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Abbreviations and Definitions

o resol ution factor

ACN acetonitrile

bp boiling point

CDR Chiral Derivatizing Reagent

CMP Chiral Mobile Phase

CPG Controlled-Porous Glass

CSP Chiral Stationary Phase

) chemical shift

DCM dichlormethane

de diastereomer excess

DIBAH diisobutylaluminiumhydride

DMF N,N-dimethylformamide

DMSO dimethylsulfoxide

dr diastereomer resolution

e erythro

EA Elemental Analysis

El Electron Impact

er enantiomer resolution

FID Flame lonization Detector

AG free enthal py difference

g gauche

AH enthalpy difference

HPLC High Performance Liquid Chromatography

HTS High Throughput Screening

IR Infrared spectroscopy

MBE (3aR-(20,,3a 0,4B,7B,7a ar))-Octahydro-7,8,8,trimethyl -4, 7-
methanobenzofuran-2-yl

MHz Megahertz

ml milliliter

mmol millimol

MO Molecular Orbital



mp
MS
NMR
RIFS
AS

THP
TFA
TSMR
ppm
p-TsOH
uv

va

melting point

Mass Spectroscopy

Nuclear Magnetic Resonance Spectroscopy
Reflectometric Interference Spectroscopy
entropy difference

threo

tetrahydropyran

trifluoroacetic acid

Thickness Shear-Mode Resonators

parts per million

p-toluene sulfonic acid

Ultraviolet Visible

Vaine
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Abstract

A multiple approach is desirable to collect an amount of information that is sufficient to
analyze the complex phenomenon “chiral recognition”. In this thesis, factors governing three

different systems have been studied by applying such a multiple approach.

In chapter 1, an intriguing new methodology is reported. Here, a weak covalent bond is
formed between a chiral selector of the acetal type and suitable nucleophiles. Multiple sets of
racemic nucleophiles have been used to form an acetal, and the selector has been attached to a
multitude of solid supports. Usually, a nonpolar, nonprotic solvent and acid catalysis are
favourable conditions. A controlled release of the analyte by lowering the pH allows to

effectively separate the enantiomers.

In chapter 2, the multiple approach is applied to a complete search through all possible local
minima of a medium sized organic molecule, i.e., N-trifluoroactyl-L-phenylalanine 3'-pentyl
ester S-24. The concept of chirality enhancement through preferential induction of particular
chiral conformations of the flexible 3’-pentyl ester group was scrutinized in an extended
search of 4224 permutations of 8 essential single bonds, 2083 of which were found to exist
within the limits of the MM2 method applied. Boltzmann analysis at 300 K reveals a uniform
twist in the intrinsically prochiral 3’-pentyl group, where g conformations with anti-

clockwise orientation of two crucial dipoles are preferred.

In chapter 3, heterocyclic oxiranes are presented that have been varied systematically for the
first time, and isolated as pure racemic compounds. These synthons do not only bear a
potential for finding new drug candidates by combining this set of 14 reactive compounds
with well known and extended sets of classical nucleophilic pharmacophores, but they have
also served as a test set for the systematic study of chiral recognition phenomena with a series
of 5 structurally related chiral HPLC phases of the DAICEL type. It has turned out that the
main rule established to predict enantiomer separation in this family of chiral phases is indeed
valid, namely, each of the 11 compounds bearing an aromatic or containing heterocyclic ring
could be separated into the enantiomers, while no separation was found for any of the 3

simple (hetero-) aliphatic systems that did not contain such an additional & system.

In conclusion, the multiple approach has proven necessary and valid to establish rules and

guidelines for further progress in discovery of chiral recognition phenomena.






Part 1. Diastereoselective Synthesis and Enantiomer Separation
through Adduct Formation of Camphorlactol and its
Derivates

1.1. Introduction

Stereochemistry (from the Greek ‘ stereos’, meaning solid) refers to chemistry in three dimensions.
It was not until 1874 that van't Hoff in Utrecht, the Netherlands and Le Bel (1874) in Paris,
France independently and almost simultaneously proposed the case for enantiomerism in
substance of the type Cancq: the four substituents are arranged tetrahedrally around the central
carbon atom to which they are linked. The four linkages to a carbon atom point towards the center
of aregular tetrahedron (Figurel-1); thus, two nonsuperposable arrangements (enantiomers) are
possible.

