X HTX HTX—X H
4) Ly — )+
7 7
7 VZ
B9: X =0 B13:X=0
B10: X = NH B12 B14: X = NH B16
B11: X=$S B15: X =S
X=0 X =NH X=S
Equation 3 10.3(9.4) 175(16.9) 11.8(11.0)
Equation 4 6.0 (5.3) 12.8 (11.6) 5.7 (4.5)
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AAG(eq.4-eq.3) -4.3 (-41) -4.7 (-53) -6.1 (-66)

To assess the influence of the heteroaromatic ring in Model System B on the potential
regioselectivity of an addition reaction we performed a population analysis of the HOMO of the
trienamine systems B12-15 (Figure 3.3). It was observed that for all trienamines B12-15, the
coefficient at y-carbon is the higher than any of the other carbons in the trienamine backbone (Table
3.4). This appears to be the result of the cross conjugated nature of the m system.*® This effect is
enhanced in the heteroaromatic trienamies B13-15 by the constructive donation from both the
heteroatom in the ring and the N of the catalyst at the y-carbon. The orbital coefficient on the a-
carbon is lowered in these systems due to the cross-conjugation of the two heteroatoms. The
increased nucleophilicity at the y-carbon was also identified by the isosurfaces of the Fukui

functions for B13-15 (see supporting data).
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Figure 3.2: HOMO of trienamines B12-B15 (isovalue 0.035).

Table 3.4:Orbital coefficients of the HOMO of Model System B.

Chapter 3

B12 B13 B14 B15
Carbon
(X=CHy) (X=0) (X=NH) (X=Y9)

ipso 10.8 10.9 14.4 10.8
o 15.2 11.6 8.1 10.5

B 8.6 4.9 4.8 4.2

v 21.0 21.4 19.4 17.8

0 2.5 1.5 1.4 1.2

€ 12.4 11.2 10.1 9.0
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3.3.3: Model System C

Swapping of the positions of the aldehyde and allyl groups in Model system B provided
our next heteroaromatic aldehyde, Model System C (Scheme 1). This scaffold has been recently
used by Chen and co-workers to perform stereoselective remote Michael additions.*’ In this case,
the application of a bifunctional organocatalyst with the furfural derivatives allowed for the
formation of the trienamine intermediate that then reacted with electron-deficient 3-olefinic
oxindoles, giving the corresponding Michael adducts in good yields and enantioselectivities.
Table 3.5: Hyperhomodesmotic equations used to assess the dearomatization of Model System C.
Values in plain text are free energies at M06-2X/cc-pVTZ //IM06-2X/6-31+G(d,p) and values in

parentheses are free energies at MP2/cc-pVTZ//M06-2X/6-31+G(d,p)). All reported values are in
kcal/mol

o) OH OH o)
H HN HTX H
(5) R — >
\ X 7 X \
Yz Y
C1:X=0 C5:X=0
C2: X = NH ca C6: X = NH cs
C3:X=8 C7:X=S

® ®
N N
H
(6) N, " _ LN,
\ X 7 X
Y Y \
C9: X=0 C13: X=0
C10: X = NH c12 C14: X = NH c16
C11: X=8§ C15:X=S
X=0 X =NH X =8
Equation 5 10.4 (10.3) 15.5 (15.6) 10.6 (10.3)
Equation 6 7.4 (7.8) 16.7 (17.6) 6.4 (6.3)
AAG eq6.¢q5) -3.0 (-2.4) 12 (2.0) 3.7 (-4.0)
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As with the previous model systems, the hyperhomodesmotic equations 5 and 6 (Table 3.5)
suggest that the conversion of aldehydes C1-3 and iminium ions C9-11, to the corresponding
trienamines, is an unfavourable process. However, the penalty for loss of aromaticity in iminium
ion C9 (X = 0O) is over 2 kcal/mol lower than that of the parent aldehyde C1, suggesting the
iminium ion is decreasing the penalty for dearomatization. This is also the case in the thiophene
system (C11 vs C3) where the presence of the iminium ion decreases the penalty for loss of
aromaticity by nearly 4 kcal/mol. Conversely, the loss of aromaticity in iminium ion C10 (X = NH)
is 1-2 kcal/mol higher than that for the dearomatization of aldehyde C2 (Table 3.5). This can be
explained by the increased loss of delocalization of the pyrrole lone pair into the iminium ion upon
formation of the trienamine. This delocalization can be seen in the increased length of the C,—Cjp
double bond in C10 (1.42 A) relative to that in C6 (1.40 A). It is also indicated by a distortion in
the planarity of the exocyclic double bond in C10, which is twisted out of the plane of the aromatic
ring to avoid steric interactions between the N-H bond of the pyrrolidine and the C-H of the
exocyclic double bond (see supporting data).

To assess the influence of the heteroaromatic ring in Model System C on the potential
regioselectivity of an addition reaction, we performed a population analysis of the HOMO of the
trienamines C12-15 (Figure 3.5). Population analysis shows that for trienamine C12 (X = CH)
the vinylogy principle is obeyed, i.e. the highest orbital coefficient in the HOMO is at a-carbon
followed by y-carbon and finally e-carbon. However, when X = heteroatom, y-carbon exhibits the
highest orbital coefficient in the HOMO (Table 3.14). Similar to Model System B, there appears
to be a synergistic effect between the N¢a and the heteroatom of the substrate ring which increase
the electron density at carbon y-carbon (Figure 3.5 and Table 3.6). It is also observed that a- and

e-carbons have similar values in their orbital coefficients which could indicate some cross
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conjugation between the heteroatom and ipso-carbon. The increased nucleophilicity at the -

carbon for our heterocyclic triamines was also identified by the Fukui isosurfaces for C13-15 (see

supporting data).

Figure 3.3: HOMO of the trienamines C12-C15 for Model System C (isovalue (0.035).

Table 3.6: Orbital coefficients for the HOMO of trienamines C12-C15.

C12 C13 C14 C15
Carbon
(X=CHy) (X=0) (X =NH) (X=Y9)
ipso 13.2 11.2 10.7 10.3
a 19.0 12.6 10.2 11.4
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4.7 3.7 3.0 3.4
14.4 20.3 22.6 17.9
1.3 1.6 1.2 11
7.5 10.7 11.3 8.7

The orbital coefficients calculated for trienamine C12 appear to be in contradiction to the
work reported by Chen and co-workers,*” where the authors observed functionalization at the &-
position. In spite of that, it is worth highlighting that the authors used a bifunctional H-
bond/aminocatalyst and it is likely that the H-bond donor properties of the catalyst may have
directed the electrophile to the more remote e-carbon, overcoming the inherent nucleophilicity of

the y-carbon.

3.3.4: Model System D

Next, we explored Model System D where an a,B-unsaturated aldehyde is at the 3-position
of the ring and a methyl substituent at the 2-position. The indole-based version of this system has
been reported by Melchiorre and co-workers to undergo a Diels-Alder reaction via formation of
an ortho-quinodimethane trienamine intermediate with indole rings.*'** The authors also explored
the reactivity of these systems towards Diels-Alder reaction using both a pyrrole and a furan
system and achieved the same type of reactivity with 3-olefinic oxindoles as the dienophile.**

Table 3.7: Hyperhomodesmotic equations used to assess the dearomatization of Model System D.
Values in plain text are free energies at M06-2X/cc-pVTZ //IM06-2X/6-31+G(d,p) and values in
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parentheses are free energies at MP2/cc-pVTZ//M06-2X/6-31+G(d,p)). All reported values are in

kcal/mol.
0 OH OH 0
H H H
) ) b )
(7) + \ —_— \ +
]\ \
X X
D1: X=0 D5: X=0
D2: X = NH D4 D6: X = NH D8
D3: X=8S D7: X=S
G (] (3 <
N N N N
/4 /
H H A H A H
o L. N — N\ + {
I\ \
X X
D9: X =0 D13:X=0
D10: X = NH D12 D14: X = NH D16
D11: X =8 D15: X =S8
X=0 X=NH X=S
Equation 7 10.8 (10.5) 16.6 (16.3) 11.6 (11.1)
Equation 8 9.7 (9.7) 20.7 (20.5) 10.1 (8.8)
AAG(eg.5-cq.7) -1.1(-0.8) 4.1(4.2) -1.5(-2.3)

As with the previous model systems, hyperhomodesmotic equations 7 and 8 (Table 3.7)

suggest that the conversion of aldehydes D1-3 and iminium ions D9-11 to the corresponding

trienes is an unfavourable process. However, in this system, it appears that the formation of the

iminium ions does not have a major influence in the energy penalty for loss of aromaticity when

X = 0O or S. Iminium ions D9 and D11 (X = O and S, respectively) are favoured to undergo

dearomatization by approximately 1 and 2 kcal/mol compared to their respective parent aldehydes

D1 and D3. On the other hand, when X = NH the loss of aromaticity in iminium ion D10 (X= NH)

is c.a. 4 kcal/mol higher than that for the dearomatization of aldehyde D2 (Table 3.7). One possible
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explanation to why the nitrogen system appears to be less favoured to undergo dearomatization
relates to the stabilization of the iminium ion D10. Unlike the previous model systems, there does
not appear to be any major steric constraints in this model system that force the n-system to distort
thereby weakening donation from the heteroatoms. When comparing the bond distances between
aldehyde D2 (1.46 A for Cipso — Cq, 1.35 A for C, — Cp, 1.45 A for Cs — C,, 1.39 A for Cy — Cs and
1.36 A for Cs — N) and iminium ion D10 (1.38 A for Cipso — Co, 1.41 A for Cy — Cg, 1.41 A for Cp
—Cy, 1.41 A for C, — Cs and 1.35 A for Cs — N), it is clear that the nitrogen from the heteroaromatic
ring is donating charge to the iminium ion (see supporting data). This effect stabilizes the iminium
ion making less likely to undergo dearomatization.

Population analysis of the trienamines (Figure 3.7) shows that for this model, the e-carbon
carries the highest coefficient for the HOMO in the heteroaromatic trienamines D13-15 (Table
3.8). This effect is similar to that found in Model System A and can be explained by the synergistic
effect between the lone pair on the nitrogen of the aminocatalyst and the heteroatom in the aromatic
ring, which combine to increase the electron density at the terminal position of the trienamine
system (Figure 4). Fukui isosurfaces for D13-15 also indicate that the e-carbon of each of these
heterocyclic triamines was the most nucleophilic (see supporting data). In the case of the
cyclopentadiene derived trienamine D12 (X = CH>) the orbital coefficients at a- and y-carbons are
nearly equal in value. Similar trends were seen in Model System B however in this case it does not
appear to be the result of the conjugated carbon m-system, as both models share the same carbon
backbone, and instead is a combination of donation from Ncar and hyperconjugation with the C-H

bonds of the sp* hybridized carbon in the ring.
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Figure 3.4 HOMO of the trienamines D12-D15 for Model System D (isovalue 0.035).:

Table 3.8: Orbital coefficients for the HOMO of trienamines D12-D15.

Carbon D12 D13 D14 D15
(X = CHy) (X =0) (X = NH) (X=5)

Ipso 10.7 8.6 9.1 8.0

a 16.7 10.2 12.9 10.8

B 11.0 12.0 11.2 10.3

¥ 17.5 115 13.9 125

5 14 1.1 1.2 13

£ 8.8 17.0 14.8 13.9
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Our calculations show that aminocatalysis does not have a major influence on the
dearomatization of this type of systems. Nonetheless, Melchiorre’s work show that secondary
amine catalysts can still be exploited with this scaffold for regio- and steroselective Diels-Alder

reactions.*>*3

3.3.5: Model system E.

Finally, we explored Model System E which contains an a,B-unsaturated aldehyde at the
2-position of the ring and a methyl substituent on 3-position. To the best of our knowledge, this
system has not been explored in any asymmetric synthetic approach but, due to its similarities with
the previous Model, we decided it would be interesting to explore it in this work.

Table 3.9: Hyperhomodesmotic equations used to assess the dearomatization of Model System E.

Values in plain text are free energies at M06-2X/cc-pVTZ //M06-2X/6-31+G(d,p) and values in
parentheses are free energies at MP2/cc-pVTZ//M06-2X/6-31+G(d,p)). All reported values are in

kcal/mol.
0
H H
/
9) X . X
/ z

Z
E1: X=0 E5: X=0
E2: X =NH E4 E6: X = NH ES8
E3: X=8 E7: X=8

SRS

<)
N N
< H\ H= H—
/ /
10 X S Y
Y Y

E9: X=0 E13: X=0
E10: X =NH E12 E14: X = NH E16
E11: X=S E15: X =8
X=0 X=NH X=S
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Equation 9 9.3(8.8) 15.1 (14.2) 10.6 (9.7)
Equation 10 8.4(7.7) 15.9 (14.9) 7.2 (6.0)
DAG(eq.10-e.9) -0.9 (-1.1) 0.8(0.7) -3.4(-3.5)

As with all previous model systems, hyperhomodesmotic equations 9 and 10 (Table 3.9)
suggest that the conversion of aldehydes E1-3 and iminium ions E9-11 to the corresponding trienes
is an unfavorable process. Similar to Model System D, it appears that the catalyst has little
influence on the dearomatization step, with iminium ions E9 and E10 having an energy difference
of approximately -1 kcal/mol and 1 kcal/mol, respectively, while iminium ion E11 is slightly more
favoured to undergo dearomatization when compared to their respective parent aldehydes (Table
3.9). Analysis of the geometries of the structures in each of the equations for this system show no
major changes between the aldehydes (E1-3) and iminium ions (E9-10) nor between enols (E5-7)
and trienamines (E13-15), with all systems remaining fairly planar (see supporting data).

Examination of the HOMO orbital coefficients of the trienamine derived from
cyclopentadiene E12 reveals that it follows the general vinylogy principle®®, with the a-carbon
having the largest coefficient followed by y-carbon and then the e-carbon (Figure 3.9 and Table
3.10). The presence of the heteroatom in the ring system of Model System E (E13-15) significantly
increases the orbital coefficients at the e-carbons while also decreasing the orbital coefficients -
carbons relative to those in E12. This trend is similar to that described in Model System A and is
again the result of constructive donation into the e-position by both heteroatoms. Isosurfaces
generated using the Fukui function are consistent with our orbital analysis of the HOMO and show

the e-carbon of each heterocyclic enamine to be the most nucleophilic (see supporting data).
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Figure 3.5:HOMO of the trienamines E12-E15 for Model System E (isovalue 0.035).

Table 3.10: Orbital coefficients for the HOMO of trienamines E12-E15.

El12 E13 E14 E15
Carbon
(X = CHy) (X = NH) (X =0) (X =9)

Ipso 10.6 9.7 9.3 8.2
o 19.2 14.5 11.4 11.6

B 8.9 10.8 13.3 10.6

v 18.5 13.0 111 11.9

0 24 1.8 1.7 1.6

g 12.7 15.5 15.3 135
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3.3.6: Fulvene systems

During the study of the Model Systems illustrated in Scheme 3.1, it became evident that
when X = CH»z or NH another trienamine intermediate could be formed by deprotonation of X.
This other possibility opens the doors to the formation of (hetero)fulvenes which can then be used
as 6-electron systems for higher-order cycloadditions. In fact, some examples have been recently
reported by Jergensen and co-workers, such as [10+2]- and [10+4]-cycloadditions using
isobenzofulevenes*® and hetero-[6+4]- and [6+2]-cycloadditions using 2-formyl substituted
pyrroles, imidazoles and pyrazoles.*’

Consequently, we decided to explore the energy differences between the trienamines
depicted in the previous models to the possible fulvenes (Scheme 3.2). It is clear from Scheme 3.2
that, in all Model Systems, the fulvenes are thermodynamically preferred over the trienamines
previously explored. This feature expands the scope of these substrates as possible polyenes for
high-order cycloadditions as well as non-classical modes of activation. In all cases when X = N,
methylation of the nitrogen atom would prevent the formation of the fulvene and force formation
of the trienamine while maintaining the observed trends in the orbital coefficients, for all models
(see supporting information). Hyperhomodesmotic equations on the N-methylated systems
indicate that the energetic penalties for dearomatization in these alkylated versions of Model
Systems A and B are lower than those of the unprotected pyrrole systems presented in Tables 1
and 3. However, in the N-methylated versions of Model Systems C, D, and E, the energetic
penalties for dearomatization increase relative to their respective unprotected pyrroles (see

supporting information for details)
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N
- X = — X\
H _ - H _
X = N: [0.0] X =N:-18.0
X = C: [0.0] X =C:-10.7

Model System B

Model System C

N N
X X
HTS D Y R
7 T = 7 X
S /
X =N:[0.0] X =N:-17.8|| X =N:[0.0] X=N:-10.5
X =C:[0.0] X=C:-8.9 || X=C:[0.0] X=C:-10.6
Model System D Model System E
N N N N
N \ \ X N X
) 8 ) \
X =N:[0.0] X =N:-13.3[[X =N:[0.0] X =N:-13.3
X =C:[0.0] X=C:-6.7 [|X=C:[0.0] X=C:-7.0

Chapter 3

Scheme 3.2: Energy differences between linear trienamines and (hetero)fulvene systems for all
Model Systems (X = CH2 or NH; relative free energies in kcal/mol calculated at the M06-2X/6-

31+G(d,p) level of theory).

3.4: Conclusions

In conclusion, we investigated the influences of an aminocatalyst in the dearomatization of

a series of heteroaromatic aldehydes in order to form a trienamine reactive intermediate. Our

calculations suggest that all Models are good candidates for further synthetic studies with the furan

and thiophen derived scaffolds being the most favourable as they possess a smaller energy penalty
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for formation of the trienamine intermediate. Orbital analysis indicates that the closer the
heteroatom in the aromatic ring is to the epsilon position of the trienamine the more likely it is for
that carbon to possess a higher orbital coefficient in the HOMO. This would suggest an inherent
regiosecetivity for the more distal positions Fukui functions were also calculated and follow a
similar trend. Nonetheless, as experimental work cited in this paper has shown, this regioselectivity
can be overridden by a careful choice of aminocatalyst and reaction conditions. Experimental work
cited in this manuscript helps to support our findings for Model Systems A, C and D. Model
Systems B and E, to the best of our knowledge, have yet to be used in asymmetric aminocatalysis
but are promising scaffolds for further development in this area. Furthermore, it has been
illustrated that when cyclopentadienes or pyrroles are used, it is thermodynamically possible to

obtain electron-rich (hetero)fulvene systems that can be exploited in high-order cycloadditions.
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Chapter 4 : Exploring the Role of Substituents on Trienamine
Backbone in Trienamine-Mediated Diels-Alder Reactions.

4.1: Introduction

The principle of vinylogy, reported by Fuson in 1935, states that the electronic effects of a
functional group can be propagated through a conjugated m-system to a distal position.! Hence, by
using poly-unsaturated carbonyl compounds, enamine activation has been extended to di-, tri-, and
tetraenamine activation to give rise to vinylogous nucleophilicity at remote Y-, and &- positions.>”’
This not only expanded the scope of aminocatalysis but has also demonstrated the ability of
stereochemical induction at distal positions. However, there are various challenges in reaction
development for remote functionalization via aminocatalysis such as the ability of catalyst to
promote regioselectivity at remote positions. The order of nucleophilicity (a > v > €) for the
vinylogous backbone makes the regioselectivity challenging, therefore, designing remote
functionalization reactions must take electronics and sterics into account. In addition to this, the
increased backbone conformational freedom with the increase in distance makes it challenging to
perform stereoselective transformations.

The first report using aminocatalysis which demonstrated stereochemical induction at a
remote position was reported by Jorgensen.® A dienamine mediated y-functionalization of enals
using diethyl azodicarboxylate (DEAD) catalyzed by diarylprolinol silylether was reported
(Scheme 4.1). This was a significant report as 1) it showed the success of vinylogous
nucleophilicity of dienamine intermediate, 2) it also provided perfect regioselectivity for the y
position, and 3) the ability of aminocatalyst to induce a new stereocenter at the distal y-carbon.
The authors suggested that the reaction proceeds via a Diels-Alder cycloaddition between the

dienamine intermediate and DEAD to eventually result in mono-functionalized y-aminated dienal.
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This report revealed the potential of nucleophilic dienamine intermediate, however, the reaction
follows a cycloaddition pathway rather than general nucleophilic addition which limits the number
of examples with mono-functionalization at y-position. Nonetheless, the vinylogous dienamine

reactivity has been exploited to develop various stereoselective cycloaddition reactions.*?

|

I

i o
_CO,Et

|+ rl\ll IV (10 mol%) . EtOZC\NH | E

| Nigo,et  PhCOH (10 mol%) o

Toluene, rt EtOQC/N |

R |

41 4.2 R |

4.3 |

|

|

up to 58% yield
up to 93% ee

Scheme 4.1: Dienamine mediated y-amination of a,f-unsaturated aldehydes.

Similarly, enamine activation has been further extended to trienamine which allows the
vinylogous nucleophilicity to be further transmitted to more distal positions and further expand
the scope of aminocatalytic reactions. Due to higher conformational freedom and vinylogous
nucleophilicity of linear trienamine backbone, there have not been any reports of mono-
functionalization at the remote e-position. However, the single-bond rotation of the trienamine at
v-0 bond, results in the formation of a diene which has been shown to readily undergo

cycloaddition reaction with various dienophiles (Scheme 4.2).
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aF
Aminocatalyst 4
2P — o T ()
X=Y 4) ‘\“ Y
A XY *

Scheme 4.2: General trienamine mediated Diels-Alder reaction.

Chen and Jorgensen utilized this strategy by reacting dienophiles with the terminal diene. '
This was the first example of stereoselective Diels-Alder reaction of 2,4-dienals with olefinic
dienophiles such as 3-olefinic oxindoles and olefinic cyanoacetates (Scheme 4.3). This report not
only demonstrated the ability of aminocatalyst to induce chirality at remote positions but also
showed excellent regioselectivity by forming two new C-C bonds at - and &- positions
exclusively. The authors did not observe reactivity with 1,4-s-cis diene because of the unfavorable
steric interactions with the bulk of catalyst. Furthermore, the HOMO energy was significantly
higher for 3,6-s-cis diene compared to 1,4-s-cis diene. Since the initial report by Jergensen and
Chen, there have been various examples of cycloaddition reactions using trienamine intermediate

to form complex cyclic structures containing multiple stereocenters.®!!:1?
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1 N Ph OTES
H  OTES a
3

VI (20 mol%)
oFBA (20 mol%) =
N

4.9

CHCI3, rt or 50°C

up to 99% yield
— 4.5 - up to 93:7 dr
up to 98% ee

CO,R!

R2
ZCN

OHC 2

NC CO,R!
4.10

up to 97% yield
up to 90:10 dr
up to 89% ee

Scheme 4.3: Trienamine mediated enantioselective Diels-Alder reactions reported by Jgrgensen
and Chen.

In the same year, Chen published another report of Diels-Alder reaction with trienamine
intermediates and nitroalkenes.!®> The authors observed that trienamine intermediates resulting
from unsubstituted 2,4-dienals, did not form any product (Scheme 4a). However, when the authors
introduced alkyl substituents to the backbone of 2,4-dienals, successful reactions with nitroalkenes
were performed (Scheme 4b). The authors proposed that the electron-donating ability of the alkyl
substituents raises the HOMO energy of the trienamine intermediate. This approach of further
raising the HOMO energy of the trienamine intermediate is significant since it not only expands
the scope of trienamine mediated reactions but also allows to design novel reactions by tuning the

HOMO-LUMO gap of substrates using appropriate substituents.
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(0]
| [
N Ph
| NO, H  OTMS
J|/ V (20 mol%)

R’ OFBA (20 mol%)
CHCl,, 55°C

- No Reaction

0
N Ph 2 3
NO, H  OoTMmS R __NO,
. J|/ V (20 mol%) R U
R? OFBA (20 mol%) R3 gt

CHCl,, 55°C :

411 412

up to 93% yield
up to 95:5dr
up to 94% ee

Scheme 4.4: HOMO-raising strategy through substitution on 2,4-dienals for Diels—Alder reactions
with nitroalkenes reported by Chen. a) No reaction is observed with unsubtituted dienal and
nitroalkenes via trienamine intermediate. b) Dienals with substituents at y- and J-carbons to
enhance HOMO of trienamine for Diels-Alder reaction with nitroalkenes.

By understanding the impact of substituents at various positions of trienamine backbone,
one can tune the electronics to result in desired reactivity and selectivity. This can aid in the design
of trienamine mediated reactions utilizing a wide variety of substituted carbonyl compounds.
Herein, an extensive computational analysis of trienamines formed from 2,4-hexadienal with
various electron-donating (methyl, phenyl, and 4-methoxybenzene) and electron-withdrawing
substituent such as (4-cyanobenzene) at the -, y-, d- and e-carbons is reported (Figure 1). The
Diels-Alder reaction requires the s-cis diene conformation, therefore, the focus of this report is on
three conformations of the substituted trienamine intermediates, 1) all-frans conformer, 2)
conformer with 1,4-s-cis diene, and 3) conformer with 3,6-s-cis diene (Figure 4.1). This allows us
to examine the conformations with s-cis diene moiety of substituted trienamine intermediate
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substituted to study the thermodynamics and location of MO energy levels. An extensive orbital

analysis is also performed to understand the orbital composition of trienamine intermediate.

| < > N N
N 1
| Aminocatalyst 2 7
| 473 = 7~ 3
5
6/ N 5
| all-trans 1,4-s-cis 3,6-s-cis |
Substituents
XKCH3 /<© A@\
O X
| =N
Me Ph PhOMe PhCN
Electron Donating Electron Withdrawing

Figure 4.1:Conformations of trienamine intermediates and substituents studied in this report.

4.2: Computational methods

All structures were optimized in the gas phase using M06-2X'* with the double-{ split
valence 6-31+G(d,p) basis set'>!® and vibrational analysis verified that each structure was a
minimum. All optimizations were performed on performed using Gaussian 09.e01.!7 The orbital
coefficients were calculated using Multiwfn v3.7.'® The 3D geometry figures were generated using

CYLview20.! The HOMO isosurfaces were generated using VESTA v3.5.5.%

4.3: Results and Discussion

4.3.1: Unsubstituted Trienamines

We began our investigation by computing the simplest unsubstituted trienamine

intermediate, resulting from condensation of pyrrolidine with 2,4-hexadienal. The unsubstituted
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trienamine system can be used as a reference for substituted trienamines. The lowest energy
confirmation of the unsubstituted trienamine was the all-trans conformer Al. The 1,4-s-cis
conformer A2 and 3,6-s-cis conformer A3 were 3.2 and 2.8 kcal/mol were higher in energy relative
to Al, respectively (Table 4.1). The s-cis conformations in A2 and A3 lead to steric repulsions
between the hydrogens at 1 and 4 positions for A2, and 3 and 6 positions for A3. The steric
repulsions in A2 and A3 are evidenced by dihedral angles of the pi-backbone. The 01-2-3.4, 02:3.4.5
and 03.4.5.¢ for trienamine A1 were determined to be 179.8°, 180.0° and 179.8°, respectively. The
dihedral angle for 1,4-s-cis diene moiety for A2 (01.2.34) and 3,6-s-cis diene moiety for A3 (034.s.
6) were determined to be 24.6° and 27.2°, respectively. See appendix for tabulated dihedral angle
data. This causes distortion in the pi-backbone resulting in it being out of conjugation, leading to
higher energy than Al. The increase in energy due to the steric repulsions also correlates with
HOMO energies of the conformations of the trienamine intermediates. The HOMO of all trans
trienamine Al was found to be -5.80 eV, whereas the HOMOs are lower in energy for A2 (-5.91
eV), and A3 (-5.84 eV). It is noteworthy that both A2 and A3 are thermodynamically similar in
energy, however, A3 which has a terminal diene, results in raised HOMO relative to A2. This
suggests that the trienamine A3 with 3,6-s-cis conformer may be more reactive than A2. This is
also evident in the first report of trienamine mediated Diels-Alder reaction by Jergensen; the

authors only observed reactivity with the 3,6-s-cis diene.'°
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Table 4.1:Relative energies and HOMO locations of unsubstituted trienamine system. Relative free
energies are in kcal/mol.

N N N
a~ ipso = =
y/B ™ =
£/ 9 X AN
A1 A2 A3
Relative
Energy [0.0] 3.2 2.8
(kcal/mol)
Hg\'\/")o 5.80 5.91 5.84

The population analysis of HOMO coefficients of the unsubstituted trienamine system was
also performed (Table 4.2). The population analysis of unsubstituted trienamine reveals that the
general vinylogy principle is followed where the a-carbon has the largest coefficient followed by
y-carbon and then e-carbon, regardless of configuration. However, it is important to note that the
distortion in the pi-backbone of A2 and A3 impacts the HOMO coefficients. The distortion in 1,4-
s-cis diene in A2 causes the a,B-bond to twist to prevent steric clash between o and y hydrogens.
This results in the HOMO coefficient for y-position to be 14.82 for A2, compared to 16.06 for Al
and 16.97 for A3. Similarly, for 3,6-s-cis diene in A3, twisting occurs at y,0-bond resulting in the

HOMO coefticient to be 9.83, compared to 12.01 for A1 and 11.09 for A3.
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Table 4.2: Orbital coefficients of HOMOs of trienamine A1-A3.

Al
ipso 10.67 10.88
a 17.27 18.84 17.91
B 8.75 8.52 8.52
y 16.06 14.82 16.97
b 451 4.21 4.11
e 12.01 11.09 9.83

4.3.2: B-Substituted Trienamines

Next, we explored the trienamine intermediates with substituents at the B-carbon for which
there have not been any trienamine mediated reactions reported. This was done using a range of
electron donating and withdrawing substituents at the -carbon. Beginning with electron donating
substituents, all trans trienamine intermediates were determined to be energetically favourable for
methyl (B1), phenyl (C1), and 4-methoxybenzene (D1) substituents (Table 4.3). In contrast to the
configurations of the unsubstituted trienamine, the B-substituted trienamines with 1,4-s-cis
configuration were thermodynamically more favourable than the 3,6-s-cis configuration for
methyl, phenyl, and 4-methoxybenzene substituents. The methyl substituted trienamine B2 with
1,4-s-cis configuration was determined to be 1.4 kcal/mol higher in energy than B1, whereas the

trienamine B3 was higher in energy by 3.1 kcal/mol (Table 4.3). This is due to the increased
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repulsions between the methyl group in B3 and the hydrogen at 6-position. The dihedral angle 6;-
234 for 1,4-s-cis diene moiety in B2 was found to be 31.6°, whereas the 3,6-s-cis diene moiety was
determined to be further twisted with 03.4.5.6 to be 36.73°. The geometric configuration of B2 forces
the methyl group to face away from the pi-backbone resulting in thermodynamic preference over

B3. This observation is also reflected in both phenyl and 4-methoxybenzene substituents.

For trienamines with aryl substituents, the rotation of aryl ring relative to the pi-backbone
depended on the trienamine conformation as shown in Figure 4.2. The phenyl substituent of the
intermediates C1 and C3 rotates to minimize steric repulsions with hydrogens at ipso and e&-
positions for C1, and ipso and e-positions for C3 The rotation configures the phenyl ring to be
almost perpendicular to the pi-backbone. The Cq-Cp-Cpn=Cpn was determined to be 69.1° and 73.5°
for C1 and C3, respectively, whereas it was determined to be 132.8° for C2. This rotation of phenyl

ring also has an impact of its conjugation with the pi-backbone which is discussed further below.

Table 4.3: Relative energies and HOMO locations of trienamines B1-B3, C1-C3, D1-D3, and E1-
E3. All free enrgies are reported in kcal/mol.

= = =
N R ~ "R

% X X

B1: R = CHj B2: R = CHj B3: R = CHj

C1:R=Ph C2:R=Ph C3:R=Ph

D1: R = PhOMe D2: R = PhOMe D3: R = PhOMe

E1: R = PhCN E2: R = PhCN E3: R = PhCN
Relative | R=CHs [0.0] 1.4 3.1
Energy | R=Ph [0.0] 2.6 4.6

(kcal/mol) | R=PhOMe [0.0] 2.5 4.1
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R=PhCN [0.0] 2.8 4.0
R=CHs -5.78 -5.90 -5.84
HOMO | R=Ph -5.80 -5.98 -5.82
(V) | R=PhOMe -5.76 -5.90 -5.76
R=PhCN -6.10 -6.27 -6.13

Figure 4.2: Three dimensional stuctures of trienamines C1-C3.

The HOMO analysis revealed that the B-substituted trienamine with 1,4-s-cis configuration

had lower HOMOs level relative to the 3,6-s-cis configuration for all electron donating

substituents. The HOMO of trienamine B2 was found to be located at -5.90 eV however B3 was -

5.84 eV. The energy of the HOMO of B-substituted trienamines with 3,6-s-cis diene rises with

substituents containing higher electron donating ability (Table 4.3). This suggests that the 1,4-s-

cis diene configuration with electron donating substituents at the beta position of trienamines are

thermodynamically favoured, however, the B-substituted trienamines containing the 3,6-s-cis

diene are more likely to undergo Diels-Alder reaction. This is because the trienamines containing

1,4-s-cis diene are less planar relative to trienamines with 3,6-s-cis diene with aryl substituents.
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Geometric analysis shows that the dihedral angle of diene moiety in trienamine D2 is 33.04°,
whereas the dihedral of terminal diene in trienamine D3 is 19.73° (See Appendix).

Trienamine with 4-cyanobenzene, an electron withdrawing group, substituted at the beta
position was also examined. Similar to trienamines with electron donating substituents, triecnamine
E2 with 1,4-s-cis diene configuration was more thermodynamic favourable relative to trienamine
E3 containing 3,6-s-cis diene. Similarly, the HOMO for E3, -6.13 eV, is located higher than for
E2, -6.27 eV (Table 4.3).

The MO analysis of B-substituted trienamine suggests that the vinylogy principle is
followed regardless of electronics of substituents (Table 4.4-4.7). Upon geometric analysis of
trienamine intermediates with aryl substituents, it was determined that the rotation of aryl
substituent with respect to the pi-backbone. The phenyl substituent for C1 and C3 is out of
conjugation due to its almost perpendicular alignment to the pi-backbone, whereas the phenyl
substituent is for C2 is more in alignment with the backbone. The figures shown in Table 4.5 of
C1-C3 show that phenyl substituent in C1 and C3 have no contribution to the HOMO, whereas
the substituent shows conjugation with the backbone in C2, consistent with twisting of the phenyl
ring. This phenomenon is present for all aryl substituents (Table 4.5-4.7)

Overall, the substituents at the B-position demonstrate thermodynamic preference for
trienamine with 1,4-s-cis diene moiety, however, HOMO energy is also lowered for 1,4-s-cis diene
configuration. The 3,6-s-cis diene configuration is thermodynamically disfavoured, regardless of
substituent at the B-position. Furthermore, the HOMO of the trienamine with 3,6-s-cis
configuration is raised as the electron donating ability of a substituent increases. However, there
have not been any reported examples of B-substituted trienamine mediated Diels-Alder reactions

which could be explained by the thermodynamically disfavoured 3,6-s-cis diene configuration.
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Table 4.4: Orbital coefficients of HOMOs of trienamine B1-B3

Table 4.5: Orbital coefficients of HOMOs of trienamine C1-C3

ipso

m LR ™R

Chapter 4

10.77 11.15
18.21 18.17 18.21
8.45 8.54 7.99
15.66 15.02 16.46
4.24 4.18 3.53
11.35 10.93 7.89

10.35 10.47
17.10 17.37
8.25 8.07
15.77 16.30
4.37 4.29
11.66 10.47
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Chapter 4

D1
ipso 10.17 9.17 10.39
a 16.59 15.79 17.08
S 8.29 8.08 8.10
y 15.99 15.50 16.44
0 4.40 4.32 4.32
€ 11.82 11.40 10.62

Table 4.7: Orbital coefficients of HOMOs of trienamine E1-E3

El
ipso 10.22 10.33
a 17.58 18.04
p 8.03 7.80
y 1531 15.95
0 4.33 4.12
€ 1141 9.89

4.3.3: y-Substituted Trienamines

The y-substituted 2,4-dienals have been heavily utilized in trienamine mediated Diels-

Alder reactions. One of the first trienamine mediated Diels-Alder reaction reported by Chen'?

utilized alkyl and aryl substituents at the y-position of 2,4-dienals to react with nitroalkenes. The
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authors observed no reaction when unsubstituted trienamine intermediate was employed. It was
proposed that electron donating substituents were employed to further raise the HOMO energy
level for successful Diels-Alder reaction with nitroalkenes.'?

Recently, Wang and coworkers reported a trienamine mediated cycloaddition reaction between y-
substituted 2,4-dienals and vinylquinolines to result in novel chiral quinoline compounds of
biological interest (Scheme 5).2! The authors employed alkyl and aryl substituents to react with
various substituted vinylquinolines. Since Chen’s initial report, electron-donating aryl and alkyl
substituents at y-position have been most commonly used.!'?>?° Hence, we explored the -

substituted trienamines.

o]
! = Oxph
| N Ph

CHO
R! NN H OTms
| + R3—: Catalyst (20 mol%)
= ~
N CH3SO3H (0.5 eq)
R? CH,Cl,
4.13 4.14

R'=H, Me, Et, Ph ,
2o H Mo 1:1 dr

up to 94% yield
up to 99% ee

Scheme 4.5: Trienamine mediated [4+2] cycloaddition reaction between y-substituted 2,4-dienals
and vinylquinolines reported by Wang et al.

Similar to the unsubstituted trienamine, the y-substituted trienamines with 1,4-s-cis diene
configuration were slightly higher in energy than 3,6-s-cis diene configuration. The methyl
substituted trienamine with 1,4-s-cis diene configuration, F2, was determined to be 4.2 kcal/mol
higher than trienamine with all trans configuration F1, whereas, the trienamine with 3,6-s-cis diene
configuration, F3, was 3.3 kcal/mol higher than F1 (Table 4.8). The 1,4-s-cis configuration for F2
results in repulsions between the methyl group and hydrogen at ipso position. In F3, the methyl

substituent points away from the pi-backbone resulting in repulsions only by protons at 3- and 6-
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position. This trend is also observed with other substituents, regardless of its electron donating or
electron withdrawing capabilities. However, the difference in energy between the trienamine with
1,4-s-cis diene configuration and 3,6-diene configuration decreases when the substituent is an aryl
group. The phenyl substituted trienamine G2 and trienamine G3 are 2.9 and 2.5 kcal/mol higher
in energy, respectively, than the all-frans trienamine G1 (Table 4.8). In trienamine G2, the lack of
proton-proton repulsions, present in F2, and the ring being able to configure such that the
repulsions between the ipso group and the phenyl group decrease significantly resulting in lowered
energy for G2.

Table 4.8: Relative energies and HOMO locations of trienamines F1-F3, G1-G3. All free enrgies
are reported in kcal/mol.

N N N
=z = =
R~ xR R~
= X X
F1: R = CH; F2: R = CHj F3: R=CH;
G1:R =Ph G2:R = Ph G3:R =Ph
Relative | R=CHj3 [0.0] 4.2 3.3
Energy
R=Ph [0.0] 2.9 2.5
(kcal/mol)
HOMO | R=CHs -5.75 -5.91 -5.75
(eV) R=Ph -5.78 -5.80 -5.79
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Table 4.9: Relative energies and HOMO locations of trienamines H1, H2, 11, and 12. All free
enrgies are reported in kcal/mol.

N: N:
= =
R~ R~
0 A
H1: R = PhOMe H2: R = PhOMe
I1: R=PhCN 22 R=PhCN
Relative R=PhOMe [0.0] 2.7
Energy
R=PhCN [0.0] 2.7
(kcal/mol)
R=PhOMe -5.71 -5.69
HOMO (eV)
R=PhCN -6.09 -6.12

The HOMOs of 3,6-s-cis diene configuration for gamma substituted trienamines are higher
in energy than 1,4-s-cis diene configuration. The HOMO of methyl substituted trienamine, F1,
with all trans configuration, is located at -5.75 eV which gets lowered to -5.91 eV when 1,4-s-cis
diene configuration for F2 is studied. However, the HOMO of trienamine F3 with 3,6-s-cis diene
configuration remains unchanged from trienamine F1 at -5.75 eV. This suggests that trienamine
F3 containing the terminal 3,6-s-cis diene is geometrically and electronically configured to
undergo Diels-Alder reaction.

When comparing the HOMO of methyl substituted trienamine F1 with unsubstituted
trienamine Al, it was determined that the methyl group raises the HOMO of trienamine
intermediate, from -5.80 eV (A1) to -5.75 eV (F1) due to its electron donating ability into the pi-

backbone. This phenomenon is also present when the substituent is an electron donating aryl group,
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however, when replaced with an electron withdrawing aryl group such as 4-cyanobenzene, the
reactivity of trienamine decreases. The HOMO of 4-cyanobenzene substituted trienamine, I1, with
all trans configuration is located at -6.09 eV which slightly lowers to -6.12 eV for 12 when the
trienamine contains a 3,6-s-cis diene configuration (Table 4.9). In contrast, the HOMO of 4-
methoxybenzene substituted trienamine H1 with all-trans configuration is located at -5.71 eV
which raises by a small increment to -5.69 eV for trienamine H2 consisting of 3,6-s-cis diene
configuration (Table 4.9). Similar to aryl substituents at the B-positions, the aryl substituents are
twisted out of plane with respect to the pi-backbone, therefore the pi-system of the aryl ring is not
in conjugation with the trienamine backbone. This suggests that the pi-system of the aryl ring may
have minimal contribution to the HOMO.

The molecular orbital analysis suggests that the vinylogy principle is followed for v-
substituted trienamine regardless of nature of substituents (Table 4.10-4.12). The analysis of y-
substituted trienamines indicates that the HOMO level of gamma substituted trienamine increases
as the electron donating abilities of the substituent increase. The thermodynamic preference of 3,6-
s-cis diene as well as the increase in reactivity has made y-substituted trienamines an attractive
option for reaction development.

Table 4.10: Orbital coefficients of HOMOs of trienamine F1-F3

ipso 10.54 10.37
a 16.78 18.50
p 9.43 8.91
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y 15.80 13.87 16.64
) 3.99 3.09 3.54
e 11.13 7.42 8.30

Table 4.11: Orbital coefficients of HOMOs of trienamine G1-G3

ipso 10.29
o 16.56
S 8.77
y 15.12
0 4.14
& 11.08

4.3.4: $-Substituted Trienamines
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Next, we explored the 6-substituted trienamines which have been employed in various
trienamine mediated Diels-Alder reactions.!??%2439735 However, substituents at §-position are not
as widely reported as the y-position, and the most common substituents utilized at the 3-position
are electron-donating alkyl and aryl groups. Recently, Ishikawa et al. reported trienamine mediated
Diels-Alder reaction between d-substituted 2,4-dienals and 5-nitro-2,3-dihydro-4-pyridones to
obtain octahydroquinolines enantioselectivity (Scheme 4.6).!> This report utilized various
electron-donating and electron-withdrawing aryl substituents at the o-position. The scope of
dienals used showed the presence of substituents at the 6-position on the trienamine did not exhibit
a significant impact on yield of reaction. This is due to the dienophile 4.17 containing electron
withdrawing nitro substituent which significantly lower the LUMO level.

TBSQ,

ijph
? N Ph

o H  0SiPh,Me
| NO, IX (20 mol%)

| PhCO2H
| loluene, 23°C___,.

N N™:
' thylene glycol ' H
R ethylene gly
Boc p-TsOH Boc
4.16 417 0t023°C 4.18
R = H, Me, t-Bu, Ph, Napthyl, up to 84% yield
4-N02-CGH4, 4-Br-C6H4, up to 10:1 dr
3,5-(CF3)2-CGH3, up to 95% ee

Scheme 4.6: Trienamine mediated Diels-Alder reaction between o-substituted 2,4-dienals and 5-
nitro-2,3-dihydro-4-pyridones, reported by Ishikawa et al.

The 6-substituted trienamines revealed a smaller energy difference between the all-trans
and 3,6-s-cis diene configurations, relative to each other. However, the all-trans configuration was
determined to be thermodynamically favoured. The methyl substituted trienamine J2 with 3,6-s-
cis diene configuration was determined to be 1.9 kcal/mol higher than all-trans trienamine J1.

Interestingly, this energy difference decreases significantly for aryl substituents due to the ability
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to rotate to minimize steric repulsions. (Table 4.13). The phenyl substituted trienamine K2 with
3,6-s-cis diene was determined to be 1.2 kcal/mol higher relative to K1 (Table 4.13). The
preference for all-trans over 3,6-s-cis diene configuration is negligible for 4-methoxybenzene
suggesting that thermodynamics of the trienamine intermediate may not be a major factor.

Table 4.13: Relative energies and HOMO locations of trienamines J1, J2, K1, K2, L1, L2, M1,
and M2. All free enrgies are reported in kcal/mol.

= =
= =
R R
J1: R = CHj3 J2: R =CHj3
K1:R =Ph K2: R =Ph
L1: R = PhOMe L2: R = PhOMe
M1: R = PhCN M2: R = PhCN
R=CHz3 [0.0] 1.9
Relative
R=Ph [0.0] 1.2
Energy
R=PhOMe [0.0] 0.3
(kcal/mol)
R=PhCN [0.0] -0.2
R=CH3 -5.79 -5.83
R=Ph -5.83 -5.93
HOMO (eV)
R=PhOMe -5.78 -5.88
R=PhCN -6.09 -6.19

The HOMOs of 8- substituted trienamine reveals preference for all-frans configuration

over 3,6-s-cis diene configuration for electron donating and electron withdrawing substituents. The
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HOMO of phenyl substituted trienamine K1 with all trans configuration is -5.83 eV which lowers
to -5.93 eV when rotation around the y-6 bond results in trienamine K2 with 3,6-s-cis diene (Table
4.13). Similarly, when the substituent is an electron withdrawing group such as 4-cyanobenzene,
the HOMO of M1 lowers from -6.09 eV to -6.19 eV for trienamine M2 (Table 4.13). This is due
to the twisting of pi-backbone in 3,6-s-cis-diene configuration resulting in the backbone to be out
of conjugation. The 0cs.cs-cs-c6 for K1 and K2 ware determined to be 170.0° and 34.0°,
respectively. The molecular orbital analysis suggests that the vinylogy principle is followed for 6
-substituted trienamine regardless of nature of substituents (Table 4.14, 4.15).

Overall, the analysis of o-substituted trienamines indicates that the energy difference
between all-frans configuration and 3,6-s-cis diene configuration is relatively small. The aryl
substituted trienamines do not demonstrate any significant thermodynamic preference for all-trans
or 3,6-s-cis diene configuration. The HOMO level of 9-substituted trienamine was found to be

higher for all-trans configuration relative to 3,6-s-cis diene configuration.

Table 4.14: Orbital coefficients of HOMOs of trienamine J1, J2, K1, and K2

ipso 10.83 10.83 10.55 10.64
a 17.56 17.93 17.37 18.10
S 8.70 8.41 8.37 8.04
y 15.62 16.79 15.85 16.23
) 4.26 4.00 4.20 3.69
€ 11.35 9.70 11.76 9.54
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ipso 10.47 10.46 10.39 10.57
a 17.08 17.66 18.14 19.08
i 8.39 7.96 7.89 757
y 15.65 15.83 16.04 16.54
0 4.28 3.79 3.93 3.39
e 12.10 10.03 11.08 8.57

4.3.5: ¢-Substituted Trienamines

Finally, we explored e-substituted trienamines which have not been widely utilized, relative

to y-substitution, in trienamine mediated Diels-Alder reactions. However, substituents with

electron-donating abilities such as alkyl groups have been commonly utilized at the e-

position.!%243¢-41 Albrecht and co-workers reported a trienamine mediated cycloaddition using

dienophiles activated by carboxylic acids. Upon reaction with a trienamine intermediate, the

dienophile undergoes decarboxylation to synthesize biologically relevant 3,4-hydrocoumarins

(Scheme 4.7).2*
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R 2
o ©f\j\[ Catalyst (20 mol%) _ cHo
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R'=H, Me up to 93% yield
) 0
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up to 97:3 er

Scheme 4.7: Trienamine mediated Diels-Alder reaction between ¢-substituted 2,4-Dienals and
Coumarin-3-carboxylic acids, reported by Albrecht et al.

Similar to y-substituted trienamines, the e-substituted trienamines showed similar
thermodynamic preference for all trans conformer. The Van Der Waals repulsions are increased
for 3,6-s-cis diene conformer resulting in 2-4 kcal/mol higher in energy than all-trans conformers,
regardless of substituents (Table 4.16). The orbital analysis of epsilon substituted trienamines
revealed that the HOMO gets raised as the electron donating ability of the substituent increases.
The HOMO of phenyl substituted trienamine O1 with all tans configuration is located at -5.66
eV which gets lowered to -5.74 eV for trienamine O2 with the 3,6-s-cis diene configuration (Table
4.16). When the substituent is more electron donating such as 4-methoxy benzene, the HOMO of
trienamine P1 was determined to be located at -5.53 eV which gets lowered to -5.63 eV for
trienamine P2. However, the electron withdrawing substituent 4-cyanobenzne lowers the HOMO

to -5.98 eV and -6.03 eV for trienamines Q1 and Q2, respectively (Table 4.16).
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Table 4.16:Relative energies and HOMO locations of trienamines N1, N2, O1, 02, P1, P2, Q1,

and Q2. All free enrgies are reported in kcal/mol.
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N: N:
= =
= =
_ X
R R
N1: R = CHj N2: R = CH,4
O01: R =Ph 02:R = Ph
P1: R = PhOMe P2: R = PhOMe
Q1: R = PhCN Q2: R = PhCN
R=CHz3 [0.0] 2.5
Relative
R=Ph [0.0] 3.4
Energy
R=PhOMe [0.0] 3.8
(kcal/mol)
R=PhCN [0.0] 3.1
R=CHz3 -5.66 -5.74
R=Ph -5.66 -5.74
HOMO (eV)
R=PhOMe -5.53 -5.63
R=PhCN -5.98 -6.03

While performing orbital analysis on epsilon substituted trienamines, it was revealed that
the HOMO of trienamines gets raised when an aryl substituent is at e-position compared to other
positions of the trienamine regardless of the all-frans or 3,6-s-cis diene configuration. This is
because the aryl substituents at the e-position are fully in conjugation with the pi-backbone,

however, this conjugation is disrupted for substituents at -, y-, or 6- position.
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This is evident when comparing the location of HOMO for substituents at the nucleophilic
(v-and ¢-) and electrophilic (B- and 8-) positions of the trienamine. The HOMO of trienamine A1l
is located at -5.80 eV which raises to -5.71 eV for y-substituted trienamine H1. Substitution at &-
position results in raising the HOMO level further to -5.53 eV for trienamine P1. Similarly, the
HOMO of trienamine is slightly raised to -5.76 eV for B-substituted trienamine D1 and -5.78 eV
for d-substituted .1 compared to unsubstituted trienamine A1l. This also suggests that g- and e-
substituted trienamines may be the most appealing candidates for trienamine mediated reaction
development.

The orbital analysis for e-substituted trienamines revealed that the vinylogy principle is not
followed for aryl substitutents (Table 4.18, 4.19). The calculations showed the orbital composition
at the o and y carbons to be equivalent for aryl substituents (o =y > €) regardless of conformation.
The calculated orbital composition for phenyl substituted trienamine O2 for a-carbon is 14.74
which is slightly less than y-carbon composition, 14.80.

Table 4.17: Orbital coefficients of HOMOs of trienamine N1, N2, O1, and O2

ipso 10.63 10.91 9.29 9.61
a 16.33 17.20 13.70 14.74
p 9.27 8.93 8.81 8.53
y 15.48 16.41 13.58 14.80
) 5.20 4.67 5.72 5.30
€ 11.34 9.09 11.40 9.96
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Table 4.18: Orbital coefficients of HOMOs of trienamine P1, P2, Q1, and Q2
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ipso 8.84 9.15 9.11
a 12.40 13.49 14.44
B 8.88 8.53 8.13
y 12.54 13.72 14.13
0 6.34 5.92 4.93
€ 10.92 9.70 11.49

4.4: Conclusions

In conclusion, the impact of electron donating and electron withdrawing substituents at

different positions of the trienamine intermediate was investigated. Our calculations suggest that

electron donating substituents raise the HOMO of the trienamine intermediate to undergo Diels-

Alder reactions. This effect is prominent especially for nucleophilic positions (y, €) of the

trienamine intermediate. It was also determined that the 1,4-s-cis diene moiety is less likely to

undergo Diels-Alder reaction due to lower HOMO energy when compared to 3,6-s-cis diene

configuration. Furthermore, the 3,6-s-cis diene configuration is also thermodynamically preferred

for v, and e-substituted trienamine intermediates, making them viable candidates for Diels-Alder

reaction development. The 1,4-s-cis diene configuration is thermodynamically favoured for the -

and J-substituted trienamines, however, the HOMO level is lower compared to the 3,6-s-cis diene
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configuration. Orbital analysis indicates that vinylogy principle is followed in all trienamine
intermediates regardless of the nature of the substituent and its position on the trienamine

backbone.

Our calculations also indicate that the aryl substituents are out of conjugation, with respect
to the pi-backbone, for all trienamine intermediates except for the e-substituted trienamine. The
aryl substituents at the e-position increase are fully in conjugation with the backbone resulting in
highest HOMO location. This feature of e-substituted trienamine intermediates can be exploited

to expand the scope of trienamine mediated Diels-Alder cycloaddition.
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Chapter 5 : Electron-deficient 1,2-cyclohexadienes: Mechanistic
investigation of unprecedented dimerization.

5.1: Introduction

Highly reactive intermediates such as strained cyclic intermediates: arynes, cyclic alkynes,
and cyclic allenes have played an important role in organic chemistry in a wide variety of chemical
transformations. From being a curiosity to experimental validation, small strained cyclic
intermediates have recently been utilized in a wide variety of applications. These intermediates are
usually short-lived species generated in-situ and consumed during the desired reaction. The most
popular of these intermediates are strained cyclic compounds such as benzyne' (5.1), cyclohexyne?
(5.2), and 1,2-cyclohexadiene® (5.3) (Figure 5.1). These intermediates have been widely utilized

in various applications such as natural product synthesis, ligand design, and material science.*!?

sNeNe

5.1 . 5.3
Figure 5.1: Cyclic strained reactive intermediates

The main focus of this chapter is on cyclic allenes, specifically 1,2-cyclohexadienes which
were first experimentally validated by Wittig in 1966°. Over the decades, the interest in studying
cyclic allenes has mostly been theoretical to understand its structure and reactivity. The earlier
studies have determined that the reactivity of cyclic allenes is correlated with ring strain energy !>~
16, The bending and twisting of an acyclic allene’s linear and orthogonal geometry to set into a ring

gives rise to its ring strain'’.

In 2006, Johnson et al. published a comprehensive report estimating the strain of cyclic

allenes using computational methods. This report revealed that the ring strain energy increases as
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the ring size decreases'®. The authors studied cyclic allenes ranging from 1,2-cyclononadiene 5.8
(strain energy (SE) = 2 kcal/mol) to 1,2-cyclobutadiene 5.4 (SE = 65 kcal/mol) (Figure 5.2).
Further analysis of this study demonstrates that the correlation of ring strain with the ring size is a
result of the bending angle of the 3-carbon allene moiety and it was determined the twisting of
allenes decreases with the higher ring size. The calculations determine the bending angle of 1,2-

cyclohexadiene 5.3 to be 133.3° and the ring strain to be 32 kcal/mol.

97.9° 114.2°

65 kcal/mol 51 kcal/mol 30 kcal/mol
54

14 kcal/mol 5 kcal/mol 2 kcal/mol

Figure 5.2: Bending angle and strain energies for cyclic allenes.

5.2: Generation of cyclic allenes

In order to take advantage of the reactive intermediate 1,2-cyclohexadiene 5.3 in chemical
transformations, various methods to generate them have been reported. The most common
methods are generation of the cyclic allene through base elimination'®, fluoride promoted
elimination'®, and Doering-Moore-Skattebgl rearrangement®® (Scheme 5.1). These methods to

generate 1,2-cyclohexadienes will be discussed in subsections below.
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H Doering-Moore-Skattebol SiR3

rearrangement
©/ Br ©/ LG
EAVBr

©
KOt-Bu _ B F
Base mediated o " Fluoride mediated
elimination

elimination
5.3

Scheme 5.1: Common methods to generate 1,2-cyclohexadiene

5.2.1: Base mediated elimination

One of the most common methods to generate 1,2-cyclohexadiene 5.3 is via base mediated
elimination. The experimental validation of 1,2-cyclohexadiene 5.3, performed by Wittig and
Fritze®, develop and utilized base promoted elimination. In the presence of strong base, KO#-Bu,
I-bromocyclohexene resulted in 1,2-cyclohexadiene intermediate at 40°C. This intermediate was
trapped with diphenylisobenzofuran (DPIBF) via Diels-Alder reaction which resulted in a mixture

of endo and exo cycloadducts (Scheme 5.2).

Ph
~
O —
H
Br Ph
KOt-Bu DPIBF
DMSO
40°C, 24h
5.9 5.3

Scheme 5.2: Generation of 1,2-cyclohexadiene via base elimination and trapping with DPIBF.

One of the major advantages of this method is being able to generate 1,2-cyclohexadienes

at mild temperatures, however, the strong base could be incompatible with a more functionalized
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substrate which may result in side reactions. The studies performed on base promoted elimination
for different halo-cyclohexene substrates, there is the possibility of a competing reaction of further
elimination to result in cyclohexyne?. In the presence of KOz-Bu in DMSO, 1-chlorocyclohexene
resulted in 1,2-cyclohexadiene as the major product (96:4 cyclohexadiene:cyclohexyne), however,
a greater mixture of 1,2-cyclohexadiene and cyclohexyne was observed when 1-

bromocyclohexene (62:38) and 1-iodocyclohexene (42:58) were utilized. (Scheme 5.3).

X
KOt-Bu |
e +
DMSO

40°C, 24h 5.2 5.3
5.10 X=ClI 4 96
5.9 X=Br 38 62
511 X=1 58 42

Scheme 5.3: Comparison of generation of cyclohexyne and 1,2-cyclohexadiene with different 1-
chlorocyclohexenes

5.2.2: Doering-Moore-Skattebgl rearrangement

One of the earliest methods to generate allenes was pioneered by Doering who treated 1,1-
dibromocyclopropanes with sodium metal at elevated temperatures!. Moore and Skattebel later
demonstrated the synthesis of allenes, with higher yields, by treating the 1,1-dibromocyclopropane
with organolithium reagents at low temperatures (Scheme 5.4a)?*2*. This methodology is known
as Doering-Moore-Skattebgl (DMS) rearrangement which has been utilized to synthesize cyclic
allenes such as 1,2-cyclohexadiene. Moore and Moser reported that slow addition of methyllithium
to 6,6-dibromobicyclo[3.1.0]hexane dissolved in styrene resulted in 1,2-cyclohexadiene which
)20

was trapped by styrene with a good yield (Scheme 5.4b)~". The cycloadducts were isolated as a

mixture of diastereomers (exo:endo 2.2:1). This methodology is a well-optimized way to generate
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cyclic allenes, however, the use of organolithium reagents may not be compatible with various
functional groups. One of the main disadvantages of this method is also the synthesis of starting

material containing the 1,1-dibromocyclopropane moiety.

a)
R R
Br Na _C:sz R-Li Br
Br R/_ -30°C Br
R R
b)
CHsliin Et,O _ @
Br -15°C, 15 min ‘B
511 Br 511a 5.3
ZPh
+
: HI "Ph : HI Ph
5.12 exo 5.13 endo
76%, 2.2:1

Scheme 5.4: a) Allene synthesis via Doering-Moore-Skattebgl reaction. b) Generation of 1,2-
cyclohexadiene via Doering-Moore-Skattebgl reaction.

5.2.3: Fluoride mediated elimination

One of the most common methods for desilylation is by using a fluoride anion. This method
to break carbon-silicon bonds was utilized to synthesize cyclic allenes by Shakespeare and
Johnson. The authors reported the generation of 1,2-cyclohexadiene using 1-bromo-6-
(trimethylsilyl)-cyclohexene in the presence of cesium fluoride (Scheme 5.5)". The allene
intermediate was trapped with DPIBF to result in a cycloadduct. This method has now been

established to generate cyclic allenes with relatively mild reaction conditions compared to the
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previous methods. This method has also allowed access to a larger scope of functionalized 1,2-

cyclohexadienes®*2° (ref of garg, west, and mori, and garg).

Ph
B

O

SiCHj; Ph
Br
CSF DPIBF
DMSO

5.14 H Ph

5.10

Scheme 5.5: Generation of 1,2-cyclohexadiene via fluoride mediated elimination

5.3: Reactivity of 1,2-cyclohexadiene: Trapping and Dimerization

After generation of the cyclic allene 1,2-cyclohexadiene, there are various possibiltites to
utilize this reactive intermediate. The two well established reactions are dimerization and trapping
of the 1,2-cyclohexadienes. In presence of a trapping reagent, the intermediate can undergo
cycloaddition reactions which depend heavily on the nature of trapping reagent (Scheme 5.6). In
the absence of a trapping reagent, the 1,2-cyclohexadiene can react with itself via dimerization

(Scheme 5.6) which can react further and a mixture of oligomerization products would be obtained.
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@\/(,N—R - [3+2] [2+2] @j\
Y R Z>R

I 5.3 R

No trapping reagent

H H

Scheme 5.6: Common reactions of 1,2-cyclohexadiene intermediate.

5.3.1: Trapping of 1,2-cyclohexadienes via cycloaddition reactions

One of the earliest and most common methods of trapping the 1,2-cyclohexadine
intermediate is via Diels-Alder reaction. This method was also utilized in early cyclic allene studies
to experimentally validate the 1,2-cyclohexadiene intermediate (Scheme 5.2)°. The large scope of
cyclic 1,3-dienes, such as furans, pyrroles, cyclopentadienes and cyclohexadienes, can be used to
react with 5.3 via Diels-Alder reaction to obtain cycloadducts (Scheme 5.7)*+*7*!. Various
functionalized 1,2-cyclohexadienes, hetoerocyclic allenes, and other cyclic allenes have been

utilized for trapping via [4+2] cycloaddition.
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53 R,
X =0, CH,, NR
R4 = H, Me, Ph
R, = H, Benzo

Scheme 5.7: Trapping of 1,2-cyclohexadiene via [4+2] cycloaddition reaction.

Recently, West and co-workers reported intramolecular [4+2] cycloaddition reaction
between furan trap which is tethered to the allene precursor®2. The authors utilized a complex allene
precursor 5.15 to which fluoride promoted elimination method was applied to synthesize the cyclic
allene intermediate 5.16. This allene would then undergo Diels-Alder reaction with the tethered
furan to obtain complex polycyclic cycloadducts 5.17 (Scheme 5.8). This strategy not only allows

the synthesis of complex molecules but also lowers the equivalence of the trapping reagent

required.
R4 R4
Br TBAF or CsF
07\ _ (sea) 0\
XMJ\/\ CHCN, rt XW
Si n o Re n R
1 "Ph
5.15 5.16

X =0, CH,, N-Bn, N-furfuryl

Scheme 5.8: Trapping of in-situ generated 1,2-cyclohexadiene via intramolecular [4+2]
cycloaddition reaction.

Similar to [4+2] cycloaddition reaction with cyclic allenes, there have also been reports of
[2+2] cycloaddition reactions. One of the earliest trapping reactions on 1,2-cyclohexadiene was
performed with styrenes by Moore and Moser (Scheme 5.4b)*°. This methodology allowed to form

diastreomeric mixture of bicyclic cycloadducts containing cyclobutanes.
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Recently, West and coworkers reported a [2+2] cycloaddition reaction with various
styrenes to trap acyloxy-1,2-cyclohexadienes®®. A large scope of styrenes were reacted with
various acyloxy 1,2-cyclohexadienes 5.19 generated via fluoride promote elimination from
precursors 5.18. The resulting cycloadducts were isolated with moderate diastereoselectivity to

afford bicyclo[4.2.0]octenes 5.20 with a preference of exo isomer.

)J\ )J\ R4 )]\

R™ ™0 TBAE e %1\ e
R>
Br (2eq)
THF, rt Ry
sil '

n A R

Y

5.18 5.19 5.20

R4 = Ar, CO5;R, COMe, CN, alkyl

R = Me, Ph, t-B
& Fh, FBu R, = H, alkyl, Ph, CO,Me

Scheme 5.9: Generation and trapping of acyloxy 1,2-cyclohexadienes with styrenes.

Recently, independent works by West and Garg have also demonstrated trapping of 1,2-
cyclohexadiene and its derivatives using 1,3-dipoles to result in complex polycyclic compounds.
Garg and coworkers utilized nitrone to access isoxazolidine cycloadducts 5.21 by using allylic

silane triflate allene precursors 5.20 (Scheme 5.10a)*.

West and coworkers also generated 1,2-cyclohexadienes using allylic silane triflates 5.2234,
This report utilized 1,3-dipoles such as nitrile oxides, and azomethine imines in addition to nitrones
to undergo cycloaddition reactions with cyclic allenes (Scheme 5.10b). Recent studies have also
reported that trapping with 1,3-dipoles can be performed with heterocyclic allenes to give access

to complex heterocyclic compounds™.
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S) N B3R
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CH4CN, 80°C ~q
H
5.3 5.21
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R, = alkyl, Ar
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® R
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CsF X 0 _ g N X
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®
@,N//
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/
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Scheme 5.10: a) [3+2] cycloaddition of 1,2-cyclohexadiene and nitrones by Garg. b) [3+2]
cycloaddition of 1,2-cyclohexadiene and 1,3-dipoles by West.

5.3.2: Dimerization

One of the major challenges with cyclic allene intermediates is its tendency to dimerize

and sometime oligomerize. In early cyclic allene research®®, Wittig reported the isolated dimer

5.28 of 1,2-cyclohexadiene 5.33. However, Moser and Moore investigated the formation of dimers

and oligomers after the generation of 1,2-cyclohexadiene (Scheme 5.11

)*”. The authors proposed

that the 1,2-cyclohexadiene intermediate reacts with itself to form the diradical 5.27. After the
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formation of 5.27, the temperature plays a major role®®. They observed that if the reaction was at
room temperature, the diradical 5.27 quickly forms the dimer 5.28. However, when the reaction is
performed at -78°C the diradical 5.27 reacts further with either 5.27 to result in tetramers 5.29 and

5.30 or with another 1,2-cyclohexadiene 5.3 molecule to form the trimer 5.32.
O— 0O — ©j©
5.30 53 5.3

Scheme 5.11: Dimer, trimer, and tetramer products of 1,2-cyclohexadiene.

5.4: Polar Cyclic Allenes

After methods for generation and trapping of cyclic allenes were established, there have
recently been attempts to study the reactivity of 1,2-cyclohexadiene in the presence of electron-

donating or electron withdrawing groups.

Christl reported the generation of oxygen containing cyclic allenes which were then
trapped using furans and styrenes®. The authors used Doering-Moore-Skattlebel rearrangement to
generate 1-oxa-2,3-cyclohexadiene 5.34 from the allene precursor 5.33. The resulting allenes were
trapped furans and styrenes to result in cycloadducts with an oxane moiety (Scheme 5.12).
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Interestingly, the authors observed different chemoselectivity with different trapping reagents. The
reaction with styrenes takes place at the enol ether double bond whereas the reaction with furans
takes place at the most remote double bond from the oxygen. The authors proposed that, according
to frontier molecular orbital theory, the electron-rich enol ether double bond would be less active
towards an electron-rich diene such as furan, which is chemoselective towards the remote double
bond. Hence, the trapping reaction with furan was proposed as a one-step Diels-Alder reaction.
For the reaction with styrene, a stepwise radical pathway is proposed. Since the alkoxy substituent
would be better at stabilizing the radical intermediate, the reaction takes place at the 2-position of

the allene.

F R R
WLBr CHaliin Et,O © U ©
30°C @ R
5.33 5.34 H @
R

Y

Scheme 5.12: Generation and trapping of 1-oxa-2,3-cyclohexadiene with furans and styrenes.

By utilizing fluoride promoted elimination of allene precursor 5.22, West and coworkers
reported generation of 1-acetoxy-1,2-cyclohexadiene 5.2333. This allene with electron donating
acetoxy group was trapped with furans and 1,3-dipoles to result in a huge variety of cycloadducts
(Scheme 5.10b). The allene 5.23 demonstrated similar chemoselectivity as oxaallenes where the

most remote double bond reacted with the diene.
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Similarly, there have been various reports of investigating the reactivity of allenes with an
electron withdrawing group. Nendel and coworkers reported the generation of alkyl 1,2-
cyclohexadiene carboxylates 5.38 via base promoted elimination*’. The authors use a mixture of
allene precursor regiosiomers 5.37a and 5.37b which resulted in the same allene 5.38. It was

determined that the trapping reaction with furans formed a mixture of regioisomeric 5.39a and

5.39b (Scheme 5.13).

CO5R CO5R KOL-Bu CO5R
Cl Cl THF/furan, rt
+ >
5.37a 5.37b 5.38
(0]
\ /]
CO,R
CO,R 2
:
H
5.39a 5.39b
32-45% 13-15%

Scheme 5.13: Generation and trapping of ester-substituted 1,2-cyclohexadienes.

5.5: Mechanistic investigation of dimerization and trapping of electron

deficient 1,2-cyclohexadienes.

There have been studies of cyclic allenes with electron withdrawing groups such as esters*’,
however, reports with other substituents such as keto- or cyano-substituted cyclic allenes have
been very limited. The West group, our experimental collaborators, planned to explore the
reactivity of keto- and cyano-substituted 1,2-cyclohexadienes. There were four suitable substrates

identified for this study with different electron withdrawing groups where three substrates
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contained 2-aroyl groups and one substrate employed a 2-cyano group (Figure 5.3). The synthesis
of 5.40a — 5.40c, was performed in two steps from morpholinocyclohexene 5.41 with moderate
yields (Scheme 5.14a).*! The synthesis of 5.40d was also performed in two steps by performing

Thorpe-Ziegler reaction on 1,5-dicyanopentane 5.43 followed by sulfonylation reaction (Scheme

5.14b). 4243
OTf O OTf O OTf O OTf N
0 c~
YO Oy
Cl
5.40a 5.40b 5.40c 5.40d

Figure 5.3: Precursors for electron deficient 1,2-cyclohexadienes

a)
bR
o)
[ j Ar” Cl o o OTf O
N EtsN 1) NaH, THF
DCM,0°Ctort Ar 10 °C . Ar
2) aq. HCI, reflux, 5h 2) PhNTH,,
-10 °C to rt
5.41 5.42 5.40a-c
5.40a Ar= Ph (73%)
5.40b Ar= 4-Cl-(CgHs) (72%)
5.40c Ar= 2-furyl (56%)
b) o OTf
PPN TF,0, (i-Pr),N-Et CN TF,0, (i-Pr),N-Et CN
NC CN > »
DCE DCE
0°C 0°C
5.43 5.44 5.40d
77%

Scheme 5.14: a) Synthesis of 2-aroyl enol triflate allene precursors. b) Synthesis of 2-cyano enol
triflate allene precursor.

During the optimization of conditions for generation of electron deficient keto-1,2-

cyclohexadienes 5.40a-c, an unprecedented dimerization of the cyclic allene 5.45a-c¢ was

150
S. Singh



Chapter 5

observed. In the absence of any trapping reagent, following the treatment of allene precursor 5.40a-
¢ with KO7Bu in THF at room temperature, unexpected type of dimerization products 5.46a-c were
isolated. The expected products 5.47a-c resulting from [2+2] dimerization were not isolated

(Scheme 5.15).

o)
OTf O o) Ar
@)‘\Ar KOt-Bu C/j)J\Ar ~>o
THF, rt
N 5 Ar
5.40a-c 5.45a-c H
, 5.46a-c
: 5.46a Ar= Ph (26%)
Y 5.46b Ar= 4-Cl-(CgHs) (11%)
Ar 0 5.46¢ Ar= 2-furyl (42%)
% £ Ar; ;O Oé EAr
O Ar

5.47a-c (not isolated)

Scheme 5.15: Unexpected dimerization of 2-aroyl 1,2-cyclohexadienes.

There were two pathways hypothesized where the formation of dimer could proceed 1) via
hetero-Diels-Alder, or 2) stepwise nucleophilic substitution (Scheme 5.16). Once the cyclic allene
5.45a is generated, two 5.45a molecules can react with each other in a hetero-Diels-Alder fashion
to generate 5.48a. This, upon isomerization and followed by an aqueous workup, would result in
5.50a and lead to the isolated product 5.46a as a result of tautomerization. In contrast, the conjugate
base 5.51a of allene precursor 5.40a would act as a nucleophile and attack the cyclic allene 5.45a

at the central carbon to result in enolate 5.52a. A subsequent Michael addition of enolate oxygen
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and elimination of triflate anion would result in intermediate 5.49a that will tautomerize to form

the isolated product 5.46a.