Figure 1-1: Tetrahedral carbon

The model corresponding to a given enantiomer (e.g., Figure 1-1 A), as well as the molecule that
it represents, is called “chiral” (meaning hand, Greek ‘cheir’), because, like hands, the molecules

are not superposable with their mirror images [1].

A stereoselective synthesis involves introduction of a stereogenic center into a molecule in such a
way that one stereoisomer of the product is predominantly formed. The synthesis may be either
enantioselective or diastereoselective. Diastereoselective synthesis may either start from a single
enantiomer or start from a racemate; indeed, any excess of one enantiomer over the other may be
possible between these extremes. In any case, the introduction of a new stereogenic center into a
chiral substrate isthe crucial step [2].



Typicaly, the reaction of an achiral precursor with a chiral reagent (or in the presence of a chiral

auxiliary, called a chira adjuvant) will give a chiral reaction product.

Conformational analyses are fundamental to a proper understanding of the structure and reactivity
of organic compounds. The introduction of a single oxygen atom into a carbon chain or ring has
only a minor effect on its conformation. Hence, the conformational properties of the
tetrahydropyran ring resemble those of cyclohexane, asthe chair formis preferred.

The chair form preferred by a substituted cyclohexane is generally the one with the higher number
of equatorial substituents, thus minimizing the number of gauche interactions and non-bonded
repulsions between axial substituents. On the other hand, tetrahydropyran is known for preferring
el ectronegative substituents (e.g., “OH) close to the ring oxygen to be axially oriented (see Figure
1-2); thisis called the anomeric effect [3]. The reason for the anomeric effect is the stability of the
electronic interaction between the ¢* orbital of the axialy oriented C-OH group and the electron

lone pair of the ring oxygen atom.

Figure 1-2: The axia position of an electronegative substituent is preferred in the THP system

If there are severa substituents, the steric effect is predominant, such as in B-D-Glucose [3]. As
depicted in Figure 1-3, the rigid structure (1R,4R)-(+)-camphor may be fused to a furanol ring.
Through this, a steric fixation is achieved, similar in effect to the steric preference for hydroxy
substituents in carbohydrate compounds. Therefore, a racemic alcohol can only approach from one
side in an electrophilic attack [4], [5], [6]. Through the chiral surroundings of the reaction centre,
the preference for one enantiomer of the nucleophile is mediated.
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Figure 1-3: Structures of (1R,4R)-(+)-camphor (1), exo-lactol (2) and a-L-glucose (3)

The enantiomerically pure lactol (2) is a very versatile anomer-selective protective group and
chiral auxiliary; it was used for establishing or enhancing the enantiomeric purity of acohals,

thiols, acids and amines [4] (see Figure 1-4).

+ ROH / RSH
>
o or RNH2 «— o
OH or RCOO XR

2 4 5+6

Figure 1-4: Chiral lactols (2) are used to separate various racemic compounds (4) by forming
diastereomers (5) and (6)

Auxiliaries like camphorlactol react with the enantiomers of alcohols to form diastereomeric
compounds or at least adducts which may be distinguished due to their different chemical and
physical properties. A useful and versatile class of chiral alcohols is based on the b-pl-H type [7],
where “pl” isan aromatic or n-system group, “b” denotes a more or less bulky aliphatic group, and

H means hydrogen.



thermodynamic control

+
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kinetic control

Figure 1-5: Thermodynamic and kinetic control in the enantiomer separation of a b-pl-H type
anayte

In Figure 1-5, the reaction of lactol (2a) and its condensation product (2b) (R=MBE), respectively,
with a racemic alcohol is shown. The term *A-form’ is used to describe a clockwise arrangement
of the substitutes b, pl, H, while in the ‘B-form’ the substitutes b, pl, H are arranged in an anti-
clockwise manner. The lactol (2), as depicted, can react with a racemic alcohol under either
thermodynamic or kinetic control; thus, the enantiomer selectivity may be triggered by suitable

reaction conditions.

Since enantiomeric drugs, such as (+)- and (-)-sotalol [8], [44] frequently differ in their
pharmacodynamic effect, and in many other cases exhibit differences in their pharmacokinetic
parameters, there is an ongoing interest in the synthesis and investigation of enantiomers of
pharmacologically active compounds. Thus, the chirality of drugs is generally an important issue
from pharmacological, toxicological and regulatory points of view, and the development of
methods to determine their optical purity is likewise important. Enantiomer separations by



chromatography may be performed after derivatization with optically pure reagents to
diastereomers[9], [10], or by the direct separation on chiral stationary phases (CSPs) [11].

The usage of chiral stationary phases (CSPs), chiral mobile phases (CMPs), and pre-column chiral
derivatization (also called the indirect resolution mode) are the three major techniques that have
frequently been applied to the separation of chiral acohols by HPLC [12]. In recent years,
considerable attention has been directed to the study of the application of CSP and CMP systems,
respectively. However, the indirect resolution mode is still of great importance, especialy for the
biomedical analysis of alcohol drugs, because it has severa advantages over the CSP and CMP
methods:

(a) Better detectability of alcohols after derivatization.

(b) Employment of conventional LC systems.

(c) Prevention of certain hydroxyl groups from decomposition during chromatography and

detection of alcohol drugs.

Lactol 2 reacts with the enantiomers of a given alcohol, thus separation of the diastereomers with
HPLC is possible. The main purpose in the current study was to optimize the selectivity and the
depletion of enantiomers. The impact of the amounts of solvents and various catalysts on the
kinetic behaviour of the enantiomers of a triazol, a cyanohydrin and a simple carbinol was of
particular interest. Derivatives of the lactol, including sulfochlorides, were also used to investigate
and optimize the selectivity and the preferential depletion of one enantiomer during the course of
the reaction.

1.2. Fundamentals

1.2.1. General

Chiral alcohols and their derivatives are ubiquitous, with numerous examples occurring as natural
products, as well as in intermediates for the synthesis of other chiral molecules. Chiral alcohols,
being found in a variety of biogenic compounds and drugs such as the terpenoid family, steroids
and insect pheromones, are often of great significance in the field of biomedical research.
Therefore, the development of techniques for effective separation, sensitive detection and accurate
determination of chiral acohols is pressingly required in many areas of biomedical research on



these compounds.

The selectivity of diastereomer formation depends on the structure of the chiral moiety of the
CDR and on the type of chemical bond formed in the reaction. The aims to instruct the application
of a particular chiral reagent and the technical approach to be used should be beneficia to the
development of an indirect resolution method for enantiomeric acohols as well as to the
biomedical investigation of the differences between the antipodes of chiral alcohols[12].

Approximately fifty chiral derivatization reagents have been developed thus far. Based on their
functional groups, reaction conditions, resolution systems and applications along with the
corresponding references, seven types of chiral compounds are discerned: acids, activated acids,
chloroformates, isocyanates, carbonyl nitriles, oxazolidin-2-ones and lactones [12]; these reagents

react with alcohols to form diastereomeric esters, carbamates and carbonates.

The chiral lactol (2) was introduced by Noe et al. in 1982 [13]. The diastereoselectivity for the

derivatives formed from this lactol and racemic alcoholsis exceptionally high.

Underivatized camphorlactol (2) reacts with a variety of substances, rendering it a valuable tool
for the enantiopure hydroxyl protection [13], for the separation of racemic alcohols, and for the
determination of enantiomeric purity and the absolute configuration of secondary alcohols [14].
The thermodynamically controlled preferential formation of one diastereoisomer can be explained
by a simple conformational analysis of the two possible structures by considering steric and
stereoelectronic effects for bulky and planar substituents, respectively. It has been described in
detail elsewhere [15], [16] (see also Figure 1-5), and is supported by the anomeric effect (see aso
Figure 1-2).

The analysis of the diastereoselectivity under thermodynamic control, the influence of the
stereoel ectronic effect as compared to the steric hindrance, and last not least the effect of different
solvents, are of particular interest. The focus of our work was aimed at studying the
enantioselectivity in the reaction of enantiopure lactol with an excess of racemic alcohols of the b-

pl-H type under thermodynamic conditions.



1.2.2. Reversible Adduct Formation with Immobilized Camphorlactol (2)

As stated above, camphorlactol (2) and its derivates are useful tools for enantiomer resolution, and
they alow the determination of the absolute configuration and enantiomeric purity of alcohols,
cyanohydrins, thiols, acids and amines [17]. Immobilization on a solid support i.e., polymers,
kieselgel, glass, quarz and membranes, respectively, is supported to facilitate the separation of

enantiomers. This principle is the subject of the following part of thisthesis.

The possible positions for attachment of suitable anchor groups on camphor (1), camphorlacton

(11) and camphorlactol (2) are shown in Figure 1-6.

1 11 2

Figure 1-6. The possible positions for derivatization of the target structure

The most convenient position for binding camphorlacton (11) and camphorlactol (2) to a polymer
and kieselgel support, respectiviely, is the 7-methyl group. The purpose of this work is to

investigate the synthesis of such derivatives.