(0] (0]
OTf O 0 @\)‘\Ph Ph
- N 4+2
pp KOt-Bu Ph M)Lo [4+2] 0
N /
Ph Ph
5.40a 5.45a
5.48a
l H>"H
(0] 0] Oj
Ph Ph j Ph
(0] (0] 0]
OH — . OH -« |,/)/ /)@
N-"ph Ph Ph oH
5.46a 5.50a 5.49a

Taddition/elimination

0 0
@fJ\Ph Ph
oTf®
P oTf 0
€.S1a O) = Ph
S
Ph

5.52a

5.45a

Scheme 5.16: Possible mechanisms for the formation of 5.46a

The cyclic allenes were generated using base (KO7Bu) promoted elimination to result in
keto- and cyano-substituted cyclic allenes. Furthermore, trapping reactions using furan, 1,3-
dimethylfuran, and 1,3-diphenylisobenzofuran (DPIBF) were performed (Scheme 5.17).
Interestingly, complete regioselectivity was observed with the trapping reagent reacting with the

152
S. Singh



Chapter 5

more electron-deficient double bond of the allene, which was expected. This is a normal demand
Diels-Alder reaction where the electron-rich diene such as furan reacts with the electron-deficient
double bond of the allene acting as the electron-poor dienophile. This finding contrasts with reports
of trapping reaction with ester substituted cyclic allenes where a mixture of regioisomers are
obtained.*® This variability in the regioselectivity could be the result of stronger electron
withdrawing effect of keto- and cyano- substituents relative to esters. Additionally, complete
diastereoselectivity favouring the endo cycloadducts was also observed. However, the cyano-

substituted allene 45d resulted in both endo and exo cycloadducts in a 3:1 ratio (Table 5.1).

EWG CN

o4
EWG EWG
KOt-Bu, THF, rt - > 5.53a-d 5.54d
trap

5.45a-d

Ph
5.40a (EWG = COPh) EWG
5.40b (EWG = CO(4-CI-CgHy))
5.40c (EWG = CO(2-furyl))

Ph

5.40d (EWG = CN)

T -
raps Ph 5.55a-d
B S o —~

0 — 0 — —

Ph
Furan 2,5-dimethylfuran Diphenylisobenzofuran
(DPIBF)

Scheme 5.17: Generation of electron deficient 1,2-cyclohexadienes and trapping reactions with
furans.

Entry Substrate Trap Product (s) (Yield %)
1 5.40a Furan 5.53a (50)
2 5.40b Furan 5.53b (82)
3 5.40c Furan 5.53¢ (60)
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4 5.40d Furan 5.53d (45)
5 5.40d 2,5-Dimethylfuran 5.54d (20)
6 5.40a DPIBF 5.55a (20)
7 5.40b DPIBF 5.55b (23)
8 5.40c DPIBF 5.55¢ (36)
9 5.40d DPIBF 5.55d (36) +5.56d (12)

Table 5.1: Diels-Alder trapping of electron deficient 1,2-cyclohexadienes with furans

5.6: Computational study of observed experimental results: dimerization and

selectivity of trapping reactions.

Using DFT methods, we set out to examine the unprecedented dimerization of electron
deficient 1,2-cyclohexadiene 5.45a-c. The mechanistic pathway to understand the observed regio-
and diastereoselectivities of the trapping reaction was also explored by DFT methods. This
mechanistic investigation will provide insights into reactivity of cyclic allenes with electron

withdrawing substituents which may aid in further reaction developments with such intermediates.
5.6.1: Computational methods

All structures were optimized using M06-2X* with the double-( split valence 6-31+G(d,p)
basis set. Solvation with tetrahydrofuran was performed using the Integration Equation Formalism
Polarizable Continuum Model (IEFPCM)* model and vibrational analysis verified that each
structure was either a minimum or transition state. All optimizations were performed in Gaussian
09.€01.% Non-covalent interaction (NCI)*’*® plots were used to further elucidate the secondary
orbital interactions in cycloaddition transition state structures. NCI figures were generated on

VMD* with isovalue of 0.3 and the remaining figures were created using Vesta®.
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5.6.2: Investigation of dimerization

The mechanism of dimerization was examined via DFT calculations employing the
MO062x/6-31+G(d,p) functional with SMD solvent model (THF). Our model indicates that the
[4+2] cycloaddition occurs in a concerted asynchronous manner with the carbon-carbon bond
forming earlier than the carbon-oxygen bond (2.20 A vs 2.90 A, respectively, in the transition state
structure). Despite the asynchronicity of the transition state structure, intrinsic reaction coordinate
(IRC) calculations indicate that this transition state leads directly to reactants and products. This
reaction occurs with a barrier of 17.7 kcal/mol and the resulting [4+2] adduct is favoured by 90.5

kcal/mol, relative to the starting allenes (Figure 5.5a).
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0.0 -90.5
5.48
a TS-[4+2]
b) o) (0]
Ph Ph
oTf
r  OTf +20.1 0°
| 0% > _
) TS-step Ph
¥ “Ph
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Figure 5.4: DFT investigation of a) concerted allene dimerization and b) stepwise anionic
addition pathways leading to formation of 5.46a. Reported values are Gibbs Free energies and
are reported in kcal/mol.

Studies on the nucleophilic attack of 5.45a by the conjugate base 5.51a show that it
proceeds with a barrier of 19.1 kcal/mol and results in the formation of an intermediate that is
favoured by 42.3 kcal/mol, relative to the combined energies of 5.45a and conjugate base 5.51a
(Figure 5.5b). These results suggest that either addition pathway is plausible under the given
reaction conditions and would likely be dependent on the lifetime of the anionic intermediate and

rate of formation of the allene.

5.6.3: Discussion of [2+2] dimerization of 5.45a

The dimerization of 5.45a via a [2+2] cycloaddition was also considered and found to be

4.6 kcal/mol lower in energy that the [4+2] pathway (Scheme 5.18). Similar to [4+2], the transition
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state was also determined to be concerted asynchronous in nature. This is consistent with previous
studies on allene dimerization however it is not consistent with the observed product distribution

and suggests that this system may be more complex than initially expected.

o ! i Ph

o +131
2
Ph

[0.0]

-73.3

Scheme 5.18: [2+2] dimerization of 5.45a. Reported values are Gibbs Free energies and are
reported in kcal/mol.

Figure 5.5: Transition state structure of [2+2] dimerization of 5.45a.

5.6.4: Computational investigation of trapping reactions of 5.45a-d with furans.

To examine the nature of the mechanism and to understand the observed regio- and
diastereo-selectivities of the trapping reactions, DFT calculations were performed on the Diels—
Alder reactions of allenes (5.45a-d) with furan, 2,5-dimethyl furan, and DPIBF. Herein, we present
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the results of the computations performed on allene 5.45d with furan. The calculations on all other
allenes (5.45a,b,c) and dienes followed similar energetic trends and are presented following the

discussion of 5.45d.

Examination of the cycloaddition occurring across the 1,2 bond of allene 5.45d reveals that
both the endo and exo additions (TS1 and TS2 respectively) proceed in a concerted, 5 4. _CN
asynchronous fashion, with the transition state structure for the endo addition being ©/
favoured by 2.1 kcal/mol (Figure 5.6). The formation of the endo adduct is exergonic by 38.9
kcal/mol, and its formation is favoured by 0.8 kcal/mol over that of the exo product. The energetic

favourability of the endo pathway can be justified by secondary orbital interactions between the

lone pair on the furan oxygen and the electron withdrawing group at C1 of the allene.

Noncovalent interaction (NCI) analysis on TS1 and TS2 confirmed larger, favourable
electrostatic interactions in TS1 (where the O of the furan is interacting with the cyano group) as
compared to TS2 (where the C3/C4 2-carbon unit of the furan is interacting with the cyano group).
In contrast to the cycloaddition occurring across the 1,2 bond of 5.45d, the addition across the 2,3
bond of 5.45d occurs via a stepwise mechanism with the bond between C2 of the allene and the
furan forming first. The transition states for the first addition step for both the endo (TS3) and exo
(TS4) approaches of the allene are nearly equal in energy, with the exo addition being lower in
energy by 0.4 kcal/mol (Fig. 5.6b). The stepwise nature of the addition across the 2,3-bond is likely
the result of poor orbital overlap between the furan and the orbital at C3 of the allene. In the LUMO
of 5.45d, the orbital coefficient on C3 is smaller than that of C1 or C2 (Fig. 5.6¢). Comparison of
all four transition state structures (TS1, TS2, TS3, TS4) shows the endo addition of furan across

the C1-C2 bond of the allene to be favoured by ~3 kcal/mol over all other approaches. This is
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consistent with the experimental observations and with previous reports on electron deficient

allenes undergoing preferential cycloaddition proximal to the EWG.2%28.29:32.34.35.40.51

a) 1 5 Addition
o

292 e 3
Q'O 220 3
0o
S0 TS

DG* = 10.6 kcal/mol
1,3 Addition

. TS3
DG =13.7 kcal/mol

b)
Ve
v TS1
c)
_N
C s
19.24
32.17
12.16

TS2

. TS4
DG =13.3 kcal/mol

Figure 5.6: a) Optimized transition state structures leading to the possible diastereomers and
regioisomers for the addition of furan with allene 5.45d. The bond lengths are reported in
Angstorms. Reported values are Gibbs Free energies and are reported in kcal/mol. B) NCI figures
(isovalue of 0.4) of TS1 and TS2. Blue = strong attractive interactions, green = weak attractive
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interactions, red = strong repulsive interactions. C) LUMO coeffecients (left) and its depiction
(right)of allene 5.45d.

The results of computations performed on the Diels-Alder reactions of allenes 5.45a-5.45d
with furan, 2,5-dimethylfuran, and DPIBF are presented in Table 5.2, 5.3, and 5.4. It was
determined that the formation of endo product was thermodynamically favoured for all trapping
reactions except for the case of 5.45d and DPIBF. The difference in barrier between endo pathway

and exo pathway was determined to be 0.1 kcal/mol.

Table 5.2: Energies of trapping reactions with furan. All free energies reported in kcal/mol

EWG TWG o EWG
exo-TS ij + @ endo-TS
Allene Exo Exo-TS SM Endo-TS Endo
5.45a -24.1 +14.8 [0.0] +14.4 -23.7
5.45b -27.5 +10.5 [0.0] +9.4 -27.9
5.45¢ -29.3 +11.6 [0.0] +10.4 -29.1
5.45d -29.4 +12.7 [0.0] +10.6 -30.4
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Table 5.3: Energies of trapping reactions with 2,5-dimethylfuran. All free energies reported in

kcal/mol.
EWG
EWG o EWG
‘@ exo-TS @ +\@/endo-TS ‘@
Allene Exo Exo-TS SM Endo-TS Endo
5.45a 214 +15.4 [0.0] +13.5 -20.5
5.45b -25.3 +11.3 [0.0] +9.1 -24.8
5.45¢ -27.0 +11.1 [0.0] +9.6 274
5.45d -30.4 +12.3 [0.0] +9.0 -31.5

Table 5.4: Energies of trapping reactions with DPIBF. All free energies reported in kcal/mol.

EWG EWG EWGF>h
CloC (o == 0T
Ph
Allene Exo Exo-TS SM Endo-TS Endo
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5.45a -35.0 +9.7 [0.0] +8.6 -35.7
5.45b -39.4 +5.5 [0.0] +4.1 -40.2
5.45¢ -40.9 +4.7 [0.0] +4.3 -41.5
5.45d -46.6 +6.0 [0.0] +5.9 -45.1

In order to understand the observation of both endo and exo product for allene 5.45d with
DPIBEF, the transition state structures were examined. In figure 5.7, the cyano group is directly on
top the pi-system of isobenzofuran moiety of DPIBF, for exo TS, which might result in favourable
secondary orbital interactions to lower the barrier. This interaction is absent in the endo TS. The
HOMGOs of furans and the LUMO of allene 5.45d is shown in figure 5.8. This interaction is absent

in the endo TS.
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Furan Dimethylfuran DPIBF

Exo

Figure 5.7: Transition state structures for trapping of allene 5.45d with furan (left), 2,5-
Dimethylfuran (center), and DPIBF (right) for endo approach (top) and exo approach (bottom).

a) b)

Furan 2,5-Dimethylfuran

DPIBF Isobenzofuran

Figure 5.8: a) LUMO of allene 5.45d. b) HOMOs of various furans

In order to gain more insight about this favourable orbital interaction, barriers for formation
of endo and exo cycloadducts with 2,5-diphenylfuran and isobenzofuran were also calculated. The

barriers for endo and exo products with various furans are shown in Table 5.5. The difference in
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barriers between formation endo and exo cycloadduct is 1.5 kcal/mol for diphenylfuran and 1.0
kcal/mol for isobenzofuran, favouring the endo. Similar to DPIBF exo-TS, favourable interactions
in the exo approach for isobenzofuran can be observed (Figure 5.9). This favourable interaction

helps explain the presence of exo adduct from 5.45d and DPIBF.

Table 5.5: Transition state energies of trapping allene 5.45d with various dienes. All free energies
are reported in kcal/mol. The energy values are relative to allene 5.45d and diene.

Furan Dimethylfuran DPIBF Isobenzofuran Diphenylfuran
Endo-TS 10.6 9.0 5.9 6.7 11.0
Exo-TS 12.7 12.3 6.0 7.7 12.5
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Isobenzofuran Diphenylfuran

246A% 2 286A

Exo -4 215A % 257 A

Figure 5.9: Transition state structures of trapping of allene 5.45d with isobenzofuran (left) and
2,5-Diphenylfuran (right) for endo approach (top) and exo approach (bottom).

5.6.5: Investigation of trapping reactions of cyclic allenes with enamines

Due to confirmation of hetero-Diels-Alder dimerization mechanism for the formation of
5.46a-c, curiosity surfaced of cyclic allenes 5.45a-¢ could react as heterodienes with an olefinic
trap in [4+2] cycloaddition pathway. It was proposed that this process could occur via invese
elctron-demand, in which the LUMO of the heterodyne (cyclic allene) and the HOMO of an
electron rich dienophile would be the principle frontier molecular orbital interactions. Therefore,
the 2-keto aroyl cyclic allenes were generated and trapped with various electron-rich
heterodienophiles (Table 5.6). The resulting cycloadducts 5.59a-g were isolated as single

diastereomer which suggests a concerted cycloaddition pathway rather than a stepwise mechanism.
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OTf O o) _{x Ar
Ar KOt-Bu ©)‘\Ar R2 Ry Z>0
—_— X
THF, 1t 557X =0 R,
or
5.40a,b 5.45a,b 5.58 X= N R»
5.59a-h
Entry Substrate Trap Product (isolated yield)
OEt
1 5.40a = -
5.57a
5.57b
Ph
N O ~ 9 NI/\;?
3 5.40a /
5.58a H
5.59a
Ph
/\ Z>0 NI/\:(/)
4 5.40a N\_/O
5.58b H
5.59b
Ph
/N o [0
J NP NS
5 5.40a _/ p
5.58¢c H”:
5.59¢
Ph
NP Z 70
/
6 5.40a 4<7 N/\
5.58d K/o
5.59d
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CgH.Cl
O~ 43
N
7 5.40b / \/'
5.58a H
5.59%e
Ph
()
8 5.40a
5.58e
Yo
9 5.40b \__/
5.58¢c
10 5.40a N O -
5.58f
Ph
— Z
N O _
11 5.40a \__/
O 5.58¢g o
5.59h

Table 5.6:Hetero-Diels-Alder trapping of 2-keto aroyl cyclohexadidenes derived from 5.40a,
5.40b with electron-rich heterodienophiles

As in the dimerization process shown in Scheme 5.15, the formation of cycloadducts 5.59

could conceivably arise by either a pericyclic Diels—Alder process, or via stepwise ionic addition

of the nucleophilic enamines to the electron-deficient allenes. Retention of stereochemical

information in the two cases involving acyclic enamine 5.58¢ offers evidence for a concerted

mechanism. DFT calculations on the cycloaddition of allene 5.45a with enamine 5.58a indicate

that the [4 + 2] cycloaddition occurs in a concerted asynchronous manner, with the carbon—carbon
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bond forming earlier than the carbon—oxygen bond (2.57 and 3.12 A, respectively) (Figure. 5.10a).
The cycloaddition occurs with a barrier of 12.4 kcal/mol and is exergonic by 52.4 kcal/mol. As
shown in Figure. 5.10, the cycloaddition occurs through a transition state structure (TS5) that
places the N of the enamine directly over the C of the carbonyl on the allene. This allows for
favourable secondary orbital interactions, as indicated by the NCI plot of TS5 (Fig. 5.10b)." The
concerted nature of this reaction is consistent with the mechanism calculated for the dimerization

of 5a and with the observed stereochemistry of 16¢ and 16g.

Figure 5.10: Optimized transition state structure TS5 for the favoured diastereomer of the
cycloaddition of 5.45a with 5.58a. b) NCI plot of TS5.

We further examined the reactivity of enamine 5.58a with 5.45a to determine if a [2+2]
product (5.60a) was plausible (Figure 5.11). The DFT calculations suggest that the observed
product 5.59a is thermodynamically favoured by 21.5 kcal/mol compared to 5.60a. The
calculations also suggest that the formation of 5.60a. proceeds via stepwise ionic addition of
nucleophilic 5.58a to electron deficient 5.45a. The first step to form 5.60-INT has a barrier of 16.2
kcal/mol (3.8 kcal/mol higher than [4+2] barrier) and is exergonic by 20.3 kcal/mol. Additionally,
relative to 5.60-INT, the second step proceeds with a barrier of 11.6 kcal/mol, resulting in 17a.

Hence, the formation of 16a is both kinetically and thermodynamically favoured than 5.60a.
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Figure 5.11: Examination of reactivity of enamine 5.58a with allene 5.45a. Comparison of [4+2]
pathway leading to 5.59a and stepwise pathway leading 5.60a. Energies are reported in kcal/mol.

5.7: Conclusions

In this chapter, DFT methods were utilized to investigate the reactivity of cyclic allenes

with electron-withdrawing substituents. The experimental results of tapping allenes with different

1,3-dienes, as well as, dimerization reaction of allenes were rationalized using computational

methods. The electron deficient allenes were determined to undergo dimerization via an

asynchronous hetero-Diels-Alder pathway which was kinetically favoured compared to the

stepwise pathway. The resulting cycloadduct was found to be thermodynamically highly

favourable relative to the stepwise-pathway intermediate.
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The trapping reactions of cyclic allenes with 1,3-dienes resulted in cycloadducts with
excellent regio- and diastereo-selectivity. The DFT calculations suggest a hetero-Diels-Alder
process in a concerted asynchronous manner. The calculations suggest that the Diels-Alder
reaction of 1,3-dienes with allenes across the 1,2-bond is kinetically favoured due to favourable
orbital overlap compared to 2,3-bond, resulting in high regioselectivity. Furthermore, the trapping
reactions were observed with high endo diastereoselectivity as a result of thermodynamic
favourability due to favourable secondary orbital interactions, compared to exo selectivity.

Additionally, the electron-deficient cyclic allenes with electron withdrawing substituents
allowed to expand the scope by trapping them with enamines as electron-rich hetero-dienophiles
to result in complex polycyclic compounds. The trapping of allenes with enamines also followed
a hetero-Diels-Alder pathway in a concerted, asynchronous manner. The results presented in
chapter will aid in development of a diverse set of electron deficient cyclic allenes and electron-

rich trapping reagents to expand the scope of reactive intermediates in organic chemistry.
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Chapter 6 : Conclusions and Future Work

The development of computational methods such as Density Functional Theory (DFT) has
become an important tool in a chemist’s toolkit to understand and rationalize the observed
experimental results. The significant development in computational abilities has allowed to
develop models to predict stereoselectivity in enantioselective aminocatalytic reactions. In this
dissertation, an overview of computational and experimental methods utilized to investigate
aminocatalytic remote functionalization reactions were presented. The employment of
computational chemistry as a tool to aid in reaction development was also presented.

In Chapter 2, calculations were performed to investigate the first report of remote
functionalization by aminocatalysis. The observed stereochemistry of the product contains (E)-
configuration around the a,B-double bond of enal with (R)-stereocenter at the y-position. We
investigated the mechanism of dienamine mediated y-amination reaction of enals with DEAD,
reported by Jorgenson. Consistent with previous studies, calculations suggest that ipso and y-
positions of dienamine intermediate and DEAD undergo a Diels-Alder cycloaddition reaction
which was the kinetically favoured over mono-addition of DEAD. The excellent regioselectivity
is due to ring-opening of the cycloadduct which also rationalizes the (R)-stereocenter observed in
the product. The ring-opening of the cycloadduct directly results in (Z)-configuration, hence, two
plausible downstream reaction pathways were examined to rationalize the experimentally
observed stereochemistry. The first mechanism consisted of formation of downstream aminated
dienamine intermediate which, upon rotation, results in (£)-configuration. By performing and
closely monitoring the y-amination reaction with y-deuterated enal, in combination with DFT
calculations suggest that the formation of downstream second dienamine intermediate is unlikely.

The (E)-configuration with (S)-stereocenter was determined to be more thermodynamically
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favoured than (R)-stereocenter. The second mechanism employed nucleophilic substitution of
water molecule on the Diels-Alder cycloadduct to result in enamine intermediates which allows
rotation to result in (E)-configuration. However, the calculations performed suggest that there was
no significant thermodynamic preference for the enamine intermediate which would eventually
result in the observed product. Further conformational analysis and rotational barriers between the
enamine intermediate need to be calculated to reject the Michael addition pathway. Hence, further
calculations and other downstream mechanisms must be explored to rationalize the observed
stereochemistry.

In Chapter 3, a DFT study was performed to investigate the role of aminocatalysts to
activate various model heteroaromatic aldehyde scaffolds by promoting the loss of aromaticity to
form the reactive trienamine intermediate. Several hyperhomodesmotic equations were used to
examine the energy penalty for dearomatization of heteroaromatic aldehydes. It was determined
that the condensation of aminocatalyst results in iminium ions which decrease the cost for
dearomatization, when compared to the parent aldehyde. This makes the heteroaromatic aldehydes
excellent candidates to expand the scope of aminocatalytic reactions. Populations analysis of the
trienamine intermediates was also performed which suggested that the largest HOMO coefticient
is a result of the synergy between catalyst and the heteroatom of the aromatic ring. Additionally,
this feature can be exploited by utilizing scaffolds to increase the electron density at remote
positions to develop novel asymmetric remote functionalization methods.

Furthermore, we demonstrated that the nitrogen containing heteroaromatic aldehydes and
all-carbon systems could give rise to fulvene which were determined to be thermodynamically
more favoured than trienamine intermediates. Exploration of these fulvene systems may aid in

novel approaches in stereoselective cycloaddition reactions.
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In Chapter 4, computational methods were utilized to assess the influence of substituents
at different positions of the trienamine intermediate. It was determined that the 3,6-s-cis diene
configuration is thermodynamically preferred for vy, 6, and e-substituted trienamines regardless of
the nature of the substituent. The location of HOMO energy level and orbital coefficients were
also calculated. Generally, the HOMO energy was raised as the electron donating nature of the
substituent is increased. It was determined that electron donating substituents at the nucleophilic
(v and €) positions raise the HOMO energy level of trienamine intermediate with 3,6-s-cis diene
configuration significantly. For B-substituted trienamines, 1,4-s-cis diene configuration was
thermodynamically more favoured, however, HOMO energy is raised for 3,6-s-cis diene
configuration. Furthermore, the analysis of aryl substituent demonstrated the twisting of aryl ring
to minimize steric repulsions which consequently results in aryl ring being out of conjugation,
minimizing its impact on MO coefficients. In all cases, the MO analysis suggested that the
vinylogy principle was followed regardless of the nature and position of substituent. By tuning the
substituents on the trienamine backbone and utilizing dienophile with lowered LUMO, this study
can aid in trienamine mediated Diels-Alder reaction development. This project will be applied on
reported trienamine mediated Diels-Alder reactions to study the role of steric bulk of the
aminocatalyst on HOMOs. The impact of LUMO-lowering in dienophiles will also be studied
which can then help in expanding the scope of substituted 2,4-dienals and dienophiles.

In Chapter 5, computational investigation on the reactivity of electron deficient cyclic
allenes was presented. The project was done in collaboration with West research group in
University of Alberta who performed the experimental work referenced in this chapter. Our
collaborators observed an unprecedented dimerization of electron-deficient cyclic allenes. Our

calculations indicate that the dimerization proceeds via concerted asynchronous Diels-Alder
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pathway. Furthermore, the trapping of cyclic allenes with electron rich dienes such as furans was
investigated to gain insights on the observed regio- and stereoselectivity. It was determined that
the trapping reactions also proceed via hetero-Diels-Alder pathway and the observed
stereoselectivity is a result of secondary orbital interactions. The observed regioselectivity was
determined to be a result of kinetic preference. The reaction of dienes with 1,2-bond of allene was
kinetically favoured than the reaction with 2,3-bond of cyclic allene. The computational
investigation led to the development of novel trapping method of cyclic allenes with enamines to
result in complex polycyclic compounds. This novel trapping method was also determined to

proceed via hetero-Diels-Alder pathway.
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Supporting data

Al: Experimental Data and Procedures
General

The proton nuclear magnetic resonance spectra 'H-NMR were recorded at 400 MHz and
coupling constants (J) are reported in Hertz (Hz). Standard notation is used to describe the
multiplicity of signals observed in "TH-NMR spectra: broad (br), multiplet (m), singlet (s), doublet
(d), triplet (t), quartet (q), etc. Carbon nuclear magnetic resonance spectra ('>*C NMR) were
recorded at 100 MHz. The chemical shifts are reported on the o scale (ppm) relative to residual
solvent peaks: CDCl; (7.26 ppm, 'H; 77.16, 1*C). Purification of reaction products was carried
out by flash chromatography using 40-63 pum (230-400 mesh) silica gel (Silicycle). Thin layer
chromatography (TLC) were carried out on silica gel plates, using UV light, KMnO4 dip, or
dinitrophenylhydrazine (DNP) dip for detection. High-resolution mass spectrometry (HRMS)

data were collected using ESI technique.

Commercially available starting materials were purchased from Sigma and Fisher, and used
without further purification. 2-d2-3-phenyl-propanal was synthesized using the literature

procedure (J. Label. Compd. Radiopharm. 2010, 53 (8), 556—-558)

Preparation of y-deuterated-aldehyde
O
o I

I
PhyP=
J) 3 _\:O |
CHCl,

reflux

Ph
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To a solution of triphenylphosphoranylidene)-acetaldehyde (2343 mg, 7.7 mmol, 1.1eq) in
CHCI3 (23 mL) was added 2-d2-3-phenyl-propanal (953 mg, [0.3M] in CHCI3, 1.0 eq) and the
mixture was refluxed overnight. The solvent was evaporated in vacuo and the residue was taken
up in hexanes. The triphenylphosphine oxide solid was filtered and the resulting filtrate was
evaporated under vacuum. The resulting oil was purified by flash column chromatography (9:1

Petroleum Ether: Diethyl Ether) to afford 4-d2-5-phenyl-2-pentenal as clear oil (29%).

'H NMR (400 MHz, CDCL:): § = 9.50 (d, J=7.9 Hz, 1H), 7.34-7.27 (m, 2H), 7.24-7.17 (m, 3H),

6.85 (d, J= 15.6 Hz, 1H), 6.14 (dd, 15.6, 7.9 Hz, 1H), 2.82 (s, 2H).
13C NMR (100 MHz, CDCI3): 8= 194.1, 157.3, 140.4, 133.6, 128.7, 128.5, 126.5, 34.2, 34.1.

HRMS ESI Calcd for C11HoD2O [M-H]: 161.0940; found: 161.094
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A2: Supporting Data for Chapter 3

A.2.1: Geometry Analysis of all Model systems.

Model System A

Table Al: Bond lengths (4) and dihedral angles (°) for the aldehydes and enols of model system

A.
10 7 HO'
3 X 8 3 x/ 8
H2\ /e W2 Ve
4 5 4 5
Atom numbers X=0 X=NH X=S X=0 X=NH X=S
1,2 1.21 1.22 1.21 1.36 1.37 1.36
2,3 1.46 1.45 1.46 1.34 1.34 1.34
3,4 1.37 1.39 1.37 1.45 1.46 1.46
45 1.42 141 1.42 1.35 1.35 1.34
5,6 1.37 1.39 1.37 1.46 1.47 1.46
6,7 1.35 1.36 1.73 1.34 1.35 1.34
7,3 1.36 1.37 1.73 1.38 1.39 1.78
1,2,3,4 180.00 180.00 180.00 1.37 1.39 1.77
3,4,5,6 0.00 0.00 0.00 179.97 179.99 179.98
2,3,7,6 180.00 180.00 179.99 0.01 0.00 0.00
NH,7,3,4 N.A. 180.00 N.A. 179.96 180.00 179.99
NH,7,6,5 N.A. 180.00 N.A. N.A. 180.00 N.A.

Table A2: Bond lengths (A) and dihedral angles (°) for the iminium ions and enamines of model

system A.

By

N
TWax! 4
H'2 A\ /e

=

9
N
7
H'2\ /6

4 5 4 5
Atom numbers X=0 X=NH X=S X=0 X=NH X=S
1,2 1.30 1.31 1.30 1.36 1.39 1.36
2,3 1.41 1.40 1.42 1.35 1.35 1.36
3,4 1.38 1.41 1.39 1.43 1.46 1.45
4,5 1.41 1.39 1.40 1.35 1.35 1.35
5,6 1.38 1.40 1.38 1.45 1.47 1.46
6,8 1.35 1.35 1.72 1.34 1.35 1.34
6,7 1.37 1.39 1.75 1.38 1.40 1.78
7,3 179.90 179.03 179.97 1.39 1.40 1.78
1,2,3,4 0.08 0.15 0.08 179.73 175.57 179.23
3,4,5,6 179.56 179.38 179.17 0.00 0.60 0.11
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2,3,7,6 N.A. 178.38 N.A. 179.52 175.85 177.78
NH,7,3,4 N.A. 178.53 N.A. N.A. 155.38 N.A.
NH,7,6,5 178.93 178.69 178.86 N.A. 155.61 N.A.

9,123 1.30 1.31 1.30 7.63 48.20 19.30

Model System B

Table A3: Bond lengths (4) and dihedral angles (°) for the aldehydes and enols of model system

B.
10 10 HO'
H2 \ H2>( ))°
5 \4 8 574 8
6 / 6
7 7
Bond X=0 X=NH X=S X=0 X=NH X=S
1,2 1.21 1.22 1.21 1.36 1.37 1.36
2,3 1.46 1.45 1.46 1.34 1.34 1.34
3,4 1.38 1.40 1.39 1.47 1.48 1.48
4,5 1.46 1.46 1.47 1.35 1.36 1.36
5,6 1.34 1.34 1.34 1.45 1.47 1.45
6,7 1.50 1.50 1.50 1.34 1.34 1.34
4,8 1.43 1.42 1.43 1.46 1.46 1.46
8,9 1.36 1.38 1.37 1.34 1.35 1.34
9,10 1.34 1.36 1.71 1.36 1.38 1.75
3,10 1.46 1.37 1.73 1.39 1.40 1.79
1,2,3,4 179.97 179.99 179.55 179.98 179.92 179.00
2,345 0.00 0.01 1.38 0.01 0.06 9.93
3,4.5,6 179.97 179.95 165.74 180.00 179.99 178.60
4,5,6,7 179.99 179.99 179.66 180.00 179.99 179.61
1,2,3,10 0.03 0.00 0.86 0.02 0.06 3.69
3,4,8,9 0.01 0.01 0.26 0.01 0.01 4.10
NH,10,3,4 N.A. 179.98 N.A. N.A. 179.83 N.A.
NH,10,8,9 N.A. 179.97 N.A. N.A. 179.82 N.A.
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Table A4: Bond lengths (A) and dihedral angles (°) for the iminium ions and enamines of model

system B.

N N
14\ 3 X10 1 3.X
H2 \ H 2 /)°
5 \4 8 2
6 )6
7 7
Bond X=0 X=NH X=S X=0 X=NH X=S
1,2 1.30 1.31 1.30 1.36 1.38 1.36
2,3 1.41 1.40 1.41 1.35 1.35 1.36
3,4 1.40 1.42 1.41 1.46 1.47 1.47
45 1.45 1.46 1.46 1.36 1.36 1.36
5,6 1.34 1.34 1.34 1.45 1.45 1.45
6,7 1.49 1.49 1.49 1.34 1.34 1.34
4,8 1.43 1.41 1.42 1.46 1.46 1.46
8,9 1.36 1.39 1.37 1.34 1.35 1.34
9,10 1.34 1.35 1.70 1.36 1.39 1.75
3,10 1.41 1.39 1.73 1.40 1.42 1.79
1,2,3,4 179.60 177.64 178.70 179.31 176.04 177.23
2345 1.49 271 6.13 3.10 12.75 20.13
3,4,5,6 177.45 166.90 157.80 178.63 178.21 174.55
45,6,7 179.85 179.33 178.96 179.79 179.74 179.20
1,2,3,10 1.73 466 6.79 1.38 7.46 13.06
3,4,8,9 0.04 0.28 0.25 0.78 3.28 6.65
NH,10,3,4 N.A. 177.35 N.A. N.A. 148.74 N.A.
NH,10,8,9 N.A. 177.65 N.A. N.A. 146.10 N.A.
11,123 0.64 2.69 2.08 415 46.61 27.45
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Model System C

Table A5: Bond lengths (4) and dihedral angles (°) for the aldehydes and enols of model system

C.

1
0O
H N3
s I\
/ 4 X
10
Bond X=0 X=NH X=S
1,2 1.21 1.21 1.21 1.35 1.35 1.35
2,3 1.46 1.46 1.47 1.35 1.35 1.35
3,4 1.38 1.40 1.38 1.47 1.48 1.48
45 1.45 1.46 1.46 1.34 1.36 1.35
5,6 1.34 1.34 1.34 1.45 1.45 1.45
6,7 1.50 1.50 1.50 1.34 1.34 1.34
3,8 1.44 1.43 1.43 1.47 1.47 1.46
8,9 1.35 1.37 1.36 1.34 1.35 1.34
9,10 1.37 1.38 1.73 1.37 1.39 1.75
4,10 1.35 1.36 1.73 1.39 1.40 1.79
1,2,3,4 179.90 179.98 180.00 179.99 179.83 180.00
2,3,4,5 0.03 0.00 0.08 0.06 6.23 0.01
3,4,5,6 179.84 178.60 178.71 180.00 177.92 180.00
45,6,7 179.99 179.91 179.91 180.00 177.52 179.97
1,2,3,8 0.09 0.10 0.10 0.04 2.15 0.00
10,4,5,6 0.14 1.33 1.32 0.01 2.67 0.00
10,4,3,8 0.01 0.00 0.05 0.02 3.84 0.01
NH,10,4,3 N.A. 179.60 N.A. N.A. 165.45 N.A.
NH,10,9,8 N.A. 179.61 N.A. N.A. 164.52 N.A.
190

S. Singh



Table A6: Bond lengths (A) and dihedral angles (°) for the iminium ions and enamines of model

system C.

Bond
1,2 1.30 1.30 1.30 1.36 1.36 1.36
2,3 1.41 1.41 1.42 1.36 1.36 1.37
3,4 1.40 1.38 1.41 1.47 1.47 1.47
45 1.44 1.46 1.46 1.35 1.37 1.36
5,6 1.34 1.34 1.34 1.45 1.44 1.45
6,7 1.49 1.49 1.49 1.34 1.35 1.34
3,8 1.45 1.44 1.44 1.47 1.47 1.46
8,9 1.35 1.36 1.36 1.34 1.35 1.34
9,10 1.37 1.38 1.73 1.37 1.39 1.76
4,10 1.33 1.35 1.71 1.38 1.40 1.78
1,234 177.29 176.99 175.13 176.95 176.46 173.00
2,3,4,5 1.33 2.96 4.10 7.02 13.30 15.02
3,4,5,6 179.38 153.17 153.05 178.87 175.01 177.75
4,5,6,7 179.89 178.25 178.43 179.63 176.16 179.34
1,2,3,8 4.12 6.95 9.50 7.84 11.06 14.42
10,4,5,6 1.07 27.06 28.60 2.37 6.55 5.04
10,4,3,8 0.16 0.37 1.28 2.22 6.09 6.24
NH,10,4,3 N.A. 175.29 N.A. N.A. 160.87 N.A.
NH,10,9,8 N.A. 175.33 N.A. N.A. 158.80 N.A.
11,1,2,3 1.23 2.02 2.60 14.74 16.78 22.09
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Model System D

Table A7: Bond lengths () and dihedral angles () for the aldehydes and enols of model system

D.
To T oH
H 2/ , HA X
4\5 8 4\\5 g
]\ \
776X 776 x" 9
10 10
Bond X=0 X=NH X=5 X=0 X=NH X=5
12 121 121 121 1.36 1.36 1.36
2.3 1.47 1.46 1.47 1.34 1.34 1.34
3.4 135 135 1.35 1.44 1.44 1.44
45 1.45 1.45 1.46 1.35 135 136
56 137 1.39 1.38 1.48 1.49 1.49
6,7 1.49 1.49 1.50 1.34 1.34 1.34
53 1.44 1.44 1.44 1.46 1.46 1.46
8,9 135 137 1.36 1.34 1.35 1.34
9,10 1.36 1.38 172 137 138 1.76
6,10 135 1.36 173 1.39 1.40 178
1.2.3,4 17999 | 179.99 | 180.00 | 179.95 | 179.92 | 179.94
2,345 180.00 | 180.00 | 180.00 | 179.95 | 179.93 | 179.90
3,4,5,6 17997 | 179.97 | 17998 | 180.00 | 179.99 | 179.99
45,67 0.01 0.01 0.00 0.03 0.04 0.05
3,458 0.04 0.03 0.02 0.01 0.01 0.03
10,6,5,4 180.00 | 180.00 | 180.00 | 179.98 | 179.97 | 179.96
10,6,5,3 0.01 0.00 0.00 0.01 0.02 0.03
NH,10,6,5 N.A. 180.00 N.A. N.A. 180.00 N.A.
NH,10,9,8 N.A. 180.00 N.A. N.A. 180.00 N.A.
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Table A8: Bond lengths (A) and dihedral angles (°) for the iminium ions and enamines of model

system D.

ANEY y 1
2/3 23

4\5 g 4N5 g

]\ \

6 x 9 776X 9

10 10
Bond X=0 X=NH X=S X=0 X=NH X=S
1,2 1.30 1.31 1.30 1.36 1.36 1.35
2,3 1.37 1.38 1.37 1.36 1.36 1.36
3,4 1.42 1.41 1.43 1.44 1.44 1.44
4,5 1.39 1.41 1.40 1.36 1.36 1.36
5,6 1.48 1.41 1.50 1.48 1.49 1.48
6,7 1.48 1.49 1.50 1.34 1.35 1.34
5,8 1.45 1.44 1.44 1.46 1.46 1.46
8,9 1.35 1.36 1.35 1.34 1.35 1.34
9,10 1.37 1.39 1.73 1.37 1.39 1.76
6,10 1.33 1.35 1.71 1.39 1.40 1.79
1,2,3,4 179.82 179.86 179.79 179.97 179.77 179.62
2,345 179.77 179.65 179.76 179.97 179.60 179.47
3,4,5,6 179.95 178.68 179.76 179.97 179.84 179.95
4,5,6,7 0.13 1.73 0.28 0.03 6.72 1.44
3,4,5,8 0.11 1.07 0.22 0.06 1.80 0.52
10,6,5,4 179.96 179.76 179.94 179.99 173.98 178.75
10,6,5,8 0.01 0.04 0.05 0.04 4.69 0.85
NH,10,6,5 N.A. 180.00 N.A. N.A. 162.70 N.A.
NH,10,9,8 N.A. 179.99 N.A. N.A. 161.33 N.A.
11,1,2,3 0.47 0.51 0.49 0.14 0.79 0.03
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Model System E

Table A9: Bond lengths (4) and dihedral angles (°) for the aldehydes and enols of model system

E.
1o Ho'
W2 10 ~3 10
\ 5 X H2 ~5 X
4 7\ J 9 4 / 9
6 8 5 8
7 7
Bond X=0 X=NH X=5 X=0 X=NH X=5
1,2 1.21 121 121 1.35 1.36 1.35
23 1.47 1.46 1.47 1.34 1.34 1.35
3,4 135 1.35 1.35 1.45 1.45 1.45
45 1.44 1.44 1.45 1.34 1.35 1.35
5,6 137 1.39 1.38 1.48 1.49 1.48
6.7 1.49 1.50 1.50 1.34 1.34 1.35
6.8 1.43 1.42 1.43 1.47 1.47 1.47
8,9 136 138 137 1.34 1.35 1.34
9,10 135 1.36 1.72 137 1.39 1.76
5,10 136 138 174 1.39 1.41 1.78
1234 179.98 | 179.99 | 17996 | 180.00 | 178.36 | 180.00
2345 179.99 | 180.00 | 179.97 | 17997 | 17367 | 179.97
3,456 179.99 | 179.99 | 17957 | 180.00 | 176.72 | 179.99
4567 0.03 0.02 0.09 0.01 7.41 0.11
3,4,5.10 0.01 0.01 0.28 0.00 3.20 0.02
10,5,6.,8 0.01 0.01 0.04 0.00 5.65 0.06
7.6,5,10 179.98 | 179.98 | 17978 | 180.00 | 17253 | 179.92
NH,10,5,4 NA. 0.01 NA. NA. 28.96 NA.
NH,10,9.8 N.A. 179.99 NA. NA. 150.06 NA.
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Table A10: Bond lengths (4) and dihedral angles (°) for the iminium ions and enamines of model

system D.
D 11
N 3
A~
H27\_5x
4
6
7
Bond X=0 X=S X=0 X=NH X=S
1,2 1.30 1.30 1.36 1.36 1.35
2,3 1.41 1.41 1.36 1.36 1.36
34 1.37 1.37 1.44 1.44 1.44
4,5 1.47 1.41 1.35 1.35 1.35
5,6 1.38 1.40 1.47 1.48 1.48
6,7 1.49 1.50 1.35 1.35 1.35
6,8 1.42 1.41 1.47 1.47 1.47
8,9 1.37 1.37 1.34 1.35 1.34
9,10 1.34 1.71 1.36 1.39 1.75
5,10 1.37 1.74 1.40 1.41 1.78
1,2,3,4 179.87 179.89 179.72 179.63 179.56 179.49
2,345 179.73 179.73 179.65 179.71 175.65 179.62
3,4,5,6 179.95 179.41 179.74 179.94 177.28 179.80
4,5,6,7 0.04 0.36 0.24 0.02 7.91 1.04
3,4,5,10 0.43 0.42 0.51 0.08 3.01 0.18
10,5,6,8 0.02 0.00 0.01 0.02 5.84 0.57
7,6,5,10 179.95 179.56 179.76 179.96 172.34 179.31
NH,10,5,4 N.A. 0.47 N.A. N.A. 29.25 N.A.
NH,10,9,8 N.A. 179.64 N.A. N.A. 149.33 N.A.
11,123 0.43 0.42 0.51 0.22 3.42 0.32

A.2.2: Charge Analysis and Fukui function Isosurfaces for all Model systems

Table A 11: ESP charges of trienamines A12-15.

Carbon A12 Al13 Al4 A15

(X = CH,) (X=0) (X = NH) (X=S)

ipso -0.085 -0.363 -0.153 -0.154

a -0.150 0.266 0.151 0.044

B -0.143 -0.228 -0.145 -0.136

y -0.211 -0.221 -0.220 0.249

3 0.138 0.425 0.459 0.356

£ -0.562 -0.691 -0.751 -0.621
195

S. Singh



Al12

A13

Figure A 1: Electrophilic Fukui function f— (r) for trienamines A12-15 (isovalue 0.003).

Table A 12: ESP charges of trienamines B12-B15.

B12 B13 B14 B15

Carbon (X = CHy) (X = 0) (X = NH) (X =S)
inso 20.033 20.297 20.109 20,001
p 20.272 0.130 0.039 20,076

B 0.148 0.097 0.204 0.221

” 20.312 20.323 20.363 20.333

5 0.091 0.088 0.121 0.078

» 0.460 0.488 20.491 20.460

B12

B13

B15

Figure A 2: Electrophilic Fukui function f— (r) for trienamines B12-15 (isovalue 0.003).

Table A 13: ESP charges of trienamines C12-C15.

Carbon C12 C13 Cl4 C15

(X = CHy) (X = 0) (X = NH) (X=9)

ipso -0.152 -0.278 -0.249 -0.240

a 0.019 0.107 0.137 0.167

B -0.143 0.189 0.137 -0.024
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Y -0.238 -0.385 -0.397 -0.218
) 0.051 0.186 0.152 -0.096
£ -0.443 -0.519 -0.526 -0.486

C12

C13

C15

Figure A 3: Electrophilic Fukui function f— (r) for trienamines C12-15 (isovalue 0.003).

Table A 14: ESP charges of trienamines D12-D15.

Carbon D12 D13 D14 D15
(X = CHy) (X =0) (X = NH) (X=9)

ipso -0.159 -0.173 -0.131 -0.107

a -0.150 -0.120 -0.156 -0.164

B -0.197 -0.260 -0.254 -0.272

y 0.065 0.126 0.141 0.189

3 -0.009 0.301 0.258 0.130

£ -0.473 -0.590 -0.635 -0.515

D12

D14

D15

Figure A 4: Electrophilic Fukui function f— (r) for trienamines D12-15 (isovalue 0.003).
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Table A 15: ESP charges of trienamines E12-E15.

Carbon E12 E13 E14 E15

(X = CHy) (X=0) (X = NH) (X =S)

ipso -0.150 -0.189 -0.177 -0.181

a -0.179 -0.059 -0.102 -0.162

B -0.130 -0.269 -0.227 -0.089

y -0.220 0.128 0.044 -0.101

3 0.283 0.318 0.381 0.429

£ -0.590 -0.660 -0.658 -0.676
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E12 E13 E14 E15
Figure A 5: Electrophilic Fukui function f— (r) for trienamines E12-15 (isovalue 0.003).

A.2.3Hyperhomodesmotic Equations and Orbital Coefficients for the N-Methyl systems

Model System A

W*& WW

Me-A2 Me-A6
[0.0] 19.3

R, D, ©
wv W*@

Me-A10 Me-A14

AAG(eq_ 2-eq.1) =-7.0

[0.0] 12.3

Scheme Al: Hyperhomodesmotic equations for the N-methyl derivative of model system A (relative
energies in kcal/mol)

199
S. Singh



Model System B

(0] / OH OH / (o)
) H | N HTX HTX—N H
V. —_— ot
| g g |
Vs Z
Me-B2 B4 Me-B6 B8
[0.0] 19
AAG(eq. 4-eq.3) = -1.7
(o) @ @
N N N N
| / |
H N H H H
Me-B10 Me-B14
[0.0] 11.9

Scheme A2: Hyperhomodesmotic equations for the N-methyl derivative of model system B
(relative energies in kcal/mol)

Model System C

(@) (@)
H |\ H X _»H\\
C A "N
C8

Me-C2 Me-C6
[0.0] 15.1
AAG(eq. 6 - eq. 5) = +6.3
(o) () (o)
N, ! ! N,
N
o ). L o W
N7 N
Y VY
Me-C10 c12 Me-C14 C16
[0.0] 21.4

Scheme A3: Hyperhomodesmotic equations for the N-methyl derivative of model system C
(relative energies in kcal/mol).
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Model System D

0 OH OH 0
H ) H\ H=\ H )
7) + N —— \ +

]\ \
N N
| |

Me_D2 D4 Me-D6 D8

[0.0] 15.1

AAG(eq_ 8-¢eq.7) =+6.2

@@ (Nj )

¢
H— H= H H—
/ /
(8) N T N Y
/\ \
| )

Me-D10 D12 Me-D14 D16
[0.0] 21.3

pd

Scheme A4: Hyperhomodesmotic equations for the N-methyl derivative of model system D

(relative energies in kcal/mol).
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Model System E

0 OH

H H
A\

/ , S

© N -« —
Y
Me-E2 E4 Me-E6
[0.0] 7.2

AAG(gq. 10 -eq.9) = +1.3

@@

N
DI N
/ /
(10) I N+ — N 4+
Y
Me-E10 Me-E14

[0.0] 18.5
Scheme A5: Hyperhomodesmotic equations for the N-methyl derivative of model system B
(relative energies in kcal/mol).

Table A 16: Orbital coefficients of the HOMO of N-Me trienamines

Carbon Model Model Model Model Model
System A System B System C System D System E
ipso 18.7 14.0 10.5 8.2 9.1
o 10.3 8.3 9.4 9.2 10.2
B 2.8 5.2 2.8 11.9 13.3
Y 6.2 19.3 22.8 10.5 9.8
) 2.0 15 1.2 1.0 1.5
g 20.4 10.1 11.6 17.8 15.3

Table A 17: Comparison of Orbital coefficients of the HOMOs of N-H-trienamines and N-Me

trienamines.

Me- Me- Me- Me- Me-
Carbon Al4 Al4 B14 B14 Cl4 C14 D14 D14 E14 E14
ipso 15.2 18.7 14.4 14.0 10.7 10.5 9.1 8.2 9.3 9.1
a 8.4 10.3 8.1 8.3 10.2 9.4 12.9 9.2 114 10.2
B 3.3 2.8 4.8 5.2 3.0 2.8 11.2 11.9 13.3 13.3
v 5.6 6.2 19.4 19.3 22.6 22.8 13.9 10.5 11.1 9.8
0 3.7 2.0 1.4 1.5 1.2 1.2 1.2 1.0 1.7 15
€ 20.6 20.4 10.1 10.1 11.3 11.6 14.8 17.8 15.3 15.3
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A3: Dihedral angles of trienamine backbone for Chapter 4

Table A 18: Dihedral angles of trienamine backbone for A1-A3

Al A2 A3

1,234 -179.75° -24.61° -178.37°
2,3,4,5 179.96° 176.78° -178.50°
3,4,5,6 -179.84° -179.73° 27.22°

Table A19: Dihedral angles of trienamine backbone for B1-B3

Bl B2 B3

1,2,3,4 -179.87° 31.62° 176.17°

2,3,4,5 179.96° -174.13° -178.02°

3,4,5,6 -179.92° -178.92° 36.73°
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Table A20: Dihedral angles of trienamine backbone for C1-C3

C1
1,234 -173.62° 33.96° -175.27°
2,3,4,5 -177.55° -169.26° -178.54°
3,4,5,6 -177.72° -176.33° 20.68°

Table A21: Dihedral angles of trienamine backbone for D1-D3

D2
1,2,3,4 -172.08° 33.04° -174.79°
2,3,4,5 -176.03° -169.18° -177.63°
3,4,5,6 -178.16° -175.38° 19.73°
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Table A22: Dihedral angles of trienamine backbone for E1-E3

1,234 -173.86° 32.32° -173.98°
2,3,4,5 -177.13° -169.30° -178.43°
3,4,5,6 -178.53° -176.11° 23.90°

Table A 23: Dihedral angles of trienamine backbone for F1-F3

F1 F2 F3

1,2,3,4 -179.87° 34.13° -176.46°

2,3,4,5 -179.94° -175.80° -176.79°

3,4,5,6 179.97° 175.30° 33.17°
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Table A24: Dihedral angles of trienamine backbone for G1-G3

1,234
2,3,4,5
3,4,5,6

Gl

G2

G3
-178.50° 18.05° -176.56°
-178.27° -178.27° -172.83°
-174.78° -177.85° 33.73°

Table A 25: Dihedral angles of trienamine backbone for H1, H2

1,2,3,4 -179.76° -176.44°
2,3,4,5 -178.04° -172.93°
3,4,5,6 -175.67° 34.03°
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Table A26: Dihedral angles of trienamine backbone for 11, 12

1,234
2,3,4,5
3,4,5,6

Table A27: Dihedral angles of trienamine backbone for J1, J2, K1, and K2

1,2,3,4
2,3,4,5
3,4,5,6

11 12
-179.73° -175.80°
-177.71° -171.94°
-174.72° 33.65°

J2

J1
-179.57° -178.56° -179.35° -178.28°
179.94° -179.19° 177.97° -177.58°
-179.93° 30.16° -179.35° -178.28°
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Table A28: Dihedral angles of trienamine backbone for L1, L2

1,234
2,3,4,5
3,4,5,6

Table A29: Dihedral angles of trienamine backbone for M1, M2

1,2,3,4
2,3,4,5
3,4,5,6

L1 L2
-179.70° 177.66°
178.65° -178.25°
-168.92° 35.79°

-179.29° -177.66°
179.15° -177.89°
-168.18° 34.59°
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Table A30: Dihedral angles of trienamine backbone for N1, N2, O1, and O2

N1 N2 o1 02

1,234 -179.82° -178.27° -179.78° -177.91°
2,3,4,5 179.96° -177.98° 179.83° -178.03°
3,4,5,6 -179.93° 30.52° -179.54° 27.14°

Table A31: Dihedral angles of trienamine backbone for P1, P2, P3, and P4

P1 P2 Q1 Q2

1,2,3,4 -179.80° -177.89° -179.70° -177.60°

2,3,4,5 179.92° -177.79° -179.77° -178.16°

3,4,5,6 179.99° 27.88° -179.57° 24.98°
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A4: Energies and Reaction Coordinates

A.4.1: Energies and Reaction Coordinates for Chapter 2

Dienamine A

HF (B3LYP/6-31G(d)) =-2779.5033766 Hartrees
Imaginary Frequencies: none found

Zero-point correction = 0.569260 (Hartree/Particle)
Thermal correction = 0.482236 Hartrees

Coordinates from last standard orientation:

Center Atomic Atomic Coordinates (Angstroms)
Number Number Type X Y Z
1 6 0 -6.661205 -2.159084 -0.200289
2 6 0 -5.315956 -2.209322 -0.159899
3 6 0 -4.412505 -1.350977 -0.901322
4 6 0 -3.063164 -1.465843 -0.808685
5 7 0 -2.129555 -0.705441 -1.478803
6 6 0 -0.709474 -1.046650 -1.480788
7 6 0 -0.218197 -0.551204 -2.859865
8 6 0 -1.213634 0.549229 -3.276770
9 6 0 -2.531433 0.134921 -2.608564
10 1 0 -4.857710 -0.591529 -1.540623
11 1 0 -2.629969 -2.206583 -0.143933
12 1 0 -0.613539 -2.133865 -1.3892438
13 1 0 0.816083 -0.196569 -2.847549
14 1 0 -0.264047 -1.386682 -3.567101
15 1 0 -0.887029 1.526128 -2.911244
16 1 0 -1.314048 0.622497 -4.363264
17 1 0 -3.116319 0.997418 -2.264431
18 1 0 -3.172511 -0.446408 -3.289413
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.061944
.614398
.471963
.313218
.280086
.600655
.164279
.097229
.177844
.174275
.958009
.962855
.802353
.014403
.938393
.540209
.436275
.016176
.752228
.110067
.339727
.368443
.218465
.241449
.098506
.839218
.284543
.602411
.761445
.517695
.030337
.577848
.761144
.584409
.221279
.995706
.497952
.179281
.108586
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.846445
.640586
.823981
.829051
.661484
.854397
.836220
.118207
.140838
.592221
.320979
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.429292
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.867313
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.141171
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.466261
.056238
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.470686
.301790
.011972
.128900
.019705
.020970
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.434641
.320236
.663633
.210282
.825664
.911283
.283449
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.564209
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.531809
.801783
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.059864
.932591
.601869
.309453
.549767
.977030
.942926
.843574
.910593
.065399
.468252
.730682
.906686
.530669
.264969
.563954
.956646
.086246
.558140
.493273
.223979
.169008
.835091
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.653552
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.247579
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.221120
.883687
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.434292
.518579
.165417
.228090
.040408
.601104
.129282
.698221
.065895
.096229
.428004
.035342
.193678
.682925
.937171

0.814341

.275056
.816455
.620130
.061430
.160797
.195844
.761354
.310913
.801181
.183230
.268800
.735642
.285421
.316419

0.565663

.237361
.211237
.344272
.246473
.991116
.992014
.484903
.848416
.690985
.796485
.357672
.026711
.934995
.005929
.800545
.425645
.391527
.965303

3.073086

.565173
1.869047
.922252
.170837
.843751
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Dienamine B

HF (B3LYP/6-31G(d)) =-2779.5010527 Hartrees
Imaginary Frequencies: none found

Zero-point correction = 0.569160 (Hartree/Particle)
Thermal correction = 0.480521 Hartrees

Coordinates from last standard orientation:

Center Atomic Atomic Coordinates (Angstroms)
Number Number Type X Y Z
1 6 0 -6.149362 -3.468706 0.030323
2 6 0 -4.823114 -3.219370 0.009972
3 6 0 -4.104496 -2.253890 -0.800198
4 6 0 -2.757024 -2.112698 -0.707910
5 7 0 -1.975230 -1.232397 -1.423154
6 6 0 -0.515322 -1.319395 -1.429835
7 6 0 -0.122705 -0.787351 -2.827357
8 6 0 -1.305935 0.089525 -3.280036
9 6 0 -2.521933 -0.545682 -2.595039
10 1 0 -4.669342 -1.625576 -1.482802
11 1 0 -2.199399 -2.720231 -0.002440
12 1 0 -0.228123 -2.369587 -1.311285
13 1 0 0.826371 -0.244629 -2.829120
14 1 0 -0.006504 -1.640061 -3.505212
15 1 0 -1.173796 1.122615 -2.948428
16 1 0 -1.413932 0.105388 -4.368167
17 1 0 -3.271512 0.197930 -2.296764
18 1 0 -3.026272 -1.275229 -3.248120
19 6 0 0.147357 -0.580601 -0.1923438
20 8 0 -0.379467 -1.273443 0.934836
21 14 0 0.005803 -1.535109 2.564274
22 6 0 0.297322 0.067609 3.519938
23 1 0 0.293823 -0.157762 4.594423
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.528991
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.995014
.588215
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.905279
.200420
.210611
.696027
.505149
.420457
.521565
.534193
.787730
.538635
.080931
.052413
.608153
.739023
.251505
3.
.296070
.785607
.953401
.026819
.497987
.202363
.144472
.368403
.657214
.141730
.338017
.786870
.840280
.103246
.361001
.149538
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.294754
.337606
.210328
.676030
.275569
.095270
. 743142
.790590
.138821
.452457
.192663
.586753
.850152

0.711653

.117107
.738143
.449297
.045346
.143807
.166516
.827876
.456597
.848742
.336263
.432027
.961961
.217752
.231096
.774788
.377488
.489228
.106997
.499692
.823743
.679941
.680596
1.508613

1.078728
1.560065

1.513378
.858456
.729334
.938082
.973518
793773
.563450
.890935
.676722
.607300
.303005
.305554
.266292
.717932

Dienamine C
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HF (B3LYP/6-31G(d)) = -2779.4979275 Hartrees

Imaginary Frequencies: none found

Zero-point correction = 0.568863 (Hartree/Particle)

Thermal correction = 0.481663 Hartrees

Coordinates from last standard orientation:

Atomic

(Angstroms)

0 J o U b W N

NN N R R PR e e e
W NP O wWwOow-UJo s WN P O W

J
R oo d OO, PR PP R RFRPRROO OO IO O O O

O O O O O O O O O O O O OO oo oo o o o o o

O O O O O W WkEr O OoOoOONBMNRE OON WD O u,m

Coordinates
X Y
.332323 -3.333678
.461928 -2.010029
.462007 -1.087585
.122402 -1.281629
.145340 -0.473681
.729225 -0.816205
.146225 -0.184157
.107654 0.965121
.468946 0.507979
.840061 -0.180253
.734741 -2.129464
.636743 -1.907738
.885721 0.157203
.148650 -0.940482
.795761 1.896145
.141421 1.147656
.049945 1.341823
.089578 0.029756
.049395 -0.367922
.810725 -1.047232
.828295 -1.305945
.688465 0.294818
.752970 0.051020
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.777534
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.358815
.814296
.799279
.685613
.722807
.878621
.789301
.878904
.436490
.399776
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.348591
.643399
.317314
.310798
.379404
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.259607
.500168
.517342
.604070
.687500
.323412
.515944
.260375
.580743
.510227
.419050
.232707
.962112
.533090
.851428
.271424
.379137
.067262
.078447
.198540
.799725
.429957
.577128
.760642
.650972
.221126
.650075
.8231438
.381509
.656173
.294336
.922369
.699606
.020747
.686554
.425966
.322350
.838084
.013290
.701472
.940744
.042378
.432424
.262521
.610948
.370695
.132264
.944218
.646389
.902141
.310898
-4.
.403560

860234

0.823259

.994066
.084866
.043747
.270956
.438403
.517772
.914784
.369524
.067264
.834804
.335597
.817620
.802575
.430170
.273114
.251862
. 774149
.135231
.152128
.059240
.662746
.437973
.703663
.038617
.978310
.939644
.007381
.212160
.018273
.627478
.853821
.507299
.460714
.086098
.556600
.301044
.276049
.521199
.374816
.259294
.849406
.901453
.626418
.461747
.952623
.020342
.929355
.507547
.163389
.671132
.975775
.831202

.160235
.082294
.594349
.070585
.661952
.230506
.855892
.847009
.168758
.931496
.252824
.773282
.089095
.961847
.439540
.910576
.890714
.117433
.260163
.194394
.567182
.232776
.497094
.921394
.292300
.510586
.067495

0.016739

.035183
.663135
.209378
.357242
771131
.208250
.102818
.556787
.141831
.882160
.710304
.851640
.242941
.941738
.838543
.100143
.146945
.949225
.345739
.283766
.995677
.287001
.997007
.347531
.876718

DEAD
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HF (B3LYP/6-31G(d)) = -645.0194751 Hartrees
Imaginary Frequencies: none found

Zero-point correction = 0.171505 (Hartree/Particle)
Thermal correction = 0.128213 Hartrees

Coordinates from last standard orientation:

(Angstroms)

.644452
.282776
.393261
.031384
.161768
.238532
.149513
.467821
.337930
.887835
.835351
.035645
.972062
.753017
.312342
.408035
.229721
.320971
.122241
.188599
.654248
.614798

Center Atomic Atomic Coordinates
Number Number Type X Y
1 7 0 -0.279067 -0.213454
2 7 0 0.214071 0.457518
3 6 0 -1.655410 -0.596117
4 6 0 1.590738 0.839524
5 8 0 1.884446 1.994100
6 8 0 -1.948049 -1.757093
7 8 0 2.401400 -0.203135
8 8 0 -2.461245 0.455361
9 6 0 -3.892408 0.190425
10 1 0 -4.358128 1.009844
11 1 0 -4.111984 -0.756848
12 6 0 3.829081 0.081927
13 1 0 4.017848 0.462410
14 1 0 4.077245 0.869068
15 6 0 4.569640 -1.210011
16 1 0 4.289241 -1.984450
17 1 0 5.647503 -1.035070
18 1 0 4.355377 -1.576294
19 6 0 -4.309113 0.174493
20 1 0 -5.395611 0.049680
21 1 0 -3.835488 -0.655569
22 1 0 -4.038614 1.113468
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TS1

HF (B3LYP/6-31G(d)) = -3424.4936703 Hartrees

Imaginary Frequencies: 1 (-328.74 cm™)

Zero-point correction = 0.742978 (Hartree/Particle)

Thermal correction = 0.635589 Hartrees

Coordinates from last standard orientation:

Center
Number

Atomic
Number

(Angstroms)

0 J o U W N

NN NN NNDR R B2 Rl e
o W N R O W oOdo U WN R O O

F oL, P PO OORFRFRFRPRPRPREFRRRRREO O O O -1 OO0 O O O

O O O O O O O O O O O O O O OO oo o oo oo o o o o

o O = O

NS}

HF ON W NMNNMNEFERPRRPR P OORFE ODNDO R

Coordinates
X Y
.990129 1.091319
.717885 0.471769
.706326 0.750049
.518664 0.030956
.510872 0.188780
.683329 -0.670680
.165048 -0.580213
.636411 0.764581
.625203 1.053644
.873851 1.535606
.354011 -0.732277
.359115 -1.683987
.249328 -0.672007
.723357 -1.410483
.373878 1.559373
.406424 0.705911
.702808 2.104039
.543911 0.789367
.723151 -0.285283
.000143 -0.494011
.345566 -0.821552
.572572 0.396849
.542416 0.283237
.607225 0.215771
.321585 1.439514
.343732 -0.621920
.075466 -1.316099
217

.529535

0.559257

w w W w b w N =

.363491
.371854
.242174
.253414
717427
.259175
.431356
.094821
.380831
.003344
.813447
.277881
.129448
.325840
.131306
.968714
.123785
.083235
.719342
.476364
.568007
.166410
.251594
.523269
.093456
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28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79
80
81
82
83
84
85

O R e O O N e N i e T e - e B T N R R e R R S i e e R R R e e e RO O e e e

O O O O O O O O O O O O O O O O O O O OO OO OO O OO OO OO OO0 O OOO OO OOOOOOOoOLOLOOOOoOoOoOOoOOooo

[
R O o

N OF W WkEFE WNO O F WD DN -

|
| | = | | | | | | | | | | | | I I I I |
DO OO WO U oY Oy O 00 oY U WU oYy U1y UT TN

.282737
.735372
.951868
.986596
.273090
.955571
.953666
.144165
.894372
.231181
.230897
.990086
.994610
.166833
.010098
.112961
.114210
.418284
.407317
.683208
.734645
.627907
.726969
.969563
.867091
.856279
.899227
.431829
.112798
.419048
.439222
.548916
.980054
.998677
.293342
.396304
.268905
.102355
.698681
.333636
.732785
.647384
.391622
.205726
177529
.237087
-5.
.003209
.417022
.910522
.455845
.244954
.235782
.329130
.569452
.33459¢6
.294146
.171964

016640
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| N A E I A | [ | | N I |
BwWw W N NDE PR DWW WWwoFEORFFE P -

.831929
.394893
.591660
.829339
.310249
.755647
.218088
.815816
.520563
.684408
.184031
.380085
.894198
.972805
.646967
.197995
.631565
.161538
.989122
.914622
.517335
.851149
.944608
.996116
.055437
.047118
.262907
.086316
.071208
.883392
.101916
.324930
.285797
.066055
.685314
.251952
.199744
.111154
.729248
.697101
.685044
.087831
.187321
.135502
.423704
.350772
.042553
.493665
.416698
. 747395
.198641
.736735
.08454¢6
.315429
.597125
.840921
.626533
.924842

.598022
.405698
.944973
.015935
.471091
.540140
.152821
.463385
.667584

0.576681

1 [ ol (I (I
O O OF NWWNRENMNRFE OORFR O, FPF ORFP OOOUR O O

.872562
.574574
.139764
.053921
.139587
.248341
.127361
.486049
.263296
.708811
.369999
.157590
.507908
.599679
.762627
.193178
.464057
.818493
.677581
.186032
.405148
.280974
.908504
.228854
.887004
.105050
-1.
.905409
771683
.046987

413123

0.431907

.445075
.446804
.044713
1.097747

0.415671
0.000700

.253452
.295776
.205558
.307990
.541931
.225852
.546880
.580023
.690480
.212611
.670478
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TS2

HF (B3LYP/6-31G(d)) = -3424.4942779 Hartrees

Imaginary Frequencies: 1 (-347.34 cm™)

Zero-point correction = 0.743461 (Hartree/Particle)

Thermal correction = 0.639686 Hartrees

Coordinates from last standard orientation:

Center
Number

Atomic
Number

Atomic
Type

O J o U W N

O O OO =1 O OO OO O

O O O O O O O O

.380697 -3.517918 1.735793
.285013 5.775171 0.948855
.335620 4.333913 1.160927
.327719 4.304949 2.555594
.850533 3.482102 -3.525614
.934488 4.632360 -2.030337
.443044 2.542597 -2.385253
.162663 -0.907338 2.599204
.943634 -0.065586 0.757312
.445462 -2.111209 1.313919
.242121 -4.703985 -2.516278
745711 -5.623877 -0.612089
.661264 -5.257594 -1.133229
Coordinates (Angstroms)

X Y Z
.838853 -1.870726 1.185021
.425042 -1.963720 1.217852
.519488 -1.027932 1.711792
.15484¢6 -1.253453 1.556827
.163583 -0.491481 2.028298
.255498 -0.830247 1.833327
.938571 -0.154701 3.039967
.030855 1.034138 3.422638
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10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66

e e N e T e s Jie) Y <Je - M N B [ S S e e N Yo N o N N e N R e N e N e N e o e N e e e N T T e i T T e T e T e S e S S S S S e

O O O O O O O O O O O O O O O O O O OO OO OO OO OO OO OO OO OOOOO OO OOOOOOoOOoOLoOLoOoOoOoOoO o ooo

.380850
.885148

0.829153

W DO WO 000 0]

1.333693
.963022
.984309
.343343
.064498
.926176
.991680
.784064
.884998
.702675
.764196
.621948
717735
.034540
.006259
.037612
.277249
.785156
.980242
.611750
.121795
.959285
.218349
.931265
.819311
.190671
.504560
.088010
.319001
.782683
761817
.696219
.772559
.469592
.627329
.738778
.324581
.374854
.401990
.290270
.000691
.097753
.883254
.252820
.693743
.017248
.279013
.728796
.731370
.104490
.323499
.655752
.692696
.467144
.855341
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|
N

W R WRE WP

.618818
.129023
.125902
.919221
.159227
.875199
.943908
.239244
.436157
.250082
.429650
.085963
.443498
.110348
.178355
.647027
.815009
.219449
.158857
.455595
.560659
.700624
.165448
.502096
.266376
.958663
.516856
.929459
-1.
.239725
.432568
.318388
.992308
.390720
.098227
.948633
.673569
.336404
.540081
.059200
.034813
.903034
.978584
.854023
.170148
.932804
.704935
.993779
.151516
.213633
.859109
.787746
.703298
.536388
.581692
.232810
.581220
.482878

030436

O W N BN WNNERE NN

.975165
.195882
.000980
.876772
.826583
.863314
.906099
.495390
.491192
.807595
.392884
.485213
.143545
.210777
.260104
.150543
.954623
.205686
.640544
.241897
.806537
.732172
.655859
.997732
.953683
.162119
.960514
.972256
.267768
.609594
.672066
.849246
.451782
.688789
.223943
.502286
.127738
.421628
.774604
.189908
.352958
.078931

0.012993

.749471
.603525
.361477
.311933
.220541
.155191
.572234
.504967
.535134
.183604
.875256
.529637
.533816
.475748
.188681
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67 6 0 1.036151
68 6 0 -3.798883
69 6 0 -5.733213
70 6 0 -5.866538
71 6 0 9.454220
72 1 0 10.525019
73 1 0 9.223824
74 1 0 8.890774
75 6 0 5.994505
76 1 0 6.820704
77 1 0 5.911235
78 1 0 6.226435
79 9 0 -3.923183
80 9 0 -4.962667
81 9 0 -3.674210
82 9 0 0.966210
83 9 0 1.740863
84 9 0 1.767001
85 9 0 -4.816009
86 9 0 -6.601585
87 9 0 -6.423453
88 9 0 -5.701175
89 9 0 -5.344704
90 9 0 -7.189600
91 6 0 5.615581
92 1 0 6.647424
93 1 0 5.199307
94 6 0 5.608799
95 1 0 6.217772
96 1 0 6.021615
97 1 0 4.594819
98 1 0 5.277599

. 644110
.217152
.420736
.585929
.519583

0.738984

N

.338275
.396655
.826628
.576098
.918486
.449551
.355047
.698525
.455420
.876064
.758583
.868894
.204996
.228197
.791567
.736836
.224447
.839549
.168008
.961332
.839715
.854967
.765953
.197675
.135504
.073915

.459108
.773118
.610404
.538912
.019775
.929933
.072735
.685973
.049086
.378437
.102758
.051099
.114810
.324744
.255555
.997935
.699870
.286416
.218745

0.968691

.589639
.752980
.615336
.527890
.179655
.886380
.420645
.556270
.532722
.331110
.864809
.779357

1S3

HF (B3LYP/6-31G(d)) = -3424.4963429 Hartrees
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Imaginary Frequencies: 1 (-316.31 cm™)

Zero-point correction = 0.743856 (Hartree/Particle)

Thermal correction = 0.639483 Hartrees

Coordinates from last standard orientation:

Center
Number

Atomic
Number

Atomic
Type

(Angstroms)

0 J o U bW N

B R E D D DD D WWW W W WWWWWNNNNDNNMNNNDNDNDNDERERRRRRP P B B
W J oW NRE O WOW®Jdo O WNRFE OWO®-To U WNDEFEOWO®-TJoU & WP O
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|
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N

|
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Coordinates
X Y
.935123 0.447468
.614260 -0.067003
.592098 0.404957
.360212 -0.241107
.313186 0.104792
.968766 -0.620811
.593034 -0.235654
.962726 1.114224
.393547 1.153549
.757347 1.276192
.194325 -1.095803
.742302 -1.689094
.683620 -0.190873
.329431 -1.007028
.5894061 1.952508
.836633 1.188861
.597186 2.124971
.228853 0.918089
.822071 -0.327459
.027577 -0.861868
.280286 -1.552915
.308775 -0.451477
.182747 -0.800710
.380753 -0.484241
.980560 0.593695
.478065 -1.694121
.098143 -2.323721
.479984 -2.148272
.962896 -0.714538
.054846 -3.263977
.043532 -3.750306
.492030 -3.904207
.095262 -3.233906
.181214 -1.056288
.235498 -0.608513
.367848 -2.243914
.427351 -1.329713
.133615 0.308620
.567530 -2.951090
.581330 -2.646206
.605986 -2.505314
.530332 -3.065223
.968582 1.193185
.949749 1.931391
.047496 1.885275
.998743 3.322326
.689895 1.430420
.104155 3.275575
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.115507
.044569
.777620
.803281
.558049
.553105
.911978
.314557
.593154
.401669
.156909
.508897
.875384
.642531
.003740
.397357
.130064
.262488
.249002
.803351

2.341514

(I | R R I | |
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.476776
.509910
.256787
.445176
.995220
.346142
.993501
.076911
.201011
.184907
.511802
.862251
.290138
.512925
.012151
.610065
.081102
.931737
.637640
.112713
.037094
.063031
.735588
.728880
.624389
.350048
.844263

S. Singh



H O O O O O O NDNWDNDNRE P O -

.333310
.007218
.085504
.863126
.978555
.044942
.909367
.917067
.740295
.891595
.956497
.652211
.037948
.227310
.100687
.554002
.849422
.570690
.216951
.250380
.528563
.072147
.546827
.215740
.835570
.149113
.972177
.077012
.188225
.831693
.035925
.906695
.294803
.866295
.558623
.276601
.564553
.862652
.991093
.486824
.482799
.891005
.798919
.086513
.441104
.322756
.193815
.238947
.024982
.319729

H P P Ok OoRrR oo

[
= e

.257676
.166633
.257931
.328529
.421426
.329259
.664609
.353133
.670468
.736790
.633552
.125429
.844991
.310680
.056208
.994939
.520245
.941684
.483586
.632244
.673666
.128100
.014459
.199585
.392114
.010398
.670398
.441772
.771782
.559515

0.539189

|
o

P RN NNDND RN

.041093
.506829
.015056
.124438
.731574
.553581
.924448
.848046
.387284
.411372
.957511
.046189
.156361
.469837
.974655
.729509
.972113
.0114061
.831352

49 1 0 0.281288
50 6 0 2.077257
51 1 0 2.122539
52 6 0 -5.223490
53 1 0 -6.306386
54 1 0 -4.816380
55 6 0 -4.688037
56 1 0 -4.986245
57 1 0 -5.090853
58 1 0 -3.594865
59 1 0 -3.405580
60 7 0 -5.912905
61 7 0 -6.794290
62 6 0 -8.062911
63 8 0 -8.138465
64 8 0 -9.020958
65 6 0 -6.304982
66 8 0 -7.194192
67 8 0 -5.459385
68 6 0 -9.450854
69 1 0 -9.264018
70 1 0 -9.966455
71 6 0 -5.654283
72 1 0 -5.938599
73 1 0 -4.669088
74 1 0 -5.475361
75 6 0 0.053903
76 6 0 4.013743
77 6 0 4.763822
78 6 0 6.486138
79 6 0 -10.259537
80 1 0 -11.226028
81 1 0 -10.442515
82 1 0 -9.728211
83 6 0 -6.694092
84 1 0 -7.674676
85 1 0 -6.769903
86 1 0 -6.419805
87 9 0 6.093711
88 9 0 6.722334
89 9 0 7.654969
90 9 0 5.342555
91 9 0 3.590821
92 9 0 5.560083
93 9 0 5.205115
94 9 0 4.223047
95 9 0 3.603518
96 9 0 0.399180
97 9 0 -1.129658
98 9 0 -0.175233
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1S4

HF (B3LYP/6-31G(d)) = -3424.5064821 Hartrees

Imaginary Frequencies: 1 (-322.46 cm™)

Zero-point correction = 0.744314 (Hartree/Particle)

Thermal correction = 0.641766 Hartrees

Coordinates from last standard orientation:

Center
Number

Atomi
Numbe

C
r

Atomic
Type

(Angstroms)

O J o U W N

NN R R Rl e
= O W o Jo Ul WN P O W

J

s oo P PP PR PFERRF OO OO 1 0O O OO O
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Coordinates
X Y
.282633 -0.839524
.901148 -1.094228
.824755 -0.332545
.524109 -0.698984
.401148 -0.120115
.930950 -0.721867
.713457 -0.221505
.031015 1.095546
.433410 0.914999
.013809 0.518940
.355511 -1.539099
.801188 -1.806612
.780907 -0.095840
.617278 -0.965009
.477366 1.948708
.120336 1.278053
.882285 1.836738
.057923 0.559655
.562986 -0.418100
.600081 -0.922170
.475290 -1.410716
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.551665
.387218
.873055
.566216
.030559
.845306
.079180
.498274
.077498
.518320
.901446
.867771
.884735
.877698
.982433
.572207
.691706
.907878
.426700
.484676
.116186
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30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
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53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79
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.812431
.653173
.840666
.134567
.308085
.505226
.514351
.033415
.618035
.224951
.645307
.646099
.900577
.749315
.269635
.916056
.500223
.448651
.650979
.279711
.187047
.743381
.898438
.710636
.017461
.725827
.843011
.186986
.994193
.099808
.801908
.670941
.185732
.273622
.596240
.919798
.421650
.654277
.657714
.704783
.829985
.684116
.034489
.687833
.031196
.721583
.867223
.165064
.604065
.855660
.944280
.615204
.932636
.283881
.240934
.848406
.728043
.97074¢6
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.022290
.324714
.397946
.866049
.977301
.821191
.324696
.188096
.858657
.366225
.597450
.559240
.174012
.817406
.272498
.533791
.027027
.977276
.608788
.618467
.173927
.099915
.767745
.856059
.152139
.214346
.237328
.354978
.897264
.967103
.223705
.170854
.123871
.592579
.317949
.288211
.029258
.955787
.425311
.467726
.262979
.942571
-3.
.533370
.479290
.602631
.760026
.664656
.800156
.704977
.307194
.184588
.704896
.027650
.844072
.102965
.173621
.279216

209964
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.297604
.326810
.240490
.129270
.244140
.571666
.264219
.018925
.522047
.412540
.712732
.745274
.247630
.808676
.033837
.074744
.441831
.778849
.855654
.279762
.483816
.239413
.665444
.323951
.526952
.094560
.482648
.661362
.055669
.189758
.493657
.514308
.426286
.282598
.038150
.357435
.292188
.767454
.298584
.108964
.983813
.041414
.732044
.744360

1.762430

0.080570
0.156838

.205068
.050982
.275424
721272
.676393

1.487604

1.094719

1.068710

.698459
.291117
.774334
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HF (B3LYP/6-31G(d)) = -3424.5016314 Hartrees

Imaginary Frequencies: 1 (-254.50 cm™)

Zero-point correction = 0.742750 (Hartree/Particle)

Thermal correction = 0.636566 Hartrees

Coordinates from last standard orientation:

Center Atomic Atomic
Number Number Type
1 6
2 6 0

10.878749 -2.873461 -0.617472
9.662148 -2.388871 -1.817517
10.208892 -1.227445 -0.584038
4.544063 3.672238 -1.224893
4.773617 3.181406 -2.174906
3.876594 4.517685 -1.425112
5.472744 4.056697 -0.790749
-4.111346 4.094249 2.394102
-5.351567 3.089696 0.920614
-4.464652 5.027340 0.462260
-0.154763 5.150466 -1.697023
1.189414 4.411230 -0.157867
0.960956 3.305128 -2.015346
-5.556003 -3.645691 2.757795
-3.770394 -4.748052 2.196685
-5.618351 -5.015363 1.071499
-5.821464 0.164054 -2.451293
-5.153211 -1.663292 -3.417472
-6.979591 -1.669771 -2.234320
Coordinates (Angstroms)

X Y Z
-4.337783 -0.860708 -0.919909
-3.826094 -1.857044 -0.066065
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12
13
14
15
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27
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31
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33
34
35
36
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39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
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N

-1

.644281
.671148
.575123
.380182
.987663
.833290
.384240
.497610
.754330
.194509
.024094
.409347
.725376
.677595
.230277
.295135
.383438
.539411
.675448
.069969
.940717
.066543
.051067
.987194
-1.
-1.
.145506
.874450

813970
050576

0.779922
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.094263
.846626
.382863
.588699
.074691
.453382
.859602
.947537
.153459
.143227
.816286
.087884
.218254
.559912
.797764
.664131
.161997
.675963
.281394
.744304
.281435
.219014
.859325
.550601
.263741
.963520
.626018
.463342
.610181
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-1.
-0.
-0.