1.3. Enantiomer Separation through Adduct Formation with Camphorlactol

1.3.1. Distribution of Enantiomers between Two Liquid Phases

As stated above, enantiomeric drugs exhibit characteristic differences in their pharmacodymic and
pharamacokinetic parameters. Distribution of the two enantiomers in a racemate between two
liquid phases offers on out of the many possibilties to obtain the pure enantiomeric forms [17],
[18], [19]. For an example of medical interest, racemic INN proxyphyllin (12) was reacted with
the chiral lactol (2) (see Figure 1-7)

ho. & </N| Y p-TSOH

Figure 1-7: Diastereomer formation with racemic drug INN proxyphllin (12)

In analogy to the literature [20], lactol (2) and racemic proxyphyllin (12) (molar ration 1:1) were
stirred in dried dichloromethane with p-toluene sulfonic acid (p-TsOH) at room temperature for
two hours. After passing a chromatography column filled with triethylamine-impregnated
kieselgel, with ethyl acetate as the mobile phase, evaporation of the solvent afforded white
crystals.
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Figure 1-8: Three test compounds from an unpublished screening study
(*Old nubering as in an unpublished study)

The modified camphorlactol selector reacted in an enantioselective manner with the analyte to
form aweak colvalent bond. The two diastereomers 13 and 14 are formed in aratio of 10:7, and
the two diastereomers formed with carbinol (16) (see Figure 1-8) and 2 are 73:27, the two
diastereomers of cyanohydrin (15) (see Figure 1-8) with 2 are 3:2.

We have shown that the native lactol (2) is suitable for forming adduct with a large range of chiral
molecules; it is not only successful in the transformation with carbinol (16) and cyanhydrin (15) of
the b-pl-H type, but also with previousy unpromising basic compounds, as the triazole (17) was

reacted with good success.

The crucia steps in extractive enantiomer separation (see Figure 1-9) include the formation of
adduct, in two diastereomeric forms, the separation of the adduct from unreacted analyte part,
separation of the adduct diastereomers by distribution in a Craig apparatus, splitting off the

analyte, and recycling the lactol (2) auxiliary.
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Figure 1-9: Extractive enantiomeric separation with camphorlactol (2), e.g., for cyanhydrin (15)
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1.3.2. Reactivity and Selectivity of Acetal Formation Studied by HPLC

The following study on the reactivity and selectivity of acetal formation was carried out in
microscale. The characterization of the reaction product was performed with HPLC on severa
chiral Daicel phases (see Table 1-1).

Tabelle1-1: Stationary Phase for HPLC (Daicel-Phase)
Name Structure
. Cellulose tris(3,5-dimethyl phenyl
- OR
Chiral OD-H carbamate) on a5 um silica-gel substrate
o)
o CH,
RO x o '}'Q
OR n R: —C-N
S seagel ot
OR Amylose tris(3,5-dimethyl phenyl
Chira AD carbamate) coated on a 10 um silica-gel
O substrate
RO CH
3
ORy7n @ '.*Q
R: —C-N
CH,
OR Amylose trig[ (S)-o-methyl benzyl
Chiral AS carbamate] coated on a 10 um silica-gel
0 substrate
RO
O H cH
R ) r AL
OR Cellulose tris(3,5-dimethyl phenyl
Chira OD carbamate) on a10 um silica-gel substrate
o)
o CH,
RO x o '}'Q
OR n R: —C-N
w CH,

11




Name Structure

OR Cedlulose tris(4-methylphenyl carbamate)
Chira OG on a10 um silica-gel substrate

o 0 K
RO ~ R: —C—NOCH3
OR n

OR Cdlulose tris(4-methylbenzoate) on a

Chiral OJ 10 um silica-gel substrate
o)

0 0
RO N R: —C CH,
OR n
w

The conversion of substances Nr.01* to Nr.07* and Nr.20* to Nr.24* (structures were shown in

Table 1-2, * old numbers as in an unpublished studies) with camphorlactol (2) was performed in
each case at mole ratio of racemic analyte to lactol 2:1.