0.

0.
-1.
.675557
-2.
-0.
.211059
0.
.042215
-1.
-1.

-1

1

1

-2

-1

o

W N WONNDERENDWDNDDNDOO

863150
872905
811459
304915
335807
092188

697799
079030

680831

691916
083518

.715508
-1.

0.

0.

0.
-0.
-0.

0.
.338779
0.
.631049
.334170
.967418
.518671
.774453
.066713
.887865
.346156
.216087
.602586
.300023
.262156
.681504
.765068
.541943
.382096
.197610
.424187
.274825
.691821
-0.
-3.
-2.
-3.
-4.
-1.
-1.
-2.
-0.
-0.

0.

0.
-2.

0.

638037
169587
233273
656905
260676
124431
117390

109974

612445
534100
126972
756817
734759
259722
623000
127378
135698
459176
739601
161899
733217
086855
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.692036
.623442
.393673
.324190
. 7435717
.306342
.571778
.371062
.103940
.118417
.754978
.347852
.113259
.388183
.264020
.181963
.107440
.035144
.679360
.562888
.644728
.311714
.367359
.367152
.870814
.438968
.243276
.892299
.955453
.351597
.550727
.070339
.628245
.610322
.789982
.064865
.461587
.155581
.242531
.361233
.156191
.951812
.55979¢6
.027411
.515989
.507851
.167020
.289467
.332874
.029636
.583571
.556316
.032675
.799022
.525217
.542798

0.056893

.359162
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.573304
.358272
.814524
.114853
.508041
.991357
.469483
.081929
.313543
.011942
.070756
.110108
.540998
.017480
.971646
.072859
.411473
.507856
.468897
.714125
.223275
.525178
.629048
.908845
.085970
.028194
.780768
.820657
.341384
.033926
.024404
.868878
.908996
.811027
.695884
.463947
.301402
.243766

.714219
.093101
.793726
.090727
.391655
.186152
.609059
.550118
.322675
.884674
.679310
.417107
.782739
.105475
.938877

5.176903
5.782840

.818716
.152610
.727898
.368903
.824192
.369939
.976926
.553414
.013338
.162889
.144633
.684664
.251997
.688237
.967557
.176616
.243832
.156324
.734026
.866883
.822263

61 7 0 -6.685832
62 6 0 -7.802275
63 8 0 =7.797807
64 8 0 -8.762710
65 6 0 -4.755544
66 8 0 -3.647914
67 8 0 -5.331691
68 6 0 -8.993708
69 1 0 -9.111971
70 1 0 -9.860081
71 6 0 -4.573998
72 1 0 -4.349898
73 1 0 -3.620755
74 1 0 -3.728538
75 6 0 -5.414311
76 1 0 -5.638812
77 1 0 -4.871482
78 1 0 -6.360708
79 6 0 -8.857987
80 1 0 -9.757766
81 1 0 -8.733368
82 1 0 -7.994906
83 6 0 1.591175
84 6 0 4.945896
85 6 0 5.734752
86 6 0 2.552605
87 9 0 0.263955
88 9 0 2.1784¢64
89 9 0 1.747877
90 9 0 4.500004
91 9 0 5.644499
92 9 0 5.807996
93 9 0 1.875082
94 9 0 3.626819
95 9 0 1.747841
96 9 0 5.499655
97 9 0 6.595037
98 9 0 6.368401
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DA-TS

HF (B3LYP/6-31G(d)) = -3424.5049204 Hartrees

Imaginary Frequencies: 1 (-213.51 cm™)

Zero-point correction = 0.744156 (Hartree/Particle)

Thermal correction = 0.639740 Hartrees

Coordinates from last standard orientation:

Center
Number

Atomic
Number

Atomic
Type

0 J o U W N

NN NNR R P PPl e
s WNEFE O WO®--Jo U WN P O W

PR RFRRFRPPFOO O OWOO WO 1 0o -1 oo oo oo O

O O O O O O O O O O O O O O O oo oo oo o o o o

o B oYU W NN O D 0W o0 DWW DD NN

Coordinates (Angstroms)

X Y Z
.010491 -1.551207 -0.389877
.850798 -2.695497 -0.323782
.037994 -2.723033 0.384104
.567175 -1.643754 1.116827
.576242 -0.116067 -0.380907
.105497 0.968443 0.407256
.035153 1.548010 0.312739
.704762 -0.398097 -1.343112
.251103 -1.041853 -2.465777
.516163 -0.735777 -2.865763
.163586 0.541393 -2.668288
.462144 0.361937 -1.902154
.621655 -1.827010 -3.155671
.070739 1.315601 1.285471
.789839 2.438711 2.155048
.078606 3.763472 1.465788
.104665 -0.769987 0.348307
.613392 -3.542466 -0.958369
.695563 -3.572072 0.199571
.750407 2.381961 2.487401
.450383 2.282971 3.011166
.359500 0.921457 -3.677975
.406152 3.911806 0.616524
.928793 4.587613 2.172493
.113729 3.798787 1.110933
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26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79
80
81
82
83

cooHrH oooooooooooomr P HFPRFEFPFARFPPFARFPPFPFARFFRPFPOFFODFEFOODEFEFODODODOHDOHOHOHOHDHEFHFEFOLOHOLOOKHKEHFAFRFOOFOOLOHDO JFFRFROF R R -

O O O O O O O O O O O O O O O O O O O OO OO OO OO0 O OO OO OO OOOO OO OOOOOOOOLOLOLOOOoOOoOOoOOooo

H =2 O O O O O O O O Wo o U Ul © o I

| S R (N I | L e I A I A A B |
N W WwWwoOkrFr WwWwwoOkRFrFFEFRF WODNOOLRRFRRE OO

.257066
.104929
.002020
.492580
.955769
.608658
.358465
.865393
.872174
.152897
.593201
.377016
.894472
.916949
.500588
.273614
.515431
.316672
.365011
.165455
.598056
.936583
.490210
.349163
.164545
.813888
.987692
.067044
.700579
.766768
.252133
.214515
.396180
.312795
.580078
.035706
.931187
.290048
.571870
-0.
.604972
.606785
.066051
.209565
.326168
.116100
.447993
.087354
.619821
.786523
.709203
.938148
.692170
.083388
.250947
.233712
.702502
.735385

832162
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.021406
.370640
.315245
.238013
.723723
.267146
.711457
.047650
.486859
.203597
.397157
.205929
.582490
.015763
.690194
.377378
.509993
.340748
.288493
.100785
.367596
.168935
.081856
.834814

0.600908

.589342
.461666
1.145935
.316445
.265595
.303064
.444480
.858029
.769313
.724577
.356199
.240737
.270830
.406727
.351848
.482214
.884727
.786441
.068823
.004113
.390144
.808968

2.627783

.042341
.936237
.028559
.873165
.381223
.202621
.623340

4.922502

.390107
.508920
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.884576
.401790
.856118
.165038
.696041
.002178
.791110
.695363
.099699
.200525
.234025
.650327
.043680
.052834
.047992
.864089
.809674
.763665
.285492
.152544
.148910
.084030
.801769
.121027
.696556
.508216
.779634
.910532
.678546
.640345
.545577
.628156
.548625
.011203
.754228
.282899
.972582
.510764
.620711
.323800
.704349
.309935
.563721
.066894
.598302
.516712
.637078
.991110
.247794
.086079
.267052
.490373
.206424
-1.
.448047
.051671
.462520
.556866

940743
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INT1

HF (B3LYP/6-31G(d)) =-3424.5157551 Hartrees

Imaginary Frequencies: none found

Zero-point correction = 0.745967 (Hartree/Particle)

Thermal correction = 0.640939 Hartrees

Coordinates from last standard orientation:

Atomic
Number

.997343 4.324176 1.501290
.103938 6.040245 -0.830092
.385916 4.686975 -1.666598
.483733 5.036992 -2.718245
.368734 -4.225743 -0.248474
.669245 -2.482161 -3.200762
.042252 -3.098603 -1.629846
.661801 -0.981992 -1.983743
.154707 -5.263085 0.977012
.261008 -5.516794 1.462495
.982835 -4.290557 2.731907
.973335 -2.411998 3.074234
.990918 -2.435557 3.480979
.337636 -1.878742 3.791258
.610360 -3.444025 3.010599
Coordinates (Angstroms)

X Y Z
.043171 -0.453672 1.516095
.611841 -0.900573 1.340658
.830542 -0.379705 0.350356
.513595 -0.847105 0.143329
.726901 -0.439368 -0.831101
.636940 -0.969189 -1.055471
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11
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13
14
15
16
17
18
19
20
21
22
23
24
25
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27
28
29
30
31
32
33
34
35
36
37
38
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40
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43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
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.876894
.029431
.177680
.276673
.085252
.596767
.928645
.583128
.515192
.411499
.386835
.110638
.677057
.200846
.846136
.847473
.036087
.824530
.312748
.281779
.319699
.532628
.346548
.870804
.107561
.319241
.818952
.091998
.212159
.299394
.492720
.092578
.583142
.469427
.690678
.683800
.646329
.325776
.886884
.236169
.940533
.829212
.341103
.495342
.442344
.804152
.206265
.860074
.206761
.740968
.161299
.788424
.217149
.695320
.484684
.593064
.792996
.590599
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.683258
.511152
.486968
.374864
.582184
.041368
.494312
.570222
.455469
.417453
.469265
.098258
.390920
.875086
.224698
.199384
.018648
.330064
.154708
.496478
.318820
.753286
.598693
.804227
.109887
.627211
.683960
.9492438
.262872
.196777
.808741
.702268
.731151
.782150
.044983
.471359
.148590
.894176
.837147
.286643
.398283
.232519
.282447
.969707
.051327
.158539
.028479
.231245
.580988
.133031
.472093
.631984
.681476
.460242

0.769785

N O -

.318789
.665699
.356322

.552207
.923047
.902248
.297174
.816374
.853940
.776026
.122063
.867625
.941992
.470792
.320829
.012924
.235617
.778645
.503538
.563038
.027190
.459603
.788262
.382791
.824498
.813864
.736300
.763329
.267269
.202794
.282008
.201782
.885882
.101400
.678765
.005846
.261063
.508260
.582840
.022716
.994513
.925826
.017720
.737841
.922143
.677897
.053136
.061508
.650385
.564312
.453162
.860219
.641370
.163168
.935218
.993027
.197663
.495286
.019689
.727852
.692571
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65 6 0 -5.800656 -1.602030 -0.565948
66 8 0 -6.039455 -1.638370 -1.759961
67 8 0 -5.637003 -2.739589 0.188739
68 6 0 -8.956120 1.197399 -1.366366
69 1 0 -9.794901 0.887358 -0.732504
70 1 0 -8.901479 2.289879 -1.375535
71 6 0 -5.849174 -3.974543 -0.520282
72 1 0 -6.859152 -3.978302 -0.942259
73 1 0 -5.144255 -4.037139 -1.356150
74 1 0 -5.018507 0.616387 1.757541
75 6 0 0.081305 3.916590 2.037472
76 6 0 2.899141 4.033365 -2.145790
77 6 0 4.777199 -4.044857 -1.721499
78 6 0 6.661078 -0.020574 0.637460
79 6 0 -9.120805 0.659368 -2.783293
80 1 0 -10.061101 1.014860 -3.223700
81 1 0 -8.291565 1.001051 -3.409053
82 1 0 -9.127263 -0.436063 -2.782130
83 6 0 -5.651062 -5.110911 0.467176
84 1 0 -6.368142 -5.043581 1.291891
85 1 0 -5.798283 -6.071845 -0.037883
86 1 0 -4.639451 -5.095990 0.887368
87 9 0 -0.107958 5.227515 1.799999
88 9 0 -1.128217 3.351897 2.240352
89 9 0 0.761148 3.809644 3.206205
90 9 0 3.062133 5.340496 -1.867941
91 9 0 4.113868 3.517892 -2.436613
92 9 0 2.158707 3.949744 -3.278014
93 9 0 6.349139 0.578256 1.811315
94 9 0 7.029797 0.959639 -0.215601
95 9 0 7.740201 -0.798434 0.849403
96 9 0 4.949168 -3.859611 -3.049756
97 9 0 5.861381 -4.705383 -1.267842
98 9 0 3.708157 -4.857743 -1.572022
INT 2
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HF (B3LYP/6-31G(d)) = -3424.5221815 Hartrees
Imaginary Frequencies: none found

Zero-point correction = 0.746302 (Hartree/Particle)
Thermal correction = 0.641406 Hartrees

Coordinates from last standard orientation:

Center Atomic Atomic Coordinates (Angstroms)
Number Number Type X Y Z
1 6 0 4.945196 -1.159401 -1.389494
2 6 0 3.472854 -1.389394 -1.186872
3 6 0 2.758030 -0.898006 -0.138420
4 6 0 1.380844 -1.207922 -0.016811
5 7 0 0.612169 -0.787070 0.960518
6 6 0 -0.810841 -1.181726 1.113537
7 6 0 -1.080714 -0.921365 2.610297
8 6 0 -0.078445 0.165228 3.052096
9 6 0 1.124006 0.005971 2.112174
10 1 0 3.279196 -0.249807 0.566874
11 1 0 0.892996 -1.824507 -0.764679
12 1 0 -0.865966 -2.245665 0.877268
13 1 0 -2.117672 -0.640033 2.804787
14 1 0 -0.894282 -1.849297 3.160133
15 1 0 -0.509108 1.164191 2.961783
16 1 0 0.220162 0.033361 4.094487
17 1 0 1.523913 0.956407 1.751731
18 1 0 1.944153 -0.553551 2.571122
19 6 0 -1.748060 -0.472763 0.054906
20 8 0 -1.277491 -0.965108 -1.193444
21 14 0 -1.912941 -1.211603 -2.762255
22 6 0 -2.769655 0.313139 -3.467173
23 1 0 -2.923141 0.150323 -4.542179
24 1 0 -3.756837 0.494510 -3.029713
25 1 0 -2.171173 1.224617 -3.360399
26 6 0 -0.350620 -1.592427 -3.738614
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.170295
.594783
.349644
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.299961
.615039
.025586
.218392
.254201
.559976
.582850
.032947
.889903
.801152
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.202909
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.336374
.785703
.730914
.793812
.836104
.329182
.289762
.257347
.217078
.784358
.182712
.630961
.839868
.147265
.350627
.377795
.112590
.087389
.803661
.145702
.803641
767777
.559784
.211786
.245907
.504364
.124343
.363864
.930489
.698925
.073537
.347760
.940529
.140808
.403735
.678462
.327554
.199500
711637
.873137
.090974
.756057
.083821
.621264
.887134
.794473
.200933
.73749¢6
.035355
.865293
.606120
.272351
.207187
.491110
.864542

2.355243

1.859013

2.274534
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HF (B3LYP/6-31G(d)) = -3424.5226601 Hartrees

Imaginary Frequencies: none found

Zero-point correction = 0.746505 (Hartree/Particle)

Thermal correction = 0.640735 Hartrees

Coordinates from last standard orientation:

Center
Number

Atomic
Number

Atomic
Type

.636157 0.384228 -0.769578
.226800 -3.898608 1.477632
.437607 3.068674 -2.043257
.544066 5.008614 -1.605911
.394398 3.666827 -3.042318
.627266 5.319468 2.034619
.884789 3.602225 2.505471
.929200 3.800151 3.428709
.225033 -4.793069 1.328061
.440867 -3.764056 2.805817
.342222 -4.439290 0.947494
.416150 0.584203 -2.092289
.620330 1.601443 -0.185437
.876844 -0.120325 -0.636913
Coordinates (Angstroms)

X Y Z
.355407 0.168718 1.443619
.903013 -0.088539 1.718868
.949973 0.491293 0.926267
.738865 -0.178928 0.655320
.988598 0.065609 -0.397975
.208044 -0.734703 -0.738355
.306190 -0.579896 -2.270742
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.485732
520518
147182
.756961
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.782332
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.429535
.848118
.570129
.351699
.514291
.362228
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.557432
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.768840
.150970
.155215
.160698
.958624
.413184
.875313
.296667
.516402
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.150645
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1

638583
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HF (B3LYP/6-31G(d)) = -3424.5175898 Hartrees

Imaginary Frequencies: none found

Zero-point correction = 0.746603 (Hartree/Particle)

Thermal correction = 0.642832 Hartrees

Coordinates from last standard orientation:

Center
Number

Atomic
Number

(Angstroms)
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Coordinates
X Y
.225297 -0.534755
.784622 -0.890719
.728335 -0.161325
.423320 -0.639202
.310484 -0.129797
.017414 -0.743731
.805557 -0.277989
.155977 1.050923
.299953 0.970113
.893524 0.755591
.285419 -1.516554
.866611 -1.824632
.874498 -0.172025
.696244 -1.033099
.664116 1.903891
.203107 1.179945
.645230 1.897681
.996534 0.714056
.627155 -0.403172
.647081 -0.876131
.570892 -1.465730
.344184 -0.268872
.997469 -0.540583
.438161 -0.301519
.031668 0.766074
.276954 -1.600771
.759770 -2.288896
.466965 -1.989877
.791390 -0.636323
.368907 -3.168065
.153307 -3.590737
.956324 -3.858398
.456779 -3.148063
.962038 -1.150924
.829319 -0.722791
.300234 -2.318214
.983281 -1.440259
.600707 0.174232
.464079 -3.025983
.664917 -2.710624
.313267 -2.596972
.206235 -3.157670
.784067 1.122746
.928742 1.804157
.721347 1.872819
.004965 3.196243
.773474 1.257946
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.272430
.287190
778779
.566917
.075019
.869474
.109932
.552498
.063667
.334768
.944748
.867563
.913008
.894978
.099479
.636401
.596106
.869337
.447443
.460468
.065829
.303168
.308627
.321691
.123009
.362003
.658911
-3.
.287297
.192108
.181676
.447226
.073276
.230495
.782775
.927496
.099956
.346084
.620872
.711099
.397838
.646094
.298992
.733613
.213173
.655539
.138085

369783
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.265740
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.535363
577297
.128357
.008863
.313688
.365016
.815814
.636984
.935093
.575204
-1.
.750470
.291334
.153591
.419437
.494935
.978223
.537117
.510954
.110653
.115885
.350205
.030450
.887698
.239660
.919845
.417263
.876634
.951317
.375493
.313358
.692704
.166473
.697114
.286266
.864193
.180578
.306314
.063455
.452315
.122963
.897581
.882726
.853489
.144445
.507330
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.281383
.560863
.149976
.093890
.013264
.081158
.743915
.788595
.389203
.064279
.737052
.750059
.214414
.719192
372777
.365304
.660021
.132554
.340791
.521640
.686615
.574847
.940511
.402930
.276965
.819688
.678898
771172
.081412
.438270
.192286
.457959
.163050
.329443
.738185
.814559
.398459
.432359
.936125
.160662
.101293

1.399643

1.083137

0.179652

1.862502

0.725583

.520325
.896528
.619007
771860
.263723
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HF (B3LYP/6-31G(d)) = -3424.5254643 Hartrees

Imaginary Frequencies: none found

Zero-point correction = 0.746173 (Hartree/Particle)

Thermal correction = 0.639921 Hartrees

Coordinates from last standard orientation:

Center
Number

Atomic
Number

Atomic
Type

(Angstroms)
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Coordinates
X Y
.268864 -1.395350
.650896 -2.436926
.465410 -2.376726
.584852 -1.268896
.534767 -1.073127
.283248 0.158535
.845482 0.294170
.877827 -1.131366
.212429 -1.908039
.228533 -3.170738
.767204 -0.499933
.405238 0.970204
.824529 0.777047
.163086 0.925450
.853866 -1.598989
.676934 -1.120995
.117735 -2.899732
.125200 -2.024747
.315869 0.106988
.495080 -0.028922
.578455 0.381125
.119191 -0.312249
.976527 -0.246703
.033468 0.242226
.282983 -1.368558
.956216 -0.460610
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.841177
.045783
722496
.617855
.388588
.306237
.735583
.327946
.570802
.423938
.115483
.066464
.758234
.312962
.185350
.401762
.248460
.162942
.109252
.040872
.698316
.539432
.626036
.304730
.297734
.384324

S. Singh



27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79
80
81
82
83
84

O e e N e N el e T T e o) N T T e e B N B L e e R . N I N e e o e e O R e e e e O O e e O e

O O O O O O O O O O O O O O O O O O O O OO OO OO OO0 OO OO OO O OO O OO OOLOOOOoOOoOLoOLoOLoOoOoOoOoOoooo

[
OO N < 3O 00 0o o Wi b U0 W o0 U Wik 0 JdJo U D oy Ul O 01D

.869383
.025749
.942940
.454715
.311681
.407087
.349844
.125979
.347176
.629364
.044946
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.339275
.679285
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.091778
.224309
.355224
.896203
.127256
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.026726
.802585
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.922424
.742716
.172464
.432960
.928599
.149036
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.241560
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347240
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469050
793938
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.227084
.176077
.663291
.536190
.221745
.687385
.302423
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.297025
.623080
.916660
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.594600
.199723
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.933563
.466937
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.950732
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.417309
.628367
.026877
.655864
.505905
.865309
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.315271
.022050
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0.
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-1.
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.097565
.786100
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.549139
.430314
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.085192
.330203
.005167
.541536
.141937
.935379
.831301
-1.

0.

1.
-0.
-2.
-2.
-3.

1.
.692726
.289654
.373086
.129833
.318627
.520152
.582904
.247544
.052041
.203955

377163
538471
245896

426670

598390

893708
801456
533157
117574
754637
143612
302947
123561
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HF (B3LYP/6-31G(d)) = -3425.0118143 Hartrees

Imaginary Frequencies: none found

Zero-point correction = 0.760859 (Hartree/Particle)

Thermal correction = 0.659876 Hartrees

Coordinates from last standard orientation:

Center
Number

Atomic
Number

Atomic
Type

O 0 J o U b W N

O O OO0 O =1 O OO O O

O O O O O O O o O

.335747 2.564786 1.640752
.818137 5.110826 -0.910008
.141815 -5.223919 0.555545
.228095 -5.649066 1.008791
.044655 -4.406267 2.352999
.171636 -3.238521 -1.954070
.924233 -1.086198 -2.192089
.821130 -2.453850 -3.469701
.471440 5.112338 -1.000975
.299944 5.300320 -2.160037
.182645 6.183249 -0.178045
.137596 2.030782 2.870690
.244158 1.780042 1.020432
.890727 3.779133 1.809904
Coordinates (Angstroms)

X Y Z
.238875 -1.376655 0.341712
.615724 -2.258863 -0.716419
.411000 -2.132883 -1.327651
.496349 -1.053783 -1.071196
.386030 -0.877037 -1.732502
.514062 0.290044 -1.508602
.243461 0.421196 -2.859310
.257969 -0.988279 -3.486183
.037146 -1.708624 -2.897467
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10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
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.138223
.729657
.139349
.246556
.679508
.173102
.196879
.259238
.798490
.394254
.433784
.374059
.705727
.531549
.718554
.674065
.327415
116764
.481227
.448425
.464871
.207179
.253063
.459548
.300067
.476699
.927916
.254989
.792571
.715033
.017450
.886086
.491809
.196582
.424010
.662107
.096495
.872137
.333838
.720713
.559159
.083152
.874984
.750619
.149140
.244579
.709494
.950543
.356899
.238068
.211569
.400495
.416576
.650581
.593121
.659428
.748774
.622685
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.873477
.305126
.139874
.835357
.112939
.524331
.942303
.722608
.749278
.127957
.060369
.477030
.405658
.203067
.060871
.491667
.151411
.404780
.013670
.218498
.337798
.563994
.863868
.752041
.371553
.287281
.627807
.418204
.338649
.757721
.762016
.665495
.543827
.190520
.296523
.342257
.519504
.426127
.565262
.279044
.666838
.612740
.230851
.747670
.012107
.436939
.097838
.636946
.992959
.094603
.468386
.011588
.264781
.567024
.129072
.849606
.739953
.168839

.071790
.324656
.311198
.751272
.492056
.234376
.575024
.556219
.600538
.199106
.843629
.511253
.504482
.568710
.276989
.369856
.996852
.480143
.073249
.780605
.760075
.802206
.121710
.572986
.024062
.736280
.516436
.982438
.150778
.274106
.086425
.473540
.664059
.249164
.918025
.337030
.986391
.384436
.256052
.868173
.400406
.454334
.449695
.041729
.708375
.706808
.444608
.474780
.169250
.035434
.320597
.790793
. 773687
.356917
.779967
.97784¢6
.825105
.593885
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68 8 0 5.670721
69 6 0 8.876238
70 1 0 9.488424
71 1 0 9.373980
72 6 0 5.321301
73 1 0 5.085218
74 1 0 4.426032
75 1 0 3.497059
76 6 0 6.510873
77 1 0 6.741305
78 1 0 6.279719
79 1 0 7.398068
80 6 0 8.592252
81 1 0 9.538531
82 1 0 7.964219
83 1 0 8.096051
84 6 0 -1.686880
85 6 0 -5.436012
86 6 0 -5.537634
87 6 0 -2.292093
88 9 0 -0.513810
89 9 0 -2.465637
90 9 0 -1.376253
91 9 0 -5.844565
92 9 0 -6.403313
93 9 0 -5.398904
94 9 0 -0.950677
95 9 0 -2.600719
96 9 0 -2.887174
97 9 0 -5.596808
98 9 0 -6.623531
99 9 0 -5.685659

| I R B | [N
w000 NNN D ONE R WA DNWODNWNRE OO

.356486
.589788
.288921
172746
.678407
.322137
.577392
.714751
.183209
.518234
.174507
.268582
.413449
.779863
.278088
.816512
776917
.573244
.301196
.078135
.083384
.874982
.565416
.838265
.966471
-1.
.262749
.143663
.130305
.153618
.317757
.327656

933409

.568442
.307650

1.526280

.529138
.083572
.232457
.702675
.785953
.873462
.710725
.275511
.239910
.546755
.956797
.312196
.317394
.880476
.682293
.772100
.872355
.254502
.8219438
.184153
.915584
.948989
.880338
.781157
.195615
L273777
.486436
.956959
.642216

HF (B3LYP/6-31G(d)) = -3424.5705765 Hartrees
Imaginary Frequencies: none found
Zero-point correction = 0.747224 (Hartree/Particle)
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Thermal correction = 0.643515 Hartrees

Coordinates from last standard orientation:

Center
Number

Atomic
Number

(Angstroms)

0 J o U bW N

O D D D D DD DD DWW W W WwWwwwwwdhdhdNhdDNdDNDNNDNNDNdNNNDNERERRRPR R BEBP
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|
O ONDNOOO O N WBH U

[
= o o

| T I |
N P2 O O O

-1.

Coordinates
X Y
.225753 -1.323048
.312981 -2.257966
.088308 -2.219367
.231006 -1.170534
.085687 -1.172588
.178309 -0.034897
.414701 -0.122145
.311414 -1.609407
.886858 -2.144990
.818508 -3.163977
.413470 -0.247883
.766688 0.877963
.439702 0.253076
.196938 0.491326
.223884 -2.146244
.166519 -1.735019
.699184 -3.150599
.804855 -2.200568
.879568 -0.024273
.072965 -0.004940
.219824 0.028772
.479362 -1.210663
.483475 -1.135866
.504991 -1.020873
229256 -2.244905
.510830 -0.434891
.255102 0.261520
.582291 -0.416415
.786678 -1.438624
.659538 1.755211
471271 1.798520
.038136 2.526282
.708643 2.023559
.752194 1.249670
.869554 1.324509
.429485 2.387441
.629282 2.489519
.158064 0.462906
.195611 3.553200
.577286 2.392394
.299018 3.616738
.887559 4.523036
.714167 -1.311348
.966417 -1.378354
.154833 -2.496873
.643247 -2.595094
.425122 -0.485662
.831278 -3.711213
.179265 -2.470266
.081113 -3.772870
246

| (I [ [
O O O OO O O OO KR OF OOOO WND®WDNDBDDNWWWDdWNRELO

.732326
.389455
.394011
.503694
.262506
.320864
.744886
.141318
.340265
.861383
.035457
.182090
.807982
.415356
.871357
.217884
.942952
.943882
.133610
.037727
.728203
.399042
.494590
.062522
.141005
.295352
.894131
.389677
.953565
.354301
.4350604
.884987
.196552
.150603
.692547
.899932
.790241
.284356
.807095
.566885
.039902
.115243
.197791
.821359
.289949
.938788
.230037
.165445
.759039
.446375
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-3
6
7
6
6
7
5
5
4

-4

-1

-1

-5

-0

-1

-0

-5

-5

-5

-5

-4

-5

-0

-2

|
N

N WE NMNNDEDNDWDD DD OO o woodd ooy Ol

.603662
.397923
.269250
.677978
.129005
.012400
.870736
.294423
.569649
.764075
.851597
.158274
.017139
.017412
.942242
.804818
.300903
.980099
.146202
.436938
.307456
.651172
.514969
.401474
.293242
.181982
.362979
.324894
.510749
.497605
.596408
.278942
.827001
.684845
.888910
.336672
.627239
.630734
.198595
.876026
.885861
.338420
.363782
.452815
.538358
.740366
.501144
.509476

W b D W W NDNOOOOOH OF WE OMNORREFE OOUU B N wND - -

.716808
.658474
.057238
.704915
.471288
.749301
.434907
.105085
.259415
.539129
.732749
.950699
.620502
.214857
.043302
.807951
.821547
.366579
.688861
.369159
.777465
.511638
.848528
.615923
.893871
.031395
.049653
.360583
.399480
.133107
.665132
.859687
.176739
.559535
.378004
.303098
.425600
.020091
.910579
.119060
.818487
.965230
.474525
.525082
.855739
.604442
.370943
.265835

|
o

H O W wWwwkF = P

.541224
.637957
.343343
.464334
.143608
.730901
.379038
.463554
.739553
.779025
.679658
.688718
.555772
.005799
.599730
.988495
.103651
.639503
.527072
.825984

3.033988

.488791
.861376
.910116
.155218
.234926
.178638
.283430
.068157
.253396
.882682
.753975
.783999
.404367
.272265
.642363
.319768
.046989
.668759
.106141
.966254
.751188
.740577
.681944
.464478
.510585
.412537
.386794

Dienamine E
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HF (B3LYP/6-31G(d)) = -3424.5821776 Hartrees

Imaginary Frequencies: none found

Zero-point correction = 0.746779 (Hartree/Particle)

Thermal correction = 0.640447 Hartrees

Coordinates from last standard orientation:

Center
Number

Atomic
Number

Atomic
Type

(Angstroms)

0 J o U b W N

DO NN NNDR R P2 2 R e e e
W J o WN P O W®O-Jdo U WN R O W

RO FFFFOOOHNHKH EFHEFHFRFRPRFRPRPRRROOOO 1 O O OO

O O O O O O O O O O O O O O O OO OO oo oOoO oo o o o o

ST N T N o N = T =

[
O O O

Coordinates
X Y
.921342 -1.367143
.587749 -1.528344
.716727 -0.899619
.382572 -1.167056
.464783 -0.628267
.919367 -1.093347
.313778 -0.832742
.381632 0.297461
.895335 0.114785
.147279 -0.185687
.957255 -1.859143
.934811 -2.162164
.370692 -0.581965
.129262 -1.744798
.828171 1.276062
.179569 0.234650
.352375 1.071500
.658713 -0.467784
.848769 -0.421552
.234624 -0.789220
.522439 -0.720663
.922183 1.023705
.027658 1.004802
.861313 1.415242
.128792 1.738553
.123371 -1.286686
.346767 -2.320544
.104678 -1.245294
248
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.955087

0.
-0.
-0.
-1.
-1.
-2.
-3.
-2.
-0.

0.
-0.
-2.
-3.
-2.
-4.
-1.
-2.
.017794
.212463
.881811
.483498
.576093
.077231
.239855
.596682
.307827
.692622

809601
154772
182916
046511
113838
585029
065218
233451
850333
536680
877125
708344
163146
872831
137949
950870
771187
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29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79
80
81
82
83
84
85
86
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.950014
.883613
.793839
.787042
.893076
.282138
.298247
.603734
.581730
.091170
.894810
.859675
.893614
.890386
.817394
771367
.733605
.650510
.615974
.613940
.023478
.570320
.475725
.744083
.330223
.064806
.703826
.292598
.399932
.151688
.110988
.639867
.033674
.443745
.367779
.186167
.713839
.970422
.519125
.618054
.593626
. 743539
.884864
.904187
.976886
.871995
.803459
.006307
.756034
.831416
.357113
.048501
.429500
.19247¢6
.600460
.212416
.591992
.730286
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.656108
.915337
.101220
.881524
.534969
.995390
.346496
.204298
.884938
.593833
.734079
.760283
.083495
.501939
.103565
.802246
.817720
.178721
.281827
.192006
.293339
.885855
.952570
.049443
.293218
.500376
.122035
.561325
.689156
.927067
.223691
.469238
.751011
.540318
.109216
.042916
.265237
.694247
.130646
.939700
.351233
.860586
.040321
.284018
.374066
.860153
.809337
.158058
.716678
.204298
.956611
.637288
.761343
.452700
.192603
.998038
.891968
.912133

.250764
.413050
.491191
.904261
.230374
.050276
.664026
.680041

0.752775

.162754
.605688
.235789
.114397
.180024
.196724
.947605
.323536
.154185
.383693

0.111490

.892213
.625895
.788222
.018233
.558749
.751703
.473693
.287978
.749409
.976452
.501070
.083262
.626363
.383240
.753169
.754292
.908415
.240665
.951886
.622429
.900640
.8575717
.102624
.998860
.988314
.276071
.934637
.953782
.948698
.620830

0.827944

.627785

0.936003

.133901
.618888
.362728
.677648
.905920
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.075809
.531152
.999259
.506837
.084224
.863390
.463558
.932906

1.354244

.337252
.665571
.859213

Dienamine F

HF (B3LYP/6-31G(d)) = -3424.5809528 Hartrees

Imaginary Frequencies: none found

Zero-point correction = 0.746884 (Hartree/Particle)

Thermal correction = 0.640566 Hartrees

Coordinates from last standard orientation:

Center
Number

Atomic
Number

Atomic
Type

(Angstroms)

0 J o U W N

[
N - O

F P P o0 ooy Oy 1Oy O O OO

O O O O O O O o o o o o

.730340 3.471548
.529039 5.230062
.734968 3.632424
.257893 5.025012
.732602 4.301665
.288106 3.137371
.559179 1.148290
.368838 -0.439494
.857941 -0.598825
.178283 -4.868250
.473381 -3.740379
.291628 -4.631380
Coordinates
X Y
.068668 -0.229892
.764932 -0.576144
.634511 0.111622
.367474 -0.366345
.232086 0.186999
.055256 -0.507831
.737764 -0.018683
.088880 1.342784
.326560 1.231955
.810755 1.030074
.187694 -1.263505
.863460 -1.585088
250

.830784
.742820
.322772
.189888
.726385
.719027
.015793
.333880
.750243
.873553
.605934
.752080
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13
14
15
16
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18
19
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21
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23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
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.825872
.519337
.639029
.068972
.675074
.062258
.868651
.007060
.124518
.149209
.876704
.227274
.947760
.671700
.291316
.759605
.093558
.796735
.724370
.217785
.847162
.196090
.200430
.402830
.356986
.085240
.567743
.658230
.553079
.449711
.064759
.186615
.026874
.271770
.004581
.107150
.149368
.230372
.291823
.635170
.507142
.902673
.059934
.492662
.812260
.203569
.531380
.042356
.905012
.662490
.277657
.607184
.053808
.202891
.007074
.377188
.022159
.125459
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.045438
.734945
.157057
.546514
.175679
.929755
.281832
.800651
.481533
.442102
.719695
.602871
.629508
.508362
.104433
.945609
.497471
.241298
.708917
.856884
.280108
.069079
.730843
.201828
.502362
.142984
.962209
.518505
.624551
.223983
.226498
.921350
.960690
.310680
.390297
.350068
.440635
.036946
.114939
.943960
.604604
.294632
.111333
.925984
.783044
.508836
.467451
.044687
.792034
.773968
.591022
.362783
.433590
.182502
.945477
.359431
.048703
.713604

.930295
.815303
.856383
.407973
.312140
.510871
.375234
.633121
.181031
.380486
.407004
.280511
.269295
.739753
.059959
.741929
.775029
.099635
.089929
.401302
.793642
.365317
.550127
.165085

0.677534

.180724
.049805
.883507
.122416
.023751
.156324
.623690
.429712
.497274
1.096816

0.535556

.791650

0.077851
0.164359

1.588027
.161964
.322804
.678811
.271819
.044797
.123385
.160306
.146509
.945809
.033383
.938397
.500950
1.349445

1.221449

.730631
.900317
.503064
.272304
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.940864
.411898
.560515
.501612
.467729
.310338
.763805
.340782
.550643
.511218
.516767
.474184
.017187
.104961
.113016
.131769
.834667
.293085
.192264
.068838
.743766
.730251
.312247
.998819
.433684
.354264
.223607
.475232

.209249
.343836
.669968
.616645
.859649
.621319
.809666
.160894
.928670
.023384
.605139
.620727
.944316
.075681
.729289
.976201

1.647407

2

1.
.424828
-3.
-2.
.246463

0.
-2.
.469193

-1

-1

.976160

633328

133833
306071

017139
038975

0.137268

.133855

71 1 0 -10.579174
72 6 0 -5.484805
73 1 0 -5.108444
74 1 0 -6.538776
75 6 0 -10.474001
76 1 0 -10.371391
77 1 0 -11.528145
78 1 0 -9.885682
79 6 0 -4.664056
80 1 0 -4.705389
81 1 0 -5.061454
82 1 0 -3.616106
83 6 0 4.524392
84 6 0 -0.078229
85 6 0 6.362472
86 6 0 4.783015
87 9 0 7.496916
88 9 0 5.858605
89 9 0 6.696891
90 9 0 5.582123
91 9 0 5.366780
92 9 0 3.617367
93 9 0 4.292669
94 9 0 5.476355
95 9 0 5.063567
96 9 0 0.247630
97 9 0 -1.048956
98 9 0 -0.633912
INT 7

HF (B3LYP/6-31G(d)) =-3425.008715 Hartrees
Imaginary Frequencies: none found

Zero-point correction = 0.761720 (Hartree/Particle)
Thermal correction = 0.655961 Hartrees

Coordinates from last standard orientation:
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Center
Number

Atomic
Number

Atomic
Type

Coordinates

(Angstroms)
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g 01O

.789823
.320327
.606925
.202977
.402369
.055232
.429921
.407462
.854176
.088168
.737356
.145579
.459053
.351213
.774506
.195321
.311822
.609446
.850634
.293170
.825000
.466662
.566078
.454232
.781070
.222591
.171204
.394023
.553058
.101607
.246172
.770816
.078204
.354806
.294730
.813826
.645943
.978544
.167702
.131408
.095487
.143490
.5844061
.242259
.630216
.933044
.010130
.347149
.114559
.987594
.763746
.455314
.876974
.345225

253
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.347066
.545291
.096964
.359202
.965433
.282510
.075224
.075624
.246917
.534520
.918379
.328617
.733756
.037719
.949889
.285561
.703021
.866291
.466464
.930389
.102605
.513096
.389223
.793916
.350327
.613334
.550344
.777443
.843854
.474163
.703219
.396249
.200992
.810249
.086080
.056813
.254634
.056095
.387187
.802343
.491100
.756790
.043102
.811842
.671575
.161519
.370560
.031088
.102315
.786632
.839091
.683791
.047239
-3.

423207

-4

|
NN BN WD WWWWS_ WNDRE O

| |
o O o

.211410
.970141
.089841
.149265
.100424
.122894
.603791
.183094
.325525
.881950
.654838
-0.
-2.
-3.
-3.
.233481
-2.
-2.
.021866
.199810
.824010
.546332
.632498
.166224
.375847
.670707
.257594
.741185
.577836
.984198
.047682
.492718
.573400
.086705
.435028
.532469

828722
724744
118612
124477

038895
817484

0.517561

.799674
.469134
.920653
.060902
.128352
-0.
-1.
0.
-1.
-1.
0.
1.
-0.
-0.
1.
2.

178800
148585
623951
319514
774851
472012
386576
505939
628543
645842
504819

0.850350
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.924571
.313659
.048360
.535455
.799931
.464990
.634981
.028522
.917211
.839051
.089788
.794919
.280405
.489815
.202861
.673398
.170234
.858062
.933432
.341285
.861531
.672800
.583247
.628744
.611241
.903252
.945801
.419309
.894075
.461718
.990080
.719774
.384253
.816375
.887879
.332897
.463669
.895635
.008914
.093437
.877637
.782110
.886774
.753049
.683698

.537441
.504499
.820061
.192633
.094410
.598135
.766040
.361834
.326777
.423225
.516628
.059402
.350249
.362017
.918867

0.214032

.908860
.946550
.813671
.397189
.677668
.644657
.909174
712731
.756036
.946049
.254239
.657902
.044463
.408771
.941017
.878867
.523141
.965729
.068386
.448572
.241559
.614699
.562109
.353436
.735382
.193829
.623331
.144406
.667739
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.043402
.378464
.862319
.205921
.754854
.141502
.362460
.193828
.450959
.798880
.287075
.127558
.987102
.275254
.924534
.612820
.383671
.557085
.700633
.349323
.079688
.396776
.455927
.024344
.086777
.423063
.286760
.097347
.888758
.520689
.723637
.475153
.362788
.202948
.225452
.691475
.325482
.559617
.635791
.185972
.196544
.437280
.347899
.423467
.870919

INT 8

254
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HF (B3LYP/6-31G(d)) = -3425.0133639 Hartrees

Imaginary Frequencies: none found

Zero-point correction = 0.761677 (Hartree/Particle)

Thermal correction = 0.658307 Hartrees

Coordinates from last standard orientation:

Center
Number

Atomic
Number

Atomic
Type

(Angstroms)

0 J o U b W N

DO NN NNDR R P2 2 R e e e
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Coordinates
X Y
.607087 -2.200794
.116271 -2.303644
.360605 -1.557157
.943967 -1.751427
.117796 -1.104526
.362147 -1.252982
.837103 -0.729976
.753058 0.250541
.545215 -0.170336
.816543 -0.794984
.492502 -2.457677
.565833 -2.317238
.820648 -0.260101
.926650 -1.578856
.007447 1.281151
.639265 0.196505
.084516 0.671582
.225823 -0.715264
.929414 -0.548943
.295981 -1.255675
.651798 -1.677653
.987405 -0.163647
.898899 -0.451773
.994168 0.244411
.262768 0.638242
.045586 -2.515467
.132014 -3.426503
.088948 -2.811248
255

.220856
.034605
.806195
.840012
.614853
.534490
.902766
.402468
.694890
.429224
.152225
.408525
.844291
.587425
.152330
.487144
.252613
.354373
.227127
.827063
.452735
.519750
.575121
.383909
.339985
.963225
.377940
.018135
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29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79
80
81
82
83
84
85
86
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.819179
.071321
.131505
.915964
.042633
.459869
.192450
.142281
.556806
.698269
.512255
.626569
.230357
.289511
.479539
.200800
.244364
.688844
.168184
.277359
.323648
.440144
.034421
.041084
.793853
.436432
.525393
.784555
.154569
.766598
.625918
.113402
.665811
.010779
.539343
.640804
.242610
.053991
.442018
.456962
.617988
.147736
.082155
.467901
.059480
.331117
.047806
.816001
.216460
.577502
.938802
.553554
.323400
.006753
.047361
.694700
.452680
.283403
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.852849
.907758
.297666
.763511
.463383
.711429
.143842
.763562
.053172
.967528
.946271
.469312
.096420
.249340

0.924482
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.931334
.255558
.227264
.718002
.543263
.499142
.542516
.542831
.608883
.793629
.473016
.967671
.230930
.126619
.827189
.073311
.886390
.215105
.812983
.994552
.323305
.124549
.658292
.450801
.812630
.066372
.292627
.715604
.682454
.064495
.162342
.925736
.080248
.682971
.020485
.588987
.854298
.340690
.627710
.196096
.789408
.251043
.899402

-2.

-2

842292

.551175
-3.
-1.
-2.

0.
.691631
.764280
.905247
.193719
.565088
.404275
.274010
.439399
.215013
.867927
.350664

575311
884178
313941
141138

0.964842

P w s N w o N wWwN

| | A T
R = O O O N

.308578
.223927
.877089
.431156
.526366
.649038
.337528
.951793
.744864
.775501
.444521
.108424
-0.

0.
-0.
-0.
-1.
-1.
-1.

1.

1.

1.
.442821
.002097
.137807
.790655
.595304
.367292
.475857
.260772
.439582
.045146
.673401
.542222
.151544
.995801
.820682
.669782
.766815
.822401

629478
188392
533703
040240
302505
659481
631551
187785
495414
751595
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.302999
.316026
.889340
.776245
.445613
.593916
.091022
.311724
.594328
.752774
.994462
.274015
.106175

INT9

HF (B3LYP/6-31G(d)) = -3425.0116478 Hartrees

Imaginary Frequencies: none found

Zero-point correction = 0.762536 (Hartree/Particle)

Thermal correction = 0.659134 Hartrees

Coordinates from last standard orientation:

Cente
Numbe

r

r

Atomic
Number

Atomic
Type

(Angstroms)

=

O W 00 J o U b W N =

H oo o0 o & 3 OO0 OO OO O

O O O O O O O O o O

-6.211610 -3.061639
2.551692 2.366647
1.955272 4.083406
2.008398 2.092264

-2.105969 5.510103

-3.784088 4.125997

-2.209494 4.088542

-5.462490 -4.187605

-6.432489 -2.728628

-7.401482 -3.362807

-5.619121 1.042305

-6.376945 2.129326

-7.529189 0.480352

Coordinates
X Y

-4.928688 0.302588

-3.520843 -0.202805

-2.627514 0.271676

-1.357269 -0.372657

-0.410748 -0.006741
0.907462 -0.696335
1.433316 -0.280685
0.758113 1.064592

-0.550956 1.084302

-2.856016 1.141624

257

.641223
.428037
.473295
.606554
.424971
.503156
.890048
.234876
.430576
.078368
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27
28
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35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
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.131641
.701402
.522208
.143471
.389404
.557703
.721808
.424507
.801148
.039578
.352015
.290478
.240408
.351868
.850335
.401310
.953905
.383089
.966412
.237690

2.260056
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.717152
.273526
.157169
.233764
.320992
.429314
.144323
.523540
.518530
.586396
.512346
.959630
.916645
.087124
.986030
.626075
.166906
.348559
.112707
.177369
.229594
.311731
.994760
.505370
.804660
.761784
.414903
.257775
.802997
.826443
.373297
.007836
.853232
.153435
.436563
.066566
.244832

258

N WN R PR O WRE WRE WE P P W

| I | | A |
P NP O OO OOoRFN

.224321
.766279
.214864
.047094
.909867
.144715
.030725
.859482
.370367
.885937
.483656
.244960
.579785
.167869
.757645
.708526
.451591
.063109
.768872
.141101
.573660
.853572
.060781
.101137
.644365
.293882
.362682
.272526
.998615
.707421
.543214
.103010
.154921
.877889
.862337
.268263
.366241
.252301
.324191
.968849
.046724
.730872
.868456
.836908
.801453
.799641
.719687
. 741195
.082736
.701354
.723848
.533552
.419175
.306373
.750449
.752045
.609548
.680231

.025194
.452232
.913464
.615265
.957125
.305256
.910917
.048484
.235034
.846879
.426284
.489707
.533909
.232304
.449094
.073366
.485399
.110605
.057464
.364642
.373141
.714478
.020855
.325008
.442699
.042947

0.507243

.013408
.994056
.640358
.212631
.157490
.084750
.808963
.745846
.708115
.450288
.853091
.326010
.124114
.209547
.171005
.256097
.894093
.997568
.662849
.060287
.914260
.015746
.004907
.39247¢6
.806185
.085747
.346804
.244141
.652650

0.065817

.982728
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0.670474

.574255

0.911159

.681082
.632569
.750048
.231422
.954655
.007459
.247153
.825975
.442085
.113475
.338101
.697742
.254612
.193406
.9934438
.283032
.528106
.313317
.706496
.149796
.966725
.839976
.355391
.251234
.118406
.234645
.952957
.329809

.987564
.459029
.033343
.785021
.251019
.692048
.707606
.742707
.577748
.825173
.375182
.852916
.281277
.387840
.801366
.086860
.168393
.746112
.590630
.614398
.865344
.512075
.207790
.017525
.081887
.657271
.127976
.842936
.975577
.179164
.935247

69 6 0 -9.110173
70 1 0 -9.419559
71 1 0 -8.908677
72 6 0 -6.938561
73 1 0 -6.904928
74 1 0 -6.334824
75 1 0 -5.151449
76 6 0 0.173844
77 6 0 3.971914
78 6 0 4.693619
79 6 0 6.540639
80 6 0 -10.135315
81 1 0 -11.088683
82 1 0 -9.808627
83 1 0 -10.299034
84 6 0 -8.364244
85 1 0 -8.954826
86 1 0 -8.832970
87 1 0 -8.384849
88 9 0 6.081193
89 9 0 7.055066
90 9 0 7.547578
91 9 0 5.479809
92 9 0 5.263594
93 9 0 3.506552
94 9 0 5.150084
95 9 0 4.214275
96 9 0 3.496638
97 9 0 0.506785
98 9 0 -1.062774
99 9 0 0.055174
INT 10

HF (B3LYP/6-31G(d)) =-3425.0097222 Hartrees
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Imaginary Frequencies: none found

Zero-point correction = 0.761986 (Hartree/Particle)

Thermal correction = 0.657244 Hartrees

Coordinates from last standard orientation:

Center
Number

Atomic
Number

Atomic
Type

(Angstroms)
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Coordinates
X Y
.872215 -0.734440
.404005 -1.045958
.365861 -0.399882
.035263 -0.865849
.045834 -0.333316
.416536 -0.832814
.249382 -0.283053
.521015 0.983780
.046254 0.782729
.524344 0.470040
.882273 -1.717257
.360409 -1.921843
.282604 -0.080079
.278160 -1.039479
.918549 1.879996
.632468 1.110696
.404682 1.667469
.567609 0.476393
.851180 -0.4496456
.877034 -1.097639
.772839 -1.708250
.160204 -0.397045
.852656 -0.782982
.226808 -0.161682
.611227 0.536203
.044439 -2.192063
.280959 -2.995720
.291407 -2.562465
.707280 -1.343961
.853626 -3.230862
.590997 -3.715778
.691153 -3.963743
.922365 -2.998863
.257301 -1.004311
.987216 -0.455167
.785544 -2.128607
.197199 -1.016082
.609381 0.410604
.005300 -2.677129
.258458 -2.609494
.719380 -2.129491
.655697 -2.570666
.763753 1.076246
.800621 1.943655
.594126 1.632571
.663222 3.324981
.729057 1.552811
.464814 3.013711
260
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.634391
.484145
.068731
.830592
.329344
.025361
.198129
.695810
.315732
.694555
.176946
.041075
.911802
.988269
.217784
.774589
.858539
.167277
.551193
-0.
-1.
-3.
-4.
-3.
-2.
-1.
-1.
-2.
-1.
-2.
-3.
-1.
-2.

0.
-0.

0.
-1.
-1.

0.

1.
-0.
-0.

0.

0.
-0.

0.

1.
-0.

253789
855659
150641
131261
223528
982470
940482
232183
942511
731056
080632
029410
282268
117163
236382
824934
883922
234639
355081
484385
698399
580745
901154
347773
718729
173408
568310
120839
333785
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.217488
.495465
.394882
.182760
.621381
.798538
.666742
.808836
.054283
.267158
.185535
.594424
.379758
.945188
.740498
.262933
.334521
.341726
.868604
.441510
.675035
.001877
.196331
.213832
.192675
.224958
.249021
.822447
.818915
.575301
.939241
.869431
.932385
.537282
.310478
.273420
.262664
.041902
.298664
.377035
.791459
.435198
.813337
.876675
.080109
.354304
.332127
.597813
.848426
.589716
.084683
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.981173
.872991
.944177
.682044
.810097
.419462
.926792
.938072
.219712
.820386
.906740
.117413
.264826
.093397
.230034
.004208
.248825
.601771
.019444
.402250
.880823
.006491
.767087
.136256
.420277
.575731
.453991
.535057
.215646
.850566
.375182
.691160
.531518
.576014
.178324

2.203937

.754053
772972
.900871
.805045
.193833
.496345
.864538
.233719
.955451
.620097
.437890
.633695
.206937
.738832
.002890
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.471104
.036268
.087042
.161800
.095974
.451120
.442508
.837184
.185350
.536932
.852325
.403223
.462703
.064549
.127840
.235525
.158720
.862092
.873212
.797899
.098197
.468279
.268407
.038592
.862059
.906431
.375346
.916049
.954950
.243777
.381779
.592722
.805336
.142495
.952735
.247931
.370762
.155134
1.404111

2.116988

.020096

1.114247

1.095446
.115685
.115782
.460597
.284317
.752192
.921308
.983919
.363822

INT 11
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HF (B3LYP/6-31G(d)) = -3425.0201306 Hartrees

Imaginary Frequencies: none found

Zero-point correction = 0.761615 (Hartree/Particle)

Thermal correction = 0.657233 Hartrees

Coordinates from last standard orientation:

Center
Number

Atomic
Number

Atomic
Type

(Angstroms)
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Coordinates
X Y
.883908 1.067180
.606503 0.333223
.611987 0.816269
.404131 0.064146
.340964 0.444317
.929120 -0.331620
.669582 0.230341
.117918 1.651890
.273878 1.675093
.706638 1.779277
.327903 -0.887990
.656982 -1.379436
.752712 0.226145
.451899 -0.412957
.760207 2.411701
.051361 1.870498
.431112 2.550864
.083146 1.625645
.648855 -0.258989
.739266 -0.918371
.830700 -1.824854
.785053 -0.926493
.563090 -1.412722
.870536 -0.968550
.487900 0.124078
.988324 -1.957315
.573062 -2.454644
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.057997
-0.
-1.
-1.
-1.
-1.
-3.
-3.
-2.
-1.
-0.
-1.
-2.
.896645
.837477
.352501
.998044
.366818
.395618
.472036
.927104
.279925
.238790
.145333
.373030
.389876
.606780

240669
023620
144291
798034
809631
038906
284660
633174
515867
631135
944036
904830
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54
55
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58
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66
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69
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72
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74
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76
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84
85
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.102815
.435980
.550384
.435705
.027178
.617010
.993899
.988334
.215493
.159567
.855022
.397253
.473508
.376908
.286998
.795602
.822855
.830762
.863987
.604479
.880102
.031275
.893042
.930601
.817176
.908317
.696504
.040814
.921944
.170144
.961577
.500815
.038352
.316659
.243739
.904173
.628440
.980953
.682266
.558295
.220680
.263915
.338395
.221657
.895685
.149904
.108941
.157305
.600399
.893909
.934963
.214881
.250947
.971435
.132266
.152981
.634739
.211620
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.547639
.973969
.532496
.145641
.046903
.506688
.012250
.699513
.097244
.454726
.134453
.834885
.397917
.525033
.109093
.214376
.031807
.792922
.390940
.618202
.150701
.180417
.964270
.018203
.711513
.324316
.924400
.574321
.040297
.373926
.983181
.645555
.160354
717747
.603295
.045394
.817199
.410012
.095243
.928491
.709756
.224956
.626925
.302268
.600904
.954631
.452822
.445714
.395738
.074873
.493870
.911114
.811208
.977350
.488556
.112787
.949842
.703242

.306930
.576675
.609196
.512168
.794908
.365289
.430695
.502132
.290178

0.586095
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.181129
.220498
.019399
.276520
.212788
.031428
.456896
.859529
.140991
.085148
.181701
.255949
.680916
.927493
.462439
.494596
.214198
.784716
.767985
.046659
.805020
.222036
.082569
.9540061
.351277
.817655
.632868
.112974
.291795
.410057
.267080
.672411

0.658433

.996589
.553802
.268786
. 742515
.59154¢6
.592278
.873377
.366772
.631749
.294144
.684511
.637932
.668190
.209462
.061059
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0.783399

1.464499

.328782

3.235933

.072662
.153979
.807846
.689474
.889452
.516154
.582913
.334262
.700927
.678351

INT 12

HF (B3LYP/6-31G(d)) = -3425.0128402 Hartrees

Imaginary Frequencies: none found

Zero-point correction = 0.761544 (Hartree/Particle)

Thermal correction = 0.657237 Hartrees

Coordinates from last standard orientation:

Center
Number

Atomic
Number

Atomic
Type

(Angstroms)

O 0 J o U b W N

O O OO0 O =1 O OO O O

O O O O O O O o O

.926437 4.246506
.425818 3.556990
.048513 5.009012
.279736 3.041338
.597850 4.516697
.084590 5.424045
.120930 3.621148
.417652 0.210914
.660131 -1.432762
.318064 -1.766445
.475390 -4.535413
.224500 -3.487387
.434691 -4.906041
.030541 1.859793
Coordinates
X Y
.048961 1.007171
.725864 0.298695
.626533 0.697144
.412790 -0.033193
.276232 0.238510
.960746 -0.563529
.797952 -0.236955
.336455 1.151226
.098403 1.317607
264

.830414
.888204
.576243
.403593
.985917
.774703
.026843
521377
.996064
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.651382
.404205
.652954
.869772
.591949
.979248
.361308
.269775
.849548
.595102
.588149
.538743
.383480
.085419
. 476222
.084644
.312984
.825826
.508162
.783303
.260689
.006721
.839979
.350655
.880004
.822980
.085326
.925218
.700908
.201582
.379769
.128149
.984615
.845783
.968604
.914552
.137673
.730376
.101503
.045214
.208226
.351584
.363928
.557035
.261027
.585972
.794836
.713069
.438841
.652833
.152123
.873763
.880053
.407567
.362119
.272477
.284405
.105582
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.559065
.882618
.609719
.269914
.996460
.945165
.211015
.286859
.173094
.288424
.724936
.374360
.249582
.569723
.303695
.798922
.443884
.094146
.853406
.455162
.111014
.564083
.753452
.129498
.123502
.728692
.343067
.530777
.208677
.131152
.712797
.735789
.357269
.220267
.854394
.003609
.234242
.278847
.380981
.534313
.010445
.078687
.035565
.779949
.573454
.492943
.323053
.953146
.809804
.555666
.061951
.289920
.294513
.364794
.374102
.788759
.209378
.017823

.233429
729261
.758395
.826281
.787146
.138468
.611515
.520023
.777458
.349487
.551056
.141928
.395335
.402156
.355242
.286236
.457521
.738535
.455963
.414980
.200329
.167001
.418323
.107439
.160566
.795433
.819491
.094975
.325602
.536493
.553247
.428031
.658451
.162557
.710705
.522918
.592155
.225534
.663512
.965722
.100252
.205890
.937139
.937182
.610165
.351566
.034306
.732558
.385204
.218388
.566130
.599891
.471730
.743087
.676816
.860669
.113219
729476
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.395567
.950165
.979884
.382320
.676677
.809236
.454230
.663197
.621400
.526849
.866101
.875757
.441408
.302760
.161136
.077925
.402016
.163742
.880020
.188227
.437822
.596732
.977506
.120578
.152760
.183301
.075545
.872245
.010723
.149686
.281121
.580015

.120083
.961445

3.795247

.366300
.811041
.229721
.068679
.893347
.424590
.458193
.620297
.854114
.425678
.833715
.998843
.190380
.320321
.422977
.296790
.749225
.637644
.623766
.627690
.841647
.163604
.976542

3.387306

.303765
.609259
.498884
.648344
.105921

68 8 0 -5.406951
69 6 0 -6.996061
70 1 0 -6.667825
71 1 0 -6.153182
72 6 0 -5.487865
73 1 0 -4.487894
74 1 0 -5.677482
75 6 0 -6.553137
76 1 0 -6.542298
77 1 0 -7.546868
78 1 0 -6.367754
79 6 0 -8.218121
80 1 0 -9.051194
81 1 0 -7.979428
82 1 0 -8.536986
83 6 0 5.858001
84 6 0 4.420400
85 6 0 0.061245
86 6 0 4.303374
87 9 0 -1.115209
88 9 0 0.431468
89 9 0 -0.193507
90 9 0 4.054264
91 9 0 4.551300
92 9 0 5.431586
93 9 0 6.289899
94 9 0 5.222629
95 9 0 6.936891
96 9 0 3.248021
97 9 0 5.032698
98 9 0 5.186435
99 1 0 -4.981252
INT 13

HF (B3LYP/6-31G(d)) =-3425.0099615 Hartrees
Imaginary Frequencies: none found
Zero-point correction = 0.761877 (Hartree/Particle)
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Thermal correction = 0.660003 Hartrees

Coordinates from last standard orientation:

Center
Number

Atomic
Number

(Angstroms)
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Coordinates
X Y
.529223 -2.034800
.103014 -1.851956
.518043 -0.655720
.166836 -0.612966
.503112 0.471697
.912049 0.462801
.027292 1.732296
.339585 2.463798
.111660 1.822926
.085710 0.258495
.623284 -1.546654
.032336 -0.429640
.858301 2.356864
.251333 1.442119
.230141 3.541249
.897642 2.320243
.979923 2.351637
.180677 1.732767
.044933 0.275399
.197667 0.302643
.861457 0.687988
.466261 0.246688
.537846 0.459086
.318422 -0.816349
.942149 0.826954
.119192 2.521522
.804345 2.818677
.188688 2.751733
.590049 3.150557
.739130 -0.360788
.820739 -0.298881
.565345 -0.017203
.462053 -1.419408
.137821 1.328166
.879290 1.008487
.621054 2.623828
.094822 1.944122
.303148 0.017555
.806606 3.550895
.084518 2.957540
.548933 3.223853
.704842 3.946906
.865117 -1.138244
.028611 -1.380013
.507539 -2.225628
.844162 -2.678083
.527852 -0.557857
.340476 -3.518199
.157703 -2.056678
.505653 -3.756776
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.429830
.8782717
.121619
.574111
.876249
.348935
.229353
.153083
.989326
.982719
.681506
.965816
.903095
.257440
.003878
.081889
.041623
.180203
.233908
.047936
.932930
.655537
.751580
.877304
.423337
.591976
.586788
.680310
.317171
.635032
.812077
.389801
.698606
.107898
.039880
.193649
.050912
.152660
.834809
.067088
.965729
.756594
.633730
.464620
.23159¢6
.946923
.964587
.729839
.081449
.359619
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.383426
.726315
.732669
.020372
.593949
.777588
.318578
.593351
.535624
.114060
.155043
.066687
.918335
.089565
.817250
.803710
.406073
.758263
.030255
.456224
.497882
.367185
.326475
.425866
.228764
.861009
.269215
.186588
.456916
.973690
.452115
.017441
.948883
.139716
.072047
.129779
.553595
.007024
.375688
.406538
.098533
.091085
.465856
.211164
.025376
.289637
.193856
.627391
.112542

.759354
.293284
.224655
.271036
.605852
.455649
.661424
. 743311
.767970
.805854
.212232
.304069
.037619
.615170
.494996
.249377
.693808
.883958
.910308
.591839
.791119
.441796
.757821
. 648122
.080616
.778678
.756384
.172842
.380043
.481771
.357182
.679965
.535930
.896947
.650226
.908986
.897637
.793604
.345764
.956686
.062971
.906782
.421611
.249984
.499075
.399429
.796478
.796391
.204559

.750666
.458173
.885759
.291448
.321434
.343387
.142220
.747846
.034407
.132470
.563187
.123496
.135156
.416016
.387089

1.369641

.843645

1.927099

.074743
.440984
.023104
.259893
.336961
.291747
.335275
.322239
.245622
.274321
.274730
.315570
.768697
.901939

3.225515
0.703902

1.408355

2.073641

.633065
.701952
.588182
.605429
.721350
.980946
.817005
.825729
.160389
.543331
.921719

1.574599

1.345717

INT 14
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HF (B3LYP/6-31G(d)) = -3425.0150931 Hartrees

Imaginary Frequencies: none found

Zero-point correction = 0.761849 (Hartree/Particle)

Thermal correction = 0.658692 Hartrees

Coordinates from last standard orientation:

Center
Number

Atomic
Number

Atomic
Type

(Angstroms)
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Coordinates
X Y
-4.866916 -2.750848
-3.363347 -2.612248
-2.721209 -1.561761
-1.297968 -1.586558
-0.573023 -0.667439
0.908223 -0.751076
1.212256 0.154845
0.071135 1.192646
-1.142033 0.492505
-3.294617 -0.722051
-0.751022 -2.418655
1.141572 -1.797060
2.195929 0.622575
1.210608 -0.459634
0.329226 2.090288
-0.142455 1.499694
-1.702475 1.127786
-1.835998 0.101644
1.621621 -0.409429
1.058925 -1.345883
1.422548 -2.000633
2.966334 -3.075767
2.941562 -3.764663
3.017389 -3.683536
3.890971 -2.496094
1.571091 -0.672603
0.684617 -0.032429
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.370372
.438644
.003685
.095831
.674176
.781922
.990906
.045603
.416845
.389979
.665833
.982951
.921331
.896859
.481686
.071627
726710
.165579
.409959
.497204
.039166
.997538
.851482
.087195
.074044
.366388
.430678
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.689969
. 444772
.101982
.036678
.022453
.197798
.145666
.992609
.718619
.358509
.591904
.089527
.119504
.920430
.981367
.278456
.030406
.146047
.655963
.922254
.219423
.451408
.529265
.247948
.352680
.905345
.433257
.056907
.391138
.986817
.578425
.782918
.546453
.559378
.478833
.263276
.402135
.137489
.266900
.895130
.234695
.272218
.661523
.747048
.875375
.811332
.008159
.689561
.352376
.751148
.566717
.670907
.181056
.612845
.269088
.198316
.680897
.461537
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.169579
.025882
.061065
.540896
.465377
.858919
.637538
.101151
.453414
.384239
.546089
.717700
.905813
.192646
.411960
.028660
.134748
.259655
.429952
.997895
.557065
. 422421
.653136
.658607
.995802
.864123
.076172
.066119
.032048
.969401
.281742
.454165
.488932
.073937
.028023
.022450
.510193
.302734
.640929
.378086
.095870
.576181
.371610
.178822
.287273
.489550
761723
.671115
.081035
.461341
731133
.049517
.432526
.856185
.237018
.128155
.542096
.731018

.337943
.233350
.351346
.335245
.334427
.604940
.529392
.448802
.513031
.454633
.220831
.518024
.292788
.530521
.526629
.023511
.396710
.807179
.037770
.997333
.173434
.145987
.754944
.043208
.405385
.097904
.238771
.905365
.298079
.120100
.459227
.063133
.023207
.874740
.446186
.742709
.193174
.076202
.042110
.253882
776128
.173812
.737950
.047491
.936881
.077701
.675135
.159208
.018697
.999781
.402385
.51349¢6
.624442
.251628
.937485
.597276
.634942
.006637
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INT 15

HF (B3LYP/6-31G(d)) = -3425.0116235 Hartrees

Imaginary Frequencies: none found

Zero-point correction = 0.761520 (Hartree/Particle)

Thermal correction = 0.656982 Hartrees

Coordinates from last standard orientation:

Center
Number

Atomic
Number

Atomic
Type

.439233 4.598511 -0.582881
.561651 2.342032 1.313642
.652778 4.000684 2.396256
.418644 1.957123 3.120313
.002899 4.928852 -1.821362
.316593 5.692868 0.191226
.753055 4.310489 -0.691060
.883356 1.402880 1.910156
.988731 -0.613885 2.712141
.514016 0.080929 1.322478
.795604 -3.450928 -3.102560
.038748 -1.765139 -3.681120
.780796 -3.207668 -2.234688
.176862 -2.917410 -1.410142
Coordinates (Angstroms)

X Y Z
.960395 0.237431 -0.293322
.558722 -0.297035 -0.384519
.582269 0.238051 -1.156747
.279638 -0.353894 -1.150490
.253215 0.071782 -1.832242
.086075 -0.583108 -1.783615
.762434 -0.082200 -3.074335
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11
12
13
14
15
16
17
18
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20
21
22
23
24
25
26
27
28
29
30
31
32
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35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
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.087615
.309381
.778866
.102401
.905100
.843076
.590872
.650528
.016299
.578002
.092742
.809084
.945174
.108469
.048069
.946435
.647440
.117705
.891237
.422631
.752647
.968771
.695491
.776265
.287840
.153783
.194537

4.168242
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.477659
.378487
.984153
.695873
.756754
.655057
.591524
.890537
.883088
.920863
.889662
.669247
.943393
.150444
.922572
.940349
.242487
.961406
.327923
.537549
.797946
.446285
.844455
.344914
.914856
.608244
.465806
.940992
.236438
.667836
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.257262
.199563
.114470
.221041
.658159
.017800
.820528
.107582
.381669
.117438
.972613
.316941
.930621
.646874
.272283
.803955
.925048
.135688
477114
.513306
.901427
.349052
.963513
.3829438
.041109
.682487
.996802
.544920
.144472
.223358
.334077
.809957
.555851
.358684
.889448
.197356
.997603
.818441
.379061
.551652
.199498
.220859
.993481
.064185
.952146
.303839
.089250
.308207
.788790
.221167
.984088
.172789
.848412
.720086
.488257
.287299
.410304
.482302

.441045
.804422
.766879
.524307
.813669
.961762
.863495
.052913
.523566
.274779
.532935
.399642
.546199
.098466
.002058
.956744
.218166
.816325
.348728
.347486
.351583
.203893
.533324
.543118
.510437
.843194
.374532
.523844
.127337

0.676522
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.130096
.987308
.822876
.080664
.041838
.131053
.712009
.659109
.518023
.31139¢6
.868634
.129170
.278143
.440571
.052025
.885850
.100423
.162704
.111029
.131530
.355589
.226253
.619351
.815511
.464063
.819767
.713890
.770830
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.241052
.106769
.450961
.597809
.509504
.909375
.741608
.795105
.586077
.114698
.139728
.912823
.991035
.387204
.539893
.539107
.615686
.195730
.818895
.993323
.006837
.767380
.085418
.344502
.268404
.079597
.114143
.528069
.784812
.011052
.332272
.585144
.813701
.859804

-1.