12




Table 1-2: Structures of reactants that form acetals with 2 in an enanti osel ective manner

(*Old numbers asin two previous unpublished studies)

0 N—O N=O
on \ | \
‘ OHN OHN
= - -
NZ o N7\ NTN\
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H OH N =
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OH F |
N
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16 (Nr. 07*, 5%) 17 (Nr. 08*, 13¥) (Nr. 18*, 7%)
phenyl-tert-butylcarbinol INN proxyphyllin
OH
O O e
O
7N oH '\fL"\I,> OH
N _J N
(Nr. 20*, 14%) (Nr. 21*, 15%) (Nr. 22*, 16%)
H
(Nr. 23,* 17%) (Nr. 24*, 18%)
phenyl-cyclo-butylcarbinol phenyl-cyclo-pentylcarbinol
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TFA as catalyst was added at 0.1 mole %, and CDCl3 served as a solvent in this reaction. For
substance 16, 'Bu-OMe was also added, and acetonitrile was used as a solvent, again with 0.1
mole % TFA as a catalyst. All reactions were carried out in 1 ml reactive viads a room

temperature for 5 hours.

After reaction, the solvent was blown off by N, gas, then two portions of 30 ul absolute toluene
were added and evaporated each to completely remove the catalyst TFA. The residue was
dissolved in CDCl;3 for recording the NMR spectrum. From this solution, 5 ul was pipetted and
dried by blowing off with N gas, the residue was dissolved in 500 pl of a mixture of n-heptane /
ethanol (9:1, v/v) and analyzed by HPLC. The analysis results and separation conditions are
shown in Table 1-3.

Table 1-3: Separation condition and enantioselectivity of product-acetal by HPLC
(* Old numbers as in two previous unpublished studies,

** reaction series and names altered, cf. unpublished screening study)

Reaction series | Separation conditions File name

Bay06-1** 90/10 heptane/EtOH (1% diethylamine) 0.2 ml/min OD-H B-6-1b1**
(Nr.01*, 6%) not well separated, five products (including some impurities)

more conditions:

[98/2 heptane/EtOH 0.2]; [90/10 heptane/iso-propanol 0.2];

[60/40 heptane/EtOH 0.2]; [30/70 heptane/EtOH 0.4 AD];

[gradient step 100/0-60/40(25-27)-0/100(30-31)-100/0(35-45)]

Bay06-2** 90/10 heptane/EtOH 0.4 mi/min OD-H B-6-2**
(Nr.02*, 8*) only one product by different conditions

more conditions:

[70/30 heptane/2-propanol 0.2]; [80/20 heptane/EtOH 0.4, 0.2];

[gradient step 100/0-60/40(25-27)-0/100(30-31)-100/0(35-45)]

Bay06-3** 98/2 heptane/EtOH 0.2 mI/min OD-H B-6-3**
(Nr.03*, 9%) only one product by different conditions

more conditions:

[90/10 heptane/iso-propanol 0.4]; [60/40 heptane/EtOH 0.2]

14




Reaction series | Separation condition File name
Bay06-4** 98/2 heptane/EtOH (1% diethylamine) 0.2 ml/min OD-H B-6-4b**
(Nr.04*, 10*) | no reaction, reactant: o=1.344; Rs=1.015 ratio=~1:1.27

more conditions:

[90/10 heptane/iso-propanol 0.4];

[gradient step 100/0-60/40(25-27)-0/100(30-31)-100/0(35-45)]
Bay06-5** 90/10 heptane/EtOH 0.4 mi/min OD-H B-6-5a**
(Nr.05*, 11*) | only one main product, by gradient step two products visible

more conditions:

[80/20 heptane/EtOH 0.4, 0.2]; [60/40 heptane/EtOH 0.2]

[gradient step 100/0-60/40(25-27)-0/100(30-31)-100/0(35-45)]
Bay06-6** 98/2 heptane/EtOH 0.2 ml/min OD-H B-6-6**
(Nr.06*, 12*) | two products, diastereomers o=1.123; Rs=0.898 ratio= 1.1

reactant, enantiomers =1.249; Rs=1.080 ratio=1:1

more conditions:

[90/10 heptane/iso-propanol 0.4]
Bay06-7** 90/10 heptane/EtOH 0.4 ml/min OD-H B-6-7b**
(Nr.07*, 5%) mainly one product, small amounts of second product

more conditions:

[95/5 heptane/EtOH 0.2]; [60/40 Heptane/EtOH 0.2]
Bay06-8** 90/10 heptane/EtOH 0.2 ml/min OD-H B-6-7c**
(Nr.08*, 13*) | mainly one product, small amounts of second product

more conditions:

[95/5 heptane/EtOH 0.2]; [60/40 heptane/EtOH 0.2]
Bay06-18** 90/10 heptane/EtOH 0.4 mi/min OD-H B-6-18**
(Nr.18*, 7*)  |two products 0=6.589; Rs=4.671 ratio~ 1.1

Nr. 18 achird
Bay06-19** 90/10 heptane/EtOH 0.4 mi/min OD-H B-6-19**
(Nr.19%) two products ¢=1.286; Rs=0.787 ratio=1.5:1

Nr. 19 achira

15




Reaction series

Separation condition File name

Bay06-20**
(Nr.20%, 14%)

90/10 heptane/EtOH 0.4 ml/min OD-H B-6-20**

two products, diastereomers. ¢=1.258; Rs=1.139 ratio=1:1 (small amount)
reactant, enantiomers. 0=2.247; Rs=2.690 ratio=1:1

more conditions:

[60/40 heptane/EtOH 0.2]

Bay06-21**
(Nr.21*, 15%)

98/2 heptane/EtOH 0.2 mI/min OD-H B-06-21**
two products, diastereomers 0=3.736; Rs=4.029 ratio= 1:2

more conditions:

[90/10heptane/EtOH(1%dietnylamine) 0.4 0=1.294; Rs=0.495 ratio = 1.1];
[90/10 heptane/iso-propanal 0.4]; [80/20 heptane/EtOH 0.2];

[gradient step 100/0-60/40(25-27)-0/100(30-31)-100/0(35-45)]

Bay06-22**
(Nr.22*, 16*)

noUV absorbance

Bay06-CBu**
(Nr.23*, 17*)

98/2 heptane/EtOH 0.2 ml/min OD-H B-6-CBu**

two products, diastereomers o=1.500; Rs=0.988 ratio = 1:3 (small amount)
reactant, enantiomers =1.068; Rs=0.238 ratio=1:1,5

more conditions:

[98/2heptane/ EtOH(1%dietnylamine) ]; 0.2]; [90/10 heptane/EtOH 0.2];

[95/5 heptane/EtOH 0.2]

Bay06-CPn**
(Nr.24*, 18%)

98/2 heptane/EtOH 0.2 ml/min OD-H B-6-CPnd**
one product cannot be separated with reactant Rt=4.834

more conditions:

[90/10heptane/EtOH 0.4; 0.2]; [90/10 heptane/iso-propanol 0.4];

[95/5 heptane/EtOH 0.2]
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1.3.3. Influence of Structure, Solvent, Catalyst and Reaction Time on the
Reactivity and Diaster eoselectivity of Acetal For mation

In this section, the optimization of the yield and selectivity of the acetal formation is described, in
particular studying the influence of reaction parameters like reactant structure, solvent, catalyst
and reaction time. The following anaytes were chosen: cyanhydrin (15) (Nr.01*), triazol (17)
(Nr.08*), carbinol (16) (Nr.07*), “CPN” (Nr.24*) and “CBU” (Nr.23*); they were al conversed

into acetal with camphorlactol (2).

First, the influence of the molecular structure of analytes on the conversion result with
camphorlactol (2) were studied for three carbinols (Nr.07*, Nr.23* and Nr24*); these substrates
are al of the b-pl-H type, where the substituents are b = “bulky” (akyl), pl = “planar” (aryl,
carbonyl, mt-system) and H (hydrogen).

Conditions;  Solvent: CH.Cl,
Temperature: 293K
Reaction time: 5 hours
Catalyst: TFA
Moleratio: NRreactant / Niactol = 2:1

Nrra / Nreactant = 5-10™:1 (acc. to R. Schlunk [unpublished])

17



3.5

5
= 3.2
©
£ O, 629 [ oH | ]
S OH
T 25 ae
(]
(@]
©
‘s 204 ]
S
(@)
e 1.5 -
*§ oh 14
ST RICE ¢ | G
: o — Ao
5 OH O, H
(] ]
% 0.5
s
0.0
Nr.24* Nr.23* Nr.07*
Substrate

Figure 1-10: Influence of different substituents b of the carbinols on the diastereoselectivity (dr),
as determined by HPLC on a Daicel Chiralcel OD-H column (mobile phase: 90/10 n-heptane /
ethanol (0.1% diethylamine); flow rate: 0.4 ml/min; UV detector 254 nm)

The highest diastereoselectivity (see Figure 1-10) in these b-pl-H-type carbinols was found for
phenyl-tert-butylcarbinol (Nr.07*) with the very rigid and spacious tert-butyl group. The larger but
more flexible cyclopentyl group in phenyl-cyclopentylcarbinol (Nr.24*) produces a much lower
diastereosel ectivity, while the cyclobutyl analogon (Nr.23*) lies in-between.