-2

4

-2

O B W U W W

942552

.742559
-2.

0.

1.

1.
-3.
-3.
4.

0.

3.
.205359
-4.
-0.
-0.

0.
-0.
-0.
-2.
.033099
-3.
-3.

5.
.726298
.135425
.420673
.592979
.391388
.314526
.409254
.593315
.639773
.879013
.670776

012331
921159
790023
245947
113768
056080
053410
963051
802675

008318
685173
124172
309863
985888
466878
976434

798014
019470
095885

.169531
.122913
.260923
.626339
.029016
.621022
.169179
.453885

1.631725

.094997
.724934
.255139
.856647
.661599
.054811
.062084
.723763
.926115
.363262
.890598
.062128
.060480
.007375
.101150
.893358
.704962
.289686
.542664
.816488
.176226
.963932
.012776
.241866
.186860

INT 16
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HF (B3LYP/6-31G(d)) =-3425.0116232 Hartrees

Imaginary Frequencies: none found

Zero-point correction = 0.761511 (Hartree/Particle)

Thermal correction = 0.656940 Hartrees

Coordinates from last standard orientation:

Center
Number

Atomic
Number

(Angstroms)
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Coordinates
X Y
.960516 0.237313
.558808 -0.297110
.582280 0.237793
.279616 -0.354083
.253168 0.071484
.086161 -0.583354
.762588 -0.082449
.087800 1.257018
.309363 1.199058
.778871 1.113999
.102382 -1.221071
.905234 -1.658415
.843234 0.017511
.591004 -0.820756
.650505 2.107298
.016821 1.381669
.578444 2.116974
.092408 0.971692
.809103 -0.317105
.945144 -0.930735
.108492 -1.646844
.891475 -0.477088
.752525 -0.901145
.969089 -0.349554
.423308 0.513538
.695468 -1.963314
.153815 -2.682408
.776234 -2.382541
.287780 -1.040893
.048059 -3.272287
.946685 -3.803691
.647280 -3.925282
.117645 -3.135679
.194575 -0.996922
.168244 -0.544961
477763 -2.144616
.378549 -1.223291
.984063 0.334002
.696047 -2.809968
.756842 -2.556113
.655212 -2.358589
.591745 -2.889240
.890536 1.197211
.883221 1.997441
.920716 1.818315
.889804 3.378887
.669460 1.551470
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.294072
.384861
.157137
.150605
.832398
.783640
.074334
.441017
.804834
.767574
.524202
.813675
.961741
.863509
.052499
.523533
.275500
.533561
.399651
.546196
.098538
.348674
.351590
.203991
.347166
.533495
.843529
.543378
.510439
.002302
.957162
.218681
.816277
.374482
.523891
.127237
.676576
.130166
.987229
.822700
.080610
.041848
.131125
.711907
.658830
.517894
.311170
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.943213
.150209
.922540
.940324
.242637
.961328
.328102
.538035
.798430
.446752
.845229
.345037
.914930
.608427
.466002
.941222
.236623
.668134
.241123
.106930
.450949
.598047
.509702
.910048
.741587
.795024
.586286
.114843
.140133
.913064
.991423
.387136
.539666
.538987
.615363
.195150
.818629
.992811
.006552
.767182
.085056
.344690
.269299
.080795
.114023
.527749
.784638
.010563
.332529
.585818
.813960
.860292

N NN PR OO 0 Wk W

N

.199384
.220745
.993329
.064030
.953047
.305485
.089919
.309371
.790619
.222604
.984547
.172676
.848793
.721294
.489910
.288650
.409756
.484419
.942337
.742495
.011345
.920499
.790268
.243856
.112065
.054016
.052129
.962351
.802587
.205325
.008215
.685070
.124298
.309588
.986984
.465519
.973956
.030181
.794963
.017376
.095741
.726404
.135228
.419981
.592308
.392933
.315010
.409747
.592974
.639509
.878978
.670625
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.868326
.128762
.278066
.440535
.050754
.885082
.099126
.160282
.108272
.129058
.352686
.226193
.619329
.815523
.463550
.819962
.714575
.770813
.170379
.121377
.261762
.627213
.026937
.622221
.170886
.455745
.634102
.096268
.724309
.254723
.856661
.661763
.053948
.062590
.721664
.927373
.364688
.891322
.064232
.061726
.006960
.100072
.892617
.703356
.290500
.541831
.816803
.176735
.963755
.012595
.241790
.187247

INT 17
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HF (B3LYP/6-31G(d)) = -3425.0157765 Hartrees

Imaginary Frequencies: none found

Zero-point correction = 0.761510 (Hartree/Particle)

Thermal correction = 0.657042 Hartrees

Coordinates from last standard orientation:

Center
Number

Atomic
Number

Atomic
Type

(Angstroms)

0 J o U b W N
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o W N R O WO Jdo Ul WN R O W
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Coordinates
X Y
.867670 1.158082
.589617 0.414111
.571994 0.895956
.369373 0.132475
.281927 0.523378
.991924 -0.249934
.796685 0.385831
.250275 1.816717
.184422 1.785164
.642913 1.867960
.316703 -0.832660
.733650 -1.289381
.870297 0.379766
.633312 -0.207286
.849994 2.549400
.259553 2.104838
.413839 2.632623
.934650 1.741571
.639107 -0.257264
.706517 -0.994983
.768649 -1.984273
.624470 -1.127569
.356381 -1.654868
.716305 -1.147972
.305262 -0.085905
.060137 -2.227500
.584929 -2.698770
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.162593
.437719
.191818
.296019
.902568
.888557
.039823
.233510
.687375
.670005
.804253
.098525
.844811
.944400
.691631
.286782
.035848
.482209
.435544
.341033
.744404
.187710
.112263
.113889
.303770
.108714
.269418
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29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
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60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79
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82
83
84
85
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.184789
.566112
.579501
.445381
.121746
.655199
.003277
.942285
.292741
.126720
.754449
.488136
.592730
.413393
.333871
.718429
.762846
.655250
.727298
.615097
.615990
.154301
.651537
.623928
.798839
.821605
.222558
.170119
.201501
.697307
.115606
.511156
.020468
.380187
.329006
.963063
.729978
.003550
.599293
.484837
.064122
.370608
.413741
.339742
.670051
.875374
.906166
.900151
.288147
.687468
.657533
.354007
.378646
.116372
.301369
.056072
.796666
.621670
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.883432
.282453
.639521
.304864
.130573
.556646
.975393
.704900
.997665
.437982
.078373
.711965
.267298
.442963
.009532
.190935
.055687
.707939
.401967
.691831
.056206
.053972
.917051
.963561
.958430
.281908
.864227
.2727438
.956987
.358441
.030974
.573268
.241193
.485738
.315470
-1.
.466443
.271550
.169108
.998638
.488959
.851153
.401502
.876826
.219268
.452723
.844937
.080918
.905291
.829755
.144379
.387078
.339814
.433126
.8184¢61
.147404
.754516
.574043

815356

.978739
.338237
.370783
.233222
.504391
.187527
.451451
.549458
.365821

0.642941
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.274131
.285455
.146976
.276401
.205995
.085310
.263097
.831439
.107335
.826829
.188628
.127706
.829793
.108228
.170763
.395859
.951519
.389881
.243994
.669997
.215550
.013883
.232836
.890845
.208507
.969565
.849063
.374646
.432391
-1.
.478858
.111531
.167691
.476982
776107
.487808
.831209
.00299¢6
.012394
.286688
.908907
.132129
.750992
.351848
.065834
.794858
.332119
.874508

490466
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.383019
.980067
.433576
.835672
.692530
.295671
.289630
.910068
.966336

1.667042

.761575
.416884
.864958
.958872

EN-1

HF (B3LYP/6-31G(d)) = -3501.012727 Hartrees

Imaginary Frequencies: none found

Zero-point correction = 0.775203 (Hartree/Particle)

Thermal correction = 0.668135 Hartrees

Coordinates from last standard orientation:

Atomic

(Angstroms)

O J o U W N
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O O O O O O O O

.826170 4.310463
.642176 3.692239
.437666 4.780773
.052639 2.727931
.636586 4.613668
.871899 5.470218
.035956 3.722336
.295350 0.176410
.505016 -1.548442
.239024 -1.773232
.672718 -4.370062
.381445 -3.199124
.632544 -4.700690
.029935 1.887157
Coordinates
X Y
.263191 -1.957085
470771 -2.776129
.587342 -1.783491
.435089 -1.517631
.171758 -0.180061
.727127 0.033510
.906704 -1.381857
.218460 -2.180308
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.792947
.919150
.666046
.380800
.328484
.755855
.334241
.670964
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39
40
41
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44
45
46
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48
49
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53
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63
64
65
66
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.279410
.735482
.618194
.648886
.016094
.882696
.831895
.034793
.143741
.213309
.456521
.502750
.177538
.056925
.957390
.541182
.809367
.791139
.863947
.598365
.008061
.080351
.970943
.728491
.753999
.946443
.017364
.374228
.544709
.448777
.083505
.629030
.952914
.331553
.483420
.166066
.447030
.645646
.134550
.274193
.283878
.035635
.556592
.340901
.371008
.029973
.947928
.241475
.274438
.475893
.091018
.464855
.302233
.983650
.689351
.905029
.303368
.088490
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.483218
.102497
.542537
.620653
.584320
.792224
.398160
.237111
.141714
.017812
.292299
.091493
.285276
.262385
.441241
.284897
.044806
.792835
.928141
.099830
.885145
.070248
.083185
.605546
.428698
.703250
.520278
.013878
.888635
.831678
.373224
.092496
.110492
.063024
.841294
.318432
.842191
.115028
.313320
.510602
.085147
-3.
.399885
.522932
.390392
.434365
.804892
.443179
.318915
.730319
.873849
.976138
.283792
.109263
.188861
.469817
.652859
.415053

856423

.722306
.164277
.103613
.776863
.343026
.062223
.425096
.527690
.268783
.149410
.023994
.679219
.471768
.562927
.221576
.206321
.400324
.985530
.489778
.189807
.974201
.052555
.523074
.573827
.075903
.607317
.552492
.823173
.996796
.343656
.078580
.348793
.527753
.291919
.056709
.301216
.207074
.542058
.156231
.883569
.597192
.707080
.495066
.736192
.921808
.584444
.055322
.172137
.370826
.003143
.236266
.028807
.554220
.465283
.704266
.356602
.406082
.589280
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.283053
.903073
.152813
.593828
.092640
.522008
.524216
.883169
.401361
.492768
.959049
.876474
.863592
.241810
.992250
.901132
.691809
.672621
.626178
.811252
.947140
.679373
.368618
.542654
.400796
.701799
.856122
.888597
.861846
.734574
717979

3.678293

.478273
.419600
.550895
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.693876
.047295
.547113
.736039
.080755
.674100
.684051
.637845
.259139
.640582
.712336
.105326
.551863
.843337
.241212
.637131
.537903
.250754
.962862
.264532
.477505
. 474422
.655710
. 747927
-0.
.721937
.138882
.134570
.340828
.153778
.475288
.104076
.452191
.243981
.085938

878805

.729481
.242828
.401688
.259548
.651277
.050862
.549843
.443781
.350991
.242212
.629848
.603741
.442997
.104657
.265339
.834185
.997985
.550860
.904464
.335072

0.698976

.160239
.332957
.302487
.143745
.771694
.225434
.293122
.535083
.719747
.114449
.079085
.742307

0.767716

.172978

EN-2
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9

HF (B3LYP/6-31G(d)) = -3501.0094542 Hartrees

Imaginary Frequencies: none found

Zero-point correction = 0.775140 (Hartree/Particle)

Thermal correction = 0.667668 Hartrees

Coordinates from last standard orientation:

Center
Number

Atomic
Number

Atomic
Type

(Angstroms)
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Coordinates
X Y
.241756 -1.982220
.373255 -2.843587
.510870 -1.836303
.319667 -1.614481
.274224 -0.271334
.865958 -0.114431
.074939 -1.552412
.059995 -2.332384
.154577 -3.587373
.696936 -1.108643
.526616 0.452500
.782530 0.481161
.133410 0.400909
.048036 -1.939496
.028458 -1.618791
.201546 -3.378600
.967708 -2.332349
.286056 -0.047605
.508612 -0.288021
472741 0.187453
.121746 -0.101354
.954786 -0.043660
.887402 0.641492
.528229 -1.096821
.841459 -0.941490
.807195 -0.733364
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.695631
.916560
.674895
.347723
.341134
.760757
.269285
.599842
-1.

0.
-1.
-2.
-3.
-2.
-4.
-2.
-3.
.145387
.020625
.648144
.528205
.611829
.282060
.314236
.377585
.905327

677640
105563
165044
783095
391967
955124
359971
401501
224615
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.945626
.600162
.076628
.242198
.025681
.654469
.805408
.970762
.071355
.374805
.564564
.478413
.157600
.632036
.936780
.420137
.592281
.247739
.568714
.758883
.228183
.339654
.397419
.157682
.459721
.313900
.213006
.860286
.725824
.124491
.040109
.550846
.431149
.240248
.752811
.003410
.567329
.881082
.101426
.189895
.356118
.045572
.594456
.572251
.909366
.486827
.464645
.975659
.660994
.494010
.060041
.420282
.430983
.717440
.182041
.985563
.835625
-4.

645474
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.768968
.000460
.981306
.211356
.133651
.700428
.408017
.728398
.467613
.053058
.939803
.792790
.283691
.099533
.128807
.082055
.871061
.321528
.866426
.071517
.311472
.505868
.093633
.861500
.458550
.621078
.439233
.500115
.888818
.517036
.369411
771547
.888400
.689554
.498888
.328495
.835964
.410890
.586292
.349802
.839704
.000433
.324700
.641653
.045599
.517754
.672243
.528470
.089725
.506392
.673782
.810583
.225852
.637675
.311394
.620080
.574449
.340811

.456021
.229930
.828052
.888589
.302062
.444668
.117373
.592353
.665079
.764169

1.038246

.499092
.214151
.219209
.364345
.220168
.956713
.404561
.050057
.466712
.314358

0.963884

I N S =

.411054
.478682
.509711
.838783
.938093
.634972
.183115
.236398
.350414
.091670
.163671
.759098
.105507
.071498
.947628
.119232
.049538
.793027
.005600
.124480
.956603
.587424
.372485
.532918
.396339
.749598
.701931
.645371
.778078
.157702
.233649
.015732
.102404
.017892
.809418
.521349
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85 6 0 -0.661427 4.888799 -1.133310
86 9 0 -1.904496 -5.260345 0.515790
87 9 0 -4.034696 -5.462417 0.917220
88 9 0 -2.743664 -4.430453 2.336640
89 9 0 -6.512839 -2.699314 -2.121005
90 9 0 -6.675159 -0.788271 -1.095589
91 9 0 -5.580921 -0.918954 -2.965693
92 9 0 0.666537 4.626958 -1.054506
93 9 0 -0.950074 5.030193 -2.447070
94 9 0 -0.873949 6.083934 -0.547174
95 9 0 -4.823967 2.468521 2.541075
96 9 0 -5.734178 3.239487 0.725820
97 9 0 -4.649534 4.584313 2.044591
98 6 0 3.650094 -3.127414 -0.175788
99 1 0 3.489980 -3.970157 0.518713
100 8 0 4.589740 -3.569835 -1.187189
101 1 0 5.323050 -4.023728 -0.740537
EN-3

HF (B3LYP/6-31G(d)) =-3501.0161708 Hartrees
Imaginary Frequencies: none found

Zero-point correction = 0.775088 (Hartree/Particle)
Thermal correction = 0.669430 Hartrees

Coordinates from last standard orientation:

Center Atomic Atomic Coordinates (Angstroms)
Number Number Type X Y Z
1 6 0 -4.893847 -1.991841 -1.540170
2 6 0 -2.491437 -1.445412 -2.226441
3 6 0 -1.222635 -1.447856 -1.755991
4 7 0 -0.209589 -0.579887 -2.105372
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.384091
.824992
.925408
.311194
.941526
.100919
.208105
.165564
.089447
.805544
.666627
L797727
.879435
.276334
.008442
.334319
.687043
.855575
.155246
.885571
.613933
.104596
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.930083
.150945
.132004
.809127
.796846
.092541
.327037
.088482
.320841
.746049
.739888
.436748
.417855
.163071
.131839
.414196
.124943
.604221
.854444
.628064
.824542
.507122
.673421
.303686
.924299
.477710
.649875
.845981
.121025
.160824
.680559
.015388
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.892724
.284306
.810804
.297174
711277
.188458
.981506
.099458
.067820
.768136
.962993
.105547
.280691
.401131
.075244
.836347
.620874
.079418
.346384
.298622
.519176
.153374
.142705
.738396
.273089
.857128
.949184
.955044
.790957
.183307
.808294
.586374
.606766
.201440
.323707
.598596
.918524
.113988
.051848
.582034
.418903
L727741
.948131
.870341
.878144
.937169
.103431
.393820
.976607
.708095
.533810
.843245
.452874
.850886
.011349
.685308
.927416
.063694

.826345
.030758
.588990
.268122
.956032
.018636
.797913
.768264
.782090
.095019
.662520
.040013
.105458
.394768
.512345
.028725
.417435
.378135
473476
.321968
.263264
.420419
.166050
.387549
.031711
.950828
.186416
.999967
.107419
.959569
.802777
.327982
.523335
.443172
.627068
.626677
.915443
.287680
.634600
.049689
.639304
.911543
.020789
.324374
.319882
.339739
.032123
.021522
.675060
.024586
.657150
.377623
.033279
.610407
.559655
.522259
.821241
.808186
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63 8 0 -3.995462 -0.791584 2.820867
64 6 0 -5.296647 0.399672 -0.989830
65 8 0 -5.850651 0.631141 -2.051886
66 8 0 -5.067167 1.315399 -0.026272
67 6 0 -6.650967 -1.032844 3.110040
68 1 0 -6.266717 -1.865661 3.707066
69 1 0 -6.373549 -0.102118 3.613442
70 6 0 -5.556901 2.650976 -0.296619
71 1 0 -6.567288 2.580174 -0.707091
72 1 0 -4.911727 3.109124 -1.051592
73 1 0 -5.291486 -1.580826 -2.470738
74 6 0 -5.521778 3.416660 1.012332
75 1 0 -4.507397 3.444909 1.419059
76 1 0 -5.860098 4.445276 0.846316
77 1 0 -6.180186 2.952233 1.753676
78 6 0 -8.147496 -1.135181 2.889606
79 1 0 -8.661726 -1.113239 3.856480
80 1 0 -8.512598 -0.298221 2.285919
81 1 0 -8.407880 -2.069029 2.381683
82 6 0 -1.537960 3.389822 0.287243
83 6 0 3.225710 4.408313 -0.943370
84 6 0 5.785568 0.114875 2.467883
85 6 0 5.788909 -3.260328 -1.255792
86 9 0 -2.351069 3.066336 -0.751291
87 9 0 -1.639091 4.721667 0.470980
88 9 0 -2.052652 2.787477 1.383163
89 9 0 2.738185 5.543943 -1.488021
90 9 0 3.899353 4.764706 0.174886
91 9 0 4.136482 3.901724 -1.804458
92 9 0 4.924127 -4.194699 -1.710091
93 9 0 6.396077 -2.728270 -2.341917
94 9 0 6.740012 -3.896665 -0.541414
95 9 0 4.914898 0.443701 3.451112
96 9 0 6.369252 1.264903 2.062476
97 9 0 6.750706 -0.649965 3.017598
98 6 0 -3.471488 -2.517415 -1.846212
99 1 0 -3.092584 -3.056350 -0.962856
100 8 0 -3.666727 -3.453939 -2.927361
101 1 0 -2.780649 -3.667946 -3.259237
EN-4
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HF (B3LYP/6-31G(d)) = -3501.0122542 Hartrees

Imaginary Frequencies: none found

Zero-point correction = 0.775002 (Hartree/Particle)

Thermal correction = 0.670302 Hartrees

Coordinates from last standard orientation:

Center
Number

Atomic
Number

Atomic
Type

(Angstroms)
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Coordinates
X Y
4.582775 -2.432813
2.182474 -1.783586
0.837845 -1.840558
0.066560 -1.028794
1.513396 -1.126563
2.050724 -0.400477
0.925779 0.554917
0.364337 -0.121224
2.659473 -1.072747
0.381514 -2.545419
1.798170 -2.184632
2.992724 0.124249
2.241536 -1.147399
1.043402 1.535020
0.924916 0.709780
1.097707 0.600998
0.859585 -0.694107
2.040216 -0.573063
1.480599 -1.479494
1.595595 -1.822684
1.136462 -0.326421
1.187127 -0.600501
1.813798 0.522440
0.117618 0.019928
0.343112 -3.206958
0.682554 -4.120367
286
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-1.
-1.
-1.
.981543
.426310
.942916
.023294
.551472
.72144¢6
.802432
.759906
.956926
.508846
.560767
.741492
.325444
.622858
.281749
.337286
.398953
.188687
.131664
.498001
.994210
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816746
357716
238026
881801
725372
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.213287
.633254
.301583
.202631
.697549
.046682
577713
.252320
.335729
.629094
.704605
.714802
.865912
.374694
.443546
.474081
.169872
.138671
.552237
.196640
.483763
.429057
.216855
.267756
.486004
.536267
.006678
.901341
.505560
.403275
.876926
.002214
.004640
.120952
.121049
.265951
.047639
.147709
.057611
.426266
.471671
.548481
.392623
.570366
.426021
.673883
.716868
761527
.889656
.892974
.647159
.641819
.574207
.542543
.711836
.961404
.355348
.283870
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.444916
.935574
.461925
.005518
.166986
.675529
.643755
.102280
.533382
.027356
.794253
.653330
.152818
.903054
.003405
.839062
.006404
.960390
.258757
.957107
.206534
.074189
.369562
.337532
.504088
.346915
.480008
.538357
.309868
.576879
.764355
.073769
.767376
.453330
.343015
.577620
.149104
.070846
.249703
.113480
.164782
.715125
.899865
.231621
.044580
.296549
.456142
.474930
.645781
.346533
.383911
.452110
.141502
.096742
.520701
.248091
.499799
.723776

.561278
.082046
.782352
.731220
.042215
.933207
.218387
.756446
.992015

0.946099

.386407
.810729
.744777
.160905
.306963
.121066
.455669
.282202
.368881
.798876
.330355
.532631
.014819
.057823
.183242
.902034
.336765
.768140
.277327
.632596
.840962
.416074
.936772
.321548
.624989
.955585
.737099
.356352
.561951
779742
.640937
.583861
.880295
1.685390
.341790
.307928
.901231
.837861
.199811
.488358
.200791

0.719948

.203695
.221989

0.492903

.605720
.655035
.074714
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85 6 0 6.506578 -2.562703 -1.714768
86 9 0 -2.660939 1.898962 -0.505390
87 9 0 -2.390887 3.474084 0.971400
88 9 0 -2.321176 1.380143 1.580428
89 9 0 1.574587 5.523398 -1.063313
90 9 0 3.022407 4.925779 0.442957
91 9 0 3.282469 4.286489 -1.616286
92 9 0 5.773469 -3.617036 -2.134809
93 9 0 6.929733 -1.911863 -2.823614
94 9 0 7.605688 -3.048800 -1.100061
95 9 0 6.114382 0.075421 3.254516
96 9 0 5.755464 1.956761 2.230052
97 9 0 7.611810 0.866569 1.889051
98 6 0 -3.074911 -2.684141 -0.545760
99 1 0 -2.892237 -3.741421 -0.803043
100 8 0 -2.744919 -2.503704 0.851480
101 1 0 -3.246075 -3.161517 1.362937
288
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A.4.2: Energies and Reaction Coordinates for Chapter 3

Aldehyde Al

HF (M062X/6-31+G(d,p)) = -382.5277955 Hartrees
Imaginary Frequencies: none found

Zero-point correction = 0.108322 (Hartree/Particle)
Thermal correction = 0.076441 Hartrees

Coordinates from last standard orientation:

Center Atomic Atomic Coordinates (Angstroms)

Number Number Type X Y Z
1 6 0 1.375744 -0.126055 -0.000039
2 6 0 1.299606 1.240881 -0.000011
3 1 0 2.137053 1.922463 0.000080
4 6 0 -0.088014 1.560053 0.000004
5 1 0 -0.543457 2.540475 0.000096
6 6 0 -0.754104 0.364370 -0.000024
7 8 0 0.137251 -0.661068 -0.000044
8 6 0 -2.181796 0.069935 0.000005
9 1 0 -2.818917 0.976375 0.000020
10 6 0 2.514381 -1.080950 0.000034
11 1 0 2.478849 -1.722943 -0.884593
12 1 0 3.457153 -0.532319 0.000007
13 1 0 2.478872 -1.722851 0.884728
14 8 0 -2.660308 -1.042757 0.000025

Aldehyde A2

HF (M062X/6-31+G(d,p)) = -362.6872371 Hartrees
Imaginary Frequencies: none found

Zero-point correction = 0.121432 (Hartree/Particle)
Thermal correction = 0.089606 Hartrees
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Coordinates from last standard orientation:

Center
Number

Atomic
Number

Aldehyde A3

Q,

{

HF (M062X/6-31+G(d,p)) = -705.4955175 Hartrees

Imaginary Frequencies: none found

Zero-point correction = 0.104736 (Hartree/Particle)

Thermal correction = 0.070700 Hartrees

Coordinates from last standard orientation:

Atomic

O J o U W N

e
w N R O v

fa
F o F P P oo P oy oo O

O O O O O O O O o o o o o

Coordinates (Angstroms)

X Y Z
.388959 -0.144738 -0.000005
.289247 1.241453 0.000009
.083412 1.572549 0.000000
.790787 0.379993 -0.000020
.125513 -0.644201 -0.000021
.146813 -1.618146 -0.000017
.127298 1.923694 0.000026
.520001 2.561822 -0.000006
.593252 -1.028401 0.000009
.616925 -1.670573 -0.886035
.617038 -1.670398 0.886175
.497466 -0.417921 -0.000107
.211180 0.096703 0.000004
.875750 0.980476 0.000014
.663903 -1.035612 0.000014

Coordinates (Angstroms)

X Y Z
.904114 0.406018 0.000078
.180906 1.573719 0.000046
.220542 1.346593 -0.000070
.543305 0.011991 -0.000086
.646691 2.553622 0.000110
.968404 2.131347 -0.000133
.129805 -0.982765 -0.000004
.913383 -0.593874 0.000039
.072886 -1.218606 -0.883578
.664247 0.199244 -0.001502
.073792 -1.215983 0.885357
.359849 0.283404 0.000007
.896894 1.253285 -0.000024
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14 8 0 -2.963349 -0.768221 -0.000030

HF (M062X/6-31+G(d,p)) = -346.5931717 Hartrees
Imaginary Frequencies: none found

Zero-point correction = 0.131596 (Hartree/Particle)
Thermal correction = 0.099574 Hartrees

Coordinates from last standard orientation:

Center Atomic Atomic Coordinates (Angstroms)
Number Number Type X Y Z
1 6 0 1.583220 -0.291727 -0.000109
2 6 0 1.439401 1.168394 0.000162
3 1 0 2.284272 1.847830 0.000309
4 6 0 0.138321 1.523998 0.000210
5 1 0 -0.240401 2.540783 0.000556
6 6 0 -0.719189 0.343465 -0.000336
7 6 0 -2.055285 0.336594 -0.000431
8 1 0 -2.644403 1.250420 -0.000299
9 6 0 2.732576 -0.977473 -0.000353
10 1 0 2.745972 -2.062922 -0.000708
11 1 0 3.689954 -0.465487 -0.000488
12 8 0 -2.740394 -0.846393 0.002435
13 1 0 -3.688099 -0.685655 -0.014639
14 6 0 0.177203 -0.877822 0.000056
15 1 0 -0.000924 -1.503524 -0.881060
16 1 0 -0.000702 -1.502873 0.881646

HF (M062X/6-31+G(d,p)) = -382.4882319 Hartrees
Imaginary Frequencies: none found
Zero-point correction = 0.107953 (Hartree/Particle)
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Thermal correction = 0.076513 Hartrees

Coordinates from last standard orientation:

Center Atomic Atomic Coordinates (Angstroms)
Number Number Type X Y Z
1 6 0 1.472947 -0.310612 0.000145
2 6 0 1.470349 1.150388 -0.000030
3 1 0 2.367223 1.753900 0.000023
4 6 0 0.190456 1.564747 -0.000096
5 1 0 -0.182181 2.580352 -0.000005
6 6 0 -0.652523 0.383111 0.000329
7 8 0 0.157017 -0.727622 0.000465
8 6 0 -1.989768 0.295686 -0.000219
9 1 0 -2.589699 1.199198 -0.000565
10 6 0 2.487729 -1.181719 -0.000218
11 1 0 2.304721 -2.248351 -0.000307
12 1 0 3.506223 -0.816782 -0.000947
13 8 0 -2.620485 -0.909123 -0.000267
14 1 0 -3.573680 -0.783965 0.000745

O)

HF (M062X/6-31+G(d,p)) = -362.6370567 Hartrees
Imaginary Frequencies: none found

Zero-point correction = 0.119909 (Hartree/Particle)
Thermal correction = 0.087709 Hartrees

Coordinates from last standard orientation:

Center Atomic Atomic Coordinates (Angstroms)
Number Number Type X Y Z
1 6 0 -1.503442 -0.316760 0.000030
2 6 0 -1.458566 1.152729 0.000066
3 1 0 -2.346119 1.771075 0.000128
4 6 0 -0.175706 1.562136 0.000020
5 1 0 0.192039 2.579752 0.000036
6 6 0 0.687264 0.385075 -0.000082
7 6 0 2.028144 0.325937 -0.000062
8 1 0 2.646147 1.215280 -0.000007
9 6 0 -2.589984 -1.111325 0.000050
10 1 0 -2.509377 -2.191917 0.000008
11 1 0 -3.578034 -0.670466 0.000122
12 8 0 2.637654 -0.904564 0.000145
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13 1 0 3.593640 -0.806371 -0.001082
14 7 0 -0.168551 -0.711780 -0.000055
15 1 0 0.154075 -1.665137 -0.000119
Enol A7
HF (M062X/6-31+G(d,p)) = -705.4574365 Hartrees
Imaginary Frequencies: none found
Zero-point correction = 0.104529 (Hartree/Particle)
Thermal correction = 0.071959 Hartrees
Coordinates from last standard orientation:
Center Atomic Atomic Coordinates (Angstroms)
Number Number Type X Y Z
1 6 0 -1.674854 -0.112802 0.000076
2 6 0 -1.373476 1.319149 0.000137
3 1 0 -2.174042 2.050523 0.000240
4 6 0 -0.061874 1.613624 0.000068
5 1 0 0.346517 2.618870 0.000107
6 6 0 0.809543 0.448104 -0.000078
7 6 0 2.149281 0.467685 -0.000068
8 1 0 2.700532 1.404107 -0.000018
9 6 0 -2.894566  -0.670051 0.000122
10 1 0 -3.039977  -1.744046 0.000063
11 1 0 -3.776512 -0.038367 0.000224
12 8 0 2.859943  -0.691066 0.000051
13 1 0 3.804831 -0.512421 -0.000865
14 16 0 -0.154076 -1.040274 -0.000106

HF (M062X/6-31+G(d,p)) = -346.6127503 Hartrees
Imaginary Frequencies: none found
Zero-point correction = 0.130759 (Hartree/Particle)
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Thermal correction = 0.098492 Hartrees

Coordinates from last standard orientation:

Center Atomic Atomic Coordinates (Angstroms)
Number Number Type X Y Z
1 6 0 -0.830027 0.295577 -0.000011
2 6 0 -0.159055 1.474461 -0.000091
3 6 0 1.275807 1.216431 -0.000142
4 6 0 1.489414 -0.120877 -0.000064
5 1 0 -0.616249 2.459337 -0.000163
6 1 0 2.045007 1.980624 -0.000259
7 6 0 2.798092 -0.841239 0.000002
8 1 0 2.887947 -1.487244 -0.880251
9 1 0 3.635476 -0.140054 -0.000817
10 1 0 2.888565 -1.485870 0.881209
11 6 0 -2.279187 0.140251 -0.000018
12 1 0 -2.856745 1.087657 0.000009
13 8 0 -2.850382 -0.933219 0.000156
14 6 0 0.161350 -0.829900 0.000102
15 1 0 0.040310 -1.478554 -0.877663
16 1 0 0.040379 -1.478373 0.878011

HF (M062X/6-31+G(d,p)) = -519.028205 Hartrees
Imaginary Frequencies: none found

Zero-point correction = 0.228589 (Hartree/Particle)
Thermal correction = 0.191270 Hartrees

Coordinates from last standard orientation:

Center Atomic Atomic Coordinates (Angstroms)

Number Number Type X Y Z
1 6 0 2.071803 -1.678665 0.004074
2 6 0 3.184241 -0.819227 -0.030374
3 6 0 0.950806 -0.867405 0.026282
4 6 0 -0.408699 -1.239534 0.054838
5 6 0 2.686100 0.466379 -0.029158
6 6 0 3.336769 1.796960 -0.058705
7 7 0 -1.452144 -0.466013 0.073777
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.063279
.079932
.230088
.860248
.399668
.558052
.292257
.085526
.898293
.247802
.491982
.057511
.012738
.053606
.825286
.108880
.078654
.005360
.945855

Iminium A10

HF (M062X/6-31+G(d,p)) = -499.1821833 Hartrees

Imaginary Frequencies: none found

Zero-point correction = 0.241203 (Hartree/Particle)

Thermal correction = 0.202793 Hartrees

Coordinates from last standard orientation:

Atomic

(Angstroms)

-1.443953 1.019389
-2.842598 -0.991811
-2.919511 1.387633
-0.795916 1.386907
-3.660028 0.202663
-2.903403 -1.874993
-3.169167 1.470108
-4.702076 0.133023
-1.037387 1.348507
-3.150762 2.340271
-3.631665 0.264958
-0.599647 -2.311252
2.072254 -2.760433
4.228939 -1.091055
3.059039 2.378063
-3.100152 -1.265023
4.419962 1.679037
1.340123 0.443781
3.024424 2.355435
Coordinates
X Y
1.996639 -1.668470
3.172804 -0.930468
0.915231 -0.766556
-0.432047 -1.151890
2.819682 0.425304
3.687395 1.636511
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.068411
.082810
.064175
.238010
.914624
.405841
.588889
.299134
.096183
.870211
.233682
.497326
.051474
.055098
.019788
.914987
.086108
.334227
.799114
.014389
.048808

Iminium Al11

HF (M062X/6-31+G(d,p)) = -841.9915834 Hartrees

Imaginary Frequencies: none found

Zero-point correction = 0.225272 (Hartree/Particle)

Thermal correction = 0.186669 Hartrees

Coordinates from last standard orientation:

Atomic
Number

(Angstroms)

.516532 -0.421401
.567167 1.053771
.881402 -1.005074
.058864 1.369223
.966175 1.434694
.746083 0.159803
.905873 -1.878895
.317224 1.432134
.785746 0.047346
.172792 1.427985
.322879 2.316372
.716760 0.234818
.597018 -2.227882
.899207 -2.745760
.185037 -1.306966
.712983 2.117006
.136363 -1.306299
.706845 1.356759
.328477 2.366414
471294 0.509456
.967823 1.382965
Coordinates
X Y
.720310 1.720016
.995287 1.139557
.690694 0.782140
.669088 1.177416
.956852 -0.242082
.116709 -1.185038
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-1

.079098
.073044
.079989
.214134
.893287
.416371
.550918

1.
-0.
-0.
-0.
.508670

0.

0.
-0.

0.

1.
-0.
-0.
-0.

271986
112955
880286
274737

063738
036413
038656
897187
109261
253372
842529
003653

Trienamine A12

HF (M062X/6-31+G(d,p)) = -482.7037554 Hartrees

Imaginary Frequencies: none found

Zero-point correction = 0.238156 (Hartree/Particle)

Thermal correction = 0.200257 Hartrees

Coordinates from last standard orientation:

Center
Number

Atomic
Number

Atomic
Type

(Angstroms)

1.742356 0.444838
1.791852 -1.035784
3.112215 1.022841
3.283625 -1.352559
1.184190 -1.426914
3.969756 -0.135808
3.135135 1.912600
3.550490 -1.433813
5.011824 -0.028657
1.382776 -1.389160
3.541294 -2.292605
3.931750 -0.192626
0.841218 2.253715
-1.536596 2.789280
-3.923091 1.697979
-4.217720 -1.699675
3.367293 1.296920
-5.036174 -0.629560
-3.999595 -1.941921
-1.344337 -0.835852
Coordinates
X Y
2.986169 0.525401
3.224370 -0.890424
2.053807 -1.560554
0.914644 -0.680760
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0.

.313847
.469634
.005601
.079402
.197985
.237675
.150892
.450269
.279490
.143176
.627711
.390808
.420930
.105329
.542189
.348606
.581625
.305882
.231953
.423880
.191346
.186454
.536530

(Angstroms)

031474

5 1 0 4.213500 -1.317128
6 1 0 1.949128  -2.623620
7 6 0 -0.364344  -1.113596
8 1 0 -0.551416 -2.184647
9 7 0 -1.496680 -0.356546
10 6 0 3.910472 1.483933
11 1 0 4.968826 1.258491
12 1 0 3.634737 2.512362
13 6 0 -2.799636 -1.009066
14 1 0 -2.840244  -1.679950
15 1 0 -3.011532 -1.600813
16 6 0 -3.763206 0.168656
17 1 0 -3.774771 0.540132
18 1 0 -4.784531  -0.093033
19 6 0 -3.120024 1.201026
20 1 0 -3.449570 2.224287
21 1 0 -3.364983 0.958284
22 6 0 -1.613387 1.015036
23 1 0 -1.036162 1.127396
24 1 0 -1.225987 1.736727
25 6 0 1.475178 0.711776
26 1 0 1.191715 1.074725
27 1 0 1.133799 1.454035
Fulvene trienamine A12’
HF (M062X/6-31+G(d,p)) = -482.720686 Hartrees
Imaginary Frequencies: none found
Zero-point correction = 0.238397 (Hartree/Particle)
Thermal correction = 0.200207 Hartrees
Coordinates from last standard orientation:
Center Atomic Atomic Coordinates
Number Number Type X Y
6 0 2.868597 0.454201
6 0 3.160927 -0.968990
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3 6 0 1.985378  -1.658380
4 6 0 0.891804 -0.698183
5 1 0 4.158497  -1.393450
6 1 0 1.854234  -2.733793
7 6 0 -0.413795  -1.120447
8 1 0 -0.585430 -2.196641
9 7 0 -1.546153  -0.399018
10 6 0 -2.878625 -1.005029
11 1 0 -2.911636  -1.850111
12 1 0 -3.142797 -1.367444
13 6 0 -3.780342 0.155887
14 1 0 -3.772120 0.257793
15 1 0 -4.813559 0.022393
16 6 0 -3.089642 1.361604
17 1 0 -3.379903 2.315918
18 1 0 -3.328913 1.396747
19 6 0 -1.599233 1.059706
20 1 0 -0.978014 1.437989
21 1 0 -1.209761 1.470557
22 6 0 1.510593 0.620644
23 1 0 1.006356 1.576379
24 6 0 3.906864 1.533666
25 1 0 3.443436 2.522744
26 1 0 4.556985 1.418007
27 1 0 4.550523 1.507961

Trieamine A13

HF (M062X/6-31+G(d,p)) = -518.6058491 Hartrees

Imaginary Frequencies: none found

Zero-point correction = 0.213928 (Hartree/Particle)

Thermal correction = 0.175216 Hartrees

Coordinates from last standard orientation:

Center Atomic Atomic Coordinates

Number Number Type X Y
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-0.
-0.
-0.
-0.
-0.
-0.
-0.
-0.

0.
.038604
0.
.472808

0.
-0.

0.
-1.
-0.
-0.
.864811
.027420
.073724
.082882

-1

1

047083
022925
029803
086343
038348
048984
039632
034747
658871

382432

055274
266138
177781
334295
076607
895308

.135042
.957441
.803617

(Angstroms)
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.040828
.035214
.073379
.023546
.054817
.130920
.026831
.063818
.025448
.099996
.094450
.154995
.003701
.719833
.002591
.3398438
.426068
.022768
.319117
.079918
.396667
.061154
.863251
.876919
.047267

(Angstroms)

1 6 0 2.745192 0.599225
2 6 0 3.244851  -0.767393
3 6 0 2.180404  -1.597980
4 6 0 0.984532  -0.797959
5 1 0 4.294025 -1.025899
6 1 0 2.185420 -2.678734
7 6 0 -0.308772 -1.201441
8 1 0 -0.476739  -2.274060
9 7 0 -1.434911  -0.439954
10 6 0 3.391627 1.773288
11 1 0 4.473192 1.788434
12 1 0 2.848655 2.707707
13 6 0 -2.766022 -1.033351
14 1 0 -2.841491  -1.852471
15 1 0 -3.003213 -1.433705
16 6 0 -3.672495 0.147999
17 1 0 -3.704936 0.284655
18 1 0 -4.693889 0.013111
19 6 0 -2.944664 1.325690
20 1 0 -3.245953 2.296659
21 1 0 -3.142050 1.325127
22 6 0 -1.464806 1.021085
23 1 0 -0.811203 1.375387
24 1 0 -1.109913 1.466989
25 8 0 1.366674 0.533938

Trienamine A14

HF (M062X/6-31+G(d,p)) = -498.7478339 Hartrees

Imaginary Frequencies: none found

Zero-point correction = 0.226391 (Hartree/Particle)

Thermal correction = 0.188996 Hartrees

Coordinates from last standard orientation:

Center Atomic Atomic Coordinates

Number Number Type X Y
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.106917
.307677
.376476
.027353
.184725
.774274
.509965
.653932
.055164
.063971
.310760
.364573
.273203
.667397
.543053
.538982
.201002
.366099
.279097
.139434
.774043
.850872
.727833
.444271
.336890
.167771

Fulvene trienamine A14’

HF (M062X/6-31+G(d,p)) = -498.7768887 Hartrees

Imaginary Frequencies: none found

Zero-point correction = 0.227128 (Hartree/Particle)

Thermal correction = 0.189429 Hartrees

Coordinates from last standard orientation:

Center
Number

Atomic
Number

Atomic
Type

.829793 0.569448
.211752 -0.784762
.107037 -1.555518
.945933 -0.751857
.431912 0.547781
.933279 1.196431
.233420 -1.077107
.050578 -2.600391
.344221 -1.147847
.573822 -2.205030
.413410 -0.299447
.632216 1.620059
.705196 1.513046
.236071 2.582317
.721337 -0.909461
.767170 -1.361328
.924096 -1.699689
.695431 0.252046
.725768 0.856623
.710458 -0.081866
.045561 1.042091
.403518 2.071489
.242905 0.540431
.550400 0.960462
.916551 0.939488
.242464 1.819290
Coordinates
X Y
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0.026678
0.015161
-0.016139
-0.024065
0.029303
-0.033153
-0.050228
-0.061540
-0.059064
-0.068463
0.600558
-1.082837
0.376632
1.469281
0.045774
-0.241176
0.222601
-1.309756
-0.046131
-0.823678
0.912262
0.062109
0.955578
-0.808615
0.066281
0.003590

(Angstroms)

0.026575

1 6 0 2.692671 0.481895
2 6 0 3.178172 -0.880804
3 6 0 2.066997 -1.677579
4 6 0 0.942446  -0.777379
5 1 0 4.216558 -1.187257
6 1 0 2.017508  -2.759682
7 6 0 -0.374391  -1.184693
8 1 0 -0.562355 -2.2575009
9 7 0 -1.474110 -0.431614
10 6 0 -2.825811 -0.998428
11 1 0 -2.882023 -1.861841
12 1 0 -3.095563  -1.323777
13 6 0 -3.695179 0.176488
14 1 0 -3.685494 0.251199
15 1 0 -4.731096 0.077308
16 6 0 -2.968279 1.376841
17 1 0 -3.237668 2.327830
18 1 0 -3.200938 1.442503
19 6 0 -1.488001 1.037726
20 1 0 -0.827573 1.425675
21 1 0 -1.093341 1.394171
22 6 0 3.546325 1.711766
23 1 0 4.179548 1.725047
24 1 0 4.209354 1.754718
25 1 0 2.913381 2.600901
26 7 0 1.378396 0.545287
Trienamine A15
HF (M062X/6-31+G(d,p)) = -841.5716629 Hartrees
Imaginary Frequencies: none found
Zero-point correction = 0.210916 (Hartree/Particle)
Thermal correction = 0.171406 Hartrees
Coordinates from last standard orientation:
Center Atomic Atomic Coordinates
Number Number Type X Y
1 6 0 -3.055180 -0.346298
302
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.150453
.180820
.036290
.245034
.303701
.002579
.059326
.112913
.090603
.007663
.224608
.154104
.975568
.787915
.336902
.394943
.005192
.473454
.210712
.541617
.170152
.018283
.697772
.157139

Iminium A16

HF (M062X/6-31+G(d,p)) = -483.1133476 Hartrees

Imaginary Frequencies: none found

Zero-point correction = 0.251329 (Hartree/Particle)

Thermal correction = 0.213321 Hartrees

Coordinates from last standard orientation:

Center
Number

Atomic
Number

Atomic
Type

.062135 1.102553
.838690 1.667574
.728078 0.749543
.997682 1.641832
.660578 2.731652
.567522 1.153284
.740098 2.227447
.704859 0.414634
.119293 -1.163239
.118806 -0.750368
.020571 -2.234036
.016371 1.056607
.068547 1.778395
.225683 1.588679
.969654 -0.122597
.014637 -0.401804
.982564 0.100327
.284907 -1.228782
.625552 -2.232471
.471005 -1.073842
.796487 -1.019756
.156534 -1.283277
.476445 -1.610291
.367927 -0.904876
Coordinates
X Y
303

(Angstroms)
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.886537
.159509
.865688
.482677
.963655
.997190
.567462
.632738
.929699
.122754
.006168
.807807
.949204
.366094
.843713
.261928
.403342
.788641
.651129
.745815
.118064
.942072
.175415
.000507
.835386
.491390
.264441
.181829

.632074
.975359
.707269
.130099
.373338
.443894
.407366
.071582
.999671
.374434
.492960
.148021
.888255
.453901
.032365
.406915
.310643
.200822
.206974
.709167
477421
.060843
.280860
.022370
.110297
.666817
.247653
.273787

-1

.005783
.040865
.044241
.070862
0.
0.
-0.
-0.
-0.
-0.
-0.
0.
0.
.275577
0.
0.
0.
1.
-0.
-0.
0.
-0.
-1.
0.
0.
-0.
-0.
.829821

031017
064806
075299
035825
086535
211741
824010
400483
546478

079673
938833
272180
493555
082626
007318
079215
838755
116285
136176
918710
030379
933811

Aldehyde B1

Q

HF (M062X/6-31+G(d,p)) = -459.8920817 Hartrees
Imaginary Frequencies: none found
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Zero-point correction = 0.142254 (Hartree/Particle)
Thermal correction = 0.107009 Hartrees

Coordinates from last standard orientation:

Center Atomic Atomic Coordinates (Angstroms)
Number Number Type X Y Z
1 6 0 0.156592 0.332642 0.000118
2 6 0 -1.124296 -0.179309 -0.000104
3 6 0 -1.618166 -1.550818 -0.000173
4 1 0 -0.825187 -2.322712 -0.000582
5 6 0 1.401428 -0.432246 0.000331
6 6 0 2.623805 0.112161 -0.000054
7 6 0 3.899091 -0.671982 -0.000090
8 1 0 4.505492 -0.429055 0.878932
9 1 0 3.703921 -1.747239 0.001843
10 1 0 1.312386 -1.517116 0.000871
11 1 0 2.720925 1.197655 -0.000481
12 6 0 -1.349960 1.981493 0.000067
13 1 0 -1.942345 2.883819 0.000063
14 6 0 -0.008109 1.757558 0.000055
15 1 0 0.763585 2.512637 0.000161
16 1 0 4.503512 -0.431944 -0.881302
17 8 0 -2.0369438 0.826516 -0.000184
18 8 0 -2.791127 -1.856896 0.000133
Aldehyde B2

J

HF (M062X/6-31+G(d,p)) = -440.0542266 Hartrees
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Imaginary Frequencies: none found
Zero-point correction = 0.155004 (Hartree/Particle)
Thermal correction = 0.119651 Hartrees

Coordinates from last standard orientation:

Center Atomic Atomic Coordinates (Angstroms)
Number Number Type X Y Z
1 6 0 0.170557 0.344118 0.000294
2 6 0 -1.113486 -0.207302 0.000152
3 6 0 -1.593894 -1.574674 0.000029
4 1 0 -0.825434 -2.368153 0.000292
5 6 0 1.420573 -0.414254 0.000492
6 6 0 2.645751 0.123997 -0.000261
7 6 0 3.917927 -0.666789 -0.000212
8 1 0 4.526751 -0.429396 0.878934
9 1 0 3.716092 -1.741149 0.001731
10 1 0 1.332808 -1.500150 0.001360
11 1 0 2.747641 1.209094 -0.001064
12 6 0 -1.360946 2.008493 -0.000144
13 1 0 -1.894774 2.947372 -0.000345
14 6 0 -0.002751 1.754788 0.000230
15 1 0 0.773333 2.506068 0.000388
16 1 0 4.524921 -0.432292 -0.881427
17 8 0 -2.781778 -1.853912 -0.000277
18 7 0 -2.018887 0.823082 -0.000165
19 1 0 -3.017293 0.668069 0.000032
Aldehyde B3

HF (M062X/6-31+G(d,p)) = -782.8629443 Hartrees
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Imaginary Frequencies: none found
Zero-point correction = 0.138668 (Hartree/Particle)
Thermal correction = 0.102485 Hartrees

Coordinates from last standard orientation:

Center Atomic Atomic Coordinates (Angstroms)
Number Number Type X Y Z
1 6 0 -0.3406814 -0.274220 -0.068014
2 6 0 0.863826 0.401062 -0.025519
3 6 0 1.101979 1.842626 -0.000699
4 1 0 0.199003 2.479863 -0.021404
5 6 0 -1.659162 0.379713 -0.125736
6 6 0 -2.827082 -0.232556 0.104243
7 6 0 -4.161055 0.443817 0.035167
8 1 0 -4.683485 0.373690 0.995173
9 1 0 -4.057680 1.500216 -0.225293
10 1 0 -1.674469 1.439573 -0.371163
11 1 0 -2.833113 -1.289184 0.370055
12 6 0 1.176432 -2.033636 -0.001317
13 1 0 1.591211 -3.032799 0.008566
14 6 0 -0.144064 -1.690428 -0.056519
15 1 0 -0.943562 -2.418934 -0.109864
16 1 0 -4.802421 -0.034604 -0.712885
17 8 0 2.207938 2.342223 0.044619
18 16 0 2.219791 -0.673368 0.033764
]
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HF (M062X/6-31+G(d,p)) = -423.962005 Hartrees

Imaginary Frequencies: none found

Zero-point correction = 0.165626 (Hartree/Particle)

Thermal correction = 0.130196 Hartrees

Coordinates from last standard orientation:

Center
Number

Atomic
Number

Atomic
Type

Enol B5

Coordinates (Angstroms)
X Y Z
-0.338758 0.264310 0.000026
1.076592 -0.165825 -0.000039
1.534391 -1.419239 0.000128
0.882328 -2.289208 0.000318
-1.438569 -0.523758 -0.000098
-2.810125 -0.048347 0.000043
-3.881241 -0.855807 -0.000064
-4.890588 -0.460108 0.000061
-3.770003 -1.937185 -0.000278
-1.312150 -1.606048 -0.000320
-2.967748 1.028445 0.000260
0.965582 2.185159 0.000026
1.254164 3.230646 0.000034
-0.298314 1.735944 0.000162
-1.180390 2.364792 0.000314
1.967252 1.059445 -0.000187
2.623661 1.087570 -0.879163
2.624001 1.087530 0.878536
2.878252 -1.661293 -0.000064
3.049848 -2.607385 0.000770
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HF (M062X/6-31+G(d,p)) = -459.8540095 Hartrees
Imaginary Frequencies: none found

Zero-point correction = 0.141517 (Hartree/Particle)
Thermal correction = 0.106321 Hartrees

Coordinates from last standard orientation:

Center Atomic Atomic Coordinates (Angstroms)
Number Number Type X Y Z
1 6 0 -0.350825 0.264652 0.000063
2 6 0 1.063419 -0.144250 0.000032
3 6 0 1.621940 -1.360345 0.000087
4 1 0 0.999224 -2.248373 0.000162
5 6 0 -1.442305 -0.538923 0.000035
6 6 0 -2.809674 -0.060985 -0.000030
7 6 0 -3.887598 -0.860485 -0.000070
8 1 0 -4.893381 -0.456151 -0.000167
9 1 0 -3.785325 -1.942601 -0.000017
10 1 0 -1.305317 -1.619116 0.000057
11 1 0 -2.958075 1.017615 -0.000095
12 8 0 1.865207 0.986859 -0.000010
13 6 0 1.023095 2.057127 -0.000093
14 1 0 1.513580 3.020366 -0.000086
15 6 0 -0.277143 1.725747 0.000126
16 1 0 -1.105074 2.417643 0.000304
17 8 0 2.971270 -1.516077 -0.000282
18 1 0 3.197087 -2.450868 0.001281
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W

HF (M062X/6-31+G(d,p)) = -440.0033034 Hartrees
Imaginary Frequencies: none found

Zero-point correction = 0.152735 (Hartree/Particle)
Thermal correction = 0.116901 Hartrees

Coordinates from last standard orientation:

Center Atomic Atomic Coordinates (Angstroms)
Number Number Type X Y Z
1 6 0 -0.356701 0.274819 0.000033
2 6 0 1.056893 -0.169372 0.000443
3 6 0 1.584701 -1.402207 -0.000013
4 1 0 0.982242 -2.302049 -0.000626
5 6 0 -1.449809 -0.531306 0.000238
6 6 0 -2.816112 -0.055424 -0.000043
7 6 0 -3.896480 -0.853342 -0.000101
8 1 0 -4.901644 -0.447312 -0.000387
9 1 0 -3.796151 -1.935738 0.000098
10 1 0 -1.311820 -1.611526 0.000572
11 1 0 -2.963693 1.023366 -0.000291
12 6 0 1.018638 2.093959 -0.000152
13 1 0 1.447794 3.087094 -0.000358
14 6 0 -0.287204 1.735112 -0.000254
15 1 0 -1.124588 2.415147 -0.000395
16 8 0 2.951331 -1.529565 -0.001222
17 1 0 3.203512 -2.457111 0.005278
18 7 0 1.840591 0.989771 0.000898
19 1 0 2.846008 0.982824 -0.001299
310

S. Singh



Enol B7

{

HF (M062X/6-31+G(d,p)) = -782.8244225 Hartrees
Imaginary Frequencies: none found

Zero-point correction = 0.138690 (Hartree/Particle)
Thermal correction = 0.102729 Hartrees

Coordinates from last standard orientation:

-0.
-0.
-0.
-0.
-0.
-0.
-0.
.097046

(Angstroms)

.032191
.001438
.077888
.190392
.040353
.020263
.062597
.012848
.182174
.160605

140268
042083
054998
108656
179637
011325
192310

Center Atomic Atomic Coordinates
Number Number Type X Y
1 6 0 0.530561 -0.211753
2 6 0 -0.8222438 0.384908
3 6 0 -1.142555 1.682648
4 1 0 -0.389028 2.456814
5 6 0 1.689649 0.491100
6 6 0 3.021498 -0.078152
7 6 0 4.145852 0.649812
8 1 0 5.125339 0.187824
9 1 0 4.109784 1.729618
10 1 0 1.643536 1.572363
11 1 0 3.106360 -1.156189
12 6 0 -0.862469 -2.109015
13 1 0 -1.179739 -3.144231
14 6 0 0.404393 -1.666396
15 1 0 1.253870 -2.333442
16 8 0 -2.442206 2.074794
17 1 0 -2.525648 3.015794
18 16 0 -2.087182 -0.861614
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Aldehyde B8

¥

{

HF (M062X/6-31+G(d,p)) = -423.9821478 Hartrees
Imaginary Frequencies: none found

Zero-point correction = 0.165110 (Hartree/Particle)
Thermal correction = 0.129708 Hartrees

Coordinates from last standard orientation:

(Angstroms)

.000013
.000130
.000032
.000108
.000014
.000029
.000027
.880104
.000317
.000017
.000057
.000026
.000025
.000106
.000226
.000112
.876785
.876538
.879612
.000130

Center Atomic Atomic Coordinates
Number Number Type X Y
1 6 0 -0.133036 0.304327
2 6 0 1.134397 -0.213557
3 6 0 1.520053 -1.617991
4 1 0 0.699936 -2.361707
5 6 0 -1.388875 -0.440435
6 6 0 -2.604974 0.123106
7 6 0 -3.890813 -0.642730
8 1 0 -4.492409 -0.391292
9 1 0 -3.712179 -1.720735
10 1 0 -1.322556 -1.526616
11 1 0 -2.690278 1.208923
12 6 0 1.276827 2.122981
13 1 0 1.662900 3.135474
14 6 0 -0.022682 1.772252
15 1 0 -0.863245 2.455336
16 6 0 2.139477 0.898664
17 1 0 2.798702 0.850007
18 1 0 2.798726 0.849840
19 1 0 -4.492823 -0.390780
20 8 0 2.678874 -1.993520
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Iminium B9

HF (M062X/6-31+G(d,p)) = -596.3955132Hartrees

Imaginary Frequencies: none found

Zero-point correction = 0.262114 (Hartree/Particle)

Thermal correction = 0.220898Hartrees

Coordinates from last standard orientation:

Center
Number

Atomic
Number

Atomic
Type

(Angstroms)

O J o U W N
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Coordinates
X Y
-1.767091 0.456765
-0.369878 0.497308
0.547701 -0.566714
0.117143 -1.565920
1.848244 -0.508273
2.703466 -1.724094
2.276199 -2.470158
2.738157 -2.126052
4.063769 -1.185160
4.106791 -1.099269
4.878321 -1.832761
4.096202 0.200080
4.837956 0.866227
4.313208 0.109886
2.675307 0.725484
2.327688 1.393829
2.550528 1.226623
-2.603004 -0.729608
-3.943392 -0.693308
-4.826074 -1.894202
-5.443628 -1.944686
-4.251653 -2.818637
-2.110727 -1.695563
-4.442737 0.270897
313

.001594
.012797
.037760
.036943
.055056
.048657
.623574
.067099
.383141
.473419
.056700
.270102
.171957
.338909
.065657
.854162
.899420
.043893
.019969
.024414
.878302
.110616
.135116
.111794
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.072601
.111323
.053799
.073046
.872843
.031717

HF (M062X/6-31+G(d,p)) = -576.5496683 Hartrees

Imaginary Frequencies: none found

Zero-point correction = 0.275235 (Hartree/Particle)

Thermal correction = 0.234419 Hartrees

Coordinates from last standard orientation:

Center
Number

Atomic
Number

Atomic
Type

(Angstroms)

O J o U W N

e T R T = T U S S Sy
W J oUW N O W

P O N e i T T e TS S e o

O O O O O O O O O O O O o o o o o o

-1.033801 2.567152
-0.861297 3.633093
-2.174581 1.821863
-3.181258 2.210601
-5.515101 -1.826764
0.063870 1.796646
Coordinates
X Y
-1.778452 0.496202
-0.360193 0.610650
0.533384 -0.465978
0.074008 -1.451744
1.843218 -0.473223
2.636290 -1.728588
2.196220 -2.422490
2.622478 -2.179653
4.033451 -1.242039
4.114336 -1.123409
4.807651 -1.936456
4.115499 0.118743
4.897180 0.764373
4.298461 -0.014760
2.720681 0.710802
2.401271 1.356913
2.662293 1.253061
-2.534708 -0.745728
314

.043162
.009567
.012017
.005576
.024678
.010822
.729016
.987558
.384665
.469718
.056259
.314865
.086969
.385210
.095855
.919241
.856490
.141124
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.082415
.025967
.924298
.305057
.417971
.368923
.093938
.156469
.018979
.010389
.774979
.069076
.146331

HF (M062X/6-31+G(d,p)) = -919.3607663 Hartrees

Imaginary Frequencies: none found

Zero-point correction = 0.258647 (Hartree/Particle)

Thermal correction = 0.217046 Hartrees

Coordinates from last standard orientation:

Atomic

(Angstroms)

0 J o U W N

e
w N R O v

F o Fr P oo P oy d B o000

O O O O O O O O o o o o o

-3.854294 -0.832774
-4.651104 -2.090237
-5.147303 -2.312452
-4.027996 -2.942501
-1.998400 -1.651081
-4.402327 0.064570
-1.212382 2.673713
-1.199752 3.752988
-2.288823 1.805059
-3.326287 2.101851
-5.441494 -1.975098
-0.063075 1.969610
0.852561 2.382215
Coordinates
X Y
-1.762529 0.325871
-0.362399 0.482490
0.525181 -0.617074
0.060778 -1.601353
1.827730 -0.633629
2.608753 -1.898288
2.141439 -2.581621
2.611871 -2.352525
4.002220 -1.423292
4.059513 -1.291025
4.773986 -2.132585
4.114400 -0.073643
4.895931 0.567676
315

.097154
.069375
.047949
.015090
.044344
.022249
.733093
.974547
.422398
.507319
.121044
.293345
.11542¢6
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14 1 0 4.316714 -0.222908 1.358200
15 6 0 2.725948 0.541229 0.105548
16 1 0 2.421669 1.194211 0.927459
17 1 0 2.646778 1.088526 -0.840788
18 6 0 -2.459654 -0.951221 0.235010
19 6 0 -3.727384 -1.149250 -0.159370
20 6 0 -4.467947 -2.435907 -0.009555
21 1 0 -4.798925 -2.803122 -0.986321
22 1 0 -3.856240 -3.204166 0.467855
23 1 0 -1.927002 -1.780202 0.695661
24 1 0 -4.268724 -0.331192 -0.634229
25 6 0 -1.550305 2.634189 -0.097167
26 1 0 -1.800906 3.685342 -0.166173
27 6 0 -2.418945 1.581290 0.002836
28 1 0 -3.493236 1.706542 0.042960
29 1 0 -5.370940 -2.283670 0.591047
30 16 0 0.089321 2.167444 -0.070106

HF (M062X/6-31+G(d,p)) = -560.0733681 Hartrees
Imaginary Frequencies: none found

Zero-point correction = 0.271641 (Hartree/Particle)
Thermal correction = 0.230718 Hartrees

Coordinates from last standard orientation:

Center Atomic Atomic Coordinates (Angstroms)

Number Number Type X Y Z
1 6 0 -1.844520 0.325597 -0.027217
2 6 0 -0.384984 0.529063 -0.058253
3 6 0 0.513622 -0.460181 -0.257109
4 1 0 0.150336 -1.471389 -0.447774
5 7 0 1.879807 -0.338735 -0.278135
6 6 0 2.712463 -1.494572 -0.604432
7 1 0 2.544915 -1.813400 -1.637772
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0.059507
-0.362055
-1.229743
-0.183152

0.846672
0.979887
1.759360
0.559192
1.473207
0.034743
0.144514
0.100741
0.282093
0.237788
0.478606

0.341764
-0.097087
-0.217529
-0.304708
-0.186653
-0.242282
-0.082396
-0.926624

0.825819

(Angstroms)

0.117825

8 1 0 2.485642  -2.345316
9 6 0 4.129508  -0.980829
10 1 0 4.468233  -0.404485
11 1 0 4.844229  -1.787065
12 6 0 3.939353  -0.058403
13 1 0 4.754011 0.656899
14 1 0 3.861398 -0.659028
15 6 0 2.597354 0.627234
16 1 0 2.025501 0.825854
17 1 0 2.740584 1.580634
18 6 0 -2.512780  -0.842155
19 6 0 -3.954495  -0.994414
20 6 0 -4.596189  -2.159559
21 1 0 -5.677556  -2.224829
22 1 0 -4.049259  -3.078233
23 1 0 -1.942082  -1.748912
24 1 0 -4.546117 -0.102127
25 6 0 -1.486858 2.608780
26 1 0 -1.666828 3.674870
27 6 0 -2.437628 1.663904
28 1 0 -3.502871 1.853790
29 6 0 -0.104400 2.022009
30 1 0 0.542653 2.295941
31 1 0 0.385880 2.399097

HF (M062X/6-31+G(d,p)) = -560.0894673 Hartrees

Imaginary Frequencies: none found

Zero-point correction = 0.272227 (Hartree/Particle)

Thermal correction = 0.232627 Hartrees

Coordinates from last standard orientation:

Center Atomic Atomic Coordinates

Number Number Type X Y
1 6 0 -1.795741 0.569478
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2 6 0 -0.336929
3 6 0 0.492483
4 1 0 0.022265
5 7 0 1.831082
6 6 0 2.566638
7 1 0 2.078433
8 1 0 2.606695
9 6 0 3.958496
10 1 0 3.973413
11 1 0 4.733610
12 6 0 4.117621
13 1 0 4.889638
14 1 0 4.372934
15 6 0 2.721901
16 1 0 2.466379
17 1 0 2.608139
18 6 0 -2.525836
19 6 0 -3.744172
20 6 0 -4.510629
21 1 0 -4.761658
22 1 0 -3.934690
23 1 0 -2.048170
24 1 0 -4.222762
25 6 0 -1.262310
26 1 0 -1.394539
27 6 0 -2.331758
28 1 0 -3.387865
29 6 0 -0.061485
30 1 0 0.908067
31 1 0 -5.457140

.712185
.382459
.363529
.444608
.711555
.445710
.116386
.308369
.266496
.002997
.100372
.689904
.034983
.712049
.412312
.234091
.692119
.933834
.206380
.676445
.922641
.489880
.159312

2.789185

.860487
.829158
.066894
.134645
.602495
.019646

O O O O O O

.067526
.096032
.148795
.060162
.081065
.565879
.102150
.402362
.496576
.072275
.183151
.315059
.246151
.020124
.822162
.939524
.257233
.244963
.041179
.998742
.552151
.830228
.844524
.100948
.193786
.023122
.071237
.071487
.157402
.478915

HF (M062X/6-31+G(d,p)) = -595.9714135 Hartrees
Imaginary Frequencies: none found
Zero-point correction = 0.247927 (Hartree/Particle)
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Thermal correction = 0.206796 Hartrees

Coordinates from last standard orientation:

Center

(Angstroms)

e}

.003330
-0.
-0.
-0.
-0.
0.
0.
-0.
0.
1.
0.
-0.
0.
-1.
-0.
-0.
0.
-0.
-0.
-0.
-0.
-0.
-0.