18



4.0

3.2 OH

1.0 -

Diastereomer ratio dr of acetal formation

0.0

CH2Cl2 CH3CN t-Bu-O-Me
Solvent

Figure 1-11: Influence of the solvent of reaction on the diastereomer ratio (dr) of the acetal
formation, as determined with a Daicel Chiralcel OD-H column (mobile phase: 90/10 n-heptane /
ethanol (0.1% diethylamine); flow rate 0.4 ml/min; UV detector 254 nm)

The influence of different polar solvents on the diastereomer ratio (dr) of the carbinol (16) is
shown in Figure 1-11. It is evident that, the formation of the glycosidic bond is controlled by
dipole interactions via the anomer effect; hence, a solvent of low polarity should be preferred. To
our experience, dichlormethane is one of the best solvents for achieving high

diastereosal ectivities.
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Figure 1-12: Influence of the amount of acid catalyst on the yield of the acetal formation from 17,
as determined by HPLC on a Daicel Chiralcel OD-H column (mobile phase: 90/10 n-heptane /
ethanol (0.1% diethylamine); flow rate 0.4 mi/min; UV detector 254 nm)

The influence of the amount of acid catalyst on the yield of the acetal formation of campherlactol
(2) with reactant triazol (17) is shown in Figure 1-12. Thistriazol type reactant represents a special
challenge in two different respects. On one hand, it is not clearly following the b-pl-H-type, which
may result in a lower diastereoselectivity. On the other hand, triazol is a strong basic group that

may cause trouble in acetal formation.
Indeed, no conversion was observed after addition of 0.1 — 1 mole % acid catalyst (related to the

amount of reactant), but a further increase to higher molar amounts of the catalyst appeared
successful (see Figure 1-12), athough the yields were still low.
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Reaction conditions: Solvent: CH,Cl,

Temperature: 293K
Catalyst: TFA
NRreactant / Niactol: 2:1
Nrra / NReactant: 4.1
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Figure 1-13: Influence of the reaction time on the yield of the acetal formation from triazol (17),
as determined by HPLC on a Daicel Chiralcel OD-H column (mobile phase: 90/10 n-heptane /
ethanol (0.1% diethylamine); flow rate 0.4 ml/min; UV detector 254 nm)

At aratio of catalyst / reactant of 4:1 (400 mole % TFA related to 17), a series of experiments

revealed the influence of the reaction time on the reaction yield. As shown in Figure 1-13, the

chemical yield has an optimum for a reaction time of 5 hours.
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For the acetal formation from camphorlactol (2) and the cyanohydrin (15) as the reactant, the
amount of acid catalyst is also 1 mole % relative to the reactant, similar to the conditions used for

phenyl-tert-butylcarbinol (16).

Reaction conditions: Solvent: CH.Cl,
Temperature: 293K
Catalyst: TFA
NRreactant / Niactol: 2:1
Nrea / NRectant: 1-10%1

The interplay between yield and selectivity for the cyanohydrin (15) as the reactant is puzzling.
The relationship between yield, reaction time and diastereomer excess (de) is shown in Figure 1-
14. At short reaction time, the B-A-form 18, as depicted below (see Figure 1-5), is preferred, but
the yield remains low, while in the long course of the reaction, the selectivity is decreased, and
after 2 — 2.5 hours, thereis a crossover to the B-B form 19 (see Figure 1-14).

0,0-Acetal from R-"Nr.01" B-A-form 0,0-Acetal from S-"Nr.01" B-B-form

18 19
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Figure 1-14: Influence of the reaction time on the yield (——) and de (------ ) of the acetal
formation from cyanhydrin (15), as determined by HPLC on a Daicel Chiralcel OD-H column
(mobile phase, 90/10 n-Heptane / Ethanol (0.1% Diethylamine); flow rate 0.4 ml/min; UV
Detector 254 nm).
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1.3.4. Binding of the Lactol to a Solid Support (Polymer, Silicagel, Glass)

The chiral lactol could be bound to a solid support (polystyrene, silicagel or porous glass,
respectively), see Figure 1-15. To this end, [2S-(20,3a0,,48,7]3,7acr)]-2,2’ -oxy-bis-[ octahydro-8,8-
dimethyl-4,7-methanobenzofuran-7-methanesulfonyl chloride] was reacted with polystyrene resin,
silicagel, and controlled-porous glass (CPG). The materials obtained can be used to separate
enantiomers via suitable nucleophiles, that tend to form adducts in a more or less
diastereosel ective manner. After hydrolysis of the acetal bond, the solid support can be recycled
and reused.