010400
020034
020391
020135
014291
755681
966794
367440
452313
035520
325257
067501
398100
095623
906557
840538
048221
001103
055484
013245
143771
129787

0.088403

.030357
.088771
.129784
.081011
.114660

Trienamine B14

Coordinates
X Y
.865679 0.326327
.405487 0.417240
.517025 -0.572835
.128063 -1.587450
.872309 -0.484378
.722744 -1.670594
.356519 -2.388546
. 745244 -2.169892
.095207 -1.098990
.174565 -0.969978
.914936 -1.739843
.073739 0.268499
.818654 0.963760
.256455 0.142972
.640477 0.758531
.272944 1.392860
.546720 1.324151
.637806 -0.793134
.082137 -0.791347
.852725 -1.891467
.934057 -1.828115
.414071 -2.882072
.154955 -1.765665
.571720 0.177748
.031441 1.766185
.184754 2.481773
.055982 3.554355
.292532 1.723508
.306382 2.091808
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HF (M062X/6-31+G(d,p)) =-576.1149762 Hartrees

Imaginary Frequencies: none found

Zero-point correction = 0.260139 (Hartree/Particle)

Thermal correction = 0.219492 Hartrees

Coordinates from last standard orientation:

Center
Number

Atomic
Number

Atomic
Type

(Angstroms)

0 J o U b W N

NN NNDR R P2 2 R e e e
W JdJ o WN R O W®O-Jo U WN R O W

HF O OORFEFRREREOODOOODREREODREROODRREORE O JE OO0 O

O O O O O O O O O O O O O O O OO0 oo oO oo o o o o o

Coordinates
X Y
-1.857374 0.329637
-0.394237 0.471413
0.540909 -0.484268
0.220975 -1.506911
1.905771 -0.250295
2.790119 -1.346045
2.758002 -1.498136
2.486219 -2.288115
4.161611 -0.901258
4.609212 -0.195962
4.850425 -1.738276
3.808419 -0.187359
4.599550 0.471970
3.595367 -0.929007
2.526780 0.571898
1.838440 0.682876
2.765195 1.577550
-2.547372 -0.830942
-3.989503 -0.922797
-4.674066 -2.068547
-5.757423 -2.080904
-4.161033 -3.022500
-1.993463 -1.762776
-4.548124 0.007819
-1.311050 2.540073
-1.309558 3.621631
-2.367385 1.699652
-3.403651 1.998590
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-0.
-0.
-0.
-0.
-0.
-1.
-0.
-0.
-0.
-0.

1.

0.
-0.
-0.
-0.
-0.

1
1
0
1
0
0.
0
0
0
0
0

.069101
174996
367254
561141
374043
770950
854220
283660
268604
977415
135080
040031
.404727
.817740
.681584
.525516
.308714
094632
.156479
.313091
.351560
.404668
.196688
065591
175460
215535
124698
074287
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Fulvene trienamine B14’

HF (M062X/6-31+G(d,p)) = -576.1430189 Hartrees

Imaginary Frequencies: none found

Zero-point correction = 0.260901 (Hartree/Particle)

Thermal correction = 0.219145 Hartrees

Coordinates from last standard orientation:

Center
Number

Atomic
Number

Atomic
Type

-0.1021438 1.855207 -0.107269
0.703385 2.199012 -0.613207
Coordinates (Angstroms)

X Y Z
-1.789362 0.552208 0.096862
-0.341784 0.632152 0.077758

0.504137 -0.458528 0.124022

0.050605 -1.446070 0.190651

1.833659 -0.472131 0.089602

2.615041 -1.712988 0.130982
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7 1 0 2.131969  -2.486253  -0.472772
8 1 0 2.696542 -2.075106 1.164979
9 6 0 3.978599  -1.280416  -0.404470
10 1 0 3.961237 -1.272819  -1.499510
11 1 0 4.783643  -1.940981 -0.076028
12 6 0 4.104460 0.150419 0.133226
13 1 0 4.846266 0.746292  -0.402044
14 1 0 4.388768 0.126321 1.190923
15 6 0 2.690793 0.718239  -0.017802
16 1 0 2.412950 1.449492 0.742992
17 1 0 2.522357 1.193380 -0.990573
18 6 0 -2.592555 -0.666063 0.196777
19 6 0 -3.866376 -0.781219  -0.200290
20 6 0 -4.691431  -2.024430 -0.060991
21 1 0 -5.051206  -2.372133  -1.035724
22 1 0 -4.115368 -2.831574 0.400446
23 1 0 -2.115742  -1.544376 0.635521
24 1 0 -4.348931 0.080063 -0.662350
25 6 0 -1.027134 2.659903  -0.076715
26 1 0 -0.989100 3.741716  -0.157631
27 6 0 -2.213538 1.860388 0.000545
28 1 0 -3.233669 2.221598 0.013549
29 7 0 0.082299 1.951277  -0.032435
30 1 0 -5.577122  -1.841564 0.557992
HF (M062X/6-31+G(d,p)) = -918.9390192 Hartrees
Imaginary Frequencies: none found
Zero-point correction = 0.245074 (Hartree/Particle)
Thermal correction = 0.203768 Hartrees
Coordinates from last standard orientation:
Center Atomic Atomic Coordinates (Angstroms)
Number Number Type X Y Z
6 0 -1.844627 0.167030 -0.029628
6 0 -0.389359 0.382493  -0.051990
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3 6 0 0.526010 -0.595573 -0.269111
4 1 0 0.145198 -1.590272 -0.503503
5 7 0 1.883339 -0.500346 -0.256770
6 6 0 2.712168 -1.645820 -0.633664
7 1 0 2.551584 -1.914156 -1.682370
8 1 0 2.466974 -2.521194 -0.011944
9 6 0 4.133697 -1.157112 -0.357793
10 1 0 4.502131 -0.583167 -1.214835
11 1 0 4.828206 -1.978773 -0.170488
12 6 0 3.941733 -0.234441 0.850376
13 1 0 4.772614 0.457444 1.004030
14 1 0 3.819960 -0.832512 1.760095
15 6 0 2.631196 0.488791 0.524880
16 1 0 2.061174 0.764655 1.418452
17 1 0 2.815915 1.399486 -0.059094
18 6 0 -2.451657 -1.036818 0.167918
19 6 0 -3.876687 -1.278189 0.081076
20 6 0 -4.454278 -2.471978 0.295324
21 1 0 -5.527436 -2.604531 0.217090
22 1 0 -3.861645 -3.345837 0.553623
23 1 0 -1.836144 -1.897092 0.424366
24 1 0 -4.514889 -0.436010 -0.180173
25 6 0 -1.699716 2.511015 -0.195085
26 1 0 -1.989306 3.552177 -0.261421
27 6 0 -2.524114 1.449401 -0.201789

HF (M062X/6-31+G(d,p)) = -560.4863791 Hartrees
Imaginary Frequencies: none found

Zero-point correction = 0.285357 (Hartree/Particle)
Thermal correction = 0.243778 Hartrees

Coordinates from last standard orientation:

Center Atomic Atomic Coordinates (Angstroms)
Number Number Type X Y Z
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-0.

.739530
353124

0.536041
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-0.

.100856
.844733
.638576
.139315
.713674
.995921
.977611
.796095
.137527
.878942
.420559
.729424
.479913
.581340
.465457
.808811
.570793
.215600
.911064
.900452
.404100
.411284
.580467
.364819
.430666
050083
.556740
.474775
.232129

.453729
.631638
.456997
.452320
.456937
.708606
.494812
.013614
.290757
.305774
.949315
.144339
.728773
.137971
.723059
.463064
.162490
.799850
.885411
.165599
.217840
.035152
.728344
.025929
.721100
.791020
.768662
.947750
.111690
.418214
.452027
.213497

.001317
.039042
.102536
.162249
.099348
.171844
.397342
.221575
.382248
.476563
.042291
.136993
-0.

1.
-0.

0.
-1.
-0.
-0.
-0.
-0.
-0.

0.
-0.
-0.
-0.
-0.
-0.
.017952
.843098
.920113
.850715

409083
193950
024641
737353
016865
002483
017673
020972
904730
012679
006884
028017
045676
076453
054149
096404

Aldehyde C1

™
[ ]
U

HF (M062X/6-31+G(d,p)) = -459.8997539 Hartrees

Imaginary Frequencies: none found

Zero-point correction = 0.142096 (Hartree/Particle)
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Thermal correction = 0.106772 Hartrees

Coordinates from last standard orientation:

Center Atomic Atomic Coordinates (Angstroms)
Number Number Type X Y Z
1 6 0 -0.806022 0.402470 -0.000384
2 6 0 -1.945642 -0.312131 0.000038
3 6 0 -3.243033 0.371508 -0.000186
4 1 0 -3.189623 1.481947 -0.000992
5 1 0 -1.959956 -1.398791 0.000649
6 1 0 -0.889709 1.490258 -0.000962
7 6 0 0.536826 -0.140667 -0.000173
8 6 0 1.700695 0.587561 -0.000012
9 6 0 0.939868 -1.527476 -0.000200
10 6 0 2.291320 -1.524967 0.000031
11 1 0 0.299992 -2.3972717 -0.000370
12 1 0 3.038733 -2.302341 0.000082
13 6 0 2.003122 2.042417 0.000189
14 1 0 2.585516 2.314909 -0.884710
15 1 0 1.081021 2.624798 0.000013
16 1 0 2.585031 2.314730 0.885463
17 8 0 2.764021 -0.246351 0.000199
18 8 0 -4.315747 -0.193714 0.000427

L 9

HF (M062X/6-31+G(d,p)) = -440.0527351 Hartrees
Imaginary Frequencies: none found

Zero-point correction = 0.154786 (Hartree/Particle)
Thermal correction = 0.118401 Hartrees

Coordinates from last standard orientation:

Center Atomic Atomic Coordinates (Angstroms)
Number Number Type X Y Z
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Aldehyde C3

HF (M062X/6-31+G(d,p)) = -782.864751 Hartrees

Imaginary Frequencies: none found

Zero-point correction = 0.138356 (Hartree/Particle)

Thermal correction = 0.102913 Hartrees

Coordinates from last standard orientation:

Center
Number

Atomic
Number

Atomic
Type

-0.806453 0.383111 -0.000368
-1.9502438 -0.329496 0.000082
-3.241031 0.358683 -0.000175
-3.179161 1.469390 -0.000982
-1.967351 -1.415981 0.000729
-0.899120 1.470634 -0.000955
0.538075 -0.149235 -0.000173
1.703614 0.610340 -0.000011
0.933147 -1.528816 -0.000153
2.299178 -1.563585 0.000034
0.278540 -2.387971 -0.000312
2.988368 -2.393896 0.000033
1.926543 2.087293 0.000198
2.484613 2.405978 -0.886344
0.974723 2.619514 -0.000020
2.484075 2.405785 0.887149
-4.321519 -0.195059 0.000373
2.752514 -0.262048 0.000119
3.722917 0.011588 0.000291
Coordinates (Angstroms)

X Y Z
-1.122570 0.413475 -0.000143
-2.237350 -0.339552 0.000080
-3.556431 0.302756 -0.000062
-3.540218 1.414076 -0.000256
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-2.223474 -1.425818 0.000363
-1.255161 1.495157 -0.000404
0.248157 -0.077147 -0.000081
1.357798 0.744430 0.000001
0.604945 -1.472177 -0.000100
1.946522 -1.675468 -0.000026
-0.116368 -2.280122 -0.000195
2.481138 -2.614697 -0.000022
1.439914 2.241439 0.000041
1.970802 2.605536 -0.884429
0.445847 2.690125 0.000016
1.970726 2.605494 0.884574
-4.609296 -0.298304 0.000127
2.815948 -0.183116 0.000068

HF (M062X/6-31+G(d,p)) = -423.9631305Hartrees

Imaginary Frequencies: none found

Zero-point correction = 0.165237 (Hartree/Particle)

Thermal correction = 0.129479Hartrees

Coordinates from last standard orientation:

Center Atomic Atomic
Number Number Type
1 6 0

6 0

Coordinates (Angstroms)

X Y Z
-0.656707 0.529157 -0.000313
-1.904970 -0.205457 -0.000317
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3 6 0 -3.097111 0.413076 0.000091
4 1 0 -3.192027 1.495006 0.000384
5 1 0 -1.873206 -1.294198 -0.000726
6 1 0 -0.740816 1.615523 -0.000736
7 6 0 0.579237 -0.015994 0.000049
8 6 0 1.867806 0.726034 -0.000080
9 6 0 0.926677 -1.443364 0.000400
10 6 0 2.256356 -1.617983 0.000281
11 1 0 0.197518  -2.245675 0.000832
12 1 0 2.761187 -2.577652 0.000545
13 6 0 2.043536 2.050239 0.000386
14 1 0 3.039075 2.483475 0.000369
15 1 0 1.206007 2.741264 0.000859
16 6 0 2.991926 -0.302119 -0.000504
17 1 0 3.636920 -0.194995 0.880182
18 1 0 3.635635 -0.195509 -0.882217
19 8 0 -4.312699 -0.185443 0.000093
20 1 0 -4.209200 -1.145234 -0.000198
Enol C5
f’i‘j.
HF (M062X/6-31+G(d,p)) = -459.862049 Hartrees
Imaginary Frequencies: none found
Zero-point correction = 0.141006 (Hartree/Particle)
Thermal correction = 0.105386 Hartrees
Coordinates from last standard orientation:
Center Atomic Atomic Coordinates (Angstroms)
Number Number Type X Y Z
1 6 0 -0.645009 0.513107 -0.000311
328

S. Singh



2 6 0 -1.889148  -0.220402 -0.000467
3 6 0 -3.079553 0.397602 0.000399
4 1 0 -3.163770 1.483292 0.001584
5 1 0 -1.874770  -1.307130 -0.001285
6 1 0 -0.714583 1.600312 -0.000105
7 6 0 0.585610 -0.048214  -0.000259
8 6 0 1.872862 0.679530 0.000000
9 6 0 0.966719  -1.459056 -0.000134
10 8 0 2.891284  -0.263280 0.000422
11 6 0 2.306368  -1.498904 0.000336
12 1 0 0.308009  -2.314029  -0.000207
13 1 0 2.997658  -2.329425 0.000655
14 6 0 2.164720 1.982479  -0.000216
15 1 0 3.194700 2.315261 0.000010
16 1 0 1.373638 2.721001  -0.000711
17 8 0 -4.243545  -0.303973  -0.000742
18 1 0 -4.998215 0.291887 0.006533
;,\‘J

HF (M062X/6-31+G(d,p)) = -440.0059954 Hartrees

Imaginary Frequencies: none found

Zero-point correction = 0.152594 (Hartree/Particle)

Thermal correction = 0.117225 Hartrees

Coordinates from last standard orientation:

Center Atomic Atomic Coordinates (Angstroms)

Number Number Type X Y Z
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1 6 0 -0.644083 0.509298  -0.000447
2 6 0 -1.887949  -0.224226  -0.000632
3 6 0 -3.079773 0.391077 0.000796
4 1 0 -3.166834 1.476558 0.002498
5 1 0 -1.872166  -1.311002 -0.002011
6 1 0 -0.715933 1.596332  -0.000073
7 6 0 0.588202  -0.052594  -0.000392
8 6 0 1.872976 0.702316  -0.000040
9 6 0 0.954038  -1.468290 -0.000246
10 6 0 2.302438  -1.542486 0.000444
11 1 0 0.276967 -2.308476 -0.000384
12 1 0 2.936660 -2.418586 0.000876
13 6 0 2.093801 2.028942  -0.000369
14 1 0 3.098982 2.434458  -0.000048
15 1 0 1.267319 2.727208  -0.001050
16 8 0 -4.244667 -0.313004 -0.000929
17 1 0 -4.998621 0.283447 0.007505
18 7 0 2.868435  -0.279594 0.000626
19 1 0 3.854014  -0.082973 0.001054

HF (M062X/6-31+G(d,p)) = -782.8262469 Hartrees

Imaginary Frequencies: none found

Zero-point correction = 0.137839 (Hartree/Particle)

Thermal correction = 0.101024 Hartrees

Coordinates from last standard orientation:

Center Atomic Atomic Coordinates (Angstroms)

Number Number Type X Y Z
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1 6 0 -0.986210 0.518949  -0.000517
2 6 0 -2.208741  -0.249442  -0.001069
3 6 0 -3.412937 0.342563 0.001037
4 1 0 -3.521740 1.426144 0.003651
5 1 0 -2.174655 -1.335101 -0.003191
6 1 0 -1.101911 1.602027 0.000192
7 6 0 0.269851 0.009621  -0.000595
8 6 0 1.497249 0.848254  -0.000215
9 6 0 0.623468 -1.407149 -0.000604
10 6 0 1.945237  -1.640982 0.000265
11 1 0 -0.111655 -2.202411 -0.000881
12 1 0 2.431071 -2.608284 0.000724
13 6 0 1.594223 2.184578  -0.000719
14 1 0 2.555691 2.684925 -0.000362
15 1 0 0.708368 2.810237 -0.001564
16 8 0 -4.559402  -0.384678 -0.000762
17 1 0 -5.328577 0.192524 0.008869
18 16 0 2.942862 -0.195688 0.000822

Aldehyde C8

HF (M062X/6-31+G(d,p)) = -423.9812446 Hartrees

Imaginary Frequencies: none found

Zero-point correction = 0.164541 (Hartree/Particle)

Thermal correction = 0.128672 Hartrees

Coordinates from last standard orientation:

Center Atomic Atomic Coordinates (Angstroms)

Number Number Type X Y Z
1 6 0 -0.809016 0.423497  -0.002025
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2 6 0 -1.935255  -0.313468 0.000231
3 6 0 -3.246646 0.344971  -0.000648
4 1 0 -3.215960 1.456065 -0.003874
5 1 0 -1.932108  -1.399933 0.003048
6 1 0 -0.917563 1.508658  -0.004529
7 6 0 0.546942  -0.095455 -0.001192
8 6 0 1.689378 0.644532  -0.000237
9 6 0 0.908044  -1.528387 -0.000880
10 6 0 2.244217 -1.654121 0.000339
11 1 0 0.191576  -2.341389  -0.001835
12 1 0 2.806685  -2.579291 0.000563
13 6 0 1.858931 2.128941 0.000963
14 1 0 2.433405 2.452467  -0.874265
15 1 0 0.905118 2.659341  -0.008717
16 6 0 2.869788  -0.288211 0.000843
17 1 0 3.507257 -0.122816 0.880871
18 1 0 3.508437 -0.122969  -0.878363
19 1 0 2.415857 2.453168 0.887303
20 8 0 -4.307625 -0.242137 0.001929

Iminium C9

HF (M062X/6-31+G(d,p)) = -596.4039316 Hartrees

Imaginary Frequencies: none found

Zero-point correction = 0.262326 (Hartree/Particle)

Thermal correction = 0.221163 Hartrees

Coordinates from last standard orientation:

Center Atomic Atomic Coordinates (Angstroms)

Number Number Type X Y Z

332

S. Singh



0w J o U bW N

—
o

I e e O RO N e e e N e e N e e ) N e T R = e e e

OO OO0 0000000000 OO0 O OO0 OO0 OO0 OO0 OO

H ON NN D O DD WWWwWNDRE P o

.029896
.200158
.361853
.245447
.588481
.782286
.601432
.966629
.888849
.872621
.876197
.496086
.971657
.763693
.973928
.461222
.666812
.290263
.061948
.281402
.516982
.564809
.907637
.861789
.593638
.944101
.539039
.086170
.567148
.484451

.553017
.049768
.757862
.841659
.321630
.200811
.072076
.528914
.273542
.217486
.615050
.074416
.924742
.098937
.108129
.644850
.525597
.130622
.642572
.117197
.517815
.536313
.643132
.355477
.474543
.937853
.164906
.609543
.127484
.398500

.031467
.040004
.068274
.081058
.075936
.081844
.550068
.110752
.412557
.505503
.099745
.203239
.286613
.263845
.046074
.847905
.919345
.020182
.051452
.000771
.007806
.033555
.056993
.039180
.085026
.015124
.873957
.042844
.893767
.041248

HF (M062X/6-31+G(d,p)) = -576.5659099 Hartrees

Imaginary Frequencies: none found

Zero-point correction = 0.275330 (Hartree/Particle)

Thermal correction = 0.233933 Hartrees
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Coordinates from last standard orientation:

(Angstroms)

.009432
.032468
.049630
.042462
.069404
.062986
.589616
.084113
.408106
.499969
.096520
.228361
.244980
.290326
.066258
.876139
.891395
.034850
.014032
.016693
.012641
.046432
.058770
.065101
.085685
.051421
.421248
.468367
.089197
.037273

Center Atomic Atomic Coordinates
Number Number Type X Y

1 6 0 -1.035455 -0.535357
2 6 0 0.203500 0.064205
3 6 0 1.356139 -0.744369
4 1 0 1.235759 -1.827775
5 7 0 2.590024 -0.315720
6 6 0 3.776238 -1.201227
7 1 0 3.595471 -2.057404
8 1 0 3.957019 -1.555251
9 6 0 4.891058 -0.271163
10 1 0 4.880549 -0.195323
11 1 0 5.875369 -0.622668
12 6 0 4.501447 1.068234
13 1 0 4.983188 1.924532
14 1 0 4.765011 1.073310
15 6 0 2.979804 1.110337
16 1 0 2.467651 1.636032
17 1 0 2.677616 1.549605
18 1 0 0.295975 1.144962
19 1 0 -1.062949 -1.626020
20 6 0 -2.282589 0.125274
21 6 0 -3.525787 -0.539540
22 6 0 -2.558653 1.539827
23 6 0 -3.910376 1.683390
24 1 0 -1.840095 2.345704
25 1 0 -4.532599 2.564445
26 6 0 -3.860400 -1.992444
27 1 0 -4.825478 -2.189400
28 1 0 -3.110914 -2.591754
29 1 0 -3.914111 -2.336304
30 7 0 -4.474176 0.414444
31 1 0 -5.467959 0.229233

.040633

Iminium C11

HF (M062X/6-31+G(d,p)) = -919.3693188 Hartrees
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Imaginary Frequencies: none found

Zero-point correction = 0.258819 (Hartree/Particle)

Thermal correction = 0.216855 Hartrees

Coordinates from last standard orientation:

Center
Number

Atomic
Number

Atomic
Type

(Angstroms)

O

-1

.030573
.041785
.065270
.072778
.074203
.075021
.560378
.102262
-0.
.509553
-0.

0.
-0.

1.

0.

0.
-0.

0.

0.

0.
-0.
-0.
-0.
-0.
-0.

0.
-0.
-0.
.947097
.035918

416883

107116
205438
281133
265786
050627
855769
912219
027975
045461
002381
001821
024019
046067
027574
070103
026275
017915
827348

Trienamine C12

Coordinates
X Y
.681402 0.586010
.538678 -0.037826
.711651 0.753549
.610285 1.838874
.932478 0.300491
.137822 1.163495
.967927 2.0344068
.328005 1.493561
.231274 0.219494
.212598 0.158847
.223598 0.549178
.821473 -1.120332
.284942 -1.979206
.090234 -1.143583
.298718 -1.134344
.780293 -1.660532
.984543 -1.552505
.616921 -1.119465
.686535 1.676649
.958413 -0.046933
.141810 0.694508
.202870 -1.467387
.524684 -1.764229
.428233 -2.224437
.994034 -2.737842
.304046 2.184892
.357267 2.466097
.801429 2.649040
.887597 2.604384
.501872 -0.333897
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HF (M062X/6-31+G(d,p)) = -560.0783088 Hartrees

Imaginary Frequencies: none found

Zero-point correction = 0.271150 (Hartree/Particle)

Thermal correction = 0.228525 Hartrees

Coordinates from last standard orientation:

Center
Number

Atomic
Number

Atomic
Type

(Angstroms)

0 J o U W N
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Coordinates
X Y
.109614 0.654965
.194354 0.042078
.329504 0.791170
.251764 1.877890
.603294 0.322090
.787258 1.171440
.655207 2.024276
.994432 1.559157
.891084 0.215756
.895083 0.153180
.883446 0.528765
.445490 -1.123153
.904156 -1.987770
.700688 -1.154890
.921539 -1.096137
.399553 -1.619072
.599093 -1.548608
.265368 -1.041768
.124153 1.745695
.302215 0.013080
.642997 0.649699
.532552 -1.436011
.843412 -1.720898
.738083 -2.174152
.268828 -2.717858
.933289 1.955001
.962576 2.300515
.158830 2.715574
.681056 -0.466476
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.030147
.036391
.058162
.070681
.059668
.066801
.607247
.076091
.389739
.483190
.057948
.212183
.272022
.276804
.045336
.857048
.905239
.019968
.049179
.002919
.003076
.030090
.056732
.033627
.085384
.024477
.016659
.056914
.044625
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-0
0

.826149
.935432

(Angstroms)

.147086
.090116
.079518
.145669
.002785
.021933
776822
.956886
.329892
.409116
.007461
.396651
.031999
.468207
.159907
.998009
.750605
.224974
.277028
.133019
.404197
.417085
. 749745

30 1 0 -5.347050 -0.427585
31 1 0 -5.316884 -0.391048

HF (M062X/6-31+G(d,p)) = -560.0894486 Hartrees

Imaginary Frequencies: none found

Zero-point correction = 0.272533 (Hartree/Particle)

Thermal correction = 0.231392 Hartrees

Coordinates from last standard orientation:

Center Atomic Atomic Coordinates

Number Number Type X Y
1 6 0 -1.795494 0.560098
2 6 0 -0.336870 0.705420
3 6 0 0.494497  -0.388127
4 1 0 0.028880 -1.370471
5 7 0 1.831237  -0.447230
6 6 0 2.572624  -1.711030
7 1 0 2.155421  -2.383212
8 1 0 2.517439  -2.207966
9 6 0 4.001041 -1.264448
10 1 0 4.120027 -1.121033
11 1 0 4.747053 -1.986876
12 6 0 4.090551 0.082827
13 1 0 4.900797 0.717215
14 1 0 4.244982  -0.082206
15 6 0 2.711514 0.707325
16 1 0 2.374384 1.325978
17 1 0 2.684937 1.320947
18 6 0 -2.525856 -0.706416
19 6 0 -3.749342  -0.920514
20 6 0 -4.516144 -2.200881
21 1 0 -5.457848  -2.039910
22 1 0 -3.936860 -2.948249
23 1 0 -2.043837 -1.534220
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24 1 0 -4.232961 -0.115335 0.830282
25 6 0 -1.263345 2.788070 -0.036384
26 1 0 -1.395608 3.862998 -0.010343
27 6 0 -0.062468 2.133082 -0.021649
28 1 0 0.907381 2.606429 0.016307
29 6 0 -2.332084 1.822768  -0.115045
30 1 0 -3.388119 2.057488 -0.176693
31 1 0 -4.776464 -2.620009 1.111572

HF (M062X/6-31+G(d,p)) = -595.9798717 Hartrees

Imaginary Frequencies: none found

Zero-point correction = 0.247648 (Hartree/Particle)

Thermal correction = 0.206087 Hartrees

Coordinates from last standard orientation:

Center Atomic Atomic Coordinates (Angstroms)

Number Number Type X Y Z
1 6 0 -1.115178  -0.643961 0.028256
2 6 0 0.187212 -0.037183 0.034621
3 6 0 1.321319 -0.790558 0.063178
4 1 0 1.239313 -1.876818 0.082184
5 7 0 2.594317 -0.325973 0.064005
6 6 0 3.776473  -1.179173 0.080529
7 1 0 3.640690 -2.039397 -0.583022
8 1 0 3.981581  -1.554622 1.094580
9 6 0 4.882784  -0.232015 -0.386978
10 1 0 4.886219 -0.180902 -1.480990
11 1 0 5.874183  -0.545041 -0.052602
12 6 0 4.442345 1.114474 0.201753
13 1 0 4.903504 1.972370 -0.291757
14 1 0 4.698564 1.156376 1.265731
15 6 0 2.918245 1.091612 0.036278
16 1 0 2.398502 1.623554 0.843330
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17 1 0 2.596626 1.534926 -0.918625
18 1 0 0.258404 1.046751 0.012853
19 1 0 -1.144815 -1.733673 0.048872
20 6 0 -2.299560 0.016325 0.000168
21 6 0 -3.639086 -0.601527 -0.005936
22 6 0 -2.559533 1.453420 -0.030874
23 8 0 -4.575476 0.423566 -0.037251
24 6 0 -3.890727 1.608757 -0.051081
25 1 0 -1.829265 2.248655 -0.037067
26 1 0 -4.510986 2.493022 -0.075059
27 6 0 -4.045218 -1.875883 0.013156
28 1 0 -5.100450 -2.116394 0.004326
29 1 0 -3.322950 -2.681251 0.038809

HF (M062X/6-31+G(d,p)) = -576.1231782 Hartrees
Imaginary Frequencies: none found

Zero-point correction = 0.259749 (Hartree/Particle)
Thermal correction = 0.217801 Hartrees

Coordinates from last standard orientation:

Center Atomic Atomic Coordinates (Angstroms)
Number Number Type X Y Z
1 6 0 -1.117622 0.645405 -0.014131
2 6 0 0.186211 0.040611 -0.032851
3 6 0 1.320604 0.792825 -0.023717
4 1 0 1.240504 1.879120 0.000643
5 7 0 2.595041 0.326423 -0.035061
6 6 0 3.776555 1.178947 -0.025208
7 1 0 3.648554 2.008122 0.678447
8 1 0 3.972607 1.600951 -1.022952
9 6 0 4.887082 0.211623 0.388023
10 1 0 4.901311 0.111271 1.478547
11 1 0 5.875411 0.539098 0.058175
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12 6 0 4.439896 -1.106993 -0.256025
13 1 0 4.904473 -1.986518 0.194616
14 1 0 4.686855 -1.101495 -1.323034
15 6 0 2.917233 -1.090523 -0.076233
16 1 0 2.390169 -1.584273 -0.902901
17 1 0 2.603359 -1.579228 0.859031
18 1 0 0.257517 -1.043383 -0.053094
19 1 0 -1.147533 1.735186 0.003080
20 6 0 -2.301567 -0.018587 -0.013628
21 6 0 -3.642504 0.619790 0.002428
22 6 0 -2.542703 -1.460490 0.004420
23 6 0 -3.876536 -1.653958 0.074055
24 1 0 -1.792646 -2.237183 -0.001203
25 1 0 -4.432069 -2.581096 0.116981
26 6 0 -3.985861 1.917739 -0.101508
27 1 0 -5.022070 2.233512 -0.061308
28 1 0 -3.229142 2.680534 -0.229680
29 7 0 -4.551134 -0.440159 0.138617
30 1 0 -5.529379 -0.336790 -0.073992

HF (M062X/6-31+G(d,p)) = -576.1377698 Hartrees
Imaginary Frequencies: none found

Zero-point correction = 0.261207 (Hartree/Particle)
Thermal correction = 0.220211 Hartrees

Coordinates from last standard orientation:

Center Atomic Atomic Coordinates (Angstroms)

Number Number Type X Y Z
1 6 0 -1.768991 0.520421 -0.022940
2 6 0 -0.312468 0.653692 -0.025411
3 6 0 0.532663 -0.432109 -0.011580
4 1 0 0.086054 -1.424761 -0.029224
5 7 0 1.867430 -0.456605 0.018610
6 6 0 2.645620 -1.700682 0.006883
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7 1 0 2.226152 -2.404954 -0.716374

8 1 0 2.630738 -2.167335 1.001336

9 6 0 4.051644 -1.222716 -0.354197
10 1 0 4.138716 -1.11199%6 -1.440255
11 1 0 4.826428 -1.912626 -0.014180
12 6 0 4.120830 0.149819 0.325581
13 1 0 4.904973 0.792812 -0.078411
14 1 0 4.301885 0.025305 1.398391
15 6 0 2.721564 0.728631 0.097859
16 1 0 2.386383 1.376494 0.913449
17 1 0 2.655348 1.294001 -0.840829
18 6 0 -2.530397 -0.731160 0.010468
19 6 0 -3.867743 -0.783402 0.027668
20 6 0 -4.667012 -2.049172 0.061559
21 1 0 -5.331168 -2.116717 -0.807495
22 1 0 -4.020354 -2.931477 0.068373
23 1 0 -1.974411 -1.668174 0.023590
24 1 0 -4.409334 0.161337 0.016814
25 6 0 -1.335649 2.641187 -0.070546
26 1 0 -1.583990 3.695145 -0.099472
27 6 0 -0.087719 2.085836 -0.057100
28 1 0 0.849709 2.619354 -0.086762
29 7 0 -2.352406 1.698960 -0.045650
30 1 0 -5.306348 -2.084965 0.950856

HF (M062X/6-31+G(d,p)) = -918.9445892 Hartrees
Imaginary Frequencies: none found

Zero-point correction = 0.244232 (Hartree/Particle)
Thermal correction = 0.200726 Hartrees

Coordinates from last standard orientation:

Center Atomic Atomic Coordinates (Angstroms)
Number Number Type X Y Z
6 0 -0.740436 0.683344 -0.037885
6 0 0.547398 0.048767 -0.048990
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3 6 0 1.692357 0.788243 -0.058939

4 1 0 1.623839 1.875642 -0.059017

5 7 0 2.957888 0.308802 -0.062584

6 6 0 4.150857 1.148229 -0.050330

7 1 0 4.018509 1.995909 0.629642

8 1 0 4.368689 1.541392 -1.054648

9 6 0 5.241505 0.178446 0.407392
10 1 0 5.234725 0.105091 1.500115
11 1 0 6.239378 0.486356 0.088029
12 6 0 4.790368 -1.150354 -0.212412
13 1 0 5.237992 -2.023656 0.266212
14 1 0 5.053420 -1.172964 -1.275271
15 6 0 3.265590 -1.113281 -0.056648
16 1 0 2.744835 -1.625276 -0.875539
17 1 0 2.933128 -1.567989 0.888939
18 1 0 0.606224 -1.035439 -0.045350
19 1 0 -0.729488 1.773411 -0.045245
20 6 0 -1.952550 0.067424 -0.017329
21 6 0 -3.242343 0.799549 -0.008205
22 6 0 -2.181262 -1.373105 0.008261
23 6 0 -3.476337 -1.725308 0.047238
24 1 0 -1.377290 -2.099335 0.000643
25 1 0 -3.876069 -2.730608 0.074935
26 6 0 -3.462669 2.122614 -0.043831
27 1 0 -4.466077 2.531933 -0.030974
28 1 0 -2.638204 2.825801 -0.088129
29 16 0 -4.592105 -0.368080 0.055863

HF (M062X/6-31+G(d,p)) = -560.4866441 Hartrees
Imaginary Frequencies: none found

Zero-point correction = 0.284901 (Hartree/Particle)
Thermal correction = 0.243456 Hartrees

Coordinates from last standard orientation:

Center Atomic Atomic Coordinates (Angstroms)
Number Number Type X Y Z
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.028839
.194275
.366295
.262495
.587056
.791755
. 621171
.980284
.886649
.869153
.878268
.477620
.942651
.744994
.955231
.435646
.642880
.275447
.047607
.290377
.508027
.512724
.831108
.728677
.306914
.820659
.419549
.932981
.584474
.251094
.223914
.425354

-1

Ja

|
NN R R OO P PR PR

|
N

.593724
0.
-0.
-1.
-0.
.186755
-2.
-1.
-0.
-0.
-0.
.096044
.955517
.116615
.112281
. 637717
.531673
.103047
.683068
.072602
.565760
.532171
.776366
.279622
.748222
.020982
-2.
.654448
.477522
.385197
.349565
.259822

021660
773820
858939
322542

056177
518985
242786
179658
574330

292877

1

.029855
.040183
.064398
.071190
.074237
.074070
.563209
.100891
-0.
-1.
-0.

0.
-0.
.270988

0.

0.
-0.

0.

0.
-0.
-0.
-0.
-0.
-0.
-0.

0.
-0.

0.
-0.

0.
-0.
.901683

414686
507234
104655
210229
273784

053190
857971
909654
024627
046560
000969
006145
033646
058116
038183
086281
020108
855662
035185
043134
825951
928072

Aldehyde D1
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HF (M062X/6-31+G(d,p)) = -459.8979071 Hartrees
Imaginary Frequencies: none found

Zero-point correction = 0.142232 (Hartree/Particle)
Thermal correction = 0.107220 Hartrees

Coordinates from last standard orientation:

Center Atomic Atomic Coordinates (Angstroms)
Number Number Type X Y Z
1 6 0 -0.102481 0.233702 0.000662
2 6 0 1.220485 -0.152536 -0.000293
3 6 0 1.732705 -1.521036 -0.000535
4 1 0 0.973475 -2.327786 -0.001345
5 6 0 -1.344428 -0.515975 0.001103
6 6 0 -2.559712 0.047555 -0.000951
7 6 0 -3.843060 -0.720904 -0.000307
8 1 0 -4.445198 -0.469280 -0.879852
9 1 0 -3.664479 -1.798944 0.000203
10 1 0 -1.244975 -1.598792 0.003158
11 1 0 -2.629402 1.134185 -0.003093
12 6 0 1.104095 2.068347 0.000042
13 1 0 1.192255 3.143044 0.000020
14 6 0 1.999456 1.054762 -0.000831
15 1 0 3.076803 1.120251 -0.001701
16 1 0 -4.444698 -0.468471 0.879380
17 8 0 -0.172167 1.582452 0.000942
18 8 0 2.915149 -1.794664 0.000293
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Aldehyde D2

HF (M062X/6-31+G(d,p)) = -440.0507199 Hartrees

Imaginary Frequencies: none found

Zero-point correction = 0.154902 (Hartree/Particle)

Thermal correction = 0.118945 Hartrees

Coordinates from last standard orientation:

Center
Number

Atomic
Number

Atomic

Type

0 J o U W N

O

Aldehyde D3

Coordinates (Angstroms)
X Y Z
-0.105054 0.294259 0.006244
1.210306 -0.174614 0.001134
1.629481 -1.571959 -0.000469
0.818978 -2.328335 0.002384
-1.360766 -0.443665 0.011096
-2.590663 0.086088 -0.010487
-3.854805 -0.717756 -0.002341
-4.460024 -0.505008 -0.890045
-3.639599 -1.788958 0.018323
-1.262397 -1.526477 0.033873
-2.717368 1.169269 -0.036964
1.284370 2.070152 -0.000962
1.532334 3.120735 -0.001999
2.079378 0.956498 -0.003712
3.158369 0.920876 -0.008570
-4.469122 -0.473160 0.870804
2.790153 -1.932376 -0.004543
-0.030214 1.656994 0.004617
-0.824369 2.277093 0.013190
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HF (M062X/6-31+G(d,p)) = -782.8633054 Hartrees

Imaginary Frequencies: none found

Zero-point correction = 0.138643 (Hartree/Particle)

Thermal correction = 0.102203 Hartrees

Coordinates from last standard orientation:

Center
Number

Atomic
Number

Atomic
Type

(Angstroms)

.005184
.001208
.000075
.002036
.010374
.010400
.002498
.888674
.016113
.033079
.034860
.003394
.006459
.003807
.007702
.871153
.003641
.004056

Enol D4

Coordinates
X Y
.125050 -0.098312
.157442 0.424254
.481629 1.859008
.630460 2.565087
.392667 0.625986
.609713 0.066859
.891835 0.838414
.491419 0.604729
.707890 1.915461
.321544 1.711153
.697905 -1.020084
.662947 -1.837838
.192573 -2.780246
.177586 -0.580968
.233527 -0.341085
.497890 0.575842
.619055 2.281731
.065899 -1.829320
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HF (M062X/6-31+G(d,p)) = -423.9608766 Hartrees

Imaginary Frequencies: none found

Zero-point correction = 0.165335 (Hartree/Particle)

Thermal correction = 0.129713 Hartrees

Coordinates from last standard orientation:

Center
Number

Atomic
Number

Atomic
Type

(Angstroms)

0.

0.
-0.
-0.

0.

0.
-0.
-0.
-0.
.000096
.000053
.000008
.000020
.000031
.000056
.000048
.881057
.880862
.000021
.000030

000003
000008
000016
000044
000050
000024
000023
000031
000042

Enol D5

Coordinates
X Y
0.307748 0.235456
-1.115973 -0.173308
-1.581025 -1.434547
-0.927563 -2.299945
1.388492 -0.565664
2.762105 -0.085795
3.835796 -0.887779
4.843590 -0.487803
3.729165 -1.969592
1.256974 -1.647200
2.910593 0.993208
-1.117312 2.142470
-1.458589 3.171293
-1.911786 1.063957
-2.996822 1.107156
0.341184 1.758981
0.862999 2.154564
0.863107 2.154637
-2.885229 -1.808447
-3.456991 -1.031371
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HF (M062X/6-31+G(d,p)) = -459.860336 Hartrees

Imaginary Frequencies: none found

Zero-point correction = 0.141606 (Hartree/Particle)

Thermal correction = 0.106401 Hartrees

Coordinates from last standard orientation:

Center
Number

Atomic
Number

Atomic
Type

Enol D6

Coordinates (Angstroms)
X Y Z
-0.290035 0.179621 -0.000161
1.148336 -0.134971 0.000066
1.691412 -1.366053 -0.000500
1.092822 -2.269758 -0.001466
-1.385739 -0.600844 0.000143
-2.743917 -0.090076 -0.000095
-3.835039 -0.869159 0.000296
-4.832363 -0.444134 0.000123
-3.755690 -1.953254 0.000823
-1.241109 -1.677662 0.000632
-2.855529 0.991872 -0.000602
0.845586 2.094389 0.000045
0.884677 3.173895 -0.000063
1.815253 1.170643 0.000474
2.875187 1.380781 0.000739
-0.412649 1.561089 -0.000437
3.015761 -1.645232 -0.000046
3.531967 -0.829893 0.002076
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HF (M062X/6-31+G(d,p)) = -440.0055622 Hartrees

Imaginary Frequencies: none found

Zero-point correction = 0.153962 (Hartree/Particle)

Thermal correction = 0.118574 Hartrees

Coordinates from last standard orientation:

Center
Number

Atomic
Number

Atomic
Type

(Angstroms)

-0

.009722

0.
-0.
-0.

0.
.044847

0.
-0.

0.
.117950
.194886
.019159
.024359
.058231
.084774
.019156
.062433
.070725
.112180

014574
037870
105473
027833

039390
034755
181251

Enol D7

Coordinates
X Y
.295607 0.228053
.137291 -0.147054
.612468 -1.406036
.969735 -2.276401
.395569 -0.564194
.759008 -0.085899
.851887 -0.862197
.849284 -0.444479
.768890 -1.936384
.247622 -1.636430
.910184 0.983763
.997276 2.115899
.169402 3.183394
.893356 1.109258
.966441 1.234070
.920665 -1.753140
.472399 -0.965558
.297501 1.624841
.114722 2.182290
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HF (M062X/6-31+G(d,p)) = -440.0055622 Hartrees

Imaginary Frequencies: none found

Zero-point correction = 0.153962 (Hartree/Particle)

Thermal correction = 0.118574 Hartrees

Coordinates from last standard orientation:

Center
Number

Atomic
Number

Aldehyde D8

Coordinates (Angstroms)
X Y Z
-0.295607 0.228053 -0.009722
1.137291 -0.147054 0.014574
1.612468 -1.406036 -0.037870
0.969735 -2.276401 -0.105473
-1.395569 -0.564194 0.027833
-2.759008 -0.085899 -0.044847
-3.851887 -0.862197 0.039390
-4.849284 -0.444479 -0.034755
-3.768890 -1.936384 0.181251
-1.247622 -1.636430 0.117950
-2.910184 0.983763 -0.194886
0.997276 2.115899 0.019159
1.169402 3.183394 0.024359
1.893356 1.109258 0.058231
2.966441 1.234070 0.084774
2.920665 -1.753140 -0.019156
3.472399 -0.965558 0.062433
-0.297501 1.624841 -0.070725
-1.114722 2.182290 0.112180
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o)
HF (M062X/6-31+G(d,p)) = -423.9805038 Hartrees
Imaginary Frequencies: none found

Zero-point correction = 0.164887 (Hartree/Particle)
Thermal correction = 0.129622 Hartrees

Coordinates from last standard orientation:

Center Atomic Atomic Coordinates (Angstroms)
Number Number Type X Y Z
1 6 0 -0.113819 0.281663 0.000145
2 6 0 1.162129 -0.209571 0.000027
3 6 0 1.559929 -1.621378 0.000172
4 1 0 0.744675 -2.369977 0.000730
5 6 0 -1.360488 -0.466393 0.000303
6 6 0 -2.579191 0.095678 -0.000359
7 6 0 -3.865027 -0.669881 -0.000171
8 1 0 -4.467677 -0.420157 -0.880152
9 1 0 -3.685433 -1.747835 0.000281
10 1 0 -1.292156 -1.552852 0.001034
11 1 0 -2.660568 1.182951 -0.001044
12 6 0 1.448470 2.062390 -0.000150
13 1 0 1.872773 3.058718 -0.000246
14 6 0 2.122967 0.900346 -0.000330
15 1 0 3.196217 0.756685 -0.000626
16 6 0 -0.030677 1.788382 0.000431
17 1 0 -0.527873 2.214458 0.881984
18 1 0 -0.528719 2.215069 -0.880316
19 1 0 -4.467837 -0.419462 0.879507
20 8 0 2.718855 -1.985626 -0.000195
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Iminium D9

HF (M062X/6-31+G(d,p)) = -596.3965876 Hartrees
Imaginary Frequencies: none found

Zero-point correction = 0.262554 (Hartree/Particle)
Thermal correction = 0.221869 Hartrees

Coordinates from last standard orientation:

0.

0
0
0
0
0
0

(Angstroms)

.012816
-0.
-0.
-0.
0.
0.
-0.
1.
-0.
-1.
-0.
0.
-0.
1.
0.

018739
007672
045647
037045
011388
689907
018403
378783
464792
058654
320211
088871
388487
113151
932558

.834105
.028396
.013660
.057456
.822630
.096878

0.
-0.
-0.
-0.
-0.
-0.

0.
.045815

077499
032419
078930
114552
062814
093484
931391

Center Atomic Atomic Coordinates
Number Number Type X Y
1 6 0 -1.691202 0.394021
2 6 0 -0.303546 0.598035
3 6 0 0.596327 -0.494073
4 1 0 0.167257 -1.494035
5 7 0 1.895470 -0.464442
6 6 0 2.734530 -1.691582
7 1 0 2.310201 -2.411734
8 1 0 2.744049 -2.122550
9 6 0 4.109605 -1.158707
10 1 0 4.173958 -1.038696
11 1 0 4.909639 -1.827159
12 6 0 4.149937 0.204240
13 1 0 4.905457 0.875793
14 1 0 4.349195 0.076851
15 6 0 2.736398 0.751832
16 1 0 2.387552 1.384245
17 1 0 2.641104 1.293913
18 6 0 -2.504530 -0.797624
19 6 0 -3.848367 -0.761915
20 6 0 -4.721951 -1.967653
21 1 0 -5.372979 -1.992958
22 1 0 -4.143765 -2.892735
23 1 0 -1.988991 -1.752404
24 1 0 -4.342161 0.207859
25 6 0 -1.354447 2.565597
26 1 0 -1.731887 3.575213
27 6 0 -0.116032 2.035754
28 1 0 0.800813 2.600663
29 1 0 -5.380479 -1.923668
30 8 0 -2.302198 1.578118
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Iminium D10

HF (M062X/6-31+G(d,p)) = -576.5584271 Hartrees

Imaginary Frequencies: none found

Zero-point correction = 0.275649 (Hartree/Particle)

Thermal correction = 0.235029 Hartrees

Coordinates from last standard orientation:

Center
Number

Atomic
Number

Atomic
Type

(Angstroms)

0 J o U W N

WWNNDMRODONNDNODNNDNR R P2 2 R e e e
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Coordinates
X Y
.715324 0.467131
.312458 0.656429
.560096 -0.454051
.104197 -1.443502
.862572 -0.460094
.665810 -1.709854
.218387 -2.421633
.670585 -2.138165
.054053 -1.220157
.118140 -1.121460
.837344 -1.903678
.133108 0.154659
.905748 0.797151
.331238 0.042922
.733916 0.733427
.406191 1.402124
.646888 1.248840
.500605 -0.753312
.759798 -0.889143
.588118 -2.119556
.913524 -2.501169
.039424 -2.905673
.022684 -1.590694
.2296238 -0.063870
.304906 2.673837
.579106 3.714586
.083146 2.074954
.855603 2.593148
.494926 -1.890597
.269776 1.692125
.260362 1.871282
353

.108580
.035958
.039368
.041747
.032756
.008394
.687271
.016632
.394833
.483010
.065053
277179
.146639
.347542
.062023
.861499
.901202
.250592
.190070
.018630
.991395
.503848
.753210
727491
.108544
.187584
.104125
.209052
.550732
.025655
.119262
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HF (M062X/6-31+G(d,p)) =-919.3596831 Hartrees
Imaginary Frequencies: none found

Zero-point correction = 0.258779 (Hartree/Particle)
Thermal correction = 0.216453 Hartrees

Coordinates from last standard orientation:

(Angstroms)

.100240
.016608
.002921
.046115
.010814
.046452
.781534
.944114
.389693
.470345
.066854
.343229
.028494
.413841
.105113
.912280
.846673
.254689
.176790
.003423
.967207
.531381
.767670
.704811
.146636
.252908
.128059
.241286
.569381
.037209

Center Atomic Atomic Coordinates
Number Number Type X Y
1 6 0 -1.570318 0.231180
2 6 0 -0.202107 0.550798
3 6 0 0.744852 -0.512991
4 1 0 0.342243 -1.523576
5 7 0 2.043341 -0.458791
6 6 0 2.891327 -1.682015
7 1 0 2.482309 -2.376714
8 1 0 2.881658 -2.149353
9 6 0 4.272200 -1.134237
10 1 0 4.363483 -0.986638
11 1 0 5.066727 -1.807939
12 6 0 4.289813 0.211075
13 1 0 5.054136 0.894363
14 1 0 4.458034 0.059879
15 6 0 2.882025 0.758086
16 1 0 2.511155 1.393444
17 1 0 2.814315 1.296144
18 6 0 -2.191145 -1.079997
19 6 0 -3.427289 -1.378756
20 6 0 -4.087777 -2.703986
21 1 0 -4.362173 -3.129434
22 1 0 -3.444743 -3.411183
23 1 0 -1.616459 -1.848198
24 1 0 -4.001400 -0.616280
25 6 0 -1.142936 2.670485
26 1 0 -1.272210 3.738779
27 6 0 0.017578 1.970910
28 1 0 0.978034 2.451041
29 1 0 -5.017971 -2.587092
30 16 0 -2.524866 1.650686
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Trienamine D12

HF (M062X/6-31+G(d,p)) = -560.073306 Hartrees

Imaginary Frequencies: none found

Zero-point correction = 0.271512 (Hartree/Particle)

Thermal correction = 0.232085 Hartrees

Coordinates from last standard orientation:

Center
Number

Atomic
Number

(Angstroms)

@0 J o U W N

WO NRNONNDNDNONNR R P 2 R
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Coordinates
X Y
-1.827852 0.307121
-0.369781 0.541339
0.548475 -0.454960
0.179870 -1.471602
1.909509 -0.376128
2.729982 -1.574981
2.531914 -2.054097
2.518349 -2.304876
4.157111 -1.040336
4.486988 -0.649786
4.866153 -1.806099
4.003289 0.106225
4.830875 0.818540
3.929227 -0.298308
2.668397 0.740677
2.129762 1.175441
2.815806 1.529372
-2.471286 -0.871883
-3.916767 -1.014796
-4.560359 -2.185751
-5.643159 -2.239386
-4.014014 -3.122157
-1.897521 -1.793464
-4.505457 -0.101732
-1.361238 2.638861
-1.491799 3.714207
-0.181787 1.999846
0.779814 2.496022
-2.513519 1.666933
-3.177486 1.825417
355

.044236
-0.
-0.
-0.
-0.
-0.
-1.
0.
-0.
-1.
0.
0.730367
0.705944
1.745606
0.327816
1.177995
0.423448
0.
0
0
0
0
0

108042
230683
363203
225989
389007
353162
408446
275414
244033
046405

084874

.118382
.240247
.260034
.321912
.178189

0.
-0.
-0.
-0.
-0.
-0.

0.

036190
122039
155218
116530
157334
106781
752131
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-1.

-0.
-1.
-0.
0.
-0.
1.
0.
0.
-0.
0.
0.
-0.
-0.
-0.
-0.
0.
0.
-0.
-0.
-0.

008252

(Angstroms)

.028544
.036827
.061365
.073689
.067162
.066680
.605195
.076092

395063
488324
068909
212129
271335
276125
047304
856143
906094
019997
048955
001303
007354
060399
089997
024040
001535
835080
042327
054757

31 1 0 -3.133881 1.765635
HF (M062X/6-31+G(d,p)) = -560.0912156 Hartrees
Imaginary Frequencies: none found
Zero-point correction = 0.271813 (Hartree/Particle)
Thermal correction = 0.230195 Hartrees
Coordinates from last standard orientation:
Center Atomic Atomic Coordinates
Number Number Type X Y
1 6 0 -1.132369 -0.547330
2 6 0 0.172321 0.040776
3 6 0 1.289492  -0.742770
4 1 0 1.177782  -1.826743
5 7 0 2.568300 -0.313685
6 6 0 3.730101 -1.198576
7 1 0 3.566911 -2.046889
8 1 0 3.927305 -1.588094
9 6 0 4.858394 -0.275103
10 1 0 4.858583 -0.210690
11 1 0 5.842190 -0.618761
12 6 0 4.456515 1.075110
13 1 0 4.940178 1.926107
14 1 0 4.714836 1.096440
15 6 0 2.933025 1.097355
16 1 0 2.426237 1.637058
17 1 0 2.624809 1.551183
18 1 0 0.261487 1.122698
19 1 0 -1.165068 -1.639215
20 6 0 -2.324065 0.111288
21 6 0 -3.644430 -0.533435
22 6 0 -3.903273 1.753644
23 1 0 -4.407674 2.712233
24 6 0 -3.877234  -2.012989
25 1 0 -4.948165  -2.230451
26 1 0 -3.416804 -2.514614
27 6 0 -4.577746 0.455427
28 1 0 -5.652407 0.311020
356

S. Singh



-0.
-0.
0.
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035735
042166
930932

(Angstroms)

.029812
.077283
.155267
.243521
.148842
.255292
.1524061
.621717
.296687
.319425
.042727
.607008
.455248
.658021
.249525
.096906
.578314
.074597
.081179
.191211
.190079
.285765
.165483
.011485

29 6 0 -2.559581 1.554257
30 1 0 -1.791935 2.317623
31 1 0 -3.463250 -2.469034

Trienamine D13

HF (M062X/6-31+G(d,p)) = -595.9750923 Hartrees

Imaginary Frequencies: none found

Zero-point correction = 0.248397 (Hartree/Particle)

Thermal correction = 0.207832 Hartrees

Coordinates from last standard orientation:

Center Atomic Atomic Coordinates

Number Number Type X Y
1 6 0 1.797682 0.277345
2 6 0 0.348016 0.508579
3 6 0 -0.566238 -0.498594
4 1 0 -0.191104 -1.516858
5 7 0 -1.920853 -0.416906
6 6 0 -2.762880 -1.607594
7 1 0 -2.510516 -2.181208
8 1 0 -2.629705 -2.259802
9 6 0 -4.176118 -1.027483
10 1 0 -4.423209 -0.723444
11 1 0 -4.930561 -1.740239
12 6 0 -4.056776 0.204845
13 1 0 -4.855934 0.933379
14 1 0 -4.069347 -0.102875
15 6 0 -2.676749 0.765811
16 1 0 -2.186144 1.258137
17 1 0 -2.739684 1.486364
18 6 0 2.536750 -0.849373
19 6 0 3.984544  -0.866065
20 6 0 4.732993 -1.975679
21 1 0 5.816026 -1.928216
22 1 0 4.277618  -2.958337
23 1 0 2.012351 -1.796474
24 1 0 4.476688 0.100107
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.129376
.175958
.112985
.159158
.089329

Trienamine D14

HF (M062X/6-31+G(d,p)) =-576.1195168 Hartrees

Imaginary Frequencies: none found

Zero-point correction = 0.260292 (Hartree/Particle)

Thermal correction = 0.218647 Hartrees

Coordinates from last standard orientation:

Center
Number

Atomic
Number

(Angstroms)

O J o U W N

I R R T e e e e e
WNHFEOWO®®Jo U s WN PP o W

FEF R OO PO R OO R OORRODdRE oo O

O O O O O O O O O O O O O O o o oo o o o o o

1.448436 2.473715
1.810686 3.489859
0.208780 1.966524
-0.699600 2.545863
2.422219 1.509987
Coordinates
X Y
-1.8104061 0.316915
-0.354818 0.552447
0.545656 -0.463681
0.157590 -1.469790
1.900709 -0.397330
2.729631 -1.584096
2.508527 -2.050918
2.547630 -2.326488
4.153748 -1.033379
4.455489 -0.639631
4.878368 -1.792021
4.015744 0.112785
4.835766 0.832526
3.971940 -0.289704
2.666019 0.734211
2.147783 1.178683
2.784754 1.509948
-2.499792 -0.849051
-3.935742 -0.967312
-4.643952 -2.089881
-5.722863 -2.107526
-4.153370 -3.017354
-1.934629 -1.751935
358
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.034383
.068468
.202131
.355128
.182714
.388730
.353832
.403448
.309481
.285961
.006196
.6994061
.651241
.717252
.329715
.186761
.439995
.122349
.036303
.258505
.156254
.542018
.333561
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24 1 0 -4.492017 -0.074859 -0.255716
25 6 0 -1.404166 2.564316 -0.132656
26 1 0 -1.681360 3.607893 -0.185625
27 6 0 -0.177222 2.007402 -0.079641
28 1 0 0.752625 2.552505 -0.117696
29 7 0 -2.389412 1.579512 -0.170448
30 1 0 -3.3431893 1.759356 0.096688

HF (M062X/6-31+G(d,p)) = -576.1425105 Hartrees
Imaginary Frequencies: none found

Zero-point correction = 0.260696 (Hartree/Particle)
Thermal correction = 0.219094 Hartrees

Coordinates from last standard orientation:

Center Atomic Atomic Coordinates (Angstroms)
Number Number Type X Y Z
1 6 0 -1.14124¢6 -0.596119 0.031325
2 6 0 0.149582 0.000656 0.039750
3 6 0 1.274935 -0.776097 0.066868
4 1 0 1.176179 -1.861574 0.081518
5 7 0 2.544636 -0.331557 0.072374
6 6 0 3.719892 -1.199588 0.072125
7 1 0 3.565533 -2.054286 -0.593545
8 1 0 3.925110 -1.579071 1.083541
9 6 0 4.833002 -0.262274 -0.398232
10 1 0 4.827619 -0.202290 -1.491732
11 1 0 5.822713 -0.591388 -0.075037
12 6 0 4.414475 1.084367 0.205665
13 1 0 4.885180 1.940083 -0.282071
14 1 0 4.675772 1.112860 1.268784
15 6 0 2.890633 1.086302 0.044767
16 1 0 2.376389 1.621970 0.850567
17 1 0 2.572978 1.528400 -0.910210
18 1 0 0.201975 1.084358 0.020312
19 1 0 -1.193510 -1.686367 0.051390
20 6 0 -2.322825 0.088962 0.000288
21 6 0 -3.664220 -0.481480 -0.010936
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22 6 0 -3.659380 1.769595 -0.057142
23 1 0 -4.005512 2.798977 -0.084300
24 6 0 -4.001087 -1.940113 0.015772
25 1 0 -5.083429 -2.085694 -0.014318
26 1 0 -3.566988 -2.466631 -0.841201
27 6 0 -4.507846 0.589242 -0.047762
28 1 0 -5.590577 0.573713 -0.065994
29 7 0 -2.385025 1.489703 -0.029087
30 1 0 -3.622201 -2.420807 0.924356

HF (M062X/6-31+G(d,p)) = -918.9403592 Hartrees
Imaginary Frequencies: none found

Zero-point correction = 0.244624 (Hartree/Particle)
Thermal correction = 0.202883 Hartrees

Coordinates from last standard orientation:

Center Atomic Atomic Coordinates (Angstroms)
Number Number Type X Y Z
1 6 0 -1.640185 0.073354 -0.027715
2 6 0 -0.215382 0.446174 -0.092488
3 6 0 0.753541 -0.496227 -0.296318
4 1 0 0.435806 -1.510709 -0.534960
5 7 0 2.101909 -0.349431 -0.254567
6 6 0 2.987775 -1.471173 -0.575418
7 1 0 2.852962 -1.789304 -1.613814
8 1 0 2.770246 -2.328589 0.079401
9 6 0 4.383723 -0.909852 -0.304025
10 1 0 4.747470 -0.372512 -1.186433
11 1 0 5.105528 -1.690992 -0.056832
12 6 0 4.133857 0.074114 0.843850
13 1 0 4.934229 0.806313 0.969856
14 1 0 4.015208 -0.471934 1.785904
15 6 0 2.803341 0.720849 0.451116
16 1 0 2.209612 1.047790 1.311632
17 1 0 2.968527 1.587333 -0.204573
18 6 0 -2.174422 -1.162144 0.129944
19 6 0 -3.591008 -1.464054 0.139215
20 6 0 -4.103814 -2.696164 0.284062
21 1 0 -5.174302 -2.866426 0.288038
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0
0
0
0
0
0
0
0

.399687
.278885
.021012
.095188
.129701
.062476
.087275
.119138

HF (M062X/6-31+G(d,p)) = -560.4807685 Hartrees
Imaginary Frequencies: none found

Zero-point correction = 0.285113 (Hartree/Particle)
Thermal correction = 0.243995 Hartrees

Coordinates from last standard orientation:

Center
Number

Atomic
Number

(Angstroms)
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-3.460041 -3.564552
-1.496624 -2.000586
-4.277694 -0.625719
-1.217676 2.570489
-1.347265 3.643870
-0.056286 1.897127
0.901303 2.400308
-2.642444 1.542923
Coordinates
X Y
-1.717095 0.429196
-0.342112 0.639454
0.562277 -0.458225
0.131964 -1.454031
1.861905 -0.450077
2.667160 -1.700070
2.258924 -2.366730
2.608818 -2.186015
4.077164 -1.196147
4.207686 -1.027708
4.836514 -1.905296
4.118772 0.130844
4.918083 0.794256
4.250001 -0.051274
2.738931 0.734626
2.367417 1.356224
2.719172 1.305948
-2.433715 -0.822021
-3.778781 -0.903923
-4.548182 -2.178613
-5.217818 -2.244224
361

0.
0.
0.
0.
0.
0.
0.
0.
1.
0.
0.

0
1
0
0
0.
0
0
0
0

.021872
059523
075570
157742
008842
062392
823707
917625
349851
423401
018283
415012
.082754
.486018
.150346
.966951
783549
.023850
.048627
.089844
. 774511
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.095956
.041870
.039430
.081187
.111097
.100157
.160320
.024451
.873480
.885753
.980119

(Angstroms)

.000182
.000242
.000018
.000196
.000341
.000153
.000150
.000172
.000056
.000074
.000046
.885890
.005341
.000346
.000679
.880234
.000298
.000377

22 1 0 -3.893102 -3.051794
23 1 0 -1.869512 -1.751487
24 1 0 -4.365164 0.014683
25 6 0 -1.249778 2.748868
26 1 0 -1.380741 3.822763
27 6 0 -0.080904 2.092603
28 1 0 0.891155 2.559525
29 6 0 -2.387947 1.775526
30 1 0 -3.005094 1.910801
31 1 0 -3.060828 1.879772
32 1 0 -5.185541 -2.207582

HF (M062X/6-31+G(d,p)) = -459.8995532 Hartrees

Imaginary Frequencies: none found

Zero-point correction = 0.142296 (Hartree/Particle)

Thermal correction = 0.107131 Hartrees

Coordinates from last standard orientation:

Center Atomic Atomic Coordinates

Number Number Type X Y
1 6 0 0.757427 0.479038
2 6 0 1.879217 -0.265634
3 6 0 3.190157 0.391113
4 1 0 3.160620 1.502534
5 1 0 1.854113  -1.351415
6 1 0 0.844920 1.564908
7 6 0 -0.585896 -0.033882
8 6 0 -1.811344 0.587159
9 6 0 -2.075144  -1.632149
10 1 0 -2.366082 -2.671372
11 6 0 -2.095239 2.056040
12 1 0 -2.671399 2.338803
13 1 0 -1.176452 2.645768
14 6 0 -2.779071 -0.467913
15 1 0 -3.854673 -0.366105
16 1 0 -2.680602 2.337126
17 8 0 -0.749684 -1.388813
18 8 0 4.250798  -0.196547
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Aldehyde E2

HF (M062X/6-31+G(d,p)) = -440.0524551 Hartrees
Imaginary Frequencies: none found

Zero-point correction = 0.154487 (Hartree/Particle)
Thermal correction = 0.119864 Hartrees

Coordinates from last standard orientation:

Center Atomic Atomic Coordinates (Angstroms)
Number Number Type X Y Z
1 6 0 0.766700 0.423655 0.000034
2 6 0 1.907996 -0.297987 0.000017
3 6 0 3.205147 0.376714 0.000043
4 1 0 3.156322 1.487253 0.000432
5 1 0 1.932152 -1.385188 -0.000079
6 1 0 0.857839 1.509478 0.000201
7 6 0 -0.580048 -0.075399 -0.000051
8 6 0 -1.788044 0.620376 -0.000211
9 6 0 -2.231841 -1.593432 0.000077
10 1 0 -2.669754 -2.580565 0.000073
11 6 0 -1.976274 2.107023 0.000060
12 1 0 -2.529711 2.428712 0.887419
13 1 0 -1.024122 2.641650 -0.008778
14 6 0 -2.824018 -0.346691 -0.000049
15 1 0 -3.886814 -0.150321 -0.000192
16 1 0 -2.544729 2.426711 -0.878420
17 8 0 4.277124 -0.193160 -0.000104
18 7 0 -0.883114 -1.421716 0.000082
19 1 0 -0.204084 -2.165991 0.000082
Aldehyde E3
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HF (M062X/6-31+G(d,p)) = -782.865599 Hartrees
Imaginary Frequencies: none found

Zero-point correction = 0.138198 (Hartree/Particle)
Thermal correction = 0.101369 Hartrees

Coordinates from last standard orientation:

Center Atomic Atomic Coordinates (Angstroms)
Number Number Type X Y Z
1 6 0 0.926549 0.528431 0.004386
2 6 0 2.02244¢6 -0.254338 -0.001684
3 6 0 3.356248 0.354682 0.000700
4 1 0 3.366117 1.466059 0.006957
5 1 0 1.975204 -1.340983 -0.008455
6 1 0 1.073545 1.609800 0.009277
7 6 0 -0.454458 0.101149 0.003767
8 6 0 -1.564857 0.924653 0.001802
9 6 0 -2.575878 -1.174312 -0.002870
10 1 0 -3.320406 -1.958495 -0.004191
11 6 0 -1.508831 2.428055 -0.002066
12 1 0 -0.923428 2.810688 0.839358
13 1 0 -1.060345 2.808791 -0.925064
14 6 0 -2.779074 0.177589 -0.002331
15 1 0 -3.762245 0.634147 -0.003921
16 1 0 -2.514497 2.845869 0.076027
17 8 0 4.394619 -0.271324 -0.003606
18 16 0 -0.907735 -1.576296 0.001789

HF (M062X/6-31+G(d,p)) = -423.9613425 Hartrees
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Imaginary Frequencies: none found
Zero-point correction = 0.164473 (Hartree/Particle)
Thermal correction = 0.127394 Hartrees

Coordinates from last standard orientation:

Center Atomic Atomic Coordinates (Angstroms)

Number Number Type X Y Z
1 6 0 -0.495803  -0.672379 0.000000
2 6 0 0.289802  -1.887812 0.000000
3 6 0 -0.278206  -3.101898 0.000000
4 1 0 -1.359432  -3.231789 0.000000
5 1 0 1.375079  -1.832658 0.000000
6 1 0 -1.578649  -0.797508 0.000000
7 6 0 0.000000 0.584507 0.000000
8 6 0 -0.792347 1.842581 0.000000
9 6 0 1.412743 0.987475 0.000000
10 6 0 1.534225 2.323023 0.000000
11 1 0 2.241479 0.288904 0.000000
12 1 0 2.473112 2.865432 0.000000
13 6 0 -2.122602 1.966041 0.000000
14 1 0 -2.595308 2.943513 0.000000
15 1 0 -2.779518 1.101496 0.000000
16 6 0 0.190523 3.006337 0.000000
17 1 0 0.057711 3.645802 0.881276
18 1 0 0.057711 3.645802  -0.881276
19 8 0 0.471436  -4.237600 0.000000
20 1 0 -0.093685  -5.015454 0.000000

HF (M062X/6-31+G(d,p)) = -459.8632432 Hartrees

Imaginary Frequencies: none found

Zero-point correction = 0.142086 (Hartree/Particle)

Thermal correction = 0.107406 Hartrees

Coordinates from last standard orientation:

Center Atomic Atomic Coordinates (Angstroms)

Number Number Type X Y Z
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-0.
-0.
0.
0.
-0.
-0.
-0.
0.
0.
0.
-0.
0.
-0.
0.
0.
-0.
0.
.000629

000201
000349
000217
000775
000899
000185
000100
000030
000130
000176
000039
000098
000229
000180
000298
000058
000232

HF (M062X/6-31+G(d,p)) = -440.0057536 Hartrees

Imaginary Frequencies: none found

Zero-point correction = 0.154170 (Hartree/Particle)

Thermal correction = 0.119075 Hartrees

Coordinates from last standard orientation:

Center
Number

Atomic
Number

Atomic
Type

(Angstroms)

0 J o U W N

[
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O O O O O O O o o o o o

-0.600001 0.610946
-1.834554 -0.144729
-3.037133 0.451659
-3.155020 1.531409
-1.761903 -1.230844
-0.655176 1.696268
0.623157 0.057730
1.969529 0.663833
2.107376 -1.589701
2.362596 -2.639932
2.285502 1.969956
3.321318 2.289499
1.523122 2.741514
2.872117 -0.490595
3.951270 -0.456522
0.766127 -1.325243
-4.239556 -0.171850
-4.114733 -1.129244
Coordinates
X Y
-0.610640 0.578955
-1.858502 -0.152608
-3.056304 0.429598
-3.162545 1.482863
-1.824113 -1.213285
-0.666976 1.658552
0.616551 0.021210
1.942188 0.694943
2.253453 -1.559738
2.643959 -2.568572
2.180910 2.016548
3.196208 2.396756
366

.023314
.070809
.099515
.341697
.322858
.133800
.018802
.003443
.041401
.069135
.067434
.049875
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.150916
.073716
.104359
.002308
.234657
.096398
.296514

(Angstroms)

.000325
.000202
.000281
.000405
.000088
.001081
.000337
.000040
.000870
.001400
.000901
.000310
.002260
.001290
.002230
.000280
.000165
.000979

13 1 0 1.377800 2.740901
14 6 0 2.923287 -0.391938
15 1 0 3.995609 -0.266025
16 8 0 -4.266651 -0.174267
17 1 0 -4.155069 -1.104405
18 7 0 0.879156 -1.361374
19 1 0 0.228594  -2.024853

HF (M062X/6-31+G(d,p)) = -782.8287946 Hartrees

Imaginary Frequencies: none found

Zero-point correction = 0.138604 (Hartree/Particle)

Thermal correction = 0.102369 Hartrees

Coordinates from last standard orientation:

Center Atomic Atomic Coordinates

Number Number Type X Y
1 6 0 -0.776382 0.695943
2 6 0 -1.987905 -0.094670
3 6 0 -3.206017 0.472105
4 1 0 -3.346590 1.549220
5 1 0 -1.901783 -1.181183
6 1 0 -0.897243 1.778124
7 6 0 0.479469 0.208589
8 6 0 1.741082 0.991546
9 6 0 2.561326 -1.216600
10 1 0 3.242414  -2.057930
11 6 0 1.838727 2.333243
12 1 0 2.811264 2.813168
13 1 0 0.967491 2.978709
14 6 0 2.890008 0.082417
15 1 0 3.911303 0.445293
16 8 0 -4.392011 -0.175997
17 1 0 -4.250600 -1.131271
18 16 0 0.834874  -1.538850
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Aldehyde E8

HF (M062X/6-31+G(d,p)) = -423.9849446 Hartrees

Imaginary Frequencies: none found

Zero-point correction = 0.164944 (Hartree/Particle)

Thermal correction = 0.129505 Hartrees

Coordinates from last standard orientation:

Center
Number

Atomic
Number

Atomic
Type

(Angstroms)

.000704
.000066
.000212
.001543
.001020
.001640
.000395
.000061
.000111
.000162
.000340
.878529
.003794
.000309
.000602
.000290
.881488
.880794
.883906
.000690

Iminium E9

Coordinates
X Y
.783936 0.448481
.911605 -0.292869
.224794 0.354874
.200271 1.466582
.898095 -1.380196
.894318 1.533762
.562284 -0.070200
.719611 0.652694
.401169 -1.545595
.001699 -2.447050
.898859 2.137522
.471941 2.451439
.949439 2.675010
.854222 -0.277537
.892817 0.035867
.900997 -1.538314
.493266 -2.051522
.492892 -2.051432
.464499 2.451871
.284339 -0.237333
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HF (M062X/6-31+G(d,p)) = -596.4064371 Hartrees

Imaginary Frequencies: none found

Zero-point correction = 0.262403 (Hartree/Particle)

Thermal correction =0.221077 Hartrees

Coordinates from last standard orientation:

Center
Number

Atomic
Number

Atomic
Type

(Angstroms)

.032542
.040890
.067953
.079228
.076087
.079817
.554361
.107571
.412981
.505832
.101462
.205218
.282923
.265827
.048913
.851841
.914828
.021419
.051912
.000831
.010463
.055159
.079301
.010020
.882142
.045912
.046819
.064474
.881095
.027084

Iminium E10

Coordinates
X Y
.067826 0.654190
.152866 0.026918
.327905 0.810419
.236381 1.896558
.545869 0.346055
.758645 1.197117
.598347 2.070909
.951912 1.524111
.843555 0.243520
.825364 0.185758
.838823 0.562574
.419460 -1.093802
.874971 -1.956051
.686831 -1.122361
.896776 -1.091897
.371843 -1.615112
.578526 -1.505002
.209130 -1.056038
.108211 1.741835
.313776 0.000439
.615183 0.486863
.616160 -1.743616
.800517 -2.807780
.060073 1.911360
.651299 2.135352
.220958 2.607947
.450553 -0.660083
.530330 -0.681981
.694615 2.096558
.330136 -1.368530
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HF (M062X/6-31+G(d,p)) = -576.5614715 Hartrees
Imaginary Frequencies: none found

Zero-point correction = 0.275266 (Hartree/Particle)
Thermal correction = 0.234156 Hartrees

Coordinates from last standard orientation:

(Angstroms)

.022623
.035485
.059310
.064651
.071735
.072953
.572170
.096807
.407804
.500395
.092622
.214579
.268081
.276291
.053650
.860098
.907950
.024581
.038004
.006220
.007728
.058502
.086817
.029530
.051009
.796629
.040059
.049861
.967841
.037435
.049742

Center Atomic Atomic Coordinates
Number Number Type X Y
1 6 0 1.063741 0.531954
2 6 0 -0.179461 -0.073439
3 6 0 -1.3284438 0.735181
4 1 0 -1.203342 1.817893
5 7 0 -2.566558 0.312474
6 6 0 -3.746649 1.205778
7 1 0 -3.560518 2.066517
8 1 0 -3.926611 1.552476
9 6 0 -4.866957 0.287251
10 1 0 -4.856845 0.222767
11 1 0 -5.849282 0.641062
12 6 0 -4.485762 -1.061168
13 1 0 -4.972166 -1.909584
14 1 0 -4.749920 -1.075860
15 6 0 -2.963899 -1.109672
16 1 0 -2.457301 -1.646752
17 1 0 -2.663773 -1.542578
18 1 0 -0.286133 -1.153296
19 1 0 1.092279 1.621442
20 6 0 2.322472 -0.076296
21 6 0 3.591016 0.553678
22 6 0 3.877646 -1.680240
23 1 0 4.267890 -2.687957
24 6 0 3.840567 2.028901
25 1 0 4.909072 2.232833
26 1 0 3.339551 2.541873
27 6 0 4.552078 -0.460558
28 1 0 5.624873 -0.334234
29 1 0 3.486756 2.467104
30 7 0 2.552562 -1.446284
31 1 0 1.845373 -2.165257
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Iminium E11

HF (M062X/6-31+G(d,p)) =-919.3709258 Hartrees
Imaginary Frequencies: none found

Zero-point correction = 0.258864 (Hartree/Particle)
Thermal correction = 0.216555 Hartrees

Coordinates from last standard orientation:

(Angstroms)

.030469
.045192
.066215
.070199
.076442
.073891
.563223
.099906
.41819¢6
.510710
.111547
.207633
.278008
.267437
.056733
.865157
.903357
.035257
.042148
.001951
.007210
.0499¢61
.072335
.017167
.040565
.827822
.036778
.048274
.941357
.026460

Center Atomic Atomic Coordinates
Number Number Type X Y
1 6 0 0.828413 0.722743
2 6 0 -0.381840 0.073524
3 6 0 -1.570133 0.836593
4 1 0 -1.494818 1.923990
5 7 0 -2.780878 0.353823
6 6 0 -4.006571 1.186368
7 1 0 -3.857996 2.060100
8 1 0 -4.207531 1.514082
9 6 0 -5.075321 0.214367
10 1 0 -5.052519 0.151934
11 1 0 -6.076392 0.519664
12 6 0 -4.633374 -1.113586
13 1 0 -5.073925 -1.984972
14 1 0 -4.903924 -1.141303
15 6 0 -3.110138 -1.089293
16 1 0 -2.581253 -1.600118
17 1 0 -2.782501 -1.503622
18 1 0 -0.434289 -1.010866
19 1 0 0.820470 1.813593
20 6 0 2.113556 0.132595
21 6 0 3.328102 0.827772
22 6 0 4.057398 -1.378007
23 1 0 4.706523 -2.243788
24 6 0 3.455068 2.323327
25 1 0 4.504400 2.615087
26 1 0 2.934512 2.783516
27 6 0 4.430984 -0.055738
28 1 0 5.463943 0.270274
29 1 0 3.044001 2.741033
30 16 0 2.365037 -1.591835
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Trienamine E12

HF (M062X/6-31+G(d,p)) = -560.0793104 Hartrees

Imaginary Frequencies: none found

Zero-point correction = 0.271272 (Hartree/Particle)

Thermal correction = 0.228995 Hartrees

Coordinates from last standard orientation:

Center
Number

Atomic
Number

Atomic
Type

(Angstroms)
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-4.

Coordinates
X Y
.136738 0.696726
.167393 0.076363
.308037 0.815608
.239352 1.902977
.577405 0.335833
.770153 1.172923
.645493 2.033808
.983481 1.548100
.862919 0.210121
.862953 0.156962
.859418 0.510124
.405446 -1.129324
.853693 -1.994412
.663924 -1.172776
.881134 -1.085339
.356355 -1.608304
.550140 -1.527861
.225229 -1.008859
.155075 1.787629
.312790 0.040429
.661898 0.651546
.972939 -1.649129
.449479 -2.623367
.999286 1.951910
.040794 2.256152
.253020 2.739607
614287 -0.473171
.690105 -0.333774
.475179 -1.469507
.000185 -1.920410
.025006 -1.951372
372

.029104
.037190
.063138
.079077
.064900
.077968
.587092
.090637
.390120
.484076
.058753
-0.

0.
-1.
-0.
-0.

0.
-0.
-0.
-0.

0.

0.

0.
-0.
-0.
-0.
.040408
.053256
.027641
.910394
.851777

201819
291185
265244
040540
850464
911752
018606
047696
001203
006906
052101
076834
011998
002774
038059
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HF (M062X/6-31+G(d,p)) = -560.0912156 Hartrees
Imaginary Frequencies: none found

Zero-point correction = 0.271814 (Hartree/Particle)
Thermal correction = 0.230197 Hartrees

Coordinates from last standard orientation:

Center Atomic Atomic Coordinates (Angstroms)
Number Number Type X Y Z
1 6 0 -1.132359 -0.547378 0.028635
2 6 0 0.172335 0.040713 0.037266
3 6 0 1.289509 -0.742835 0.061532
4 1 0 1.177812 -1.826813 0.073492
5 7 0 2.568307 -0.313723 0.067482
6 6 0 3.730157 -1.198531 0.066895
7 1 0 3.566748 -2.047108 -0.604591
8 1 0 3.927779 -1.587659 1.076379
9 6 0 4.858202 -0.275125 -0.395569
10 1 0 4.857839 -0.210908 -1.488841
11 1 0 5.842174 -0.618672 -0.069828
12 6 0 4.456555 1.075167 0.211609
13 1 0 4.939936 1.926112 -0.272227
14 1 0 4.715431 1.096672 1.275466
15 6 0 2.932965 1.097340 0.047589
16 1 0 2.426614 1.636964 0.856760
17 1 0 2.624160 1.551219 -0.905589
18 1 0 0.261489 1.122643 0.020912
19 1 0 -1.165092 -1.639267 0.048779
20 6 0 -2.324033 0.111284 -0.001140
21 6 0 -3.644396 -0.533426 -0.007600
22 6 0 -2.559540 1.554259 -0.035497
23 6 0 -3.903212 1.753678 -0.060509
24 1 0 -1.791888 2.317618 -0.041899
25 1 0 -4.407576 2.712287 -0.090149
26 6 0 -3.877273 -2.012959 0.023949
27 1 0 -4.948221 -2.230344 0.001328
28 1 0 -3.416797 -2.514809 -0.835018
29 6 0 -4.577702 0.455462 -0.042663
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-0.
0.

-0.
-0.
0.
-1.
0.
1.
0.
-0.
0.
-1.
-0.
-0.
0.
-0.
-0.
-0.
0.
0.
0.
-0.
-0.
-0.
0.

055304
930980

(Angstroms)

.031192
-0.
-0.
-0.

038036
062832
077863
064257
073757
594972
084843
390306
484075
059652
206064
283374
269901
043074
853213
908490
019119
051851
001624
007986
052640
076356
011207
000920
037509
043728

30 1 0 -5.652365 0.311090
31 1 0 -3.463442  -2.468855
HF (M062X/6-31+G(d,p)) = -595.9781919 Hartrees
Imaginary Frequencies: none found
Zero-point correction = 0.247817 (Hartree/Particle)
Thermal correction = 0.206159 Hartrees
Coordinates from last standard orientation:
Center Atomic Atomic Coordinates
Number Number Type X Y
1 6 0 -1.150482 0.733600
2 6 0 0.145015 0.104943
3 6 0 1.289715 0.838323
4 1 0 1.230847 1.926266
5 7 0 2.554690 0.347002
6 6 0 3.754793 1.172983
7 1 0 3.638317 2.032315
8 1 0 3.971803 1.550627
9 6 0 4.838766 0.198248
10 1 0 4.838701 0.141168
11 1 0 5.837897 0.490275
12 6 0 4.368385 -1.134769
13 1 0 4.809116 -2.005723
14 1 0 4.625508 -1.176680
15 6 0 2.844746  -1.077413
16 1 0 2.313894 -1.593396
17 1 0 2.510529 -1.518553
18 1 0 0.182098 -0.979735
19 1 0 -1.197529 1.820382
20 6 0 -2.327768 0.082803
21 6 0 -3.715626 0.575124
22 6 0 -3.665614 -1.682805
23 1 0 -3.836389 -2.750030
24 6 0 -4.147459 1.850305
25 1 0 -5.207588 2.075883
26 1 0 -3.457409 2.686584
27 6 0 -4.519508 -0.649704
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059733
027139

(Angstroms)

.000538
.027876
.076473
.202694
.052214
.072709
.839082
.89942¢6
.365570
.442382
.033718
.378211
.015540
.445737
.166665
.038617
.707262
.163161
.036667
.013549
.041564
.155788
.255218
.206231
.215440
.340567

28 1 0 -5.597817 -0.704789
29 8 0 -2.354323  -1.311679
HF (M062X/6-31+G(d,p)) = -576.1207353Hartrees
Imaginary Frequencies: none found
Zero-point correction = 0.260177 (Hartree/Particle)
Thermal correction = 0.218584 Hartrees
Coordinates from last standard orientation:
Center Atomic Atomic Coordinates
Number Number Type X Y
1 6 0 -1.147217 0.704635
2 6 0 0.157289 0.087435
3 6 0 1.300043 0.816200
4 1 0 1.234240 1.896341
5 7 0 2.570531 0.332573
6 6 0 3.760030 1.172207
7 1 0 3.669969 1.948959
8 1 0 3.921750 1.664292
9 6 0 4.872941 0.165574
10 1 0 4.919365 -0.028533
11 1 0 5.853775 0.512907
12 6 0 4.392616 -1.087629
13 1 0 4.855253  -2.007940
14 1 0 4.618226  -0.993329
15 6 0 2.872512  -1.071650
16 1 0 2.325279  -1.455434
17 1 0 2.566831 -1.666880
18 1 0 0.223198  -0.989559
19 1 0 -1.188341 1.791179
20 6 0 -2.327818 0.048755
21 6 0 -3.701586 0.607826
22 6 0 -3.820803 -1.659093
23 1 0 -4.127834  -2.692298
24 6 0 -4.057402 1.896720
25 1 0 -5.102533 2.185589
26 1 0 -3.320302 2.681030
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.103963
.122864
.002327
.451153

Fulvene trienamine E14’

HF (M062X/6-31+G(d,p)) = -576.138208 Hartrees

Imaginary Frequencies: none found

Zero-point correction = 0.260572 (Hartree/Particle)

Thermal correction = 0.218975 Hartrees

Coordinates from last standard orientation:

Center
Number

Atomic
Number

Atomic
Type

(Angstroms)
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.587068 -0.551489
.666641 -0.516261
.469768 -1.358030
.768801 -1.928817
Coordinates
X Y
.124805 -0.524237
.175620 0.060634
.290971 -0.730905
.171225 -1.814051
.567785 -0.310860
.726049 -1.203421
.555573 -2.054312
.919371 -1.586134
.858867 -0.288677
.857910 -0.227913
.840575 -0.637988
.467005 1.065802
.955790 1.911993
.726484 1.088455
.943780 1.099153
.440328 1.643503
.638320 1.549885
.265994 1.142392
.163657 -1.615865
.315932 0.138575
.639592 -0.497214
.608376 1.562736
.962471 1.649657
.897223 2.377327
.573426 2.543143
.910320 -1.969375
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.028073
.036302
.062381
.075887
.068536
.071548
.594643
.083716
.395402
.488803
.069469
.208823
277577
.272413
.044938
.852166
.910212
.018550
.048357
.001676
.008892
.036500
.059915
.043819
.088285
.024033
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27 1 0 -4.988739 -2.130269 -0.013811
28 1 0 -3.449062 -2.481907 -0.827078
29 7 0 -4.594052 0.388297 -0.042770
30 1 0 -3.520363 -2.426689 0.939976

HF (M062X/6-31+G(d,p)) =-918.9451571 Hartrees
Imaginary Frequencies: none found

Zero-point correction = 0.244509 (Hartree/Particle)
Thermal correction = 0.201144 Hartrees

Coordinates from last standard orientation:

Center Atomic Atomic Coordinates (Angstroms)
Number Number Type X Y Z
1 6 0 -0.904449 0.848680 -0.035707
2 6 0 0.374340 0.191099 -0.050000
3 6 0 1.538101 0.897517 -0.067011
4 1 0 1.503511 1.986538 -0.072611
5 7 0 2.787721 0.376503 -0.071522
6 6 0 4.009690 1.171801 -0.067592
7 1 0 3.907548 2.033227 0.600365
8 1 0 4.244949 1.543136 -1.076453
9 6 0 5.063311 0.168702 0.405691
10 1 0 5.049996 0.108963 1.499206
11 1 0 6.072905 0.436169 0.086552
12 6 0 4.565848 -1.150474 -0.199578
13 1 0 4.979063 -2.033600 0.291784
14 1 0 4.832449 -1.196168 -1.260854
15 6 0 3.042588 -1.055648 -0.051400
16 1 0 2.506793 -1.556347 -0.867592
17 1 0 2.688440 -1.488640 0.896372
18 1 0 0.400287 -0.895516 -0.042328
19 1 0 -0.896851 1.938833 -0.043648
20 6 0 -2.112719 0.244530 -0.011227
21 6 0 -3.440987 0.897337 0.008059
22 6 0 -4.035899 -1.383803 0.059527
23 1 0 -4.631724 -2.287372 0.086978
24 6 0 -3.680938 2.223209 -0.015189
25 1 0 -4.698562 2.597339 0.004997

377
S. Singh



-0.
0.
0.
0.

055702
054293
078043
012272

HF (M062X/6-31+G(d,p)) = -560.4940946 Hartrees

Imaginary Frequencies: none found

Zero-point correction = 0.285296 (Hartree/Particle)

Thermal correction = 0.244124 Hartrees

Coordinates from last standard orientation:

Center
Number

Atomic
Number

Atomic
Type

(Angstroms)

0 J o U b W N

SN R R R R e e e
G WNHFE O WO®-Uo U s WN B O W

P oFRF OO PR R OORR OO RO R OdE OO O

O O O O O O O O O O O O O O O oo oo o o o o o o

=W W Ww N P o

.883016 2.956432
.492259 -0.122731
.544707 0.136373
.287805 -1.531013
Coordinates
X Y
.050474 0.600880
.181101 -0.017489
.347808 0.772659
.244281 1.857721
.574357 0.324044
774617 1.191121
.604868 2.061218
.963140 1.524223
.873454 0.251832
.858669 0.193769
.863919 0.583290
.465252 -1.091247
.932726 -1.947362
.731213 -1.116785
.942703 -1.107640
.424758 -1.638050
.631318 -1.526845
.258488 -1.099964
.064196 1.690586
.299293 -0.054039
.534538 0.569719
.997449 -1.672574
.517506 -2.622908
.846733 2.026383
.441554 2.291085
378

.029048
.038623
.065486
.076372
.074431
.079290
.557618
.106063
.410438
.503345
.096478
.206107
.281606
.267176
.047772
.850893
.915908
.021048
.047219
.001204
.007357
.056040
.082144
.016253
.863977
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26 1 0 2.960065 2.660142 0.036065
27 6 0 4.570681 -0.448767 -0.041525
28 1 0 5.632666 -0.233378 -0.052921
29 6 0 2.506428 -1.545173 -0.032106
30 1 0 2.055414 -2.012549 -0.917759
31 1 0 2.080605 -2.045493 0.848001
32 1 0 4.457908 2.259006 0.894444

HF (M062X/6-31+G(d,p)) = -401.9760183 Hartrees
Imaginary Frequencies: none found

Zero-point correction = 0.149452 (Hartree/Particle)
Thermal correction = 0.115336 Hartrees

Coordinates from last standard orientation:

Center Atomic Atomic Coordinates (Angstroms)

Number Number Type X Y Z
1 6 0 1.431694 0.097266 0.000049
2 6 0 1.331592 1.485019 0.000243
3 6 0 -0.035549 1.807896 0.000246
4 6 0 -0.742589 0.611924 -0.000176
5 7 0 0.173284 -0.424027 -0.000049
6 1 0 2.170060 2.166626 0.000393
7 1 0 -0.481136 2.793490 0.000367
8 6 0 2.662441 -0.750927 0.000156
9 1 0 2.716414 -1.392257 0.886039
10 1 0 2.717117 -1.391562 -0.886195
11 1 0 3.540221 -0.102981 0.000718
12 6 0 -2.179749 0.439658 -0.000495
13 1 0 -2.737868 1.397026 -0.000637
14 8 0 -2.773108 -0.626205 -0.000456
15 6 0 -0.166760 -1.840676 0.000318
16 1 0 -0.753906 -2.087761 0.885908
17 1 0 -0.761887 -2.085904 -0.880354
18 1 0 0.756382 -2.419811 -0.004294

Model A: N-Methyl Enol
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HF (M062X/6-31+G(d,p)) = -401.9241129 Hartrees
Imaginary Frequencies: none found

Zero-point correction = 0.147610 (Hartree/Particle)
Thermal correction = 0.114830 Hartrees

Coordinates from last standard orientation:

Center Atomic Atomic Coordinates (Angstroms)
Number Number Type X Y Z
1 6 0 1.558034 -0.074061 -0.000042
2 6 0 1.513494 1.393769 -0.000060
3 1 0 2.401662 2.011126 -0.000108
4 6 0 0.231780 1.797207 -0.000024
5 1 0 -0.143980 2.812141 -0.000039
6 6 0 -0.628134 0.616561 0.000062
7 6 0 -1.973424 0.649482 0.000037
8 1 0 -2.485604 1.605266 -0.000013
9 6 0 2.670066 -0.837289 -0.000070
10 1 0 2.652371 -1.919093 -0.000048
11 1 0 3.636566 -0.350580 -0.000131
12 8 0 -2.744797 -0.485499 -0.000246
13 1 0 -3.675324 -0.244956 0.001157
14 7 0 0.225308 -0.488008 0.000052
15 6 0 -0.212921 -1.866870 0.000141
16 1 0 -0.811436 -2.087405 0.888161
17 1 0 -0.811305 -2.087584 -0.887924
18 1 0 0.664912 -2.511655 0.000278

HF (M062X/6-31+G(d,p)) = -538.4674297 Hartrees
Imaginary Frequencies: none found
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Zero-point correction = 0.270132 (Hartree/Particle)
Thermal correction = 0.231458 Hartrees

Coordinates from last standard orientation:

Center Atomic Atomic Coordinates (Angstroms)
Number Number Type X Y Z

1 6 0 -1.722837 1.857073 0.232348
2 6 0 -2.931929 1.229409 0.493860
3 6 0 -0.805995 0.868289 -0.176819
4 6 0 0.560658 1.139168 -0.361636
5 6 0 -2.773592 -0.128070 0.186240
6 6 0 -3.798586 -1.209555 0.187535
7 7 0 1.615022 0.367417 -0.267930
8 6 0 1.685857 -0.960140 0.375870
9 6 0 2.982235 0.907853 -0.513902
10 6 0 3.065431 -0.933008 1.030289
11 1 0 0.849155 -1.065871 1.071087
12 6 0 3.911550 -0.202457 -0.017598
13 1 0 3.101931 1.136695 -1.574624
14 1 0 3.026351 -0.362807 1.963721
15 1 0 4.840653 0.200515 0.386843
16 1 0 1.638069 -1.748339 -0.382025
17 1 0 3.430103 -1.936875 1.252589
18 1 0 4.165178 -0.879589 -0.838607
19 1 0 0.784982 2.183909 -0.578904
20 1 0 -1.483234 2.903547 0.368125
21 1 0 -3.845453 1.681422 0.851624
22 1 0 -3.434089 -2.111412 0.687288
23 1 0 3.094202 1.828920 0.067222
24 1 0 -4.692529 -0.863625 0.706803
25 1 0 -4.089087 -1.479715 -0.834051
26 7 0 -1.493089 -0.347597 -0.201778
27 6 0 -1.064931 -1.569150 -0.879793
28 1 0 -0.223923 -1.337833 -1.532687
29 1 0 -0.781418 -2.344591 -0.164033
30 1 0 -1.881588 -1.939556 -1.500783

HF (M062X/6-31+G(d,p)) = -538.036348 Hartrees
Imaginary Frequencies: none found
Zero-point correction = 0.255373 (Hartree/Particle)
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Thermal correction = 0.216550 Hartrees

Coordinates from last standard orientation:

Center Atomic Atomic Coordinates (Angstroms)
Number Number Type X Y Z

1 6 0 2.814713 -0.290995 0.174884
2 6 0 3.041271 1.135354 0.424505
3 6 0 1.890383 1.802036 0.213702
4 6 0 0.844891 0.846479 -0.130048
5 7 0 1.452245 -0.422839 -0.119433
6 1 0 3.998097 1.543542 0.721410
7 1 0 1.712587 2.864467 0.323323
8 6 0 -0.466044 1.151306 -0.287805
9 1 0 -0.729474 2.207776 -0.343159
10 7 0 -1.520895 0.247424 -0.353478
11 6 0 3.726602 -1.285042 0.158615
12 1 0 4.762619 -1.063211 0.379788
13 1 0 3.459920 -2.311244 -0.062630
14 6 0 -2.829785 0.783659 -0.728474
15 1 0 -2.902276 0.912720 -1.813030
16 1 0 -2.995164 1.768383 -0.257387
17 6 0 -3.818778 -0.241848 -0.177894
18 1 0 -3.900208 -1.091781 -0.864468
19 1 0 -4.816455 0.177492 -0.029747
20 6 0 -3.137271 -0.676126 1.123125
21 1 0 -3.519594 -1.618286 1.523197
22 1 0 -3.270119 0.099459 1.885641
23 6 0 -1.662979 -0.762671 0.716618
24 1 0 -0.972097 -0.540559 1.536400
25 1 0 -1.424492 -1.764457 0.336867
26 6 0 0.999916 -1.540788 -0.923578
27 1 0 0.959721 -2.459369 -0.327726
28 1 0 0.008023 -1.323316 -1.319312
29 1 0 1.691956 -1.701891 -1.760688

HF (M062X/6-31+G(d,p)) = -479.3428132 Hartrees
Imaginary Frequencies: none found
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Zero-point correction = 0.183139 (Hartree/Particle)
Thermal correction = 0.145447 Hartrees

Coordinates from last standard orientation:

Center Atomic Atomic Coordinates (Angstroms)
Number Number Type X Y Z
1 6 0 0.500004 -0.314085 -0.000219
2 6 0 -0.757848 0.307683 -0.000068
3 6 0 -1.070859 1.721983 0.000088
4 1 0 -0.190110 2.390109 -0.000160
5 6 0 1.794721 0.367839 -0.000532
6 6 0 2.983147 -0.247639 0.000319
7 6 0 4.303291 0.460140 0.000064
8 1 0 4.895763 0.185613 -0.879529
9 1 0 4.170264 1.545221 -0.001213
10 1 0 1.781120 1.456549 -0.001458
11 1 0 3.015861 -1.337018 0.001339
12 6 0 -1.112035 -1.885584 0.000171
13 1 0 -1.696717 -2.795127 0.000247
14 6 0 0.258648 -1.708013 0.000371
15 1 0 0.992808 -2.500095 0.000576
16 1 0 4.895047 0.187585 0.880756
17 8 0 -2.196907 2.193140 0.000602
18 7 0 -1.725914 -0.677391 -0.000303
19 6 0 -3.168718 -0.476452 -0.000478
20 1 0 -3.475004 0.082162 0.884505
21 1 0 -3.474061 0.086527 -0.882945
22 1 0 -3.640432 -1.460144 -0.003115

HF (M062X/6-31+G(d,p)) = -479.2896605 Hartrees
Imaginary Frequencies: none found

Zero-point correction = 0.181189 (Hartree/Particle)
Thermal correction = 0.144177 Hartrees
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Coordinates from last standard orientation:

Center Atomic Atomic

(Angstroms)

Coordinates
X Y
.665774 0.250794
.712518 -0.310003
.049688 -1.610470
.280281 -2.374202
.824424 -0.459271
.144230 0.132753
.290461 -0.568111
.256317 -0.075753
.285298 -1.655134
.784728 -1.547289
.198655 1.220269
.852054 1.940021
.366095 2.893544
.480328 1.696572
.256616 2.445374
.353921 -2.034553
.382784 -2.995300
.595456 0.782534
.041348 0.718901
.415399 0.197518
.411580 0.200973
.423565 1.741557

.000134
.000597
.000066
.001512
-0.

0.
.000396
.000672
.000198
.000295
.000499
.000964
.001157
.000109
.000512
.000206
.005005
.001649

000076
000294

0.001760

.883308
.890545
.000595

Model B: N-Methyl Iminium

HF (M062X/6-31+G(d,p)) = -615.8341523 Hartrees

Imaginary Frequencies: none found
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Zero-point correction = 0.303290 (Hartree/Particle)

Thermal correction = 0.260398 Hartrees

Coordinates from last standard orientation:

Center Atomic Atomic

(Angstroms)
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.055058
.192680
.463737
.848089
.304879
.700901
.788671
.271200
.092071
.813260
.198661
.096586
. 447642
.934975
.525713
.271267
.101330
.071043
.078744
.090689
.783358
.094141
.079077
.070942
.201384
.274126
.330809
.601424
.973749
.091327
.573483
.233633
.362638
.000572

Model B: N-Methyl Trienamine

Coordinates
X Y
.811152 0.364035
.424778 0.574691
475122 -0.468409
.015667 -1.378795
.773729 -0.555436
.507601 -1.790214
.514532 -1.882130
.983796 -2.650426
.899165 -1.603635
.567925 -1.124564
.342873 -2.556578
.645054 -0.670443
.546884 -0.166905
.204823 -1.219390
.627727 0.315913
.006371 0.818940
.128453 1.059805
.493409 -0.925472
.827825 -1.059563
.547987 -2.367305
.201782 -2.452928
.854933 -3.211368
.886102 -1.827931
.449264 -0.164388
.344838 2.556787
.390253 3.635623
.361739 1.625499
.382657 1.849249
.191459 -2.439467
.176317 1.946768
.993990 2.675995
.699127 2.881071
.482117 2.101848
.660412 3.621739
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HF (M062X/6-31+G(d,p)) = -615.4020067 Hartrees

Imaginary Frequencies: none found

Zero-point correction = 0.289129 (Hartree/Particle)

Thermal correction = 0.247231 Hartrees

Coordinates from last standard orientation:

Center
Number

Atomic
Number

(Angstroms)
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Coordinates
X Y
-1.897788 0.202946
-0.442985 0.390763
0.479549 -0.554031
0.135230 -1.529418
1.847247 -0.399223
2.712695 -1.449128
2.773134 -1.384303
2.321382 -2.447179
4.051327 -1.197903
4.593451 -0.397974
4.686034 -2.086560
3.614075 -0.729778
4.398578 -0.201578
3.303304 -1.593672
2.403369 0.160634
1.643656 0.139563
2.706982 1.207031
-2.579155 -0.972044
-4.008205 -1.098884
-4.681783 -2.260097
-5.755166 -2.300651
-4.169636 -3.198498
-2.030163 -1.894819
-4.565397 -0.183962
-1.360755 2.388840
-1.365269 3.457920
-2.406964 1.539061
-3.433351 1.797873
-0.136679 1.757691
0.755272 2.449718
1.696030 1.906957
0.302668 2.525193
386
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.007825
.174869
.471925
.816614
.341899
.877810
.968628
.615883
.187636
.703880
.168391
.204473
.751431
.802239
.905741
.693492
.767735
.050640
.137461
.081907
.228662
.114929
.231439
.333732
.326830
.504762
.297216
.512383
.087299
.842537
.933790
.841408
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33 1 0 0.952645 3.454216 -0.459594

HF (M062X/6-31+G(d,p)) = -479.3380203 Hartrees
Imaginary Frequencies: none found

Zero-point correction = 0.183041 (Hartree/Particle)
Thermal correction = 0.147182 Hartrees

Coordinates from last standard orientation:

Center Atomic Atomic Coordinates (Angstroms)

Number Number Type X Y Z
1 6 0 0.004769 0.102861 -0.000090
2 6 0 -1.333247 -0.317855 0.000070
3 6 0 -1.825738 -1.691553 -0.000113
4 1 0 -1.063766 -2.495822 -0.000332
5 6 0 1.182743 -0.754720 -0.000103
6 6 0 2.492186 -0.459614 0.000352
7 6 0 3.563452 -1.509072 0.000082
8 1 0 4.209845 -1.410275 0.879067
9 1 0 3.134293 -2.514402 0.002187
10 1 0 0.930484 -1.813388 -0.000438
11 1 0 2.842954 0.566860 0.000934
12 6 0 -1.317794 1.918362 0.000376
13 1 0 -1.524953 2.978692 0.000539
14 6 0 -2.158065 0.838715 0.000156
15 1 0 -3.237612 0.843382 0.000201
16 1 0 4.206820 -1.412755 -0.881421
17 8 0 -3.005916 -1.985007 -0.000108
18 7 0 -0.012853 1.473727 0.000065
19 6 0 1.126807 2.370713 -0.000467
20 1 0 1.737924 2.220838 0.893331
21 1 0 1.738232 2.219217 -0.893762
22 1 0 0.752395 3.394593 -0.001474

Model C: N-Methyl Enol

387
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HF (M062X/6-31+G(d,p)) = -479.2920517 Hartrees

Imaginary Frequencies: none found

Zero-point correction = 0.182672 (Hartree/Particle)

Thermal correction = 0.144988 Hartrees

Coordinates from last standard orientation:

Center Atomic A
Number Number

tomic
Type

(Angstroms)

.012213
0.
-0.
-0.
0.
-0.
0.
-0.
0.
0.
-0.
-0.
-0.
0.
0.
-0.
0.
-0.
0.
-0.
0.
.170740

016211
028807
093708
046348
064629
020554
078871
190247
175056
243185
024243
042324
036021
059505
007444
071280
083770
061001
816817
952562

Model C: N-Methyl Iminium

Coordinates
X Y
-0.159835 0.040163
1.298875 -0.242662
1.866239 -1.463406
1.296380 -2.382950
-1.158385 -0.882390
-2.595569 -0.729682
-3.455470 -1.759700
-4.524664 -1.611725
-3.105521 -2.774628
-0.825869 -1.909834
-3.010982 0.256766
1.011372 1.995784
1.109746 3.073488
1.974159 1.055352
3.036306 1.252273
3.198428 -1.706650
3.685999 -0.877570
-0.256947 1.433880
-1.467712 2.207432
-2.113882 2.110239
-2.023579 1.896136
-1.194777 3.258501
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HF (M062X/6-31+G(d,p)) = -615.8505083 Hartrees

Imaginary Frequencies: none found

Zero-point correction = 0.303749 (Hartree/Particle)

Thermal correction = 0.261707 Hartrees

Coordinates from last standard orientation:

Center
Number

Atomic
Number

Atomic

Type

(Angstroms)

0 J o U W N

WWNRNNNNOONNDNONNRR R 2 P 2 e
H O W o Joo s WNRER O WO®-Jo U bs WN P O

aONPFPFRPOFFOORE RPN RO RO R ORRODRE OO0

O O O O O O O O O O O O O O O O O OO OO oo oo oo o o o o

N NN D 0o NN WwND O

[ | I e O O O e A |
W N DO O F WEFE WWwWWwwN

Coordinates
X Y
.492579 -0.248818
.106471 -0.545752
.845996 0.492826
.463237 1.512099
.146619 0.402288
.040332 1.587914
.637574 2.353537
.094140 1.982647
.380628 1.009326
.418118 0.939738
.219397 1.621265
.366642 -0.388276
.083468 -1.072644
.586690 -0.325364
.924294 -0.853118
.556917 -1.523554
.786596 -1.327467
.129328 1.051907
.221478 1.480179
.870678 2.807166
.890354 3.385604
.349563 3.385767
.659682 1.706290
.673048 0.839101
.260697 -2.456948
.621559 -3.467156
.007616 -1.966850
.899269 -2.557326
.912018 2.675508
.158173 -1.415890
.599271 -1.629951
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-0.
-0.
-0.
-0.
-0.
0.
-1.
0.
1.
0.
-0.
0.
-1.
-0.
-0.
0.
-0.
0.
0.
1.
-0.
-1.
1.
0.
0.
0.
0.
-0.
-0.

-0

.134969
044852
079440
122783
055137
057134
608060
077527
386824
478511
052900
241140
213990
311253
030418
811169
947935
349932
298362
073872
002847
691773
082344
055645
177818
303241
156851
290046
237729
007720
.112625
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0.

869113

-0.782080
-0.524930

0.
0.
0.
1.
0.
0.
1.
0.
0.

(Angstroms)

.027991
0.
0.

067520
211371
370908
198725
431620
416991
329405
303145
260168
006503
735949

0.728860
1.740033
0.351090
1.204505
0.400048
0.177903
0.
0
0
0
0
0

016181

.231856
.041041
.626503
.483903
.425631

32 1 0 -4.072807 -1.560828
33 1 0 -4.028311 -0.884851
34 1 0 -3.767221  -2.624777
HF (M062X/6-31+G(d,p)) = -615.405935 Hartrees
Imaginary Frequencies: none found
Zero-point correction = 0.289306 (Hartree/Particle)
Thermal correction = 0.246842 Hartrees
Coordinates from last standard orientation:
Center Atomic Atomic Coordinates
Number Number Type X Y
1 6 0 1.567162 -0.122782
2 6 0 0.127385 -0.449763
3 6 0 -0.837610 0.504419
4 1 0 -0.519833 1.533954
5 7 0 -2.184581 0.342239
6 6 0 -3.089846 1.467203
7 1 0 -2.916051 1.910900
8 1 0 -2.937920 2.247837
9 6 0 -4.476270 0.835159
10 1 0 -4.774784 0.393911
11 1 0 -5.238564 1.558725
12 6 0 -4.248853  -0.269003
13 1 0 -5.025903 -1.036543
14 1 0 -4.205196 0.166688
15 6 0 -2.873235 -0.820769
16 1 0 -2.311377 -1.216504
17 1 0 -2.964215 -1.618272
18 6 0 2.120132 1.112444
19 6 0 3.485308 1.547447
20 6 0 3.927816 2.795077
21 1 0 4.956911 3.077054
22 1 0 3.264640 3.560574
23 1 0 1.425612 1.890951
24 1 0 4.199350 0.837924
390

S. Singh



N = = B NS R N S o

O O O O O O O O O

w W > W N O o B

.205840
.296649
.123599
.174329
.191077
.112081
.721068
.999055
.317926

Coordinates from last standard orientation:

.

<)

HF (M062X/6-31+G(d,p)) = -479.3435913 Hartrees
Imaginary Frequencies: none found

Zero-point correction = 0.182803 (Hartree/Particle)
Thermal correction = 0.145068 Hartrees

el

Center
Number

Atomic
Number

(Angstroms)

O J o U W N

N N e e e e
O W J oS WN R O W

o ~J oo P P P O P OO OOHE P oY OO

O O O O O O O O O O O O o o o o o o o

W N DdEDNDNONNEFEDNOHFE O F O

.297422 -2.376852
.645478 -3.397238
.036558 -1.907051
.857354 -2.508527
.230401 -1.340062
.626202 -1.566946
.277572 -1.286390
.916588 -0.992380
.771273 -2.629401
Coordinates
X Y
.237343 0.373788
.391076 -0.324071
.671192 0.381889
.592702 1.491658
.422672 -1.410171
.318307 1.462318
.100132 -0.173031
.277036 0.573464
.481336 -1.553053
.848317 -1.595298
.179188 -2.407638
.532608 -2.431051
.506464 2.048874
.067059 2.369716
.555836 2.582972
.066711 2.369679
.760538 -0.154877
.325105 -0.302266
.724815 0.074242
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.000219
.000067
.000239
.000539
.000207
.000473
.000088
.000027
.000055
.000089
.000154
.000140
.000099
.885015
.000075
.885448
.000088
.000134
.000312
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-0.
0.
0.

-0.
-0.
-0.
-0.
-0.

0.
-0.

0.
-0.
-0.
-0.
-0.

0.

0.

0.
-0.
.891397
.002173

890337
891087
000322

(Angstroms)

.000676
.001024
.000769
.002905

002772
000123
000690
000196
000580
000352
000801
000881
000669
000223
001624
000975
008073
000718
001354
888955

20 1 0 3.969537 0.659716
21 1 0 3.969342 0.659608
22 1 0 4.329408  -0.832747
HF (M062X/6-31+G(d,p)) = -479.2982428 Hartrees
Imaginary Frequencies: none found
Zero-point correction = -479.2982428 (Hartree/Particle)
Thermal correction = 0.142483 Hartrees
Coordinates from last standard orientation:
Center Atomic Atomic Coordinates
Number Number Type X Y
1 6 0 -1.090570 0.505750
2 6 0 -2.338077 -0.221732
3 6 0 -3.526821 0.399357
4 1 0 -3.608443 1.485261
5 1 0 -2.327176  -1.308579
6 1 0 -1.156611 1.593184
7 6 0 0.138366 -0.062725
8 6 0 1.428188 0.682719
9 6 0 0.498844  -1.478508
10 6 0 1.847996 -1.551346
11 1 0 -0.178877 -2.318081
12 1 0 2.484832  -2.426992
13 6 0 1.660634 2.010181
14 1 0 2.665863 2.413280
15 1 0 0.837221 2.712323
16 8 0 -4.695147 -0.298886
17 1 0 -5.446162 0.301249
18 7 0 2.425921  -0.293256
19 6 0 3.831279 0.007275
20 1 0 4.107535 0.585968
21 1 0 4.106474 0.586872
22 1 0 4.396040 -0.926431
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Model D: N-Methyl Iminium

HF (M062X/6-31+G(d,p)) = -615.8593694 Hartrees
Imaginary Frequencies: none found

Zero-point correction = 0.303228 (Hartree/Particle)
Thermal correction = 0.259681 Hartrees

Coordinates from last standard orientation:

Center Atomic Atomic Coordinates (Angstroms)
Number Number Type X Y Z

1 6 0 0.591563 0.557354 0.033993
2 6 0 -0.646211 -0.050408 0.041316
3 6 0 -1.802418 0.748843 0.066576
4 1 0 -1.689921 1.833045 0.078085
5 7 0 -3.035160 0.311756 0.073286
6 6 0 -4.226609 1.188913 0.075746
7 1 0 -4.049491 2.056569 -0.562665
8 1 0 -4.415620 1.526221 1.101156
9 6 0 -5.333019 0.258954 -0.415332
10 1 0 -5.316765 0.200761 -1.508239
11 1 0 -6.321356 0.598334 -0.102947
12 6 0 -4.936635 -1.087835 0.201028
13 1 0 -5.410420 -1.939801 -0.287938
14 1 0 -5.204877 -1.111553 1.261609
15 6 0 -3.413888 -1.116112 0.045852
16 1 0 -2.902441 -1.650811 0.850440
17 1 0 -3.1034¢64 -1.539360 -0.916483
18 1 0 -0.731896 -1.131527 0.023416
19 1 0 0.608179 1.647533 0.052860
20 6 0 1.839014 -0.096690 0.005331
21 6 0 3.090973 0.559984 0.002311
22 6 0 2.109311 -1.510249 -0.026016
23 6 0 3.460394 -1.653643 -0.046127
24 1 0 1.389006 -2.314664 -0.033371
25 1 0 4.080458 -2.537441 -0.070707
26 6 0 3.436662 2.009655 0.027837
27 1 0 4.019158 2.290736 -0.855454
28 1 0 2.539233 2.627704 0.045328
29 1 0 4.030660 2.257099 0.913572
30 7 0 4.043507 -0.390972 -0.028507
31 6 0 5.479133 -0.141465 -0.040817
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-0.
0.
-0.

926473
857831
063655

(Angstroms)

.033299
.041815
.053959
.057001
.055991
.053140
.627545
.058735
.398118
.491002
.071704
.216492
.261259
.280736
.053059
.870314
.892852
.034619
.044206
.011699
.004070
.018474
.052625
.022414

32 1 0 5.757060 0.434129
33 1 0 5.777568 0.402998
34 1 0 5.996883 -1.099280
HF (M062X/6-31+G(d,p)) = -615.4153755 Hartrees
Imaginary Frequencies: none found
Zero-point correction = 0.287821 (Hartree/Particle)
Thermal correction = 0.243096 Hartrees
Coordinates from last standard orientation:
Center Atomic Atomic Coordinates
Number Number Type X Y
1 6 0 0.662053 0.669909
2 6 0 -0.637146 0.055624
3 6 0 -1.777819 0.798394
4 1 0 -1.707435 1.885610
5 7 0 -3.047713 0.319702
6 6 0 -4.238308 1.159603
7 1 0 -4.111028 2.007883
8 1 0 -4.450930 1.553964
9 6 0 -5.333427 0.191473
10 1 0 -5.333920 0.119452
11 1 0 -6.329130 0.499521
12 6 0 -4.878924  -1.138639
13 1 0 -5.329544  -2.011062
14 1 0 -5.136511 -1.163110
15 6 0 -3.354805 -1.101092
16 1 0 -2.830564 -1.612963
17 1 0 -3.026350 -1.558912
18 1 0 -0.699494  -1.029057
19 1 0 0.684827 1.759953
20 6 0 1.849610 0.012669
21 6 0 3.188139 0.657455
22 6 0 2.098773  -1.426203
23 6 0 3.437427 -1.605628
24 1 0 1.356327 -2.209735
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-0.
0.
0.
0.

-0.

-0.

-0.
0.

.090333

084085
046855
035751
096084
050156
038203
898173
879266

HF (M062X/6-31+G(d,p)) = -479.3409082 Hartrees

Imaginary Frequencies: none found

Zero-point correction = 0.183048 (Hartree/Particle)

Thermal correction = 0.145284 Hartrees

Coordinates from last standard orientation:

Center
Number

Atomic
Number

(Angstroms)

O J o U W N

N N e e e e
O W J oUW N O W

o < oo oy P O OOy M OO O

O O O O O O O O O O O O o o o o o o o

O &N WDNRERERPRRFEPEDNMNDNDRE OO

.007544 -2.525530
.526752 1.963752
.560050 2.287923
.761448 2.727299
.107752 -0.391723
.531024 -0.199120
.849122 0.403242
.851048 0.311875
.024179 -1.171382
Coordinates
X Y
.791688 -0.532842
.951295 0.165128
.219320 -0.564208
.124920 -1.672095
.026681 1.245417
.895811 -1.619722
.584007 -0.123074
.689244 -0.982161
.422988 1.143198
.992552 2.061840
.647132 -2.481870
.188209 -2.873517
.083990 -2.874545
.843737 -0.174957
.869623 -0.514985
.660294 -2.885261
.314881 -0.040466
.065737 1.176498
.281268 2.396632
395

.007204
.004469
-0.
-0.

0.
-0.
-0.
-0.
.004610
.005905
.001421
.915069
.85124¢6
.004604
.007255
.058606
.007696
.000114
.005899

003544
020895
021398
020772
003392
001047
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20 1 0 -0.350796 2.443837 -0.896001
21 1 0 -0.342340 2.458971 0.889324
22 1 0 0.968335 3.243225 -0.016309

HF (M062X/6-31+G(d,p)) = -479.2919562 Hartrees
Imaginary Frequencies: none found

Zero-point correction = 0.182499 (Hartree/Particle)
Thermal correction = 0.145346 Hartrees

Coordinates from last standard orientation:

Center Atomic Atomic Coordinates (Angstroms)
Number Number Type X Y Z
1 6 0 -0.650722 -0.670247 0.052774
2 6 0 -1.922200 0.017341 -0.071012
3 6 0 -3.088221 -0.635274 0.069235
4 1 0 -3.140505 -1.695965 0.296045
5 1 0 -1.950775 1.077018 -0.309168
6 1 0 -0.725667 -1.743903 0.211245
7 6 0 0.615579 -0.200784 -0.028870
8 6 0 1.852053 -1.037689 0.010848
9 6 0 2.440072 1.149802 -0.069816
10 1 0 2.949845 2.105021 -0.101534
11 6 0 1.927801 -2.380743 0.001774
12 1 0 2.891954 -2.876468 0.024558
13 1 0 1.045746 -3.010647 -0.032984
14 6 0 2.964145 -0.088152 0.011319
15 1 0 4.012730 -0.344923 0.033200
16 8 0 -4.329156 -0.096408 -0.046533
17 1 0 -4.263114 0.843554 -0.254789
18 7 0 1.051622 1.131192 -0.146231
19 6 0 0.246720 2.292357 0.158068
20 1 0 -0.437642 2.536068 -0.660513
21 1 0 -0.332165 2.136945 1.076987
22 1 0 0.910124 3.146549 0.306919
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Model E: N-Methyl Iminium

HF (M062X/6-31+G(d,p)) = -615.8522084 Hartrees

Imaginary Frequencies: none found

Zero-point correction = 0.303822 (Hartree/Particle)

Thermal correction = 0.261010 Hartrees

Coordinates from last standard orientation:

Center
Number

Atomic
Number

Atomi
Type

C

(Angstroms)

0 J o U W N
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Coordinates
X Y
.912313 -0.629013
.325470 -0.003636
.474008 -0.811759
.352810 -1.894994
.712684 -0.386486
.894254 -1.276767
.708748 -2.137617
.079265 -1.624277
.011037 -0.355596
.997057 -0.291063
.995407 -0.706767
.628334 0.991971
.111085 1.841619
.896119 1.007262
.105716 1.036007
.600691 1.571798
.800613 1.469582
.436240 1.072017
.889204 -1.719459
.217478 -0.130222
.395097 -0.929313
.969423 1.239841
.494198 2.185933
.445057 -2.425155
.480479 -2.765610
.915427 -2.861089
.480217 -0.059878
.527207 -0.325807
.002345 -2.824303
397

.029915
.043120
.064539
.069582
.074261
.071687
.573559
.094441
.412519
.505092
.100694
.210827
.273405
.271654
.055372
.863850
.904512
.032773
.043623
.002254
.005450
.049360
.074371
.020992
.022718
.831572
.037908
.051723
.938821
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HF (M062X/6-31+G(d,p)) = -615.4064184 Hartrees

Imaginary Frequencies: none found

Zero-point correction = 0.288375 (Hartree/Particle)

Thermal correction = 0.244371 Hartrees

Coordinates from last standard orientation:

Center
Number

Atomic
Number

.025185
.030739
.875949
.917260

0.055697

(Angstroms)

O J o U W N
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O O O O O O O O O O O O O O o o oo o o o o

.627456 1.205963
.776571 2.385237
.168176 2.419166
.138276 2.389356
.415293 3.267603
Coordinates
X Y
.983478 -0.749614
.319601 -0.129492
.453539 -0.867583
.378514 -1.939621
.730011 -0.396515
.909902 -1.248274
.823395 -2.003320
.052955 -1.768045
.036554 -0.245236
.094092 -0.013861
.010725 -0.614410
.562747 0.985403
.0351438 1.913737
.783825 0.851722
.042462 0.991100
.497462 1.330742
.741321 1.635789
.406193 0.934340
.971560 -1.832115
.224807 -0.214390
.501059 -0.982132
.967503 1.238380
398
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o

.055383
.019641
.114654
.293732
.067125
.090688
.878825
.870443
.338516
.407378
.010488
-0.
-0.
-1.
-0.
-1.

0.
-0.

0.
-0.
-0.
-0.

446422
118316
510614
229955
121794
609516
203730
173727
029231
053912
046119
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.219569
.318715
.756392
.997097
.026925
.172436
.150797
.236674
.498917
.978317
.115927

-0.
-0.
-0.
-0.
-0.
-0.
-0.
.341226
.412855
.276572
.516642

040646
128969
151491
176384
032513
046607
100874

23 1 0 4.426997
24 6 0 3.655318
25 1 0 4.647147
26 1 0 2.810611
27 6 0 4.558994
28 1 0 5.620291
29 7 0 2.582712
30 6 0 1.735167
31 1 0 0.987170
32 1 0 1.223076
33 1 0 2.358735
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A.4.3: Energies and Reaction Coordinates for Chapter 4

Trienamine Al

HF (M062X/6-31+G(d,p)) = -444.608138 Hartrees

Imaginary Frequencies: none found

Zero-point correction = 0.230636 (Hartree/Particle)

Thermal correction = 0.191861 Hartrees

Coordinates from last standard orientation:

Center
Number

Atomic
Number

Atomic
Type

(Angstroms)
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Coordinates
X Y
.875507 -1.177912
.030011 -0.297005
.648425 1.084352
.126460 1.128637
.705899 -2.048162
.002481 -0.647211
.045547 -0.275861
.897289 1.143171
.153954 1.905839
.625960 1.705867
.834296 1.562205
.736455 -0.270510
.440461 -0.674482
.309653 -1.755089
.655970 0.125822
.545807 1.206179
.992536 -0.419595
.072757 -1.507716
.135908 0.296928
.457819 -0.305359
.488470 -1.394103
.611980 0.375414
.622437 1.460679
.570747 -0.130829
.055006 -1.536797
.084956 1.384594
400

0
-0.
0
0

-0.
-0.

0.
-0.
-0.
-0.

1.
-0.

.112000
-0.
0.
-0.
-0.
-0.
-1.
1.
-0.
0.
-0.
0.
0.
0.
.020919

368866
178788
000698
530627
016091
463769
243770
332964
787401
969529
061133
073310
125339

035030

.032201
.089046

021422
007683
051895
062595
122774
048799
137174
078696
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HF (M062X/6-31+G(d,p)) = -444.6034316 Hartrees
Imaginary Frequencies: none found

Zero-point correction = 0.230875 (Hartree/Particle)
Thermal correction = 0.192202 Hartrees

Coordinates from last standard orientation:

(Angstroms)

0.385883
.277214

0.062418

0.
0.
-0.
1.
-0.
0.
-0.
1.
.067181

-0

-0.
-0.
-0.
0.
-0.
-0.
0.
-0.
-0.
0.
0.
0.
-1.
.489111

220990
011574
154903
346658
954240
759126
476339
237480

193337
415485
066266
071317
139705
434823
120025
047204
395620
195575
540523
056557
473638

Center Atomic Atomic Coordinates
Number Number Type X Y
1 6 0 2.330603 1.308331
2 6 0 3.671255 0.993386
3 6 0 3.798253 -0.521177
4 6 0 2.359664 -1.036585
5 1 0 1.852193 2.209185
6 1 0 4.500361 1.558093
7 1 0 3.614407 1.221888
8 1 0 4.152977 -0.720514
9 1 0 4.491111 -0.997487
10 1 0 2.136540 -1.855738
11 1 0 2.149207 -1.399566
12 7 0 1.539112 0.128782
13 6 0 0.188062 0.063029
14 1 0 -0.285746 1.018525
15 6 0 -0.576775 -1.051628
16 1 0 -0.097483 -2.016617
17 6 0 -2.029053 -1.033006
18 1 0 -2.499673 -1.972146
19 6 0 -2.846408 0.009988
20 6 0 -4.289437 -0.050346
21 1 0 -4.692623 -1.001832
22 6 0 -5.130655 0.965028
23 1 0 -4.764505 1.928678
24 1 0 -6.201042 0.861328
25 1 0 2.451578 1.433273
26 1 0 -2.434128 0.949337
401
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Trienamine A3

HF (M062X/6-31+G(d,p)) = -444.6032643 Hartrees
Imaginary Frequencies: none found

Zero-point correction = 0.230506 (Hartree/Particle)
Thermal correction = 0.191429 Hartrees

Coordinates from last standard orientation:

(Angstroms)

.027202
0.329604
.326765
.101962
.690877
.026283
.416874
.400168
.092039
.930126
.823669
.000907
.050157
.108908
.041043
.015486
.107234
.155404
.134324
.170069
.625372
.312774
.832100
.212551
.026623
.154175

Center Atomic Atomic Coordinates
Number Number Type X Y
1 6 0 -2.695662 1.277278
2 6 0 -3.945691 0.471133
3 6 0 -3.665573 -0.887214
4 6 0 -2.161373 -1.088400
5 1 0 -2.481978 2.075779
6 1 0 -4.865976 0.939449
7 1 0 -4.012188 0.357433
8 1 0 -3.875378 -0.830330
9 1 0 -4.263149 -1.699605
10 1 0 -1.680726 -1.625507
11 1 0 -1.949419 -1.644840
12 7 0 -1.646585 0.267202
13 6 0 -0.318491 0.545524
14 1 0 -0.085080 1.608292
15 6 0 0.694718 -0.359487
16 1 0 0.479614 -1.423885
17 6 0 2.078508 0.048906
18 1 0 2.265956 1.123528
19 6 0 3.137676 -0.787100
20 6 0 4.537779 -0.360823
21 1 0 5.235937 -1.062932
22 6 0 5.026142 0.790056
23 1 0 4.393213 1.504656
24 1 0 6.076942 1.039653
25 1 0 -2.792335 1.729140
26 1 0 2.952461 -1.860489
402
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Trienamine B1

HF (M062X/6-31+G(d,p)) = -483.9049185 Hartrees

Imaginary Frequencies: none found

Zero-point correction = 0.259279 (Hartree/Particle)

Thermal correction = 0.218753 Hartrees

Coordinates from last standard orientation:

Center
Number

Atomic
Number

Atomic
Type

(Angstroms)
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Coordinates
X Y
.091533 1.048329
.213811 0.116563
.788324 -1.235382
.264453 -1.232314
.949643 1.906156
.199420 0.443117
.223077 0.064708
.041176 -1.273327
.262929 -2.087460
.750187 -1.769651
.951786 -1.685723
.922856 0.179722
.639163 0.631678
.558237 1.716506
.475992 -0.141541
.371163 -1.223548
.836181 0.379167
.879194 -0.488098
.297174 -0.1727717
.593678 0.873588
.265030 -1.102221
.027117 -2.162801
314262 -0.828466
.288799 1.429837
.643220 -1.552699
.011103 1.876467
.521293 2.339218
.552314 2.297028
.057858 2.176238
403

.077218
.383638
.203454
.032614
.588805
.044652

1.
-1.

0.
-0.

0.
-0.
-0.
-0.
-0.

0.
-0.
.018341
.032537
.013402
.068608
.088916
.078391
.091272
.038265
.047882
.816247
.949825
.036443

477637
268473
287656
840021
920903
054412
054437
075724
023795
000473
015841
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HF (M062X/6-31+G(d,p)) = -483.9010804 Hartrees
Imaginary Frequencies: none found

Zero-point correction = 0.258609 (Hartree/Particle)
Thermal correction = 0.217086 Hartrees

Coordinates from last standard orientation:

-0.
-0.
0.
-0.
0.
0.
-0.
-0.
-0.
-0.
-0.
0.
-0.
1.
.353856

(Angstroms)

.424475
0.
-0.
-0.
1.
0.
1.
-1.
-0.
-1.
0.
-0.
0.
0.

524159
577125
477044
382142
398250
502467
556271
450870
434830
251038
023089
130159
488470
109332
373474
027957
213604
003319
429373
277433
697203
095563
309333
616015
463657
134890
509362

Center Atomic Atomic Coordinates
Number Number Type X Y
1 6 0 -2.598183 -1.357675
2 6 0 -3.985090 -0.715927
3 6 0 -3.946805 0.350940
4 6 0 -2.519025 0.894798
5 1 0 -2.246663 -1.755553
6 1 0 -4.792878 -1.440193
7 1 0 -4.101139 -0.237181
8 1 0 -4.096721 -0.116479
9 1 0 -4.702586 1.128969
10 1 0 -2.129633 1.261389
11 1 0 -2.446624 1.719340
12 7 0 -1.754952 -0.2538438
13 6 0 -0.404107 -0.222640
14 1 0 0.027731 -1.155973
15 6 0 0.404563 0.839919
16 1 0 -0.036868 1.798675
17 6 0 1.861465 0.790072
18 6 0 2.569754 -0.339639
19 6 0 3.994460 -0.537504
20 1 0 4.564838 0.285280
21 6 0 4.640279 -1.679596
22 1 0 4.115950 -2.534615
23 1 0 5.703579 -1.790264
24 1 0 -2.594995 -2.177277
25 1 0 2.035984 -1.200468
26 6 0 2.494022 2.089520
27 1 0 2.091226 2.914075
28 1 0 2.246805 2.305073
29 1 0 3.578660 2.098520
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Trienamine B3

HF (M062X/6-31+G(d,p)) = -483.8998887 Hartrees

Imaginary Frequencies: none found

Zero-point correction = 0.259248 (Hartree/Particle)

Thermal correction = 0.218662 Hartrees

Coordinates from last standard orientation:

Atomic

(Angstroms)

0.165760

O

P W N NN WD DN BE O

0.250549
.273314
.020362
0.478624
.156775
.342915
.348727
.215576
.794536
.952342
.036282
.01384¢6
.020967
.099834
.112363
.145943
.152904
.156193
.711782
.482599
.116512
.409122
.202849
.185712
.219695
.759199
.571045
.910716

Trienamine C1

Coordinates
X Y
.959374 1.177936
.192472 0.374349
.867818 -1.030754
.360465 -1.167713
.775746 2.044281
.120235 0.782253
.270472 0.360152
.069132 -1.081111
446246 -1.817489
.859393 -1.763950
.142349 -1.634829
.884881 0.204549
.563882 0.530425
.376274 1.601457
.467664 -0.346985
.256571 -1.413647
.874329 0.034895
.819830 -0.938191
.276036 -0.796358
.812858 -1.566287
.007009 0.128871
.551621 0.883555
.089738 0.131022
.056183 1.536172
.461579 -1.967223
.209905 1.503054
.110696 1.987617
.231119 1.655877
.531452 2.013147
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HF (M062X/6-31+G(d,p)) = -675.5786681 Hartrees

Imaginary Frequencies: none found

Zero-point correction = 0.312563 (Hartree/Particle)

Thermal correction = 0.265475 Hartrees

Coordinates from last standard orientation:

Center
Number

Atomic
Number

Atomic
Type

(Angstroms)
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Coordinates
X Y
.495907 1.194077
.836179 0.601562
.859476 -0.747209
.404231 -1.222046
.079208 1.898753
.684023 1.242394
.831331 0.441967
.136006 -0.595413
.560225 -1.462800
.099692 -1.807723
.221648 -1.839670
.646586 0.015432
.289269 0.051616
.866423 1.049580
.468444 -1.027988
.897801 -2.023111
.983942 -0.954353
.742029 -2.079939
.194416 -2.131725
.724914 -1.184439
.901706 -3.269747
.409922 -4.235888
.985837 -3.264836
.594269 1.713577
.226576 -3.040758
.621765 0.395989
.571122 1.234030
.278843 0.844771
.175142 2.489231
.063218 0.887158
.879029 2.102532
.316918 0.195331
406

.097238
.535978
-0.
-0.
0.
0.
1.
-1.
0.
-0.
0.
-0.
-0.
0.
-0.
-0.
-0.
-0.
-0.
-0.
0.
0.
0.
-0.
-0.
-0.
-1.
1.
-1.
-2.
1.
1.

194671
106483
823914
284400
619517
243599
240269
983448
786586
022071
017811
081084
112814
199412
072109
043502
052248
133856
021414
104425
001212
868240
030966
045977
166024
103858
139704
062219
133776
974253
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33 6 0 -2.829313 2.927746 0.011547
34 1 0 -2.139470 3.123946  -2.020073
35 1 0 -3.387298 2.436597 2.033356
36 1 0 -3.299769 3.906032 0.032494
HF (M062X/6-31+G(d,p)) = -675.5752508 Hartrees
Imaginary Frequencies: none found
Zero-point correction = 0.312253 (Hartree/Particle)
Thermal correction = 0.266195 Hartrees
Coordinates from last standard orientation:
Center Atomic Atomic Coordinates (Angstroms)
Number Number Type X Y Z
1 6 0 4.017861 0.716569 0.729109
2 6 0 5.066943 -0.392828 0.606005
3 6 0 4.756023 -1.009632 -0.763387
4 6 0 3.226253  -0.992614 -0.803368
5 1 0 3.734833 0.914737 1.768310
6 1 0 6.088389 -0.015424 0.689966
7 1 0 4.910756 -1.138701 1.392834
8 1 0 5.154677 -0.373204 -1.560810
9 1 0 5.168749 -2.012847 -0.888508
10 1 0 2.820299  -0.915334 -1.819171
11 1 0 2.797876  -1.896121  -0.339223
12 7 0 2.886518 0.189975 -0.030310
13 6 0 1.605231 0.610928 0.137905
14 1 0 1.501706 1.505417 0.751031
15 6 0 0.495019 0.018102 -0.370501
16 1 0 0.578988  -0.930426 -0.895224
17 6 0 -0.848975 0.573038 -0.198394
18 6 0 -1.079962 1.911506  -0.159379
19 6 0 -2.323343 2.566074 0.220496
20 1 0 -3.130761 1.935614 0.587830
21 6 0 -2.506797 3.894251 0.169339
22 1 0 -1.724063 4.558503 -0.188926
23 1 0 -3.439123 4.349946 0.484443
24 1 0 4.381613 1.655631 0.287639
407
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25 1 0 -0.251039 2.575807 -0.401642
26 6 0 -1.946046 -0.425741 -0.058460
27 6 0 -1.783397 -1.530285 0.787859
28 6 0 -3.135812 -0.313659 -0.789829
29 6 0 -2.791869 -2.480758 0.923363
30 1 0 -0.858617 -1.628704 1.349947
31 6 0 -4.143051 -1.267941 -0.661137
32 1 0 -3.257800 0.520851 -1.474922
33 6 0 -3.976563 -2.351851 0.199336
34 1 0 -2.653250 -3.322938 1.594765
35 1 0 -5.056473 -1.168460 -1.239966
36 1 0 -4.761474 -3.095136 0.300055

HF (M062X/6-31+G(d,p)) = -675.5728053 Hartrees
Imaginary Frequencies: none found

Zero-point correction = 0.312537 (Hartree/Particle)
Thermal correction = 0.266906 Hartrees

Coordinates from last standard orientation:

Center Atomic Atomic Coordinates (Angstroms)
Number Number Type X Y Z
1 6 0 -3.420134 1.307704 -0.016991
2 6 0 -4.822624 0.838629 -0.409562
3 6 0 -4.908865 -0.543821 0.250018
4 6 0 -3.498605 -1.116241 0.063199
5 1 0 -2.991835 2.021769 -0.727611
6 1 0 -5.605005 1.524218 -0.076715
7 1 0 -4.887513 0.741249 -1.498593
8 1 0 -5.123790 -0.431312 1.318059
9 1 0 -5.680440 -1.182597 -0.184933
10 1 0 -3.193270 -1.758456 0.899686
11 1 0 -3.408473 -1.707007 -0.861132
12 7 0 -2.656897 0.066393 -0.011995
13 6 0 -1.299983 0.010827 -0.016475
14 1 0 -0.812032 0.982528 -0.065187
15 6 0 -0.552289 -1.123632 0.022175
16 1 0 -1.045205 -2.092032 0.060242
408
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17 6 0 0.903003 -1.138750 -0.009629
18 6 0 1.583291 -2.311829 -0.063886
19 6 0 3.028143 -2.551520 -0.074232
20 1 0 3.303257 -3.540999 -0.439702
21 6 0 4.031801 -1.756214 0.328683
22 1 0 3.874571 -0.765127 0.740315
23 1 0 5.057375 -2.104476 0.258893
24 1 0 -3.427823 1.776312 0.979437
25 1 0 0.976324 -3.215038 -0.119852
26 6 0 1.609891 0.175616 -0.012572
27 6 0 1.672998 0.955573 1.146636
28 6 0 2.225873 0.639718 -1.178058
29 6 0 2.361969 2.167408 1.146904
30 1 0 1.193743 0.595592 2.053471
31 6 0 2.910085 1.853025 -1.180809
32 1 0 2.182288 0.028485 -2.075124
33 6 0 2.984616 2.617753 -0.016607
34 1 0 2.415212 2.757662 2.056874
35 1 0 3.390948 2.199602 -2.090659
36 1 0 3.524931 3.559400 -0.016270

HF (M062X/6-31+G(d,p)) = -790.0614728 Hartrees
Imaginary Frequencies: none found

Zero-point correction = 0.345695 (Hartree/Particle)
Thermal correction = 0.296674 Hartrees

Coordinates from last standard orientation:

Center Atomic Atomic Coordinates (Angstroms)

Number Number Type X Y Z
1 6 0 -3.4998438 -1.891834 0.150681
2 6 0 -4.981290 -1.789796 0.514956
3 6 0 -5.414663 -0.508009 -0.208504
4 6 0 -4.204909 0.421324 -0.045849
5 1 0 -2.912154 -2.442897 0.891921
6 1 0 -5.552404 -2.669883 0.211459
7 1 0 -5.086511 -1.665220 1.598049
8 1 0 -5.578217 -0.719947 -1.270562
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.332676
.058044
.290438
.086454
.789423
.067800
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.083490
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.756195
.557303
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074873
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326667
290117
328409
171786
718659
923175
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853375
541406
781599
051339
617564
905999

.194141
.916517
.842423
.102502
.078150
.160676
.022568
.078874
.027861
.029294
.050044
.212468
.047354
.208151
.033545
.826387
117267
.104112
.231522
.937325
.314913
.054337
.873683
.819219
.258282
.188379
.705302
.426861
.615989
.546025
.287789
.793362

HF (M062X/6-31+G(d,p)) = -790.058389 Hartrees

Imaginary Frequencies: none found

Zero-point correction = 0.345905 (Hartree/Particle)

Thermal correction = 0.297574 Hartrees

Coordinates from last standard orientation:
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Center
Number

Atomic
Number

Atomic
Type

Coordinates

(Angstroms)
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.827653
.620743
.155484
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.700086
.331790
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.258416
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.590393
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.317097
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.221827
.909597
.594826
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426450
206031
571493
219729
392599
293667
380079

Trienamine D3

411
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e

HF (M062X/6-31+G(d,p)) = -790.0554652 Hartrees
Imaginary Frequencies: none found

Zero-point correction = 0.345900 (Hartree/Particle)
Thermal correction = 0.297126 Hartrees

Coordinates from last standard orientation:

Atomic

(Angstroms)

0 J o U W N

WWWNNNRONDNNDONNNE R 2 PP e e
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Coordinates
X Y
.531125 -1.837751
.998985 -1.776471
.466728 -0.448465
.260370 0.476747
.912005 -2.431569
.575303 -2.637097
.065220 -1.732658
.658294 -0.579297
.375978 -0.057312
.155160 1.212948
.315662 1.029825
.129978 -0.436936
.837478 -0.019582
.106170 -0.825788
.419213 1.273563
.151447 2.077177
.018705 1.670894
.327061 2.978005
.654126 3.598490
.664707 4.608683
.820182 3.127119
.924260 2.149249
.713176 3.741306
.432090 -2.260539
.494978 3.681237
.010024 0.595797
.230045 -0.080659
.787354 0.249687
.212115 -1.054909
.632041 0.179638
.777405 -0.731486
.631322 0.771401
412

O O O O O O o o O

o

.005343
.419296
.189624
.011103
.674814
.072714
.511745
.260108
.271648
.796441
.961362
.024761
.0244061
.018500
.040085
.061266
.053658
.174975
.164689
.574400
-0.
-0.
-0.
-1.

0.
-0.
-1.

1.
-1.
-2.

0.

1.

305009
762530
245893
017023
305598
047259
255011
055144
360527
124436
969382
995298
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33 6 0 2.993755 -1.383211 -0.246432
34 1 0 2.398945 -1.573685 -2.295093
35 1 0 3.365624  -0.969839 1.847537
36 8 0 3.933470 -2.348716  -0.444370
37 6 0 4.777208  -2.674585 0.639882
38 1 0 4.203406 -3.078158 1.483020
39 1 0 5.462804  -3.436529 0.270485
40 1 0 5.348069  -1.799811 0.973950
HF (M062X/6-31+G(d,p)) =-767.796189 Hartrees
Imaginary Frequencies: none found
Zero-point correction = 0.310970 (Hartree/Particle)
Thermal correction = 0.262390 Hartrees
Coordinates from last standard orientation:
Center Atomic Atomic Coordinates (Angstroms)
Number Number Type X Y Z
1 6 0 3.440297 -1.807093 -0.126064
2 6 0 4.910053 -1.627494 -0.509789
3 6 0 5.298700 -0.346540 0.240475
4 6 0 4.047970 0.531389 0.116438
5 1 0 2.864401  -2.354131 -0.879288
6 1 0 5.523905 -2.488908 -0.238474
7 1 0 4.992580 -1.470415 -1.590555
8 1 0 5.486980 -0.576299 1.294588
9 1 0 6.190150 0.136483 -0.164743
10 1 0 3.893227 1.170470 0.995475
11 1 0 4.084030 1.183989 -0.769027
12 7 0 2.966687 -0.432068 -0.014747
13 6 0 1.657787 -0.078529 -0.021227
14 1 0 0.970559 -0.916256 -0.124806
15 6 0 1.176753 1.190213 0.077730
16 1 0 1.870654 2.022703 0.160908
17 6 0 -0.236432 1.531621 0.045326
18 6 0 -0.656134 2.821936 0.024757
19 6 0 -2.037673 3.272894 0.050873
20 1 0 -2.811870 2.511144 0.128532
413
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21 6 0 -2.399655 4.563702 0.000085
22 1 0 -1.657681 5.354717 -0.075524
23 1 0 -3.441747 4.861457 0.032868
24 1 0 3.346403 -2.338323 0.833110
25 1 0 0.104600 3.602758 0.010653
26 6 0 -1.224930 0.412940 0.036292
27 6 0 -1.393729 -0.393164 1.168672
28 6 0 -1.989021 0.148645 -1.105637
29 6 0 -2.310722 -1.436930 1.168408
30 1 0 -0.803578 -0.186482 2.056832
31 6 0 -2.905776 -0.896969 -1.121740
32 1 0 -1.857559 0.773087 -1.984571
33 6 0 -3.066626 -1.692266 0.017625
34 1 0 -2.448876 -2.054921 2.049516
35 1 0 -3.496250 -1.103449 -2.008212
36 6 0 -4.010987 -2.779753 0.006077
37 7 0 -4.767998 -3.655823 -0.004837

HF (M062X/6-31+G(d,p)) = -767.7934736 Hartrees
Imaginary Frequencies: none found

Zero-point correction = 0.311682 (Hartree/Particle)
Thermal correction = 0.264173 Hartrees

Coordinates from last standard orientation:

Center Atomic Atomic Coordinates (Angstroms)
Number Number Type X Y Z
1 6 0 -4.651087 0.096191 -0.720459
2 6 0 -5.448381 -1.205622 -0.605481
3 6 0 -4.998998 -1.762948 0.751364
4 6 0 -3.504356 -1.433766 0.778016
5 1 0 -4.438254 0.371792 -1.758341
6 1 0 -6.526504 -1.044843 -0.671884
7 1 0 -5.152975 -1.891893 -1.406448
8 1 0 -5.510183 -1.233221 1.562228
9 1 0 -5.194622 -2.831078 0.865356
10 1 0 -3.113933 -1.274825 1.790502
11 1 0 -2.904261 -2.229649 0.308222

414
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12 7 0 -3.417381 -0.207289 0.001681
13 6 0 -2.256517 0.473490 -0.163627
14 1 0 -2.340927 1.368994 -0.778124
15 6 0 -1.046378 0.128309 0.348968
16 1 0 -0.932011 -0.812978 0.880671
17 6 0 0.146913 0.959815 0.188579
18 6 0 0.091982 2.316274 0.125286
19 6 0 1.174962 3.215458 -0.245588
20 1 0 2.106625 2.771142 -0.590622
21 6 0 1.067617 4.552286 -0.212934
22 1 0 0.152798 5.036791 0.119555
23 1 0 1.887077 5.193472 -0.518068
24 1 0 -5.186047 0.930594 -0.244758
25 1 0 -0.864815 2.793191 0.334640
26 6 0 1.437437 0.222789 0.094707
27 6 0 1.541530 -0.909665 -0.725092
28 6 0 2.552714 0.609178 0.851574
29 6 0 2.730271 -1.621690 -0.814245
30 1 0 0.677347 -1.219568 -1.305144
31 6 0 3.745636 -0.099092 0.778145
32 1 0 2.470909 1.464005 1.516174
33 6 0 3.837845 -1.215810 -0.060259
34 1 0 2.809492 -2.489477 -1.460656
35 1 0 4.603855 0.199211 1.371061
36 6 0 5.070509 -1.955935 -0.138422
37 7 0 6.061128 -2.552316 -0.201330

HF (M062X/6-31+G(d,p)) = -767.7905 21 Hartrees
Imaginary Frequencies: none found

Zero-point correction = 0.311268 (Hartree/Particle)
Thermal correction = 0.263092 Hartrees

Coordinates from last standard orientation:

Center Atomic Atomic Coordinates (Angstroms)
Number Number Type X Y Z
1 6 0 -3.449418 -1.778622 0.043938
2 6 0 -4.921135 -1.644571 0.438142
415
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.336090
.102804
.860723
.519404
.003183
.520430
.236672
.961848
.151023
.002679
.700470
.997845
.242926
.951160
.165082
.550468
.899876
.945706
.049988
.112921
.973059
.348197
.252252
.163886
.396127
.878079
.340915
.839877
.821252
.697520
.056713
.532600
.379506
.033742
.817225

W NN WN RPN
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O P O O O w N

-0.

.340781
.555821
.348444
.505368
.534697
.528922
.106736
.234825
.169169
.391118
.014000
.842563
.266188
.089045
.630654
.929650
.499421
.502207
.980141
.007736
.543831
.263530
.663625
.522695
.223900
.217471
.243222
.013468
802568
.801069
.532545
.814207
.038222
.590806
. 443442

.256087
.094639
.769907
.132274
.524792
-1.

0.
-0.

0.
-0.

0.

0.
-0.
-0.
.012339
.082121
.106713
.531134
.349058
.826034
.261527
.938720
.143565
.010902
.149649
.174079
.160140
.051953
.178868
.071720
.007736
.062637
.078802
.005624
.004181

319122
169248
945586
817880
004382
013096
080687
034931
087338

Trienamine F1

416
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HF (M062X/6-31+G(d,p)) = -483.9070206 Hartrees
Imaginary Frequencies: none found

Zero-point correction = 0.258910 (Hartree/Particle)
Thermal correction = 0.217958 Hartrees

Coordinates from last standard orientation:

(Angstroms)

.096489
.375161
.195021
.022336
.558136
.031260
.469668
.259723
.306224
.821857
.937994
.062309
.066229
.099099
.027164
.008175
.028917
.066045
.008756
.003484
.042493
.028674
.067501
.016301
.115814
.062802
.803253
.075502
.959161

Center Atomic Atomic Coordinates
Number Number Type X Y
1 6 0 3.197815 -1.217577
2 6 0 4.334523 -0.309107
3 6 0 3.930507 1.056673
4 6 0 2.407149 1.076299
5 1 0 3.041526 -2.081306
6 1 0 5.314471 -0.647114
7 1 0 4.345421 -0.271056
8 1 0 4.182967 1.103831
9 1 0 4.419093 1.894736
10 1 0 1.899688 1.631407
11 1 0 2.102774 1.520421
12 7 0 2.042267 -0.330365
13 6 0 0.754199 -0.758180
14 1 0 0.644034 -1.841844
15 6 0 -0.357054 0.023997
16 1 0 -0.249838 1.103419
17 6 0 -1.676461 -0.563803
18 1 0 -1.696073 -1.655107
19 6 0 -2.878608 0.062205
20 6 0 -4.093419 -0.750818
21 1 0 -3.936562 -1.829134
22 6 0 -5.352439 -0.288280
23 1 0 -5.576132 0.773577
24 1 0 -6.197294 -0.967907
25 1 0 3.387057 -1.587830
26 6 0 -3.044557 1.555894
27 1 0 -3.614777 1.912397
28 1 0 -2.088800 2.080568
29 1 0 -3.603353 1.849685
417
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Trienamine F2

HF (M062X/6-31+G(d,p)) = -483.9015312 Hartrees
Imaginary Frequencies: none found

Zero-point correction = 0.259614 (Hartree/Particle)
Thermal correction = 0.219238 Hartrees

Coordinates from last standard orientation:

-0.

0.
-0.
-0.

0.
-0.
-0.
-0.

0.
-0.
.460393
.756454
.046963
.300279
.471760

(Angstroms)

.354320
.519999
.478105

0.
-1.
-0.
-1.

1.

0.

1.
-0.
-0.
-0.
-0.

334660
265849
331398
539011
495237
278844
261070
457123
025109
176088
469302
026152
163141
202188
606461
073078
292605
708835
179150
206873
481589

Center Atomic Atomic Coordinates
Number Number Type X Y
1 6 0 -2.608357 1.280181
2 6 0 -4.013396 0.695092
3 6 0 -4.015316 -0.469253
4 6 0 -2.604442 -1.047887
5 1 0 -2.240313 1.762798
6 1 0 -4.799835 1.429169
7 1 0 -4.135681 0.312575
8 1 0 -4.157925 -0.088692
9 1 0 -4.793888 -1.208597
10 1 0 -2.231324 -1.502190
11 1 0 -2.553998 -1.812721
12 7 0 -1.802678 0.109060
13 6 0 -0.452462 0.050734
14 1 0 0.002641 0.994490
15 6 0 0.318773 -1.057809
16 1 0 -0.168261 -2.011362
17 6 0 1.762206 -1.090365
18 1 0 2.148370 -2.027329
19 6 0 2.687753 -0.137554
20 6 0 4.081351 -0.403226
21 1 0 4.272809 -1.392576
22 6 0 5.108869 0.450634
23 1 0 4.986140 1.457908
24 1 0 6.109072 0.160294
25 1 0 -2.582463 2.019156
26 6 0 2.376973 1.166594
27 1 0 2.312127 2.001468
28 1 0 1.431340 1.106257
29 1 0 3.168223 1.413084
418
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Trienamine F3

HF (M062X/6-31+G(d,p)) = -483.9012829 Hartrees

Imaginary Frequencies: none found

Zero-point correction = 0.258764 (Hartree/Particle)

Thermal correction = 0.217450 Hartrees

Coordinates from last standard orientation:

Center
Number

Atomic
Number

(Angstroms)

0 J o U b W N

NN NNDRNONNDR R P2 2R e e
W JdJ o WN R O W®O-Jo U WN R O W

O e e N e R N i N e N ) T B e R S e e S N NN o e Y

O O O O O O O O O O O O O O O OO oo oo oo o o o o o

O P NP B B D NN WD W

(I | | e O N R |
N W N WO W obdNDEFERFPE OO O

Coordinates
X Y
.034675 -1.294891
.232895 -0.400530
.894554 0.894417
.378126 1.028297
.847593 -2.053414
.183704 -0.840867
.271210 -0.211737
.126543 0.777337
.440378 1.764187
.886249 1.489621
.119570 1.626846
.933473 -0.343784
.621975 -0.686242
.446453 -1.752254
.438506 0.160958
.267630 1.221835
.795099 -0.328868
.901891 -1.410691
.930897 0.406101
.249472 -0.245059
.029418 0.304241
.573670 -1.418507
.860042 -1.980197
.565860 -1.841498
.176733 -1.807815
.9349138 1.914633
.081647 2.295351
.006171 2.338458
419

.051316
.374272
.376143
.187851
.818414
.065930
.452399
.440145
.004628
.054398
.699160
.012104
.07379¢6
.216605
.004136
.151044
.113972
.206893
.128214
.175730
.706282
.383194
.979889
.265435
.912548
.100360
.918043
.489314
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-0.

-0.
-0.
-1.
1.
-0.
1.
-0.
0.
0.
-0.
0.
0.
-0.
-0.
-0.
-0.
0.
-0.
-0.
-0.
-0.
1.

708203

(Angstroms)

.049829
.329244
.370156
0.

194856
688020
018327
414848
435042
046727
037131
723851
107325
042475
035722
059883
135846
009941
033441
030251
065584
004667
186516
271742
210168
033473
019120

29 1 0 -3.758064 2.305226
Trienamine G1
HF (M062X/6-31+G(d,p)) = -675.5798193 Hartrees
Imaginary Frequencies: none found
Zero-point correction = 0.312824 (Hartree/Particle)
Thermal correction = 0.267344 Hartrees
Coordinates from last standard orientation:
Center Atomic Atomic Coordinates
Number Number Type X Y
1 6 0 4.417836  -0.944244
2 6 0 5.235487 0.292449
3 6 0 4.473796 1.426079
4 6 0 3.004542 1.024912
5 1 0 4.494535  -1.749704
6 1 0 6.279889 0.218472
7 1 0 5.206913 0.434633
8 1 0 4.729054 1.443855
9 1 0 4.689364 2.412035
10 1 0 2.376264 1.340529
11 1 0 2.566391 1.444255
12 7 0 3.056890 -0.425884
13 6 0 1.942969 -1.196403
14 1 0 2.140753  -2.265326
15 6 0 0.657512  -0.751294
16 1 0 0.447959 0.311426
17 6 0 -0.450359 -1.671741
18 1 0 -0.188875 -2.731687
19 6 0 -1.773323  -1.366442
20 6 0 -2.763134  -2.444469
21 1 0 -2.347360 -3.450114
22 6 0 -4.091791  -2.307851
23 1 0 -4.562898  -1.333116
24 1 0 -4.737148  -3.179114
25 6 0 -2.247021 0.045661
26 6 0 -3.024990 0.543274
420
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-1.

1
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-1.
-1.
-0.

1

-1.
-0.

091625
.018627
842786
094939
916067
038959
.845790
925850
040704
.026445

Trienamine G2

HF (M062X/6-31+G(d,p)) = -675.5749487 Hartrees

Imaginary Frequencies: none found

Zero-point correction = 0.312725 (Hartree/Particle)

Thermal correction = 0.267070 Hartrees

Coordinates from last standard orientation:

Center
Number

Atomic
Number

Atomic
Type

(Angstroms)
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.925474 0.903576
.461232 1.866341
.282513 -0.117294
.361224 2.227522
.330017 0.519822
.130253 2.713366
.059501 2.236931
.103861 2.877809
.471886 3.743955
.734660 -1.340597
Coordinates
X Y
.959231 1.055219
.453080 0.766752
.690929 -0.338213
.423441 -1.195070
.499663 1.446893
.072293 1.651552
.652570 0.385541
.763811 0.102213
.600514 -0.913959
.136290 -1.637659
.534067 -2.015839
.410987 -0.255782
.091330 -0.558139
.468821 0.266660
.545396 -1.772050
.214966 -2.581825
.859518 -2.129345
421

.459132
.614838
.423095
.324799
.372038
.451466
.622159
.423205
.239396
.287424
.400294
.129603
.198236
.534718
.094500
.370818
.014936
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-0.
-0.
-0.
-0.
-0.
-0.
-0.

0.
-1.

1

-1

001106
032374
149723
220675
166996
097545
247477
065521
048307

.279973
-0.
.990959
1.
2.
.252686
.831809
.321967
.324557
.352625

957426

373581
145122

Trienamine G3

HF (M062X/6-31+G(d,p)) = -675.5761532 Hartrees

Imaginary Frequencies: none found

Zero-point correction = 0.312972 (Hartree/Particle)

Thermal correction = 0.267605 Hartrees

Coordinates from last standard orientation:

Center
Number

Atomic
Number

Atomic
Type

(Angstroms)
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H B B B o o0 O O)

O O O O O O O O

.038624 -3.205109
.976030 -1.357488
.288451 -1.995012
.267676 -3.082784
.474994 -1.369784
.553587 -0.288746
.397744 -1.933818
.927618 0.128288
.190731 0.932996
.602486 0.742381
.104349 2.322027
.453455 0.459709
.516261 2.129419
.398155 0.117525
.761202 2.923569
.306310 2.933742
.259694 2.592399
.693348 4.004864
.778085 1.775810
Coordinates
X Y
.370720 0.849444
.199391 -0.425891
.451554 -1.429247
.977654 -1.079195
.436166 1.517655
.244123 -0.289871
.168297 -0.752294
.708621 -1.258738
422

.102588
.268116
.619181
.383853
.967537
.019854
.313177
.670129
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.379541
.270946
.447335
.048415
.130245
.395544
.014030
.256891
.208307
.367847
.190813
.253008
.773826
.280623
.867850
.150498
.116047
.729951
.911873
.798728
.346701
.845195
.602019
.014311
.467093
.475755
.065679
.790409

Trienamine H1

HF (M062X/6-31+G(d,p)) = -790.0624353 Hartrees

Imaginary Frequencies: none found

Zero-point correction = 0.345419 (Hartree/Particle)

Thermal correction = 0.296139 Hartrees

Coordinates from last standard orientation:

Center
Number

Atomic
Number

Atomic
Type

.677782 -2.470227
.355544 -1.252930
.541452 -1.654365
.014949 0.335561
.894641 1.078053
.084244 2.117987
.611800 0.639776
.411144 -0.392146
.498622 1.540341
.235698 2.587198
.824708 1.246443
.832170 2.321082
.757511 2.071763
.706224 3.542786
.834578 3.818869
.478248 4.293938
.348028 -0.141969
.424450 -0.444951
.822070 -1.170224
.941178 -1.736796
.848552 0.343450
.337711 -2.461787
.014558 -0.941870
.396991 -2.752319
.769997 -1.950828
.919728 -3.241179
.800302 -3.758965
.685497 1.410368
Coordinates
X Y
423

(Angstroms)
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.094184
.600109
.547873
.233009
.408337
.613370
.591650
.737848
.534568
.508159
.746293
.646592
.763165
.224629
.407748
.932290
.571939
.094818
.784379

1.464761

.806789
.782989
.486226
.184286
.602893
.497282
.504565
.270824
.591214
.264384
.820939
.152930
.950095
.195551
.443350
.857863
.787146
.291238
.245778
.561678

-1

-1

-1

N

P O O O O & N WwWwH wdhhwbdhho o

|
o

.163087
.204157
-2.
-1.

0.
.418629
-1.
-2.
-3.
-1.
.621821
-0.

1.
.015210
.922411
.054074
.097351
.055269
.139754
.436027
.297136
.650427
.834027
.657743
.898613
.559532
.035559
.601707
.216238
.122488
.287099
-1.
-0.
-1.

0.
-2.
-2.
-3.
-3.
.181873

162181
394572
981720

248517
327431
134889
603393

000441
027738

446989
830600
790093
385959
601566
950679
105670
884152

.182286
.280959
.292861
.112413
0.473542

0.065802

| | |
O O O O

| | | I | |
P P ORFR O OO0OO0OOO0OOO OO oo oo

.375273
.358732
.203193
.909356
.848378
.144084
.110879
.117590
.065358
.062484
.037440
.077135
.012711
.009083
.131090
.114678
.248611
.090855
.096456
.919048
.198064
.859413
.780003
.275796
.004806
.245239
.672134
.128573
.202151
.410372
.592491
.5584061
.267045
.701423

Trienamine H2
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HF (M062X/6-31+G(d,p)) = -790.0588567 Hartrees
Imaginary Frequencies: none found

Zero-point correction = 0.345870 (Hartree/Particle)
Thermal correction = 0.296838 Hartrees

Coordinates from last standard orientation:

Center Atomic Atomic Coordinates (Angstroms)
Number Number Type X Y Z
1 6 0 -5.071365 -0.048510 -0.020360
2 6 0 -5.529298 -1.495179 -0.212123
3 6 0 -4.501248 -2.283406 0.609708
4 6 0 -3.188101 -1.534653 0.350783
5 1 0 -5.358980 0.605298 -0.850226
6 1 0 -6.558629 -1.658359 0.114735
7 1 0 -5.454584 -1.767862 -1.270245
8 1 0 -4.755889 -2.227988 1.673508
9 1 0 -4.443149 -3.337538 0.330714
10 1 0 -2.518174 -1.546854 1.220137
11 1 0 -2.632709 -1.951122 -0.503240
12 7 0 -3.621931 -0.178466 0.053144
13 6 0 -2.755155 0.853901 -0.099719
14 1 0 -3.231208 1.809972 -0.316809
15 6 0 -1.399431 0.785724 -0.014023
16 1 0 -0.914681 -0.160310 0.206893
17 6 0 -0.585214 1.967024 -0.174080
18 1 0 -1.129225 2.906402 -0.283327
19 6 0 0.770616 2.047825 -0.181974
20 6 0 1.441738 3.360300 -0.202620
21 1 0 2.385895 3.399681 -0.747472
22 6 0 0.998133 4.474628 0.393671
23 1 0 0.099200 4.471605 1.004181
24 1 0 1.529157 5.415399 0.292226
25 6 0 1.654579 0.854665 -0.184384
26 6 0 2.787771 0.805458 0.630921
27 6 0 1.418560 -0.240030 -1.0341438
28 6 0 3.648788 -0.294319 0.632628
29 1 0 3.000380 1.642383 1.29144s8
30 6 0 2.262397 -1.338864 -1.047911
31 1 0 0.565456 -0.211364 -1.706303
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.208330
.287747
.710452
.909567
.290618
.549894
.607462
.340904
.333884

Trienamine 11

HF (M062X/6-31+G(d,p)) =-767.7985111 Hartrees

Imaginary Frequencies: none found

Zero-point correction = 0.311429 (Hartree/Particle)

Thermal correction = 0.263132 Hartrees

Coordinates from last standard orientation:

Atomic

(Angstroms)

0 J o U b W N
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N e T e T T e e e e S S o e N e
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.382048 -1.375011
.511899 -0.290684
.085335 -2.180019
.482516 0.373527
.151624 -2.496441
.282510 -2.577025
.994967 -2.532769
.746987 -3.540375
.997035 -1.773402
Coordinates
X Y
.955392 0.307561
.506371 -1.065293
.512889 -2.026486
.161628 -1.328457
.213723 1.093190
.536676 -1.214128
.471266 -1.181815
.736961 -2.112225
.529166 -3.029551
.465989 -1.516636
.664462 -1.635736
.513703 0.082525
.588866 1.066455
.006194 2.070870
.236212 0.902612
.807409 -0.092012
.357367 2.040717
.846897 3.016349
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.086482
.302361
.363150
170677
.630779
.027628
.390775
.431677
.067663
.997744
.761849
.104409
.034658
.034623
.037274
.112749
.034387
.059482
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.046759
.073753
.007492
.187122
.270944
.207194
.039040
.994266
.065305
.012847
.790501
.061077
.875944
.018469
.818487
.860341
.078787
.008047
.000063

Trienamine 12

HF (M062X/6-31+G(d,p)) = -767.7952625 Hartrees

Imaginary Frequencies: none found

Zero-point correction = 0.311916 (Hartree/Particle)

Thermal correction = 0.264172 Hartrees

Coordinates from last standard orientation:

Atomic
Number

(Angstroms)

O J o U W N

P P P oo oy O

O O O O O o o o

SO oY U1 W O

.001884 2.044913
.722082 3.319434
.086187 4.202369
.046773 3.494617
. 735642 2.659392
.471518 4.492092
.782202 0.779451
.689727 0.506858
.630913 -0.162274
.418012 -0.675570
.816570 1.234320
.355114 -1.348546
.939389 0.048942
.251563 -1.607918
.113939 -0.885041
.237484 -2.072857
.320035 0.611825
.005764 -2.834430
.611731 -3.821270
Coordinates
X Y
.920408 0.061161
.402821 -1.381024
.451641 -2.158823
.104581 -1.458930
.132793 0.687034
.455145 -1.505434
.266319 -1.699569
.766953 -2.047477
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.125286
.288847
.629411
.416673
.997799
.025002
.327796
.672255
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9 1 0 4.407499 -3.225467 -0.400861
10 1 0 2.478767 -1.460616 -1.317465
11 1 0 2.522945 -1.918400 0.396787
12 7 0 3.480686 -0.099643 -0.053746
13 6 0 2.575063 0.886893 0.131080
14 1 0 3.006022 1.845608 0.419261
15 6 0 1.223248 0.774020 -0.002227
16 1 0 0.785646 -0.174271 -0.298145
17 6 0 0.368637 1.915120 0.199361
18 1 0 0.881397 2.864879 0.358275
19 6 0 -0.991161 1.967220 0.184682
20 6 0 -1.690928 3.264195 0.237359
21 1 0 -2.644973 3.268660 0.766117
22 6 0 -1.254250 4.406596 -0.307408
23 1 0 -0.343960 4.440635 -0.899864
24 1 0 -1.802381 5.334292 -0.181502
25 6 0 -1.846096 0.759757 0.123407
26 6 0 -3.010032 0.757018 -0.662531
27 6 0 -1.555262 -0.387096 0.881027
28 6 0 -3.838949 -0.355944 -0.717741
29 1 0 -3.254734 1.638986 -1.247587
30 6 0 -2.375896 -1.504812 0.836289
31 1 0 -0.685262 -0.384009 1.530085
32 6 0 -3.521044 -1.495899 0.029380
33 1 0 -4.729729 -0.351730 -1.337149
34 1 0 -2.146519 -2.382640 1.431563
35 1 0 5.378072 0.531283 -0.757674
36 6 0 -4.372563 -2.654788 -0.021867
37 7 0 -5.054300 -3.590320 -0.062445

HF (M062X/6-31+G(d,p)) = -483.9080383 Hartrees
Imaginary Frequencies: none found

Zero-point correction = 0.259268 (Hartree/Particle)
Thermal correction = 0.218766 Hartrees

Coordinates from last standard orientation:

Center Atomic Atomic Coordinates (Angstroms)
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1 6 0 3
2 6 0 4
3 6 0 4
4 6 0 2
5 1 0 3
6 1 0 5
7 1 0 4
8 1 0 4
9 1 0 4
10 1 0 2
11 1 0 2
12 7 0 2
13 6 0 0
14 1 0 0
15 6 0 -0
16 1 0 -0
17 6 0 -1
18 1 0 -1
19 6 0 -2
20 6 0 -4
21 6 0 -5
22 1 0 -4
23 1 0 -6
24 1 0 3
25 1 0 -2
26 6 0 -4
27 1 0 -3
28 1 0 -3
29 1 0 -5

.226238
.433925
.118722
.602618
.022526
.380653
.467608
.358829
.672512
.124268
.345139
.138748
.821218
.630334
.227523
.055576
.596169
.733539
.684675
.072728
.086691
.900590
.122159
.368655
.539916
.334641
.878869
.906037
.406845

.219779
.397472
.996404
.123875
.075308
.803075
.365419
.030986
.795436
.709514
.594733
.253109
.584700
.657025
.277175
.350091
.188454
.270037
.608538
.147385
.028319
.097792
.702614
.595457
.688268
.336149
.848149
.771598
.542460

.099309
.353669
.204865
.009561
.553211
.009761
. 447877
.272897
.292376
.805577
.951548
.034747
.047126
.082585
.010842
.029975
.017017
.059187

0.025647

.021023
.067628
.109395
.064915
.124561
.067640
.038587
.815974
.947954
.031128

HF (M062X/6-31+G(d,p)) = -483.9035006 Hartrees

Imaginary Frequencies: none found

Zero-point correction = 0.258631 (Hartree/Particle)

Thermal correction = 0.217535 Hartrees

Coordinates from last standard orientation:
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Center Atomic Atomic
Number Number Type

Coordinates

(Angstroms)
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.266404
.446919
.129755
.607128
.053016
.410843
.445024
.399935
.657998
.145098
.314974
.163581
.852076
.678226
.211860
.059912
.569496
.680907
.059818
.409795
.690817
-5.
.448506
.568357
.689770
.079514
.103410
.819177
.082126

430478

.200702
.279088
.965906
.10019%6
.909989
.730251
.024983
.786402
.860020
.509854
.744299
.263857
.612239
.670612
.217992
.277087
.269339
.486028
.022442
.258684
.940464
.612816
.773446
.564517
.337996
.950781
.857545
.260231
.517142

.166259
.477738
.361240
.235064
.972754
.232102
.543073
.407393
.023754
.142748
.608475
.000904
.054897
.247402
.097920
.291987
.008398
.119462
.043669
.430941
.874837
.323350
.756225
.241160
.180108
.495215
.120215
.513351
.506247

HF (M062X/6-31+G(d,p)) = -675.5792322 Hartrees

Imaginary Frequencies: none found

Zero-point correction = 0.313032 (Hartree/Particle)

Thermal correction = 0.267420 Hartrees
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Coordinates from last standard orientation:

Center Atomic Atomic Coordinates (Angstroms)
Number Number Type X Y Z
1 6 0 -4.254305 -1.538521 0.157214
2 6 0 -5.608617 -0.965643 0.579593
3 6 0 -5.672269 0.353295 -0.201325
4 6 0 -4.230278 0.870246 -0.138464
5 1 0 -3.815086 -2.200184 0.910910
6 1 0 -6.439438 -1.638789 0.357204
7 1 0 -5.603660 -0.764745 1.656191
8 1 0 -5.950033 0.155612 -1.242198
9 1 0 -6.389631 1.065412 0.211593
10 1 0 -3.945681 1.434385 -1.035717
11 1 0 -4.059634 1.521268 0.733116
12 7 0 -3.438783 -0.343000 -0.017449
13 6 0 -2.081769 -0.332308 0.006455
14 1 0 -1.626534 -1.312612 0.143943
15 6 0 -1.284203 0.761110 -0.115657
16 1 0 -1.722140 1.746575 -0.255599
17 6 0 0.154833 0.660446 -0.053139
18 1 0 0.567922 -0.337717 0.097691
19 6 0 1.002517 1.707192 -0.154480
20 6 0 2.461328 1.643700 -0.053673
21 6 0 3.201966 2.764761 0.030426
22 1 0 2.734604 3.745364 0.032153
23 1 0 4.284680 2.721751 0.087700
24 1 0 -4.342484 -2.101019 -0.784702
25 1 0 0.585107 2.705348 -0.287460
26 6 0 3.139659 0.314938 -0.031151
27 6 0 2.950513 -0.611344 -1.064927
28 6 0 4.009187 -0.013369 1.013900
29 6 0 3.625328 -1.829221 -1.057800
30 1 0 2.280457 -0.361247 -1.883113
31 6 0 4.680875 -1.234744 1.025484
32 1 0 4.147346 0.696758 1.824255
33 6 0 4.492196 -2.145803 -0.011262
34 1 0 3.478404 -2.531960 -1.872559
35 1 0 5.349266 -1.474984 1.846868
36 1 0 5.016254 -3.096627 -0.005298
Trienamine K2
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HF (M062X/6-31+G(d,p)) = -675.5769696 Hartrees

Imaginary Frequencies: none found

Zero-point correction = 0.312708 (Hartree/Particle)

Thermal correction = 0.267019 Hartrees

Coordinates from last standard orientation:

Center
Number

Atomic
Number

(Angstroms)
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Coordinates
X Y
.123746 0.653892
.140714 -0.467058
.708801 -1.047693
.177093 -0.990916
.962161 0.883367
.172115 -0.108039
.032237 -1.222324
.070735 -0.406542
.083649 -2.058242
.724736 -0.796201
.741399 -1.923389
.912506 0.108133
.669725 0.615424
.636396 1.458260
.515602 0.171432
.526660 -0.670427
.244774 0.792567
.948871 0.396040
.226054 1.075393
.316652 2.408732
.454070 3.050273
.250276 2.882786
.440348 1.577558
.992680 -0.493458
.264717 1.643000
.437882 0.213938
.353606 -1.064297
.682817 0.654799
.484682 -1.868432
.393476 -1.418245
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.747788
.526959
.825851
.765314
.806065
.532300
.312584
.636687
.000807
.746503
.376081
.149352
.349956
.039909
.212403
.900365
.081898
.405118
.131817
.024265
.124300
.310239
.238938
.033769
.766248
.031059
.536045
.498594
.654854
.901610
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31 6 0 -5.814089 -0.147690 -0.381556
32 1 0 -4.754943 1.626831 -0.977943
33 6 0 -5.720215 -1.412585 0.197969
34 1 0 -4.400496 -2.852465 1.106399
35 1 0 -6.768849 0.209968 -0.755315
36 1 0 -6.601432 -2.040901 0.283887

HF (M062X/6-31+G(d,p)) = -790.0621895 Hartrees
Imaginary Frequencies: none found

Zero-point correction = 0.346018 (Hartree/Particle)
Thermal correction = 0.297168 Hartrees

Coordinates from last standard orientation:

Center Atomic Atomic Coordinates (Angstroms)
Number Number Type X Y Z
1 6 0 -4.665983 -1.899504 0.157816
2 6 0 -6.111425 -1.575766 0.539348
3 6 0 -6.374562 -0.269087 -0.220321
4 6 0 -5.044420 0.484495 -0.099880
5 1 0 -4.146170 -2.493190 0.916907
6 1 0 -6.806557 -2.375573 0.274598
7 1 0 -6.177612 -1.402960 1.618857
8 1 0 -6.582847 -0.487283 -1.273124
9 1 0 -7.215558 0.300742 0.180357
10 1 0 -4.828108 1.102776 -0.980615
11 1 0 -5.018248 1.140840 0.783542
12 7 0 -4.062414 -0.578716 0.035361
13 6 0 -2.725106 -0.346831 0.055563
14 1 0 -2.116201 -1.243822 0.166162
15 6 0 -2.114703 0.863147 -0.040065
16 1 0 -2.704900 1.770188 -0.147720
17 6 0 -0.676720 0.990745 0.004691
18 1 0 -0.109877 0.066247 0.122181
433

S. Singh



19 6 0 -0.006104 2.159910 -0.078710
20 6 0 1.447422 2.324975  -0.008770
21 6 0 1.996680 3.547870 0.118753
22 1 0 1.374837 4.435809 0.188915
23 1 0 3.072937 3.683412 0.142335
24 1 0 -4.624194  -2.447635 -0.795957
25 1 0 -0.577749 3.083049  -0.175952
26 6 0 2.328535 1.124541  -0.074101
27 6 0 2.227894 0.201281  -1.127943
28 6 0 3.311165 0.908631 0.890441
29 6 0 3.085851  -0.882910 -1.215625
30 1 0 1.473457 0.352245  -1.895149
31 6 0 4.181781  -0.182459 0.821625
32 1 0 3.394257 1.602795 1.722039
33 6 0 4.069426 -1.081385 -0.238404
34 1 0 3.021245 -1.591008 -2.035297
35 1 0 4.927534  -0.315765 1.596258
36 8 0 4.862038 -2.176041  -0.408295
37 6 0 5.867642  -2.410917 0.553981
38 1 0 5.435058 -2.567823 1.549520
39 1 0 6.384770  -3.315893 0.236201
40 1 0 6.580285 -1.578221 0.594384

HF (M062X/6-31+G(d,p)) = -790.0596092 Hartrees

Imaginary Frequencies: none found

Zero-point correction = 0.345443 (Hartree/Particle)

Thermal correction = 0.295132 Hartrees

Coordinates from last standard orientation:

Center Atomic Atomic Coordinates (Angstroms)

Number Number Type X Y Z
1 6 0 6.020466 0.347248 0.824112
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2 6 0 6.931115 -0.853338 0.560938
3 6 0 6.495902 -1.304301 -0.839696
4 6 0 4.976348 -1.102103 -0.820092
5 1 0 5.833456 0.515834 1.889794
6 1 0 7.991585 -0.599039 0.621516
7 1 0 6.722380 -1.642019 1.291677
8 1 0 6.945835 -0.651938 -1.595748
9 1 0 6.778025 -2.333993  -1.068854

10 1 0 4.576108 -0.820776 -1.802753
11 1 0 4.441574  -2.005065 -0.487515
12 7 0 4.789779  -0.024773 0.137581
13 6 0 3.588515 0.568898 0.354930
14 1 0 3.611806 1.364957 1.098972
15 6 0 2.412475 0.260708 -0.250799
16 1 0 2.365675 -0.531896 -0.993719
17 6 0 1.191432 0.963728 0.071268
18 6 0 -0.024323 0.694418 -0.446546
19 6 0 -1.248620 1.449548  -0.130142
20 6 0 -1.237832 2.778345 0.082725
21 1 0 -0.331590 3.358879 -0.056673
22 1 0 -2.129500 3.307764 0.403693
23 1 0 6.450811 1.267816 0.400859
24 1 0 -0.132447 -0.147611 -1.130716
25 1 0 1.270126 1.763920 0.809875
26 6 0 -2.512854 0.668174 -0.050118
27 6 0 -2.510259 -0.641736 0.455992
28 6 0 -3.733885 1.200609 -0.466887
29 6 0 -3.681036  -1.375148 0.564330
30 1 0 -1.571829 -1.078757 0.786615
31 6 0 -4.923229 0.477238 -0.366018
32 1 0 -3.758437 2.196193  -0.900897
33 6 0 -4.897252  -0.817302 0.155377
34 1 0 -3.683656  -2.383473 0.965210
35 1 0 -5.848026 0.926042 -0.708833
36 8 0 -5.994101 -1.612254 0.295265
37 6 0 -7.243608 -1.076844 -0.084854
38 1 0 -7.261596 -0.828859 -1.153071
39 1 0 -7.979995  -1.853894 0.118057
40 1 0 -7.486082  -0.181495 0.500217
Trienamine M1
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HF (M062X/6-31+G(d,p)) = -767.7976708 Hartrees

Imaginary Frequencies: none found

Zero-point correction = 0.312049 (Hartree/Particle)

Thermal correction = 0.264098 Hartrees

Coordinates from last standard orientation:

Center
Number

Atomic
Number

(Angstroms)
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Coordinates
X Y
.498309 -1.837333
.959913 -1.472808
.169672 -0.249214
.843937 0.511127
.024960 -2.352668
.645057 -2.293839
.085286 -1.191890
.317562 -0.572240
.028513 0.358906
.573969 1.040773
.862514 1.248484
.877534 -0.536158
.543177 -0.310816
.947892 -1.195260
.916003 0.881406
.490252 1.778210
.480809 0.994817
.062179 0.073611
.217304 2.140983
.670765 2.280605
.258689 3.490510
.664707 4.399485
.337865 3.595069
.408718 -2.476697
.328929 3.064208
.523436 1.057660
.399836 0.086264
.487987 0.876663
.222815 -1.031396
.657642 0.222690
436

0.
0.
-0.
-0.
1.
0.
1.
-1.
-0.
-1.
0.
0.
0.
0.
-0.
-0.
0.
0.
-0.
-0.
0.
0.
0.
-0.
-0.
-0.
-1.
0.
-1.
-1.

285183
550954
350312
228317
126967
329390
602132
386377
059404
150812
588531
063655
117868
343357
070650
289360
015509
231657
144510
043887
014528
002283
056333
605959
335292
024479
028185
973494
043039
808829

S. Singh



31 6 0 4.315675 -0.240872 0.972809
32 1 0 3.578699 1.618035 1.761415
33 6 0 4.183280 -1.198764 -0.037301
34 1 0 3.131366 -1.775745 -1.827045
35 1 0 5.058913 -0.379707 1.750800
36 6 0 5.031190 -2.362657 -0.040265
37 7 0 5.710011 -3.300767 -0.041681

HF (M062X/6-31+G(d,p)) = -767.7952054 Hartrees
Imaginary Frequencies: none found

Zero-point correction = 0.311110 (Hartree/Particle)
Thermal correction = 0.261387 Hartrees

Coordinates from last standard orientation:

Center Atomic Atomic Coordinates (Angstroms)
Number Number Type X Y Z
1 6 0 -5.812362 0.311271 -0.843635
2 6 0 -6.715855 -0.891302 -0.565980
3 6 0 -6.283593 -1.318503 0.842922
4 6 0 -4.765259 -1.108316 0.826104
5 1 0 -5.621917 0.466147 -1.910566
6 1 0 -7.777508 -0.644579 -0.634476
7 1 0 -6.499441 -1.689308 -1.284191
8 1 0 -6.740005 -0.657795 1.587631
9 1 0 -6.560383 -2.346281 1.086196
10 1 0 -4.369780 -0.810357 1.805452
11 1 0 -4.224466 -2.012142 0.506861
12 7 0 -4.580598 -0.042887 -0.146847
13 6 0 -3.384017 0.551663 -0.369792
14 1 0 -3.407996 1.335565 -1.126709
15 6 0 -2.207473 0.258557 0.245686
16 1 0 -2.159119 -0.520727 1.002154
17 6 0 -0.992224 0.963234 -0.084255
18 6 0 0.225006 0.710402 0.440783
437
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19 6 0 1.441485 1.473033 0.120253
20 6 0 1.431902 2.794501 -0.132332
21 1 0 0.520262 3.374748 -0.034273
22 1 0 2.326741 3.317615 -0.454597
23 1 0 -6.248418 1.234570 -0.433522
24 1 0 0.337248 -0.118680 1.139509
25 1 0 -1.074932 1.751505 -0.835245
26 6 0 2.716985 0.705453 0.067780
27 6 0 2.726363 -0.608788 -0.419194
28 6 0 3.925419 1.2693009 0.499802
29 6 0 3.908215 -1.334018 -0.498892
30 1 0 1.794722 -1.054523 -0.755085
31 6 0 5.113794 0.554906 0.427313
32 1 0 3.924811 2.271375 0.917303
33 6 0 5.107924 -0.751193 -0.075852
34 1 0 3.911416 -2.347144 -0.887068
35 1 0 6.045274 0.993882 0.769188
36 6 0 6.335554 -1.500157 -0.147069
37 7 0 7.322354 -2.103423 -0.204641

HF (M062X/6-31+G(d,p)) = -483.907329 Hartrees
Imaginary Frequencies: none found

Zero-point correction = 0.258968 (Hartree/Particle)
Thermal correction = 0.217859 Hartrees

Coordinates from last standard orientation:

Center Atomic Atomic Coordinates (Angstroms)

Number Number Type X Y Z
1 6 0 -3.499016 -1.194442 -0.113475
2 6 0 -4.665999 -0.328527 0.364516
3 6 0 -4.297569 1.058830 -0.177034
4 6 0 -2.776535 1.119436 0.007476
5 1 0 -3.323404 -2.065384 0.526831
6 1 0 -5.632805 -0.688588 0.005958
7 1 0 -4.686940 -0.311121 1.459401
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8 1 0 -4.543639 1.118389 -1.242654

9 1 0 -4.813959 1.873048 0.335607
10 1 0 -2.280377 1.702337 -0.779528
11 1 0 -2.492094 1.557467 0.976748
12 7 0 -2.371328 -0.274754 -0.052497
13 6 0 -1.069163 -0.664246 -0.070689
14 1 0 -0.926790 -1.743255 -0.125283
15 6 0 0.017765 0.147704 -0.020272
16 1 0 -0.105355 1.226704 0.038248
17 6 0 1.362905 -0.380225 -0.036269
18 1 0 1.457423 -1.467098 -0.094084
19 6 0 2.495431 0.352435 0.013995
20 6 0 3.828843 -0.224911 -0.003925
21 1 0 3.884962 -1.314163 -0.062635
22 6 0 4.971335 0.477174 0.046217
23 1 0 4.911787 1.564759 0.104911
24 1 0 -3.669799 -1.552143 -1.140875
25 1 0 2.425292 1.439263 0.071844
26 6 0 6.343636 -0.125581 0.027201
27 1 0 6.924441 0.232429 -0.830713
28 1 0 6.908993 0.141409 0.927403
29 1 0 6.291760 -1.216667 -0.030147

HF (M062X/6-31+G(d,p)) = -483.902459 Hartrees
Imaginary Frequencies: none found

Zero-point correction = 0.258718 (Hartree/Particle)
Thermal correction = 0.217335 Hartrees

Coordinates from last standard orientation:

Center Atomic Atomic Coordinates (Angstroms)
Number Number Type X Y Z
1 6 0 -3.214590 1.346359 -0.013213
2 6 0 -4.528055 0.606168 -0.269340
3 6 0 -4.292903 -0.738624 0.430673
4 6 0 -2.816560 -1.040935 0.141739
439
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5 1 0 -2.997339

6 1 0 -5.397989

7 1 0 -4.660574

8 1 0 -4.442388

9 1 0 -4.958937
10 1 0 -2.324246
11 1 0 -2.685781
12 7 0 -2.231387
13 6 0 -0.888217
14 1 0 -0.600150
15 6 0 0.075893
16 1 0 -0.194514
17 6 0 1.480963
18 1 0 1.725422
19 6 0 2.492985
20 6 0 3.916039
21 1 0 4.572296
22 6 0 4.474137
23 1 0 3.842880
24 1 0 -3.226145
25 1 0 2.247834
26 6 0 5.930201
27 1 0 6.382112
28 1 0 6.480267
29 1 0 6.077601

.108163
.144348
.453756
.623974
.529674
.556647
.662426
.273716
.477990
.524029
.476642
.525746
.145104
.915618
.037257
.693314
.421458
.415986
.121322
.834425
.099100
.758564
.889423
0.026173
.698962

-0
0
-1

1.
0.
0.
-0.
-0.
-0.
-0.
-0.
0.
-0.
-0.
-0.
-0.
-0.
0.
0.
0.
-0.
0.

.769141
.113619
.345810
509577
079698
977099
756758
066355
129416
231406
088968
006133
175574
261553
175914
221725
701873
284585
826041
974542
160320
176500
.166148
.350484
.367110

HF (M062X/6-31+G(d,p)) = -675.5835747 Hartrees
Imaginary Frequencies: none found

Zero-point correction = 0.312851 (Hartree/Particle)
Thermal correction = 0.266047 Hartrees

Coordinates from last standard orientation:
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Center
Number

Atomic
Number

Coordinates

(Angstroms)

0 J o U b W N

WRORONNDODNONDNDNNRRR 2 2 P e
O VW T U™ WNEFOWO®-Io s WN P O

Trienamine 02
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.587635
.771347
.451155
.929894
.377583
.732632
776461
.715576
.982023
.461175
.644707
.484726
.174113
.997245
.112736
.271654
.754053
.618821
.351851
.699866
-1.
.806639
.672505
.761968
.237623
.200448
.223649
.573157
.564093
.9564061
.910978
.811251
.916027
.333981
.173511
.959699

793244

441

.255577
.394055
.966944
.080956
.080436
.801891
.309524
.954820
.796407
.628102
.583908
.303099
.653582
.728695
.196246
.271805
.284457
.368317
.494880
.026559
.112841
.743501
.825503
.678301
.579154
.288063
.243349
.064613
.869566
.295512
.439633
.832308

0.476200

1.630880

2.491509
0.773553

.023218
.420379
.211543
.056015
.665504
.100391
.512284
.274259
.260149
.884049
.880677
.037184
.038484
.023885
.048702
.060018
.038878
.025823
.043711
.029892
.016263
.025656
.026760
.024449
.056880
.007450
.094466
.087900
.123835
.154328
.058330
.181300
.048792
.206597
.122555
.070440
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HF (M062X/6-31+G(d,p)) = -675.578578 Hartrees

Imaginary Frequencies: none found

Zero-point correction = 0.313066 (Hartree/Particle)

Thermal correction = 0.266419 Hartrees

Coordinates from last standard orientation:

Center
Number

Atomic
Number

(Angstroms)

0 J o U W N
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Coordinates
X Y
.078208 1.440549
.455194 0.781298
.377579 -0.305122
.936989 -0.819247
.761305 1.903303
.271947 1.488895
.579496 0.323014
.532712 0.142751
.116736 -1.097858
.521215 -1.124080
.854538 -1.677528
.209733 0.320933
.856523 0.354164
.457572 1.288163
.998160 -0.643605
.376991 -1.584995
.571240 -0.492912
.222197 0.468023
.349513 -1.444105
.791490 -1.265054
.371632 -2.171929
.447329 -0.093700
.881822 0.793305
.062789 2.211191
.001854 -2.428805
.892445 0.105984
442

.467918
.559160
.521357
.406810
.408238
.401196
.545990
.508645
.38947¢6
.376085
.276913
.127829
.219523
.614183
.121081
.511895
.025960
.408994
.249208
.134931
.035025
.253506
537717
.318313
.559108
.085531
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27 6 0 -4.486724 1.269841 -0.596396
28 6 0 -4.718019 -0.819231 0.573715
29 6 0 -5.855283 1.493999 -0.477152
30 1 0 -3.861502 2.002301 -1.101106
31 6 0 -6.086103 -0.599370 0.689388
32 1 0 -4.280940 -1.708815 1.017145
33 6 0 -6.663997 0.557130 0.163341
34 1 0 -6.290044 2.401629 -0.884997
35 1 0 -6.704515 -1.327916 1.205337
36 1 0 -7.731258 0.729104 0.261308

HF (M062X/6-31+G(d,p)) = -790.0660455 Hartrees
Imaginary Frequencies: none found

Zero-point correction = 0.345941 (Hartree/Particle)
Thermal correction = 0.295586 Hartrees

Coordinates from last standard orientation:

Center Atomic Atomic Coordinates (Angstroms)

Number Number Type X Y Z
1 6 0 6.604647 -1.280217 0.098879
2 6 0 7.804212 -0.454575 -0.369278
3 6 0 7.487949 0.940365 0.185824
4 6 0 5.969978 1.060426 0.002473
5 1 0 6.397662 -2.139201 -0.547925
6 1 0 8.756026 -0.854303 -0.012775
7 1 0 7.827580 -0.427393 -1.463875
8 1 0 7.736544 0.980657 1.251706
9 1 0 8.034043 1.739601 -0.319472
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.495754
.702476
.511900
.196843
.010303
.143794
.313076
.779182
.633049
.681834
.673333
.779718
.770322
.621348
.758469
.808326
.169929
.185506
.564857
.538222
.914567
.899728
.814645
.899167
.286192
.202302
.182259
.215791
.172258
.149968
.167036

.650083
.522330
.318472
.656257
.729076
.202215
.275439
.264610
.346278
.525068
.020074
.064273
.802887
.882530
.650741
.607417
.368897
.329340
.983360
.984852
.382160
.344013
.768159
.361597
.768950
.386103
.817760
.142973
.764334
.417783
.786395

.797862
.960252
.041899
.059542
.099944
.023486
.021001
.036166
.079165
.001253
.011315

0.054476

.025659
.064410
.124243
.044239
.017451
.029618
.001037
.021955
.044881
.009006
.007507
.002160
.032057
.022553
.006152
.002776
.905540

0.006824

.884150

Trienamine P2
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HF (M062X/6-31+G(d,p)) = -790.0608945 Hartrees

Imaginary Frequencies: none found

Zero-point correction = 0.346132 (Hartree/Particle)

Thermal correction = 0.296465 Hartrees

Coordinates from last standard orientation:

Center
Number

Atomic
Number

Atomic
Type

(Angstroms)
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Coordinates
X Y
.045584 1.452182
.429652 0.808555
.379538 -0.252612
.943226 -0.785868
.711859 1.891478
.239209 1.529907
.547143 0.328848
.543561 0.220482
.125938 -1.039942
.543302 -1.065107
.862303 -1.666181
.196264 0.328771
.840051 0.348621
.425110 1.269054
.998276 -0.646939
.394032 -1.574906
.566063 -0.514302
.198351 0.433042
.662344 -1.467858
.784622 -1.306799
.359702 -2.221041
.449344 -0.141090
.885185 0.752662
445

0.
-1.
-0.
-1.

-0.
-0.
-0.
-0.

O O O O O o O

.560821
.654591
.452312
371350
506561
523855
632054
.426312
.328798
.355154
283882
188461
251852
661644
.131401
.537471
.010696
.388391
.329171
.246342
.098607
.369057
.635237
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24 1 0 -6.029994 2.239102 0.209489
25 1 0 -1.028366 -2.440688 0.655683
26 6 0 2.898244 0.045476 0.226050
27 6 0 3.507641 1.190186 0.769580
28 6 0 3.72489¢6 -0.868032 -0.436419
29 6 0 4.873954 1.399055 0.681269
30 1 0 2.890145 1.924578 1.280809
31 6 0 5.102779 -0.677362 -0.531844
32 1 0 3.287099 -1.742712 -0.908387
33 6 0 5.683607 0.460776 0.032642
34 1 0 5.341306 2.280925 1.106844
35 1 0 5.702480 -1.410203 -1.058731
36 8 0 7.014416 0.747093 -0.007226
37 6 0 7.863819 -0.174348 -0.656540
38 1 0 8.872309 0.227454 -0.563283
39 1 0 7.817857 -1.160708 -0.179020
40 1 0 7.606576 -0.272044 -1.718376

HF (M062X/6-31+G(d,p)) = -767.802988 Hartrees
Imaginary Frequencies: none found

Zero-point correction = 0.311686 (Hartree/Particle)
Thermal correction = 0.262273 Hartrees

Coordinates from last standard orientation:

Center Atomic Atomic Coordinates (Angstroms)
Number Number Type X Y Z
1 6 0 -6.332071 -1.363527 -0.044321
2 6 0 -7.539217 -0.558061 0.439039
446
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.282471
.764690
.076684
.489480
.528418
.562715
.837024
.329931
.484643
.264872
.945208
.723985
.917552
.118853
.545698
.370478
.465992
.892288
.012982
.982347
.826600
.506569
.615261

3.378887

.389701
.772942
.732746
.108481
.110538
.024970
.102039
.499483
.400585
.490819
.609800

.827794
.997902
.195180
.995655
.498268
.828613
.625571
.584122
.484670
.368642
.665829
.732774
.228216
.296325
.200980
.279199
.618152
.135639
.947998
.932900
.011129
.767733
.697710
.501593
.475037
.847903
.128879
.522967
.206306
.629756
.218899
.893372
.250384
.590398
.890326

.167119
.031272
.620025
.125957
.532492
.225785
.330860
.850598
.915163
.055954
.065074
.072943
.058678
.048790
.058640
.067549
.046802
.042423
.051670
.022238
.004210
.052556
.037749
.012075
.074294
.084680
.094355
.128794
.065273
.162013
.025238
.164483
.121882
.043604
.057434

Trienamine Q2
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HF (M062X/6-31+G(d,p)) = -767.7977102 Hartrees
Imaginary Frequencies: none found

Zero-point correction = 0.311612 (Hartree/Particle)
Thermal correction = 0.261942 Hartrees

Coordinates from last standard orientation:

Center Atomic Atomic Coordinates (Angstroms)
Number Number Type X Y Z
1 6 0 -5.823411 -1.527844 0.437351
2 6 0 -7.207539 -0.894053 0.588204
3 6 0 -7.176867 0.230623 -0.454216
4 6 0 -5.744915 0.768392 -0.351837
5 1 0 -5.470779 -2.010440 1.354434
6 1 0 -8.016658 -1.609556 0.427540
7 1 0 -7.312617 -0.472375 1.593381
8 1 0 -7.345295 -0.184555 -1.453554
9 1 0 -7.927218 1.003781 -0.277615
10 1 0 -5.360656 1.133127 -1.312522
11 1 0 -5.660326 1.588427 0.377005
12 7 0 -4.981074 -0.384840 0.101031
13 6 0 -3.630612 -0.386646 0.183870
14 1 0 -3.203944 -1.327043 0.531834
15 6 0 -2.799947 0.649650 -0.116668
16 1 0 -3.204924 1.598114 -0.460554
17 6 0 -1.372322 0.525108 0.009301
18 1 0 -0.998056 -0.446066 0.339089
19 6 0 -0.475231 1.512889 -0.222186
20 6 0 0.967300 1.362455 -0.127703
21 1 0 1.527114 2.281414 0.044674
22 6 0 1.653027 0.208366 -0.271074
23 1 0 1.111081 -0.690900 -0.560085
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.274336
.504425
.052589
.103233
.009648
.293155
.859072
.834123
.893135
.319408
.188501
.578797
.505347
.652778

.370957
.474339
.130860
.641051
.499068
.553663
.122789
.588172
.942320
.059564
.957642
.077359
.158322
.238234

24 1 0 -5.818092
25 1 0 -0.847564
26 6 0 3.101806
27 6 0 3.717351
28 6 0 3.917883
29 6 0 5.088629
30 1 0 3.103360
31 6 0 5.289603
32 1 0 3.470537
33 6 0 5.885082
34 1 0 5.549415
35 1 0 5.908967
36 6 0 7.307713
37 7 0 8.453984
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A.4.4: Energies and Reaction Coordinates for Chapter 5

Allene 5.45a

HF (M062X/6-31+G(d,p)) = -577.5243274 Hartrees
Imaginary Frequencies: none found

Zero-point correction = 0.213763 (Hartree/Particle)
Thermal correction = 0.174502 Hartrees

Coordinates from last standard orientation:

Center Atomic Atomic Coordinates (Angstroms)
Number Number Type X Y Z
1 6 0 2.916646 -1.404020 -0.633421
2 6 0 3.873501 -0.791467 0.173188
3 6 0 3.575416 0.409178 0.822053
4 6 0 2.323470 0.992572 0.661637
5 6 0 1.349229 0.370425 -0.129922
6 6 0 1.654259 -0.829833 -0.782724
7 1 0 3.151998 -2.327385 -1.152790
8 1 0 4.853041 -1.244002 0.292950
9 1 0 4.320043 0.887872 1.450093
10 1 0 2.079090 1.929079 1.153127
11 1 0 0.922769 -1.300938 -1.429464
12 6 0 0.022564 1.053057 -0.258690
13 6 0 -1.189574 0.236744 -0.481425
14 8 0 -0.055970 2.272197 -0.154195
15 6 0 -1.330518 -1.045267 -0.162128
16 6 0 -2.300580 -1.778813 0.336761
17 6 0 -2.543229 0.916733 -0.717797
18 6 0 -3.700185 0.197047 0.035767
19 1 0 -4.325692 0.949115 0.527569
20 6 0 -3.248847 -0.851271 1.096606
21 1 0 -4.113581 -1.391904 1.489234
22 1 0 -2.411777 1.937929 -0.345503
23 1 0 -2.778889 0.994108 -1.783124
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24 1 0 -4.336817 -0.322989 -0.686831
25 1 0 -2.742120 -0.359827 1.930850
26 1 0 -2.583225 -2.779147 0.028019

HF (M062X/6-31+G(d,p)) = -577.5186449 Hartrees
Imaginary Frequencies: none found

Zero-point correction = 0.214001 (Hartree/Particle)
Thermal correction = 0.175151 Hartrees

Coordinates from last standard orientation:

Center Atomic Atomic Coordinates (Angstroms)
Number Number Type X Y Z
1 6 0 -2.938213 1.355411 0.651715
2 6 0 -3.880396 0.747143 -0.177460
3 6 0 -3.561278 -0.431944 -0.853795
4 6 0 -2.301989 -1.003389 -0.697348
5 6 0 -1.346242 -0.384546 0.115340
6 6 0 -1.668876 0.797259 0.790031
7 1 0 -3.190935 2.262947 1.190325
8 1 0 -4.864970 1.189270 -0.294289
9 1 0 -4.295629 -0.905449 -1.497593
10 1 0 -2.042943 -1.928598 -1.202932
11 1 0 -0.940330 1.267486 1.444023
12 6 0 -0.017994 -1.050290 0.297540
13 6 0 1.198154 -0.213737 0.500854
14 8 0 0.058578 -2.271220 0.280739
15 6 0 2.382468 -0.757504 0.753283
16 6 0 3.624656 -0.522110 0.401282
17 6 0 1.346290 1.242397 0.025515
18 6 0 2.737289 1.504174 -0.633687
19 1 0 2.587263 2.055642 -1.567450
20 6 0 3.590579 0.235112 -0.927253
21 1 0 4.593573 0.521782 -1.252923
22 1 0 0.550726 1.404582 -0.710350
23 1 0 1.183383 1.969286 0.826696
24 1 0 3.328619 2.148480 0.024028
25 1 0 3.131994 -0.366064 -1.716124
26 1 0 4.503925 -0.557457 1.034572

451
S. Singh



Allene 5.45d

HF (M062X/6-31+G(d,p)) = -325.4744092 Hartrees
Imaginary Frequencies: none found

Zero-point correction = 0.121012 (Hartree/Particle)
Thermal correction = 0.089440 Hartrees

Coordinates from last standard orientation:

Center Atomic Atomic Coordinates (Angstroms)
Number Number Type X Y Z
1 6 0 0.712299 -0.079119 -0.337109
2 6 0 -0.074341 -1.143408 -0.430077
3 6 0 -1.365865 -1.317030 -0.242597
4 6 0 -0.044181 1.259150 -0.400868
5 6 0 -1.528338 1.089029 0.033617
6 1 0 -1.793409 1.910360 0.706451
7 6 0 -1.869070 -0.261553 0.735070
8 1 0 -2.945647 -0.339458 0.901710
9 1 0 0.479443 1.934216 0.284517
10 1 0 0.013000 1.707397 -1.396226
11 1 0 -2.173991 1.174397 -0.845162
12 1 0 -1.362069 -0.334022 1.699930
13 1 0 -2.034078 -1.891843 -0.875021
14 6 0 2.079842 -0.113464 0.085427
15 7 0 3.193524 -0.108953 0.409003

Allene 5.45a: Diels-Alder Dimerization Transition State
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HF (M062X/6-31+G(d,p)) = -1155.0452456 Hartrees

Imaginary Frequencies: 1 (-209.59 cm™)

Zero-point correction = 0.428352 (Hartree/Particle)

Thermal correction = 0.373832 Hartrees

Coordinates from last standard orientation:

Center
Number

Atomic
Number

(Angstroms)
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Coordinates
X Y
.408977 3.989827
.350720 2.514566
.380855 1.805938
.827028 2.432776
.138820 3.676340
.017222 4.671273
.663590 0.769541
.713144 1.309476
.522135 0.004473
.831995 -1.142650
.073394 -0.999305
.389405 0.482529
.183256 1.448740
.885864 4.009145
.979627 2.471557
.093673 3.985469
.027117 5.312890
.950814 -1.493607
.188612 0.841174
.365864 1.166876
.805735 -1.553208
.773939 0.535877
.477572 2.482469
.131983 1.939509
.139845 5.328242
.048293 4.571190
453

.801956
.276407
.343385
.405763
.739965
.706910
.634117
.369189
.559396
.000710
.900111
.231826
.087543
.183754
.306411
.153695
.179242
.472813
.573793
.756013
.806977
.255792
.294508

1.149789

.570396

1.474717
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.265540
.243753
.872097
.035545
.015323
.302712
.939628
.306275
.927113
.439675
.408208
.430144
.655888
.100852
.834382
.687638
.589611

1.469345

.254758
.023250
.131405
.555211
.028042
.166488
.718581
.540949

HF (M062X/6-31+G(d,p)) = -1155.2285749 Hartrees

Imaginary Frequencies: none found

Zero-point correction = 0.437060 (Hartree/Particle)

Thermal correction = 0.384690 Hartrees

Coordinates from last standard orientation:

Center

Atomic

Atomic

454

.345744 2.063378
.262813 0.220736
.066326 0.287071
.272776 -1.087193
.145532 1.164461
.546813 -1.579299
.425882 -1.761724
.417925 0.673643
.990916 2.236047
.622076 -0.699375
.700992 -2.649053
.246568 1.363761
.614696 -1.082602
.984307 -2.353771
.338353 -3.266999
.708198 -2.475919
.021946 -3.693218
.161648 -1.451591
.185668 -3.883389
447379 -4.480872
.049472 -1.639164
.657902 -0.486291
.724588 -2.854822
.707435 -4.831120
.469253 -0.827870
.670904 -2.996869
Coordinates

(Angstroms)

S. Singh



0 J o U dbd W N

GOl s D D DD D D DD WWWwWWWWwwWwWwWwWwNNDNNNDNDNNDNDNNNRERRRP B 2B e
O W Jo T WNRER O WO®W-Uo0O s WNR O WO®W-UoO s WNR O WOWO®-UJo O & WK - O O

52

U W o d P wwdHsNDNwWwWNDERPNDNOWDNDNOREREDNOR OO

.175111
.785487
.027607
.818760
.159656
.954586
.679498
.062490
.649792
.020556
.630656
.832020
.763628
.705596
.213062
.715002
.186450
.111441
.483456
.094519
.940398
.372161
.657871
.959769
.917845
.079508
.910591
.003766
.304663
.522171
.090600
.479570
.719358
.052562
.812725
.246250
.414432
.872133
.995328
.401618
.698559
.446177
.467277
.448817
.472348
.456840
.473962
.650246
.480287
.251674
.483089
.270413

SO WP W W NN O NN R
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.333655
.396019
.095858
.135363
.118503
.149002
.025973
.402137
.361095
.409029
.765819
.903484
.704177
.272443
.228856
.049176
.324185
.544134
.970720
.621806
.911248
.829131
.841037
.386429
.040014
.216542
.600185
.170583
.122572
.044529
.204680
.045291
.188469
.204496
.254198
.133636
.967368
.031791
.911652
.272383
.839723
.513521
.870433
.500008
.196590
.895445
.856321
.997993
.195046
.323149
-0.
.321197

861304

[ |
P P NDO R OONOOR R O P -

.529226
.103072
.081081
.234335
.125495
.034875
.079423
.604454
.085258
.430817
.579832
.351998
.204156
.343847
.315108
.202102
.095541
.370943
.390812
.839402
.622686
.131876
.818598
.703532
.474329
.615691
.176017
.211705
.071041
.623187
.934626
.488799
.261161
.069019
.531424
.352754
.036221
.748335
.461760
.972356
.016216
.212910
.917150
.185033
.227493
.002580
.874413
.728540
-1.
.775930
.959868
.705025

168086

5.51a conjugate base
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HF (M062X/6-31+G(d,p)) = -1538.9291625 Hartrees
Imaginary Frequencies: none found

Zero-point correction = 0.244850 (Hartree/Particle)
Thermal correction = 0.196083 Hartrees

Coordinates from last standard orientation:

(Angstroms)

.735731
.591335
.617336

1.315597

.010856
.031639
.540357
.824772
.653409
.113952
.062814
.358861
.008154
.960432

0.581854

.008634
.268084
.387623
.499523
.825942
.692253
.535471
.183664
.289754
.719716
.794165
.359980
.681160
.006448
.100250
.197418

Center Atomic Atomic Coordinates
Number Number Type X Y
1 6 0 3.721131 -1.038976
2 6 0 3.943764 -1.407952
3 6 0 3.308345 -0.707934
4 6 0 2.447843 0.346513
5 6 0 2.216265 0.721731
6 6 0 2.872678 0.026484
7 1 0 4.210122 -1.580899
8 1 0 4.607671 -2.235219
9 1 0 3.481890 -0.984985
10 1 0 1.942715 0.884661
11 1 0 2.707070 0.327025
12 6 0 1.384129 1.934986
13 6 0 0.033744 2.051919
14 8 0 2.023261 2.857142
15 6 0 -0.828503 1.072259
16 6 0 -2.097730 1.248253
17 6 0 -0.635541 3.391457
18 6 0 -2.158426 3.297294
19 1 0 -2.588947 4.298491
20 6 0 -2.764627 2.584979
21 1 0 -3.843685 2.446761
22 1 0 -0.385337 4.103075
23 1 0 -0.208836 3.813039
24 1 0 -2.415664 2.727307
25 1 0 -2.641931 3.215485
26 8 0 -0.311164 -0.259185
27 16 0 -0.380386 -1.333955
28 8 0 -0.398021 -0.751250
29 8 0 0.528373 -2.394573
30 6 0 -2.078816 -2.050679
31 9 0 -2.340492 -2.166718
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-3.
-2.
-2.

008517
103076
635257

-1.
-3.
0.

298717
259824
416794

-0.
-0.
1.

671789
655005
451447

Transition State of nucleophilic attack of 5.45a by 5.51a conjugate base

HF (M062X/6-31+G(d,p)) =-2116.44527 Hartrees

Imaginary Frequencies: 1 (-246.41 cm™)

Zero-point correction = 0.459692 (Hartree/Particle)

Thermal correction = 0.394413 Hartrees

Coordinates from last standard orientation:

Center
Number

Atomic
Number

(Angstroms)
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Coordinates
X Y
.640359 -0.100417
.219205 -0.659760
.534005 -1.644960
.279292 -2.069178
.680756 -1.496181
.375335 -0.512791
.174263 0.658621
.201208 -0.332392
.980202 -2.084304
.746818 -2.850992
.921123 -0.074791
.375523 -2.067755
.296912 -1.268322
.332299 -3.324905
.096146 0.121266
.178767 0.892440
.248668 -2.026168
.967440 -1.191729
.527100 -1.706728
.558357 0.213615
.435663 0.795745
.726021 -2.437322
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.803922
-0.
-1.
-0.

0.

1.

1.
-0.
-1.
-1.
.104054
.003499
.468731
.069345
.316782
.989220
.266547
.664837
.454068
117731
.414969
.168277

335307
047737
618163
508373
218847
368371
664066
935240
152216
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.071042
.637440
.089814
.984964
.998516
.215541
.353072
.108110
.054687
.733207
.945356
. 743552
.210253
.872417
.083499
.613671
.938693
.000377
.829033
.219795
.814011
.550345
.699943
.880790
.801949
.016167
.176620
.195800
.643391
.566347
.579638
.608323
.061844
.971348
.886700
.816004
.482208
.274125

| |
N

|
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|
N

-3
-3

-1
-1

-4
-3
-1
-0
-0

.899404
.085372
.128897
.873761
.763905
.340894
.000299
.339191
.531888
.272388
.364396
.511395
.367872
.132570
.033507
.171288
.425495
.696468
.220948
.806358
.857233
.762123
.020196

0.706179

P W whNhOoOoO b wdhhdoNN R+ o

.264494
.658912
.839513
.889204
.347617
.569502
.426958
.226586
.731603
.201881
.400746
.895891
.301802
.968711

o

PN MNMNMOODNORFR P RFP R

1
1
4

1

2

2

.685624
.804743
.005912
0.
1.
1.

472576
112534
605845

.555392
1.
0.
.815505
1.

541273
773266

392129

.674758
1.
0.
0.
1.
2.
3.
1.
0.
1.
3.
0.
0.
.479880
.976592
.540760
.322891
.033643
.581252
.373646
.625722
.399783
.974897
.033198
.336570
.236470
.924405

675915
343155
007244
003850
340288
713277
937008
433904
030988
107085
685743
569794

Nucleophilic attack intermediate: 5.52a

458

S. Singh



HF (M062X/6-31+G(d,p)) =-2116.542758 Hartrees

Imaginary Frequencies: none found

Zero-point correction = 0.465089 (Hartree/Particle)

Thermal correction = 0.404368 Hartrees

Coordinates from last standard orientation:

Center
Number

Atomi
Numbe

C
r

Atomic
Type

(Angstroms)
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Coordinates
X Y
.246041 -0.916701
.086492 -0.451381
.775266 0.727893
.628044 1.440277
.772001 0.967797
.086864 -0.213185
.489866 -1.828645
.983292 -1.006427
.427101 1.088134
.371031 2.360113
.428593 -0.577890
.573871 1.795433
.380702 1.149949
.648066 3.015618
.870348 -0.045797
.036628 -0.893608
.661758 1.988942
.676347 1.383299
.070642 1.908979
.494223 -0.099189
.422556 -0.544718
.307030 2.117891
.525746 2.985157
.395632 1.497183
.259580 -0.207598
.376261 -0.798916
.532904 -0.283533
.494510 1.152159
.657591 -1.042471
459

.884904
.125350

0.805672

.471754
.528270
.205815
.420621
.383384
.595444
.988126
.989128
.899557
.505254
.815829
.157693
.005414
.540676
.947388
.823523
.252830
.62247¢6
.421973
.106625
.129774
.044336
.083962

1.425486

.548931

1.932010
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.045520
.675735
.683390
.547193
.457223
.521924
.507966
.445586
.379222
.391988
.455127
.349318
.320776
.430421
.544873
.181891
.351280
.045675
.193748
.218012
.639267
.399744
.332319
.352591
.963859
.005642
.432118
.042271
.828355
.389467
.650440
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.009654
.793338
.049892
.746291
.515595
.724339
.110882
.282859
.052857
.697233
.998022
.367736
.283847
.816517
.547627
.214273
.953693
.677314
.655161
.992775
.745652
.159487
.736414
.894312
.760419
.840616
.261780
.065786
.310318
.465184
.679011

|
R NP O OO RFE WNhRFE DN

| [N
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-1

.338297
.568130
.873611
.335464
.926993
.048059
.205029
.566948
.311748
.554434
.900629
.332758
.904946
.549260
.216706
.071278
-0.

0.
-1.
.566450
-0.
-0.
-0.
-1.
-0.
-1.
-0.

0.
-2.
.094341
.358994

800026
307938
356985

865117
312446
285382
152766
600115
902786
289105
720369
054107

HF (M062X/6-31+G(d,p)) = -807.5321058 Hartrees

Imaginary Frequencies: none found

Zero-point correction = 0.291267 (Hartree/Particle)

Thermal correction = 0.249445 Hartrees
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Coordinates from last standard orientation:

|
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-0.
.049571
.379574
.182261
.49841¢6
.626115

(Angstroms)

.193466
.532158
.446941
.501125
.153428
.540903
.406490
.131599
.073585
.122253
.069602
.195599
.933789
.204482
.003739
.228316
.034908
.144704
.382166
.021067
.458288
.958330
.680974
.256853
.937556
.126336
.253264
.638117

813334

Center Atomic Atomic Coordinates
Number Number Type X Y

1 6 0 0.744316 -0.016430
2 6 0 2.064448 0.197928
3 6 0 2.796665 1.303582
4 6 0 0.788984 0.792254
5 6 0 1.059702 2.265409
6 1 0 0.229808 2.637257
7 6 0 2.388021 2.477144
8 1 0 3.196214 2.645128
9 1 0 -0.138844 0.723484
10 1 0 1.598710 0.389641
11 1 0 1.057743 2.863130
12 1 0 2.336174 3.391739
13 1 0 3.770123 1.351221
14 6 0 0.753256 -1.601546
15 6 0 1.952361 -2.085323
16 6 0 3.014221 -1.849695
17 6 0 2.454955 -1.189670
18 8 0 1.178754 -1.832290
19 1 0 -0.201092 -2.091362
20 1 0 1.922039 -2.453656
21 1 0 4.066410 -1.962889
22 1 0 3.026189 -1.258932
23 6 0 -0.437314 0.439319
24 6 0 -1.854107 0.137288
25 6 0 -2.201069 -0.508184
26 6 0 -2.876224 0.542182
27 6 0 -3.538575 -0.739654
28 1 0 -1.442369 -0.837320
29 6 0 -4.210771 0.309362
30 1 0 -2.602815 1.041752
31 6 0 -4.545314 -0.333208
32 1 0 -3.791233 -1.240317
33 1 0 -4.990119 0.627570
34 1 0 -5.586374 -0.517341
35 8 0 -0.250242 1.063085

.709028

Endo Transition State of trapping Allene 5.45a with furan
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HF (M062X/6-31+G(d,p)) = -807.4666889 Hartrees

Imaginary Frequencies: 1 (-220.31 cm™)

Zero-point correction = 0.285996 (Hartree/Particle)

Thermal correction = 0.241535 Hartrees

Coordinates from last standard orientation:

Center Atomic Atomic
Number Number Type

(Angstroms)

0 J o U bd W N

I o T = T S S S S
g oUW NP O W

W N NDDNDNDDNDNDDNDDNDDNDDND
O W 0o J o U b W DN EFE O
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[ee]
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.535537
.721362
.552126
.164126
.221186
.282896
.263207
.503228
.161900
.243877
.580439
.929697
.308495
.050942
.832123
.548944
.069992
.108913
.936955
.585561
.097685
.086373
.120897
.339328
.037048
.041313
.702780
.587462
.373654
.113499
.002187
.769366
.924402
.523956
.269909

Exo adduct: Allene 5.45a with furan

Coordinates
X Y
.989966 -0.515253
.254066 -0.060569
.239833 -0.376770
.278172 -1.018516
.800859 -2.131188
.095428 -2.966739
.950852 -1.689098
.006746 -1.517553
.094216 -1.423717
.009498 -0.205361
.766021 -2.503961
.614629 -2.490904
.633923 0.296161
.219918 2.277963
.527127 2.644096
.749188 2.479883
.568580 1.949829
.394285 1.984629
.397669 2.258588
.234196 2.957563
.663882 2.649465
.214520 1.860457
.2981114 -0.863824
.568583 -0.672664
.651450 -0.903164
.715584 -0.288599
.865601 -0.737822
.773650 -1.226245
.922948 -0.104084
.643620 -0.131426
.999713 -0.327807
.925877 -0.931562
.804710 0.208857
.941813 -0.190112
.378856 -1.311878
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HF (M062X/6-31+G(d,p)) = -807.5325885 Hartrees

Imaginary Frequencies: none found

Zero-point correction = 0.291333 (Hartree/Particle)

Thermal correction = 0.249242 Hartrees

Coordinates from last standard orientation:

Center
Number

Atomic
Number

Atomic
Type

(Angstroms)

@0 J o U W N

N NN DNDNDNDMDNDMNDMNMNDNNDERERRPR PP B B2
O 0 J o U W N EFEP O W Oow-Joy Uld WNEFE O

F ooooooy ook PP OODOODOOORKRFRFRRFRRFRRO R O O OO OO

O O O O O O O O O O O O O O O O OO oo oo oo o o o o o

Coordinates
X Y
.838630 -0.052633
.151193 0.237645
.079196 -0.680728
.121712 -1.174373
.662688 -2.411709
.865080 -2.819513
.909313 -2.128357
.815335 -2.420872
.224614 -1.453200
.857612 -0.788542
.901065 -3.185925
.888227 -2.759091
.044120 -0.378048
.313985 1.748206
.166800 2.422208
.082443 2.228745
.5693638 1.399950
.896048 1.903590
.321494 2.130580
.239228 2.878972
.947432 2.488633
.018400 1.463249
.257465 -0.517575
.028861 -1.036189
.705526 -0.358902
.144893 -0.153283
.648922 -0.421234
.504850 -0.015134
.441218 -0.117029
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.355645
.358007
.603491
.377187
.644161
.015680
.222991
.322748
.939279
.091871
.379464
.119681
.008091
.269832
.010687
.254468
.932745
.103572
.424093
.989525
.465774
.869085
.611457
.675606
.236617
.076292
.270533
.349390
.899825
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Exo Transition State of trapping Allene 5.45a with furan

HF (M062X/6-31+G(d,p)) = -807.4635917 Hartrees

Imaginary Frequencies: 1 (-319.25 cm™)

Zero-point correction = 0.286041 (Hartree/Particle)

Thermal correction = 0.241415 Hartrees

Coordinates from last standard orientation:

Center
Number

Atomic
Number

Atomic
Type

O J o U W N

I I R N e e e e e e
B W N R O WWow-Jo s Wh P oW

o o P OOOHODODOD KK R RFRFRF O F OO0y O O)

O O O O O O O O O O O O O O O oo oo o o o o o o

.004244 -0.268656 -0.999919
.298723 -0.581772 -2.285067
.434950 -0.066275 0.312864
.835314 0.132928 2.372383
.725735 -0.307344 -1.809823
.492908 0.050395 0.526302
Coordinates (Angstroms)

X Y Z
.092323 -0.337278 0.548023
.306412 0.042537 -0.752843
.243679 -0.363840 -1.599571
.410997 -0.764743 1.165323
.897282 -1.956451 0.301484
.194394 -2.781217 0.462435
.985924 -1.637520 -1.217318
.030666 -1.474147 -1.507326
.279055 -1.076668 2.203834
.136761 0.055300 1.130198
.875880 -2.301411 0.652747
.640009 -2.497999 -1.801054
.600397 0.221133 -2.442780
.895237 2.044823 -1.096767
.470341 2.141729 -0.814780
.568258 2.329408 0.568073
.729717 2.425768 1.034294
.601763 2.427548 0.018398
.416988 2.164738 -2.035589
.271498 1.970181 -1.519535
.461432 2.345675 1.174898
.136553 2.593297 2.020794
.158322 -0.766746 1.159913
.197884 -1.175243 2.326243
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25 6 0 1.444826 -0.718135 0.380996
26 6 0 1.520275 -1.042911 -0.976744
27 6 0 2.615678 -0.381728 1.070218
28 6 0 2.748730 -1.013214 -1.638063
29 1 0 0.624241 -1.329582 -1.517095
30 6 0 3.836799 -0.328415 0.405972
31 1 0 2.550084 -0.152829 2.130083
32 6 0 3.905114 -0.643255 -0.953506
33 1 0 2.800068 -1.278798 -2.689532
34 1 0 4.735973 -0.047777 0.945751
35 1 0 4.857803 -0.608504 -1.473170

Endo adduct: 5.53d (Allene 5.45d with furan)

™
\
N

HF (M062X/6-31+G(d,p)) = -555.4920351 Hartrees
Imaginary Frequencies: none found

Zero-point correction = 0.198464 (Hartree/Particle)
Thermal correction = 0.163567 Hartrees

Coordinates from last standard orientation:

Center Atomic Atomic Coordinates (Angstroms)
Number Number Type X Y Z
1 6 0 0.122434 0.543609 0.311199
2 6 0 -0.051780 -0.546725 -0.745279
3 6 0 0.905111 -1.415976 -1.054729
4 6 0 1.113239 0.069920 1.379508
5 6 0 2.428059 -0.312516 0.683655
6 1 0 2.844607 0.586333 0.215062
7 6 0 2.252181 -1.415879 -0.375553
8 1 0 2.366044 -2.402543 0.093131
9 1 0 1.285944 0.847185 2.129983
10 1 0 0.670053 -0.800299 1.877263
11 1 0 3.157423 -0.639378 1.429877
12 1 0 3.054582 -1.348532 -1.118683
13 1 0 0.696183 -2.224677 -1.753464
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.618444
.020682
.400994
.965114
.080181
.559891
.936802
.611569
.138218
.355350
.909110

.783889
.769897
.789803
.487714
.335146
.573047
.771482
.733655
.666579
.382410
.865197

-0.
-0.

0.

1.

0.
-0.
.670223
1.
.303752
.232069
.983443

311558
765506
656298
250720
224665
995827

156189

HF (M062X/6-31+G(d,p)) = -555.418494 Hartrees

Imaginary Frequencies: 1 (-169.42 cm™)

Zero-point correction = 0.193221 (Hartree/Particle)

Thermal correction = 0.155483 Hartrees

Coordinates from last standard orientation:

Atomic

(Angstroms)

O J o U b W N

e e e e
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Coordinates

X Y
.539695 0.697469
.385088 -0.425921
.188090 -1.468546
.587837 0.479760
.867385 0.015495
.213239 0.854401
.653311 -1.231781
.977961 -2.136305
.784087 1.394911
.240030 -0.289834
.659881 -0.198317
.276085 -1.164027
.841877 -2.476334
.231129 2.007043
.016169 3.093479

466

.133582
.606588
.757406
.219605
.480220
.132947
.416619
.112179
.784445
.917472
.205142
.314694
.969327
.326714
.662655
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.664644

1.265920

.229928
.933529
0.673580
.043857
.323979
.313016
.974148

Exo adduct: Allene 5.45d with furan

»)

o
HF (M062X/6-31+G(d,p)) = -555.4903071 Hartrees
Imaginary Frequencies: none found

Zero-point correction = 0.198513 (Hartree/Particle)
Thermal correction = 0.163509 Hartrees

Coordinates from last standard orientation:

Atomic

(Angstroms)

O J o U W N

e e e e
G W N H O W

~ o P P P P P O OO0 O

O O O O O O O O O o o o o o o

O O W WkRFEF WNDDNMDDND P B OO

.321745 0.448869
.132070 -0.770165
.792780 -1.666663
. 743159 -0.909500
.199450 0.346113
.603632 1.419784
.200325 -0.974199
.550517 -2.715999
.706590 -1.193691
Coordinates
X Y
.080344 0.458595
.060630 -0.808984
.167935 -1.435528
.308637 0.385707
.566616 0.276320
.658542 1.198403
.549868 -0.942589
.067198 -1.786982
.363644 1.270913
.188586 -0.497259
.452808 0.226597
.120344 -0.719123
.089551 -2.405760
.156165 1.694122
.238730 2.683132
467

0.
-0.
-0.

1.

0.
-0.
-0.
-0.

1.

1.

1.
-1.
-1.
-0.
-1.

366062
493622
878526
286924
413620
170971
532883
060077
928349
923993
052176
441439
366402
431053
027248
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.350393
.350205
.363307
.350138
.476820
.478202
.854190
.875701
.446043

.358749
.366974
.666332
.311603
.105695
.415537
472222
.615019
.770459

.316940
.893221
.048239
.034257
.100069
.543266
.845226
.142226
.016995

Exo Transition State of trapping Allene 5.45d with furan

HF (M062X/6-31+G(d,p)) = -555.4154051 Hartrees

Imaginary Frequencies: 1 (-246.36 cm™)

Zero-point correction = 0.193484 (Hartree/Particle)

Thermal correction = 0.155726 Hartrees

Coordinates from last standard orientation:

Atomic

(Angstroms)

O J o U W N

I e R R e N e T
dJ o s WP O W

oo oy P PP EFEF R PO R OO OO O

O O O O O O O O O O O o o o o o o
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N P O O

Coordinates
X Y
.478373 0.634822
.405666 -0.543898
.330107 -1.467011
.636093 0.604811
.895982 0.280338
.061289 1.121995
.774783 -1.032077
.244554 -1.857278
.755052 1.560838
.461049 -0.174161
.775234 0.220456
.322165 -0.942123
.120331 -2.517750
.063914 1.874413
.264594 2.903157
.538775 -1.417382
.266933 -0.388187
468

.197273
-0.
-0.
1.
0.
-0.
-0.
0.
1.
1.
0.
-1.
-0.
-0.
-0.
-0.
-1.

481896
694209
187270
346034
335525
466335
082756
703879
936651
996419
410664
873675
365107
799945
429863
021765
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.016885

1.177807

.929050
.798454
.082920
.062147
.214332

(Angstroms)

.046332
.267427
.197707
.078373
.53491¢6
.373539
.223425
.116886
.287888
.005429
.254411
.534652
.350353
.402862
.630318
.203771
.294957

18 6 0 -2.616010 0.487962
19 6 0 -2.147157 -0.089415
20 8 0 -1.623006 -1.300206
21 1 0 -1.273722  -2.397567
22 1 0 -2.421976  -0.257463
23 1 0 -3.102180 1.448784
24 1 0 -2.201854 0.207559
Endo adduct: 5.54d (Allene 5.45d with furan)
O
’ ®
(®°
'
HF (M062X/6-31+G(d,p)) = -634.1012137 Hartrees
Imaginary Frequencies: none found
Zero-point correction = 0.253023 (Hartree/Particle)
Thermal correction = 0.214982 Hartrees
Coordinates from last standard orientation:
Center Atomic Atomic Coordinates
Number Number Type X Y
1 6 0 -0.418403 0.592198
2 6 0 -0.195981 -0.884169
3 6 0 -1.163404 -1.793812
4 6 0 -1.541297 0.738941
5 6 0 -2.796549 0.039542
6 1 0 -3.116469 0.562264
7 6 0 -2.571399  -1.451770
8 1 0 -2.785681 -2.053661
9 1 0 -1.749698 1.793025
10 1 0 -1.202032 0.262096
11 1 0 -3.613807 0.139995
12 1 0 -3.288746  -1.785644
13 1 0 -0.929984  -2.846941
14 6 0 1.074820 1.003356
15 6 0 1.476607 0.195282
16 6 0 1.653566 -1.056277
17 6 0 1.328207 -1.040299
469
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.744979
.519339
.860960
.397329
.812659
.167205
.458472
.932069
.572600
.021219
.649509
.786386
.095778

.290369
.587371
.953532
.474279
.985485
.919518
.620136
.091193
.080781
.077401
.910956
.311323
.898811

.646499
.639331
.775657
.396894
.167384
.573933
.611721
.185544
.890502
.098909
.225386
.186749
.135211

HF (M062X/6-31+G(d,p)) = -634.0288778 Hartrees

Imaginary Frequencies: 1 (-96.31 cm™)

Zero-point correction = 0.248618 (Hartree/Particle)

Thermal correction = 0.207040 Hartrees

Coordinates from last standard orientation:

Atomic

(Angstroms)

O 0 J o U W N P

H P o B o0 o0 O O O

O O O O O O O o O

N W wWwwwkRk P oo

Coordinates
X Y

.863545 0.779100
.839061 -0.552644
.737674 -1.486556
.932726 1.147064
.252454 0.539265
.513172 1.088345
.174795 -0.981137
.630025 -1.557754
.031182 2.229727
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.104968
.290249
.035038
.920702
.377966
.532607
.064060
.877934
.036272
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0

.894105
.096907
.835650
.254682
.630898
.654286
.054086
.311092
.554663
.704858
.544238
.585634
.590090
.073233
.206717
.460813
.214634
.685747
.351998
.039017
.764766

(Angstroms)

.044512
.302860

10 1 0 1.674258 0.717525
11 1 0 4.060238 0.711643
12 1 0 3.754737  -1.209901
13 1 0 1.501093  -2.506439
14 6 0 -2.072493 0.492387
15 6 0 -1.705128 -0.341782
16 6 0 -1.289477 -1.558190
17 6 0 -1.398377 -1.383342
18 8 0 -1.945531 -0.157676
19 1 0 -1.713459  -0.089497
20 1 0 -0.921650 -2.448726
21 6 0 -2.632664 1.867448
22 1 0 -2.637010 2.293453
23 1 0 -2.037346 2.507286
24 1 0 -3.659277 1.853860
25 6 0 -1.329702  -2.328417
26 1 0 -0.661218 -3.156097
27 1 0 -2.319562 -2.738112
28 1 0 -0.948828 -1.825186
29 6 0 0.376618 1.733172
30 7 0 -0.028043 2.547582
HF (M062X/6-31+G(d,p)) = -634.0999192 Hartrees
Imaginary Frequencies: none found
Zero-point correction = 0.253326 (Hartree/Particle)
Thermal correction = 0.215371 Hartrees
Coordinates from last standard orientation:
Center Atomic Atomic Coordinates
Number Number Type X Y
6 0 0.418169  -0.574431
6 0 0.178000 0.894989
6 0 1.150467 1.801296
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4 6 0 1.549954 -0.634885 -1.083603
5 6 0 2.804359 0.008671 -0.474720
6 1 0 3.123510 -0.602943 0.376172
7 6 0 2.584807 1.465701 -0.016204
8 1 0 2.891573 2.155956 -0.812339
9 1 0 1.758734 -1.669619 -1.374350
10 1 0 1.213276 -0.086082 -1.970144
11 1 0 3.620844 -0.023285 -1.201329
12 1 0 3.235052 1.692836 0.836248
13 1 0 0.902565 2.854356 0.429213
14 6 0 0.806128 -1.391792 1.117215
15 7 0 1.133444 -2.062063 2.002943
16 6 0 -1.330452 1.092958 0.135526
17 6 0 -2.034761 0.219486 1.169596
18 6 0 -1.880039 -1.040171 0.761320
19 6 0 -1.052405 -0.962318 -0.521327
20 8 0 -1.487176 0.287534 -1.058701
21 1 0 -2.482710 0.590534 2.083769
22 1 0 -2.164581 -1.959317 1.259572
23 6 0 -1.153839 -2.087112 -1.515418
24 1 0 -0.745150 -3.005486 -1.083123
25 1 0 -2.200573 -2.260511 -1.776276
26 1 0 -0.596108 -1.848628 -2.424499
27 6 0 -1.828650 2.498811 -0.063118
28 1 0 -2.902024 2.488250 -0.266205
29 1 0 -1.651192 3.088036 0.841039
30 1 0 -1.310351 2.972859 -0.900127

Endo adduct: 5.55d (Allene 5.45d with DPIBF)

HF (M062X/6-31+G(d,p)) =-1171.047106 Hartrees
Imaginary Frequencies: none found

Zero-point correction = 0.408415 (Hartree/Particle)
Thermal correction = 0.357823 Hartrees

Coordinates from last standard orientation:
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Center Atomic Atomic Coordinates

L A R N I B | |
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.721605
.829933
.797889
.117200
.784551
.198582
.905037
.843272
.057524
.686730
777250
.972580
.867475
.148158
.649201
.609342
.163504
.082768
.121666
.761019
.825566
.052643
.217390
.667213
.031954
.829703
.814182
.058362
.059002
.912625
.537841
.857294
.126788
.230725
.763382
.941637
.865227
.795164
.134977
.186945
.933164
.630877
.306113
.927290
.435756
.884328
.359172
.225568
.326137

W N O P NWNDE P O

| A R |
O O B P O

(Angstroms)

.117374
.998185
.575774
.297870
.511348
.404090
.374210
.863949
.450024
.381014
.662540
.365863
.406702
.176738
.399622
.389812
.115006
.058252
2.

277688

.197536
.226780
.300477
.192457
.343081
.323987
.235019
.130362
.311473
.399058
.206481
.344805
.026741
.174977
.217800
.076672
.367966
.313315
.331322
.167459
.192241
.503449
.243792
.400393
.413047
.220763
.405078
.208580
.383184
.422386

Number Number Type X

1 6 0 0.715365
2 6 0 -0.803002
3 6 0 -1.506277
4 6 0 1.323683
5 6 0 0.659526
6 1 0 0.905033
7 6 0 -0.866596
8 1 0 -1.123301
9 1 0 2.405271
10 1 0 1.129529
11 1 0 1.091787
12 1 0 -1.327244
13 1 0 -2.579005
14 6 0 1.011374
15 6 0 0.574923
16 6 0 -0.823548
17 6 0 -1.180164
18 8 0 -0.073152
19 6 0 1.063570
20 7 0 1.353831
21 6 0 2.348274
22 6 0 3.512202
23 6 0 2.446380
24 6 0 4.761486
25 1 0 3.448033
26 6 0 3.698566
27 1 0 1.542736
28 6 0 4.857068
29 1 0 5.658697
30 1 0 3.767187
31 1 0 5.830316
32 6 0 -2.505696
33 6 0 -3.690030
34 6 0 -2.572419
35 6 0 -4.925429
36 1 0 -3.655582
37 6 0 -3.810306
38 1 0 -1.653188
39 6 0 -4.988747
40 1 0 -5.837941
41 1 0 -3.851898
42 1 0 -5.951262
43 6 0 1.269883
44 6 0 0.526152
45 1 0 1.042576
46 6 0 -0.867326
47 1 0 -1.421514
48 6 0 -1.565155
49 1 0 2.355079
50 1 0 -2.649463

.188239

.395651

Endo Transition State of trapping Allene 5.45d with DPIBF
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HF (M062X/6-31+G(d,p)) =-1170.957172 Hartrees

Imaginary Frequencies: 1 (-129.44 cm™)

Zero-point correction = 0.403206 (Hartree/Particle)

Thermal correction = 0.349084 Hartrees

Coordinates from last standard orientation:

Center
Number

Atomic
Number

Atomic
Type

(Angstroms)
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O O O O O O O O O O O O O O OO oo o oo oo o o o o

P ow w s DN wDN

Coordinates
X Y
.529426 0.787636
.788663 0.836032
.670399 1.805664
.108377 2.195458
.255880 2.934250
.484299 2.481116
.278695 2.883604
.620444 3.827839
.163230 2.192053
.015844 2.675119
.569928 3.981577
.809946 2.776967
.524037 1.960884
.050894 -0.387296
.571871 0.759906
.856640 0.711427
.156905 -0.458050
.000196 -1.136997
.174688 -0.318118
.727283 -1.211846
.380015 -0.947438
.498562 -0.106261
.548243 -2.331927
.764900 -0.644907
.370682 0.970701
.816675 -2.863669
.682404 -2.983886
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.632337
.364986
.510404
.700199
.766958
.737123
.518033
.077663
.988141
718777
.822726
.468911
.854847
.871837
.509089
.404959
.688042
.482280
.257176
.754415
.666085
.573005
.522720
.367238
.621218
.311675
.577589
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28 6 0 4.929170 -2.024929 -0.239789
29 1 0 5.622843 0.015609 -0.291205
30 1 0 3.936816 -3.936928 -0.202488
31 1 0 5.917022 -2.443327 -0.075488
32 6 0 -2.397761 -1.171567 -0.383902
33 6 0 -3.566742 -0.931769 -1.116257
34 6 0 -2.419497 -2.116174 0.653599
35 6 0 -4.742768 -1.612184 -0.803255
36 1 0 -3.553257 -0.240793 -1.952416
37 6 0 -3.590856 -2.802216 0.951542
38 1 0 -1.515006 -2.295343 1.228235
39 6 0 -4.759561 -2.547704 0.229264
40 1 0 -5.642428 -1.418264 -1.378826
41 1 0 -3.596694 -3.529901 1.757065
42 1 0 -5.674714 -3.079518 0.469087
43 6 0 -1.644908 1.775531 -1.926116
44 1 0 -2.725002 1.774093 -1.827714
45 6 0 -1.005968 2.816356 -2.546625
46 1 0 -1.588546 3.636635 -2.953816
47 6 0 0.418093 2.849437 -2.678592
48 1 0 0.877813 3.685313 -3.195863
49 6 0 1.205402 1.850041 -2.171604
50 1 0 2.282778 1.882162 -2.290880

HF (M062X/6-31+G(d,p)) =-1171.0480176 Hartrees
Imaginary Frequencies: none found

Zero-point correction = 0.407943 (Hartree/Particle)
Thermal correction = 0.356255 Hartrees

Coordinates from last standard orientation:

HF = -1171.0480176 hartrees

Zero-point correction= 0.407943 (Hartree/Particle)
Thermal correction to Gibbs Free Energy= 0.356255

Sum of electronic and zero-point Energies= -1170.640075

Sum of electronic and thermal Free Energies= -1170.691762
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Standard orientation:

Center

(Angstroms)

0 J o U b W N

WO NNDNODNNRR P 2 2R e e
O W W Jo Ul d WN FH O W®--Jo U1 WN O W

31

-3.

O O N BFE O RF OO

|
]

.876964
.821487
.128279
.552255
.570277
.562413
.593048
.924937
.582692
.468461
.351824
.592731
.938665
.074960
.582699
.473674
.209298
.060937
.948093
.231065
.338960
.901794
.854455
.007867
.890765
.293193
.337916
.089897
.816234
.681355
.151882
.061398
.393441
.229308
.604438
.704390
.774002
.259903
.679145
.198730
.975325
.590447
.981191
.701512
.177016
.199324
.892108
.279623
.199582
.237831

Coordinates
X Y
.753251 -0.973580
.773733 -1.050854
.445765 -2.156164
.318091 -2.366469
.762507 -3.370308
.139927 -3.098760
.777566 -3.423296
.133274 -4.217978
.411732 -2.354977
.006363 -2.615691
.156855 -4.366367
.131491 -3.699198
.516588 -2.198883
.195354 0.117611
.785093 1.433567
.606712 1.481863
.990761 0.174842
.140306 -0.023835
.292598 0.117234
.492937 0.178838
.323608 0.008726
.712490 0.137363
.477468 0.251857
.547246 -0.033935
.390951 -0.0422061
.741883 0.031512
.638671 0.184490
564711 -0.119236
.692397 -0.002284
.562964 0.046796
.686039 0.098619
.732361 -0.068463
.966524 0.038119
.558755 0.176645
.015934 -0.129766
.859793 -0.107969
.134006 -0.076217
.832437 0.076693
.140596 -0.219295
.131712 -0.125144
.336887 2.544303
.628571 3.584812
.168188 4.441670
.761357 3.538379
.286815 4.360455
.491112 2.452563
.419252 2.581029
.573621 2.429628
.247819 -0.556872
.665100 -0.259870
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Exo Transition State of trapping Allene 5.45d with DPIBF

HF (M062X/6-31+G(d,p)) = -1170.9584057 Hartrees
Imaginary Frequencies: 1 (-154.26 cm™)
Zero-point correction = 0.403658 (Hartree/Particle)
Thermal correction = 0.350470 Hartrees

Coordinates from last standard orientation:

-2.
-3.
-1.

(Angstroms)

.691976
.558384
.804655
.684961
.842342
.780708
770472
.385908
-1.
-0.

842798
720026
857114
773913
262416

0.606932

O N O - BB O O O

.314790
.488612
.889989
.077489
.199228
.601913
.054603
.875887

Center Atomic Atomic Coordinates
Number Number Type X Y
1 6 0 -0.677808 0.425308
2 6 0 0.663041 0.509464
3 6 0 1.483151 1.515417
4 6 0 -1.306299 1.812954
5 6 0 -0.608563 2.575861
6 1 0 -0.935761 2.116371
7 6 0 0.943805 2.569359
8 1 0 1.307643 3.529122
9 1 0 -2.387836 1.774711
10 1 0 -1.117067 2.296288
11 1 0 -0.958298 3.613137
12 1 0 1.366782 2.459721
13 1 0 2.405320 1.708275
14 6 0 1.220806 -0.474071
15 6 0 0.759275 -1.770643
16 6 0 -0.659433 -1.738644
17 6 0 -0.973989 -0.434420
18 8 0 0.170217 0.250372
19 6 0 -2.221238 0.252869
20 6 0 -3.421043 -0.162687
21 6 0 -2.228105 1.364740
22 6 0 -4.607997 0.509593
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23 1 0 -3.416267
24 6 0 -3.418692
25 1 0 -1.299811
26 6 0 -4.612592
27 1 0 -5.529324
28 1 0 -3.414329
29 1 0 -5.539480
30 6 0 2.556305
31 6 0 3.643397
32 6 0 2.762306
33 6 0 4.915407
34 1 0 3.484947
35 6 0 4.035505
36 1 0 1.923257
37 6 0 5.117188
38 1 0 5.748103
39 1 0 4.183483
40 1 0 6.108725
41 6 0 -1.436431
42 6 0 -0.787467
43 1 0 -1.355662
44 6 0 0.630523
45 1 0 1.102542
46 6 0 1.404814
47 1 0 -2.510971
48 1 0 2.482408
49 6 0 -1.369173
50 7 0 -1.978613

|
PR NORFRPR P RFRPRP ORFROOMNMDNO-REREDNDO

| |
BN

.983185
.035155
.695368
.607690
.183713
.893503
.131893
.071944
.389974
.085400
.136355
.130870
.613291
.450686
.138814
.226244
.394722
.551973
.909134
.055197
.964323
4.
.022951
.974560
.904415
.024218
.673579
.552624

087619

N O R NEFEF OORFR OOFNOREDNDDNDO

| N I |
O O O O o o

.109327
.319821
.510160
.737510
.403503
.984153
.947073
.828891
.072735
.776401
.278928
.704543
.971439
.359871
.228690
.315533
.710121
.383371
.268401
.109248
.276976
.276579
.560217
.070548
.412526
.179411
.276903
.733431

HF (M062X/6-31+G(d,p)) = -1017.4404702 Hartrees
Imaginary Frequencies: none found

Zero-point correction = 0.359699 (Hartree/Particle)
Thermal correction = 0.311187 Hartrees

Coordinates from last standard orientation:
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Center
Number

Atomic
Number

Atomic
Type

Coordinates

(Angstroms)

W ~J oy U W N

WNNRDRONONNDNDNDRNDRER P 2P
O VW W Jo Ul WNRP O W®-Jo O WN F O W

31

.715747
.791148
.454790
.391812
.752408
.962038
.767101
.972623
.470113
.225813
.229882
.228934
.521987
.015372
.264887
.970876
.561950
.770929
.200562
.145074
.248349
.438816
.558283
.068382
.297485
.306657
.489750
.540949
.899928
.046943
.695374
.111216
.014729
.287502
.380958
. 441222
.619867
.483119
.678679
.374967
.769465
.687006
.569851
.732836

N DS NDND DD wWwWwwNDND e

o | I | | A I |
P PP O ORFr OO0OO0OO0OO0OOOOOoO OO O

.149760
.237832
.388445
.405716
.635114
.594861
.724689
.268483
.386574
.420519
.544297
.319087
.386032
.011731
.922157
.281081
171591
.123199
.166310
.973189
.069454
.059746
.679712
.407559
.470240
.915488
.204039
.974242
.699425
.6964061
-0.
.585402
.088129
.919747
.913443
.487657
.475401
.240065
.046590
.286367
.043908
.250265
.706641
.482879

701296

.102901
.095646
.139020
.452145
.211758
.286681
.016595
.948604
.264990
.536103
.163626
.779504
.358914
.539604
.666402
.561586
.025293
.030950
.560823
.004455
.856227
.864343
.184738
.088380
.066617
.472262
.775484
.685328
.051285
.583349
.462872
377733
.880907
.240075
.736041
.90145¢6
.041344
.250686
.590278
.662615
.381034
.798602
.108454
.620977

Endo Transition State of trapping Allene 5.45d with 2,5-Diphenylfuran
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HF (M062X/6-31+G(d,p)) = -1017.3774224 Hartrees
Imaginary Frequencies: 1 (-213.61 cm™)
Zero-point correction = 0.355958 (Hartree/Particle)
Thermal correction = 0.305401 Hartrees

Coordinates from last standard orientation:

o
N e

| [
O N O P P OONDNDOODNDDNO

|
=N

(Angstroms)

.531600
.078191
.297122
.117906
.653437
.747247
.177215
.688380
.533197
.974868
.357924
.959855
.005905
.659828
.574185
.979577
.147010
.070891
.818743
.246552
.941892
.796068
.303162
.951051
.049772
.446453
.536063
.544427
.030991
.703203
.418804
.131728

Center Atomic Atomic Coordinates
Number Number Type X Y
1 6 0 -0.279813 1.685929
2 6 0 0.960436 1.363043
3 6 0 1.956851 2.152042
4 6 0 -0.656897 3.101764
5 6 0 0.475400 4.012998
6 1 0 0.431596 3.979870
7 6 0 1.890547 3.596408
8 1 0 2.189092 4.200796
9 1 0 -1.621584 3.405179
10 1 0 -0.718040 3.160681
11 1 0 0.290850 5.051321
12 1 0 2.628687 3.801068
13 1 0 2.727387 1.856692
14 6 0 -0.879709 1.067451
15 7 0 -1.398355 0.566546
16 6 0 -1.175472 -0.574206
17 6 0 -0.692677 -0.002251
18 6 0 0.701597 -0.055272
19 6 0 1.016764 -0.605861
20 8 0 -0.144383 -1.049072
21 1 0 -1.287753 0.422305
22 1 0 1.409617 0.319027
23 6 0 2.268936 -1.179495
24 6 0 2.297460 -1.800898
25 6 0 3.447707 -1.078857
26 6 0 3.491268 -2.317041
27 1 0 1.385246 -1.869441
28 6 0 4.642003 -1.587946
29 1 0 3.435412 -0.613053
30 6 0 4.667853 -2.209740
31 1 0 3.504198 -2.799424
32 1 0 5.551213 -1.506578
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-1

0.
-0.
1.
-1.
-1.
0.
2.

.093782
505685
623842
185271
058610
158247
745436
052673
377472
.935405
.275738
.720564

(Angstroms)

.090361
.028591
.769661
.300056
.672011
.965694
.664119
.674139
.304587
.001967
.660183
.405718

33 1 0 5.598086 -2.609631
34 6 0 -2.527444  -0.846117
35 6 0 -2.741038 -1.646584
36 6 0 -3.628371 -0.303137
37 6 0 -4.038379 -1.905829
38 1 0 -1.892122  -2.059345
39 6 0 -4.920103 -0.564999
40 1 0 -3.472011 0.331498
41 6 0 -5.129575  -1.369434
42 1 0 -4.195638 -2.526014
43 1 0 -5.765474  -0.138230
44 1 0 -6.139274  -1.571772
Exo adduct: Allene 5.45d with 2,5-Diphenylfuran
HF (M062X/6-31+G(d,p)) =-1017.4399581 Hartrees
Imaginary Frequencies: none found
Zero-point correction = 0.360007 (Hartree/Particle)
Thermal correction = 0.311723 Hartrees
Coordinates from last standard orientation:
Center Atomic Atomic Coordinates
Number Number Type X Y
1 6 0 0.742474 1.164158
2 6 0 -0.782176 1.164728
3 6 0 -1.471486 1.973718
4 6 0 1.276191 1.540362
5 6 0 0.726778 2.924729
6 1 0 1.133763 3.656667
7 6 0 -0.814233 2.992676
8 1 0 -1.200257 2.805513
9 1 0 2.370783 1.545596
10 1 0 0.933131 0.771716
11 1 0 1.096926 3.210860
12 1 0 -1.145334 4.004819
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[ee]
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.545659
.289632
.757180
.194447
.753634
.574200
.968623
.157639
.417307
.268721
.572550
.775561
.671459
.069550
.919876
.963491
.519195
.164878
.220330
.811640
.171145

2.274620

.339185
.448936
.570605
.424773
.677990
.405912
.740865
.614578
.585085
.698131

.828778
.106587
.850529
.195090
.240968
.348853
.344902
.982149
.132997
.344099
.670805
.609732
.135056
.016172
.022029
.538915
.605269
.482491
.752175
117261
.799769
.949705
.854713
.562037
.373121
.150518
.077568
.146472
.985565
.079748
.772053
.389144

O OO NNOONNOHFHRFE O

[
= o R

[ | | [
P O R P OO O O-HRF R+~ O

.875921
.079533
.833537
.613715
.075033
.058232
.581402
.014382
.923866
.889119
.271272
.741196
.948927
.066514
.265705
.618948
.730616
.389199
.850038
.149223
.644073
.170103
.890544
.823263
.290688
.394687
.417906
.647394
-0.
.113648
.929712
.954421

639776

Exo Transition State of trapping Allene 5.45d with 2,5-Diphenylfuran

O T
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HF (M062X/6-31+G(d,p)) = -1017.3753822 Hartrees

Imaginary Frequencies: 1 (-310.39 cm™)

Zero-point correction = 0.356020 (Hartree/Particle)

Thermal correction = 0.305718 Hartrees

Coordinates from last standard orientation:

Center
Number

Atomic
Number

Atomic
Type

(Angstroms)

0 J o U bd W N

[CORNN \C RN SR \C RN \O RN \ O RN \O RN \ O RN A S RN NC TN AR e S e e e B e R )
O W o0 J o U b WDNE O WOoWwW-Joy Uldh WNEFE O

31

P O O N WOONDNONDN

[
B o

[ | | [
P O P P Ok OORFDNO

.216615
.125836
.810513
.154596
.706709
.077878
.730022
.736676
.104323
.792422
.718781
.509652
.045462
.360574
.277592
.850264
.176514
.151732
.825798
.107455
.018036
.967304
.355390
777890
.009687
.242798
.289134
.542200
.872990
.585699
.120982
.054673
.951838
.182517
.117819
.857239
.728820
.642984
.240119
.857450
-1.
.735387
.767948
.532656

053454

Coordinates
X Y
.657641 1.600001
.695420 1.399024
.532380 1.818678
.258404 1.860457
.506475 3.097376
.775820 3.952768
.033099 2.928005
.362721 2.643405
.334650 2.049419
.093153 0.983890
.857713 3.324276
.520528 3.883633
.475014 1.330610
.285074 2.170241
.836413 2.628393
.167147 -0.574926
.715287 -0.417105
.659281 -0.588906
.999512 -0.877170
.125748 -1.072602
.331289 -0.133644
.353943 -0.451868
.525001 -0.842619
.733384 -1.635831
.622271 -0.270250
.027425 -1.860226
.883678 -2.076649
.912886 -0.499485
.463715 0.370364
.120076 -1.295116
.181713 -2.479478
.757105 -0.049290
.126678 -1.470012
.278246 -1.159603
.324399 -1.679589
.474506 -0.876389
.552352 -1.920109
.399436 -1.895742
.697169 -1.117990
.446725 -0.453686
.740722 -1.641799
.580932 -2.325237
.618234 -0.892614
.696517 -1.828103
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Endo adduct: Allene 5.45d with Isobenzofuran

P

HF (M062X/6-31+G(d,p)) =-709.1003513 Hartrees
Imaginary Frequencies: none found

Zero-point correction = 0.246431 (Hartree/Particle)
Thermal correction = 0.207962 Hartrees

Coordinates from last standard orientation:

(Angstroms)

.344384
.969315
.248291
.458936
.018895
.896864
.290071
.067046
.399837
.603430
.810187
.780249
.155079
.376060
.466828
.808653
.585972
.002055
.197440
.115752
.492509
.205789
.981409
.065246
.263248
.092662
.484508

Center Atomic Atomic Coordinates
Number Number Type X Y
1 6 0 1.143464 -0.457781
2 6 0 0.806996 0.251222
3 6 0 1.206188 1.487608
4 6 0 1.317803 0.578730
5 6 0 2.387736 1.588708
6 1 0 3.338431 1.057080
7 6 0 2.026839 2.313428
8 1 0 1.435589 3.211834
9 1 0 1.603087 0.098311
10 1 0 0.351190 1.074986
11 1 0 2.544158 2.326736
12 1 0 2.938018 2.674038
13 1 0 0.851986 1.975975
14 6 0 -0.044324 -1.489186
15 6 0 -1.351586 -0.731782
16 6 0 -1.538918 -0.184052
17 6 0 -0.298424 -0.604280
18 8 0 -0.036951 -1.894165
19 6 0 2.382197 -1.244330
20 7 0 3.359539 -1.859050
21 6 0 -2.250026 -0.493682
22 6 0 -3.370599 0.298950
23 1 0 -4.106275 0.486412
24 6 0 -3.556496 0.844176
25 1 0 -4.435878 1.449142
26 6 0 -2.629066 0.619740
27 1 0 -2.103224 -0.910630
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28 1 0 -2.772187 1.057766 2.075831
29 1 0 -0.357359  -0.658599 2.670986
30 1 0 0.100600 -2.341201 -1.038603
HF (M062X/6-31+G(d,p)) = -708.9967282 Hartrees
Imaginary Frequencies: 1 (-134.21 cm™)
Zero-point correction = 0.240331 (Hartree/Particle)
Thermal correction = 0.198535 Hartrees
Coordinates from last standard orientation:
Center Atomic Atomic Coordinates (Angstroms)
Number Number Type X Y Z
1 6 0 -1.672902 -0.047281 0.212826
2 6 0 -1.167536 0.313551 -0.977104
3 6 0 -0.880766 1.508063 -1.461924
4 6 0 -1.425346 0.964531 1.339518
5 6 0 -1.172740 2.390369 0.777595
6 1 0 -1.681112 3.120877 1.415128
7 6 0 -1.624545 2.591084  -0.698480
8 1 0 -1.356959 3.592436  -1.044051
9 1 0 -2.321436 0.957880 1.969635
10 1 0 -0.582600 0.657858 1.969761
11 1 0 -0.101149 2.612747 0.825254
12 1 0 -2.708199 2.473441  -0.785192
13 1 0 -0.033255 1.735026 -2.102671
14 6 0 0.346629 -2.084050 0.462873
15 6 0 1.295887 -1.081845 0.529037
16 6 0 1.474174  -0.618715 -0.819851
17 6 0 0.580906 -1.351821 -1.592007
18 8 0 -0.012780 -2.285730 -0.817164
19 6 0 -2.629779 -1.091439 0.388866
20 7 0 -3.404586  -1.939801 0.563103
21 6 0 2.008922  -0.464747 1.601432
22 6 0 2.869312 0.553856 1.299191
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.092647
.053082
.237541
.101092
.623676
.119773
.654861
.196789

Exo adduct: Allene 5.45d with Isobenzofuran

N

HF (M062X/6-31+G(d,p)) = -709.0983945 Hartrees

Imaginary Frequencies: none found

Zero-point correction = 0.246431 (Hartree/Particle)

Thermal correction = 0.207807 Hartrees

Coordinates from last standard orientation:

Center
Number

Atomic
Number

Atomic
Type

(Angstroms)

O J o U W N

I T e = S
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w b WNO O FEFON

.426977 1.041234
.068083 0.996338
.777355 1.797048
.392603 0.434443
.868840 -0.802164
.547708 0.776449
.414338 -1.430688
.093584 -2.741720
Coordinates
X Y
.972105 0.475035
.992564 -0.892501
.071910 -1.373450
.381571 0.754961
.376504 0.723632
.134055 1.548365
.367778 -0.610096
.145163 -1.275922
.412674 1.726582
.605926 -0.024153
.385426 0.917679
.635629 -0.435943
.070788 -2.403699
.184369 -1.640887
.485728 -0.947442
.487185 0.229607
.167993 0.198776
.006927 -1.205569
.518033 1.147681
.576887 0.848507
.410610 1.538319
.575136 -0.323175
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.403169
.287044
.896279
.949932
.217557
.896604
.993361
.597472
.452863
.686459
.156464
.041588
.248164
.315972
.040472
.717352
.464668
.688937
.622162
.245852
.330090
.003767
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.408441
.516396
.513235
.515752
.591442
.326057
.077107
.144390

.531375
.237741
.068963
.144169
.564975
.444934
.764084
.726011

.667511
.917735
.196724
.515444
.510704
.214434
.391376
.239616

HF (M062X/6-31+G(d,p)) = -708.9950869 Hartrees

Imaginary Frequencies: 1 (-99.53 cm™)

Zero-point correction = 0.240509 (Hartree/Particle)

Thermal correction = 0.198520 Hartrees

Coordinates from last standard orientation:

Atomic

(Angstroms)
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Coordinates
X Y
.291734 0.681588
.307730 -0.461019
.292561 -1.258827
.568983 0.802418
.725559 0.684747
.698624 1.583655
.662258 -0.579042
.371165 -1.334782
.624574 1.756879
.613091 -0.007059
.684240 0.693085
.966426 -0.326260
.222983 -2.338294
.579746 -1.923585
.604442 -1.092813
.755662 -0.097515
.826906 -0.415357
.181750 -1.545307
.716684 0.948100
.482990 0.959120
.222876 1.740401
.332161 -0.038032
487

-0.
-0.
0.
-0.
-0.
-0.
-0.
1.
1.
0.
-2.
-1.
0.
-0.
0.
1.
1.
0.
-0.
-0.

-1

.110565
589766
953388
938651
091219
715355
995741
638707
468455
673222
437522
016010
046675
295290
129443
897213
870333
529998
747417
383076
524427
.407309
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.966789
.414692
.826703
.300510
.524852
.088886
.577146
.173232

0.
-1.
1.
-1.
1.
2.

020585
045323
710371
790407
832508
787017

.013168
.849824

-2
-1

.286023
.301614
.511804
.082296
.235980
.485982
.828715
.079940

1,3 addition: Endo transition state of Allene 5.45d and furan

HF (M062X/6-31+G(d,p)) = -555.4133096 Hartrees

Imaginary Frequencies: 1 (-287.77 cm™)

Zero-point correction = 0.193182 (Hartree/Particle)

Thermal correction = 0.155138 Hartrees

Coordinates from last standard orientation:

Center
Number

Atomic
Number

Atomic
Type

(Angstroms)
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Coordinates
X Y
.252693 -1.501688
.256261 -0.173743
.252024 0.713540
.397008 -1.922492
.692139 -1.376411
.810936 -1.875486
.676171 0.156083
.176439 0.657238
.453370 -3.009675
.277824 -1.497127
.563826 -1.642480
.235870 0.421527
.616775 -1.084692
.515205 -0.167191
.926917 0.978321
.620222 0.646643
.213878 -0.548085
.031083 -2.080533
.811150 -0.328337
.662810 1.902157
.400341 1.284546
.028096 2.091832
.868795 3.228213
488

.228217
.397531
.228409
.678749
.024647
.942641
.186813
.650195
777659

1.682041

o

o

=

o O

.632199
.089792
.093254
.116572
.557557
.766492
.071782
.044325
.142463
.051411
.611143
.064685
.251756
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-0.

892760

(Angstroms)

.506615
.433996
.162566
.394383
.031677
.083194
.133541
.165929
.306131
.441749
.542029
.503061
.253331
.133765
.040100
.415729
.096709
.546599
.014531
.816852
.850758
.016722
.103928

24 1 0 0.235057 -2.205850
1,3 addition: Endo adduct of Allene 5.45d and furan
HF (M062X/6-31+G(d,p)) = -555.4996432 Hartrees
Imaginary Frequencies: none found
Zero-point correction = 0.198973 (Hartree/Particle)
Thermal correction = 0.163673 Hartrees
Coordinates from last standard orientation:
Center Atomic Atomic Coordinates
Number Number Type X Y
1 6 0 -0.749709 1.021418
2 6 0 0.101714 -0.223728
3 6 0 1.412129  -0.202219
4 6 0 -0.175717 2.104682
5 6 0 1.282789 2.334602
6 1 0 1.288250 2.644839
7 6 0 2.161478 1.084198
8 1 0 2.527471 1.015165
9 1 0 -0.744923 3.035100
10 1 0 -0.219796 1.778234
11 1 0 1.725366 3.153707
12 1 0 3.049181 1.158308
13 6 0 -2.145427 0.368308
14 6 0 -2.149771  -0.259237
15 6 0 -1.378483  -1.345715
16 6 0 -0.899929  -1.374415
17 8 0 -2.013438 -0.788877
18 1 0 -3.005974 0.966489
19 1 0 -2.616347 0.162948
20 1 0 -1.040226 -2.019788
21 1 0 -0.602363  -2.326400
22 6 0 2.124744  -1.442191
23 7 0 2.715580  -2.433104
24 1 0 -0.765113 1.379933

.544354

1,3 addition: Exo transition state of Allene 5.45d and furan
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HF (M062X/6-31+G(d,p)) = -555.4138819 Hartrees
Imaginary Frequencies: 1 (-225.76 cm™)

Zero-point correction = 0.193276 (Hartree/Particle)
Thermal correction = 0.155072 Hartrees

Coordinates from last standard orientation:

Center Atomic Atomic Coordinates (Angstroms)
Number Number Type X Y Z
1 6 0 -0.114799 -1.409351 0.149848
2 6 0 -0.253793 -0.102731 -0.089655
3 6 0 -1.376340 0.633688 -0.206526
4 6 0 -1.372410 -1.971516 0.785767
5 6 0 -2.521199 -1.647369 -0.206180
6 1 0 -2.313603 -2.180197 -1.139873
7 6 0 -2.671581 -0.135682 -0.494486
8 1 0 -3.436702 0.294987 0.161563
9 1 0 -1.296115 -3.050268 0.942628
10 1 0 -1.570943 -1.497901 1.753256
11 1 0 -3.469199 -2.035839 0.180599
12 1 0 -3.013362 0.019826 -1.523266
13 6 0 1.563178 0.969816 -0.294198
14 6 0 2.111002 0.139138 -1.266670
15 6 0 2.904249 -0.802512 -0.575347
16 6 0 2.845404 -0.449744 0.749581
17 8 0 2.122652 0.672546 0.915729
18 1 0 1.120577 1.953205 -0.370810
19 1 0 1.898541 0.183588 -2.324884
20 1 0 3.435665 -1.648533 -0.985537
21 1 0 3.292042 -0.867001 1.639461
22 6 0 -1.434266 2.014284 0.129983
23 7 0 -1.475997 3.153124 0.365114
24 1 0 0.627191 -2.052225 -0.307464

1,3 addition: Exo adduct of Allene 5.45d and furan
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HF (M062X/6-31+G(d,p)) = -555.4969357 Hartrees

Imaginary Frequencies: none found

Zero-point correction = 0.199055 (Hartree/Particle)

Thermal correction = 0.163698 Hartrees

Coordinates from last standard orientation:

Center
Number

Atomic
Number

Atomi
Type

C

(Angstroms)

.253837
.188583
.185837
.447984
.286602
.330656
.241861
.656042
.413569
.501304
.132285
.096471
.278820
.788647
.711033
.378774
.272096
.709699
.498456
.351494
.909991
.020130
.178977
.291260

Enamine 5.58a

Coordinates
X Y
.652721 1.073635
.075687 -0.252939
.410535 -0.346491
.194269 2.130471
.541094 2.195124
.345572 2.466393
.319545 0.867254
.948800 0.831552
.298636 3.107148
.335557 1.857974
.170529 2.985172
.000199 0.794965
.970819 -1.260292
.055197 -1.337941
.713625 -0.178873
.009503 0.619895
.591618 -0.425925
.594516 -2.186554
.174802 -2.145896
.502906 0.194225
.573489 1.384933
.031628 -1.627941
.552182 -2.651926
.814002 1.389559
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HF (M062X/6-31+G(d,p)) = -521.0482236 Hartrees

Imaginary Frequencies: none found

Zero-point correction = 0.264311 (Hartree/Particle)

Thermal correction = 0.228208 Hartrees

Coordinates from last standard orientation:

Center
Number

Atomic
Number

Atomic
Type

(Angstroms)
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Coordinates
X Y
.373528 1.195389
.703961 0.052494
.429893 -1.265284
.906014 -1.063046
.542697 -0.082104
.878026 1.287681
.927733 -1.832693
.995415 -0.664559
.423334 -2.027713
.620524 0.001920
.406561 -0.461911
.262201 1.798787
.155773 1.923590
.355250 -1.867684
.831684 2.127886
.430088 1.238341
.357260 -1.066078
.887641 1.035026
.371066 1.642594
.987949 1.971871
.815244 -1.195596
.297567 -0.832885
.861475 -2.024046
.451001 1.957397
.954414 0.750713
.324189 -1.922831
.877957 -1.528070
.700549 -0.016775
.501541 0.035514
492

.168792
.073064

0.261604

-0

.603056
.378507
.249811
.053842
.622361
.585661
.205241
.399980
.645591
.098593
.654164
.292270
.122560
.549202
.506039
.904565
.803256
.141806
.627729
379713
.348516
.567428
.778359
.905955
.237259
.290253
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Transition state of trapping Allene 5.45a with Enamine 5.58a

HF (M062X/6-31+G(d,p)) = -1098.5687231 Hartrees
Imaginary Frequencies: 1 (-164.98 cm™)
Zero-point correction = 0.479750 (Hartree/Particle)
Thermal correction = 0.427048 Hartrees

Coordinates from last standard orientation:

OO P P ORF NRPFE P OO O

(Angstroms)

.327124
.943559
.078020
.940785
.669826
.464197
.210226
.049487
.067013
.813147
.454054
.559508
.550856
.393858
.745730
.086441
.255181
.686618
.375545
.839224
.718059
.049153
.341265
.165986
.026104
.664007
.356713
.274493
.490428

Center Atomic Atomic Coordinates
Number Number Type X Y
1 6 0 -4.897851 -0.652235
2 6 0 -5.462079 -0.7694438
3 6 0 -4.679306 -0.549080
4 6 0 -3.334431 -0.215679
5 6 0 -2.768345 -0.074846
6 6 0 -3.557252 -0.297220
7 1 0 -5.500715 -0.839497
8 1 0 -6.508726 -1.037829
9 1 0 -5.116620 -0.644120
10 1 0 -2.707247 -0.058358
11 1 0 -3.115226 -0.211828
12 6 0 -1.303797 0.237227
13 6 0 -0.829323 1.054236
14 8 0 -0.527853 -0.240429
15 6 0 0.488582 1.273245
16 6 0 1.193787 2.333905
17 6 0 -1.615120 2.159332
18 6 0 -1.063105 3.493345
19 1 0 -1.329633 3.524984
20 6 0 0.470953 3.660793
21 1 0 0.695861 4.276855
22 1 0 -2.686688 2.095648
23 1 0 -1.474687 2.116268
24 1 0 -1.564399 4.341440
25 1 0 0.878607 4.194116
26 1 0 2.112204 2.326677
27 6 0 -0.252485 -2.52449¢6
28 6 0 0.826404 -2.463421
29 6 0 1.830424 -1.346548
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-0.

.636011
.839843
.742053
.186176
.264708
. 747612
.523840
.788183
.937850
.899523
.279157
.701221
.202480
.892454
.805402
687232
.869408
.443158
.398476
.077429
.699149
.315119
.527436
.970769
.198722
.458394

HF (M062X/6-31+G(d,p)) = -1098.689286 Hartrees

Imaginary Frequencies: none found

Zero-point correction = 0.485730 (Hartree/Particle)

Thermal correction = 0.435890 Hartrees

Coordinates from last standard orientation:

Center

Atomic

Atomic

1.808029 -0.595127
0.959808 -0.937574
0.358215 -2.339045
0.992783 -1.732590
1.399282 -3.401902
1.567570 -0.844194
0.394882 -2.482251
2.584935 0.147027
0.139804 -0.209962
1.140687 -3.093445
0.781991 -3.479579
0.348989 -2.370032
4.083185 -0.556540
2.537684 -1.280925
4.084033 0.843166
4.881598 -1.135080
4.287115 -0.532603
2.557880 0.143127
3.303899 -1.882819
1.560430 -1.723153
5.066451 1.310600
3.326055 1.470876
2.417886 0.138298
1.748739 0.717294
3.812946 0.769878
2.831057 -1.256225
Coordinates

494

(Angstroms)
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.469847
.729244
.167251
.631782
.323576
.964921
.929355
.479757
.997477
.256689
.319332
.703970
.786460
.526608
.392599
.810657
.686338
.742150
.262519
.928821
.580290
.397597
.106221
.020526
.416362
.624434
.330098
.468339
.034651
.949654
.802165
.055462
.254744
.181113
.841174
.203079
.717782
.235736
.057702
.957632
.294744
.770836
.927398
.759807
.485934
.120910
.941686
.554506
.094174
.773540
.139500
.624469
.263671
.253589
.417858
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.388207
.147253
.429996
.032852
.760478
.053959
.704347
.332235
.310868
.108557
.142540
.524944
.483127
.655079
.388347
.265824
.790207
.597358
.047857
.070045
.871224
176191
.359670
.505554
.836884
.153002
.975605
.386404
.140325
.979500
.214976
.509214
-0.
.594010
.084165
.495939
.072357
.810647
.059084
.910115
.150448
.063568
.501301
.593755
.656084
.029963
.979198
.185760
.533865
.624915
.930930
.022518
.355045
.916691
.125674

417362

.459037
.156119
.925926
.847076
.169319
.362469
.306577
.508605
.209995
.551514
.293536
.723915
.062740
.046456
.665547
.003463

2.082594
4.286878

.506385
.072241
.870611
.188518
.004920
.401639
.984193
.955081
.421532
.329079
.227604
.919051
.369582

0.242602

.113164
.521084
.789879
.086138
.705085
.308752
.242709
.289064
.210029
.878127
.387981
.305929
.277604
-0.
-1.

0.

0.
-2.
-2.
-1.
-2.
.370680
.339277

914636
830804
211238
001374
712021
929342
896902
433255
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Transition state of Allene 5.45a [2+2] dimerization

HF (M062X/6-31+G(d,p)) = -1155.0522239 Hartrees
Imaginary Frequencies: 1 (-171.76 cm)
Zero-point correction = 0.429073 (Hartree/Particle)
Thermal correction = 0.373502 Hartrees

Coordinates from last standard orientation:

(Angstroms)

.571462
.645148
.379390
.476337
.433949
.462750
.379388
.725530
.099329
.263759
.190778
.233514
.533379
.233256
.700599
.369832
.271210
.179462
.936899
.746189
.000168
.521822
.138379
.668128
.645453
.058658
.149636
.163357
.016192
.203016
.226464
.953089

Center Atomic Atomic Coordinates
Number Number Type X Y
1 6 0 3.395960 -1.660030
2 6 0 4.296028 -2.185334
3 6 0 4.794946 -1.378091
4 6 0 4.390702 -0.050691
5 6 0 3.463642 0.473396
6 6 0 2.970267 -0.336782
7 1 0 3.021904 -2.281007
8 1 0 4.615391 -3.219846
9 1 0 5.498426 -1.783981
10 1 0 4.773062 0.591577
11 1 0 2.274086 0.065955
12 6 0 3.034760 1.893473
13 6 0 1.630403 2.263509
14 8 0 3.807596 2.719836
15 6 0 0.630537 1.414817
16 6 0 -0.658648 1.345044
17 6 0 1.135684 3.692335
18 6 0 -0.348177 3.721193
19 1 0 -0.471550 4.502029
20 6 0 -0.880173 2.378069
21 1 0 -1.940281 2.456604
22 1 0 1.793281 4.066475
23 1 0 1.284396 4.342238
24 1 0 -0.983191 3.998918
25 1 0 -0.327579 2.088470
26 1 0 -1.461042 1.098888
27 6 0 -4.410695 0.992655
28 6 0 -5.361700 1.253238
29 6 0 -5.364146 0.506517
30 6 0 -4.419864 -0.499030
31 6 0 -3.449399 -0.749854
32 6 0 -3.449152 0.001471
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.074184
.315773
.784415
.106659
.725050
477475
.082695
.066503
.554867
.374233
.151105

1.309478

NN

oW e

1.
0.
-0.
-1.
-0.
1.
2.
0.
-1.

.844197
.046586
.014750
.592101
.756557
.332480
.106353
.463351

(Angstroms)

316908
280524
968292
172251
141620
102665
289612
444138
775455

33 1 0 -4.415964 1.562091
34 1 0 -6.103258 2.031277
35 1 0 -6.105360 0.703196
36 1 0 -4.420798 -1.100695
37 1 0 -2.711122  -0.196637
38 6 0 -2.478130 -1.868627
39 6 0 -1.081608  -1.729342
40 8 0 -2.874857 -2.876761
41 6 0 -0.494018 -0.692371
42 6 0 0.553183 -0.663300
43 6 0 -0.124099 -2.908765
44 6 0 0.293975 -3.203693
45 1 0 -0.597494  -3.548683
46 6 0 0.898511 -1.979961
47 1 0 1.995645 -2.023292
48 1 0 -0.619721 -3.776735
49 1 0 0.755327 -2.662889
50 1 0 1.018911  -4.024547
51 1 0 0.622211  -1.994596
52 1 0 1.230088 0.181535
HF (M062X/6-31+G(d,p)) = -1155.1972599 Hartrees
Imaginary Frequencies: none found
Zero-point correction = 0.435416 (Hartree/Particle)
Thermal correction = 0.380774 Hartrees
Coordinates from last standard orientation:
Center Atomic Atomic Coordinates
Number Number Type X Y
1 6 0 -4.793701 -0.978148
2 6 0 -5.639195 -1.3700109
3 6 0 -5.552292  -0.748819
4 6 0 -4.630983 0.273084
5 6 0 -3.763067 0.652616
6 6 0 -3.843417 0.020032
7 1 0 -4.866812 -1.454387
8 1 0 -6.369518 -2.156395
9 1 0 -6.209874 -1.055502
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10 1 0 -4.568010
11 1 0 -3.174521
12 6 0 -2.831228
13 6 0 -1.481710
14 8 0 -3.187283
15 6 0 -0.762071
16 6 0 0.735409
17 6 0 -0.835499
18 6 0 0.615963
19 1 0 1.103764
20 6 0 1.407205
21 1 0 2.458334
22 1 0 -0.876973
23 1 0 -1.437285
24 1 0 0.628933
25 1 0 1.369809
26 1 0 0.965975
27 6 0 4.567847
28 6 0 5.529628
29 6 0 5.623954
30 6 0 4.764841
31 6 0 3.781328
32 6 0 3.682412
33 1 0 4.499558
34 1 0 6.208683
35 1 0 6.372529
36 1 0 4.840320
37 1 0 2.921566
38 6 0 2.903522
39 6 0 1.476781
40 8 0 3.356881
41 6 0 0.726236
42 6 0 -0.789636
43 6 0 0.703859
44 6 0 -0.533143
45 1 0 -1.248179
46 6 0 -1.226738
47 1 0 -0.947219
48 1 0 0.362739
49 1 0 1.354277
50 1 0 -0.219183
51 1 0 -2.312985
52 1 0 -1.230535

P ONRPFEF O O OO R REP OMNMMNDWWREREDS_SWWOONREEFE OO

| O e I A
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-1.

.783907
.317592
.800656
.795772
.743638
.671563
.622845
.142959
.046650
.015901
.943642
.955232
.691271
.726137
.838974
.093507
.378513
.289143
.505256
.636469
.453649
.658431
.218438
.959754
.348484
.805741
.150932
.056828
.864968
.755834
.924072
.672751
.727839
.973951
.239992
.837129
962863
.790666
.810606
.851149
.854169
.073690
.764922

| | |
o B O O N

H ONRFEF OO O O o o O

[
o O O -

| | [ | | A T B |
P P O OO O0OO0OO0OO0OO0OORFRRFEEONREO

.128384
.904942
.373856
.249547
.070334
.368608
.634563
.495670
.986026
.846123
.269510
.571705
.453660
.202558
.063615
.817300
.682472
.337119
.350979
.739193
.834346
.140128
.224555
.187884
.431435
.506554
.663272
.982663
.035164
.419404
.381166
.175405
.241149
.867190
.035666
.538016
.571933
.618151
.896536
-0.
.884526
.541844
.24647¢6

876648

Transition state: Nucleophilic attack of Enamine 5.58a on Allene 5.45a
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2.59/1\_

HF (M062X/6-31+G(d,p)) = -1098.5691451 Hartrees
Imaginary Frequencies: 1 (-125.20 cm™)
Zero-point correction = 0.479276 (Hartree/Particle)
Thermal correction = 0.425119 Hartrees

Coordinates from last standard orientation:

-2.
-2.
-1.
-1.
-1.
-2.
-3.
-0.
-0.
0.
-0.
0.
1.
2.
1.
-0.
-0.
3.

(Angstroms)

.420967
.122561
.891853
1.
0.
-0.
-1.
-0.
1.
1.
-0.
0.
-0.
1.
0.
-0.
-1.

120827
560480
210636
007189
049626
317391
734246
624385
876867
144432
998585
148073
426826
657176
200290
400705
256497
844052
922194
126865
161308
594553
489891
517696
459674
199749
396086
159034
324695
037928
887138
051192

Center Atomic Atomic Coordinates
Number Number Type X Y
1 6 0 5.358757 0.412520
2 6 0 5.918507 -0.744193
3 6 0 5.134417 -1.605488
4 6 0 3.793732 -1.306953
5 6 0 3.222445 -0.160474
6 6 0 4.011434 0.699050
7 1 0 5.971200 1.090243
8 1 0 6.966034 -0.971322
9 1 0 5.569971 -2.504016
10 1 0 3.175673 -1.955700
11 1 0 3.577910 1.606380
12 6 0 1.791735 0.163619
13 6 0 0.945058 0.775928
14 8 0 1.352004 -0.097564
15 6 0 -0.064934 1.610395
16 6 0 -0.490076 2.716387
17 6 0 1.173862 0.781516
18 6 0 1.244381 2.246437
19 1 0 2.287583 2.513188
20 6 0 0.635320 3.334294
21 1 0 0.260775 4.176845
22 1 0 2.078410 0.227521
23 1 0 0.332316 0.263080
24 1 0 0.723374 2.284547
25 1 0 1.415948 3.720117
26 1 0 -1.516332 3.058328
27 6 0 -4.608994 1.249075
28 6 0 -3.705385 0.495497
29 6 0 -2.444753 -0.034766
30 6 0 -2.031868 0.467708
31 6 0 -2.754856 1.549868
32 6 0 -3.813942 2.267444
33 1 0 -5.420142 1.730527
34 1 0 -4.275789 -0.335074
35 1 0 -3.230740 1.115764
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.336617
.170661
.018147
.474361
.071498
.432060
.218956
.827186
.943505
.354717
.860789
.580953
.020336
.421014
.250791
.836104
.923636
.415970
.083997
.711381

o NN ON

-1

-1

-2

.975645
.044317
.271676
.853342
.528477
1.
.605534
-1.
-2.
.834824
-0.
-3.
-2.
-1.
-3.
-2.
-3.
.993999
-3.
-0.

148445

917847
910577

924155
208194
141255
479112
428246
702496
950590

797261
983331

.636138
.901395
.533982
.972282
.205083
.301561
.730014
.180016
.408972
.367826
.288159
.485895
.482782
.089559
.321261
.796423
.945114
.171861
.708092
.512632

Intermediate: Nucleophilic attack of Enamine 5.58a on Allene 5.45a

HF (M062X/6-31+G(d,p)) = -1098.630231 Hartrees

Imaginary Frequencies: none found

Zero-point correction = 0.483149 (Hartree/Particle)

Thermal correction = 0.428032 Hartrees

Coordinates from last standard orientation:

Center
Number

Atomic
Number

Atomi
Type

C

(Angstroms)

Coordinates
X Y

.517758 0.294225
.905596 -1.043915
.931264 -2.040201
.580373 -1.696682
.180328 -0.357322
.164506 0.633053
.269255 1.074763

500

.605198
.533057
.451926
.445834
.495337
.581820
.682430
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8 1 0 6.958565

9 1 0 5.225341
10 1 0 2.817469
11 1 0 3.862382
12 6 0 1.702594
13 6 0 1.135321
14 8 0 1.098496
15 6 0 -0.256469
16 6 0 -0.793160
17 6 0 1.874510
18 6 0 1.498996
19 1 0 1.729574
20 6 0 0.004515
21 1 0 -0.189636
22 1 0 2.955250
23 1 0 1.607995
24 1 0 2.086889
25 1 0 -0.316459
26 1 0 -1.843958
27 6 0 -3.742172
28 6 0 -3.814209
29 6 0 -2.479174
30 6 0 -1.179490
31 6 0 -1.305983
32 6 0 -2.642401
33 1 0 -3.532559
34 1 0 -4.411305
35 1 0 -0.463738
36 1 0 -2.673576
37 1 0 -0.687481
38 1 0 -1.195132
39 1 0 -2.785664
40 1 0 -4.724549
41 1 0 -4.332919
42 6 0 -3.660005
43 6 0 -1.247712
44 6 0 -3.754747
45 1 0 -3.527493
46 1 0 -4.563307
47 6 0 -1.445791
48 1 0 -1.107391
49 1 0 -0.375089
50 1 0 -4.599901
51 1 0 -3.906911
52 1 0 -0.582820
53 1 0 -1.527468
54 8 0 -2.591868
55 7 0 -2.466441

-1.
-3.
-2.

1.
-0.

0.
-0.
.207600
.972115
.123094
.512744
.257759
.559904
.018588
.048027
.393686
.766569
.594112
.260570
.198269
.922853
.282749
.857749
.050395
.088630
.061184
.174971
.990878
.944614
.051377
.985447
.184431
.363766
.113846
-1.
-1.
-2.
-1.
-0.
-3.
-1.
-1.
-3.
-2.
-3.
-3.
-3.
-0.

N P D ONEFEF O WNDNOOOMNDNDWNOREDNDDNDWDND-RERFE -

[y

308982
084665
469992
676782
033677
777140
593290

503456
631120
926640
525947
948071
051428
623636
192892
436358
898871
657416
033932
663407
843356

O O O O O O

Wk P WP ONREFE OO O -

| L I A I R I |
O O O OONO OO O

-0.

.546414
.399878
.405777
.633489
.562210
.423636
.549995
.423369
.409584
.704952
.226450
.453591
.544869
.482996
.575908
.490837
.115334
.723413
.339932
.409674
.566985
.266401
.757162
.728888
.459933
.766758
.104417
.425471
.140127
.318394
.168687
.067830
.859718
.379851
.953201
.677214
.410500
.039663
.719685
.160599
.763488
.198737
.875656
.679041
440475
.936282
.722488
.390788

Transition state: Formation of [2+2] adduct with Enamine 5.58a and Allene 5.45a
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HF (M062X/6-31+G(d,p)) = -1098.6150561 Hartrees
Imaginary Frequencies: 1 (-353.13 cm™)
Zero-point correction = 0.482486 (Hartree/Particle)
Thermal correction = 0.431290 Hartrees

Coordinates from last standard orientation:

(Angstroms)

.969695
.415551
.131259
.140597
.411893
.979340
.400257
.414684
.550605
.564671
.428593
.502341
.646875
.608350
.506383
.552333
.037306
.123837
.048852
.962686
.187468
.165439
.199950
.114625
.690663
.438228
.575140
.239056
.268859
.793543
.274991
.736224
.293689

Center Atomic Atomic Coordinates
Number Number Type X Y
1 6 0 -5.507076 0.539199
2 6 0 -5.732996 -0.722098
3 6 0 -4.669169 -1.439406
4 6 0 -3.388032 -0.888788
5 6 0 -3.153725 0.374378
6 6 0 -4.222001 1.076606
7 1 0 -6.332013 1.098945
8 1 0 -6.732790 -1.145595
9 1 0 -4.835840 -2.427046
10 1 0 -2.561602 -1.453334
11 1 0 -4.032526 2.047165
12 6 0 -1.764297 0.957671
13 6 0 -0.908741 0.923530
14 8 0 -1.433787 1.444312
15 6 0 0.451569 1.200265
16 6 0 1.390253 1.156925
17 6 0 -1.397553 0.563718
18 6 0 -0.541291 1.225587
19 1 0 -0.643953 2.315396
20 6 0 0.938472 0.850386
21 1 0 1.060658 -0.218367
22 1 0 -2.446658 0.850341
23 1 0 -1.357092 -0.526906
24 1 0 -0.901244 0.928619
25 1 0 1.552295 1.391176
26 1 0 2.291635 1.752437
27 6 0 4.059234 2.030151
28 6 0 3.755199 0.568557
29 6 0 2.280350 0.188137
30 6 0 1.235447 1.164424
31 6 0 1.740681 2.538571
32 6 0 3.193668 2.508480
33 1 0 3.881448 2.676433
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34 1 0 4.234939
35 1 0 1.067433
36 1 0 3.502313
37 1 0 0.657000
38 1 0 1.660640
39 1 0 3.314775
40 1 0 5.125231
41 1 0 4.204339
42 6 0 2.930270
43 6 0 0.661683
44 6 0 2.804494
45 1 0 2.669309
46 1 0 3.966002
47 6 0 0.629671
48 1 0 0.273053
49 1 0 0.017809
50 1 0 3.414465
51 1 0 3.157966
52 1 0 -0.384962
53 1 0 0.935676
54 8 0 1.471464
55 7 0 2.031946

O N WO wN o

.054465
.881623
.506414
.712835
.260445
.834530
.106736
.292146
.078827
.668228
.481831
.080701
.761784
.085339
.657199
.037512
.172949
.486355
.481575
.083099
.950269
.147588

.00739%6
.064801
.062064
.602031
.453437
.595752
.809185
.718768
.352815
.357427
.221387
.423190
.250854
.907766
.673789
.970112
.363504
.263631
.833481
.964666
.168146
.343932

HF (M062X/6-31+G(d,p)) = -1098.6531182 Hartrees
Imaginary Frequencies: none found

Zero-point correction = 0.484799 (Hartree/Particle)
Thermal correction = 0.434081 Hartrees

Coordinates from last standard orientation:

(Angstroms)

.570168
.133698
.971328
.108764
.390350

Center Atomic Atomic Coordinates
Number Number Type X Y
1 6 0 -5.439982 0.729523
2 6 0 -6.269718 -0.143471
3 6 0 -5.717019 -1.114512
4 6 0 -4.335256 -1.208472
5 6 0 -3.498858 -0.348009
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.620831
.491319
.065707
.791855
.946738
.302628
.437998
.048456
.818432
.651549
.904449
.564137
.005134
.040597
.009037
.033655
.358456
.660586
.566465
.319752
.954060
.288331
.850109
.817441
.120076
.608031
.354191
.714014
.538971
.666260
.393961
.531150
.099527
.900374
.898985
.823734
.939709
.639100
.115201
.239341
.132750
.784118
.009024
.362988
.487422
.788285
.653829
.467999
.199959
.506825

.451038

1.212497

.032000
.519720
.768182
.993865
.584710
.541051
.657298
.294088
.258409
.949252
.981817
.214948
.476214
.207955
.270095
.924384
.910892
.261531
.588922
.329390
.047516
.000910
.890914
.210021
.538498
.541153
.843458
.029831
.797036
.808182
.346884
.410118
.487224
.895876
.526911
.537700
.119781
.532182
.648051
.177450
.404779
.194960
.535933
.072618
.307821
.15987¢6
.357105
.328206

6 6 0 -4.056226
7 1 0 -5.869996
8 1 0 -7.347831
9 1 0 -6.364006
10 1 0 -3.889221
11 1 0 -3.406331
12 6 0 -2.015859
13 6 0 -1.119171
14 8 0 -1.562670
15 6 0 -0.007832
16 6 0 1.117061
17 6 0 -1.371283
18 6 0 -0.384648
19 1 0 -0.665942
20 6 0 1.068657
21 1 0 1.342401
22 1 0 -2.397516
23 1 0 -1.281536
24 1 0 -0.472349
25 1 0 1.757001
26 1 0 1.106563
27 6 0 2.772141
28 6 0 3.210810
29 6 0 2.073045
30 6 0 0.803335
31 6 0 0.555280
32 6 0 1.843887
33 1 0 2.254086
34 1 0 3.899751
35 1 0 -0.167761
36 1 0 1.618059
37 1 0 0.739913
38 1 0 0.087027
39 1 0 2.335620
40 1 0 3.667326
41 1 0 3.768765
42 6 0 3.737680
43 6 0 1.723462
44 6 0 4.456765
45 1 0 3.394218
46 1 0 4.462205
47 6 0 2.495004
48 1 0 1.283546
49 1 0 0.896609
50 1 0 5.247722
51 1 0 4.901794
52 1 0 1.846424
53 1 0 2.878583
54 8 0 3.576010
55 7 0 2.631501
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