For the conversion of a set of analytes, the selectivities and yields were determined dependent on
the reaction parameters. By suitable choice of the reaction conditions, the selectivity and yield can
be optimized through the variation of the solid support, the anchor group, the coupling conditions,
and also the solvent used for acetal formation. The reaction can be either conducted batch-wise or
by chromatography on a reactive column.

v
v
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© OH Poly-
OH I L Si 50 NH/\/%yrene
SONH-"\""si—0"] :

| e
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A

Figure 1-15: Binding of Noe-lactol via a sulfonamide spacer to silicagel and porous glass,
respectively, to give the reagent 20, and to amino fuctionalized polystyrene, to give the polymeric
reagent 21 (,, PS-lactol®).
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As outlined in Figure 1-16, the lactone 1 was sulfonated at the 7-methyl group and then reacted

with phosphorous pentachloride to give the sulfonyl chloride (22) [18], which after reduction with

isobutylaluminium hydride afforded the lactol (23) [19]. In the following step, the sulfonyl

chloride (23) was coupled to the amino functionalized solid support to give the final reagent (20)
H,C.__CH

H,SO,
O —» —>
Ac ,0
H.,C

O$O
1

OH
l DIBAH

9 Jo
9)7(9 OH ;Si—OH
ol HoC\ O_ _O o H3C\
075 /\/\N O}Si'O"ISK\/\NH
0< H3C - e
g;Si-OH 20 O 5i—OH
Q

Figure 1-16: Synthesis of the sulfonamide bound lactol (20) with silicagel as the solid support
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Figure 1-17: Possible catalysis on the modified silicagel phase

The behaviour of the reagent may be affected either by a shift to lower pH in the solution (weak
acid) or by an acidic silanol group on the surface of the support (see Figure 1-17). This reagent
should be especially suitable for chromatography as it can act as a “chiral sponge” that binds one
enantiomer preferentially from the solution. After hydrolysis of the acetal bond, the analyte is

released into the solution. In this way, the two enantiomers of the analyte are finally separated.
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14. Summary

1.4.1. Separation of Enantiomers by Distribution Between Two Liquid Phases

via Diastereomeric Acetals

The acetals were formed from racemic nucleophiles, in particular alcohols, with the chiral lactol
(2), and also with derivatives of 2. The diastereomers formed were separated by means of a Craig-

apparatus, after splitting the acetal bond, the two enantiomers of the reactant were recovered

separately.

In an early stage of the reaction, the diastereomer ratio (dr) is determined by kinetic contral, in a
later stage by thermodynamic control. Lactols functionalized in 10-position show an increased
enantiomer selectivity, possibly due to steric hindrance. Usually, a nonpolar, nonprotic solvent

(for example CH,Cl,) and acid catalysis are favourable conditions.

However, for water-soluble salts, e.g., of basic drugs, these conditions may not be applicable, due
to their low solubility in an nonpolar solvent. By means of a Craig-apparatus, the diastereomers
formed under thermodynamic control can be separated by distribution between two immiscible
organic phases. Furthermore, the diastereomers formed under kinetic control can be separated
from the reactant, and subsequently hydrolyzed. By these means, both enantiomers of the reactant

arereadily accessible.

The reaction of the two enantiomers with the lactol can be followed by HPLC, alowing to
optimize the selectivity and the depletion of one enantiomer. We have investigated the influence
of solvent and catalyst used for three different substrates, of the type of a triazol, a cyanohydrin
and a more simple carbinol. A sulfonyl chloride of the lactol is also used, and the selectivity and
the depletion of one enantiomer are shown in asimilar fashion.

1.4.2. Binding of the Lactol to a Solid Support (Polymer, Silicagel, Glass)

The chiral lactol could be bound to a solid support (polymer, silicagel, porous glass, respectively)
through a suitable spacer; the modified support should be useful for enantiomer separation. For
now, we have applied this approach to polystyrene (“PS-Lactol”), to silicagel, and aso to
controlled porous glass (CPG, “Bioran”).
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The experiments reported in this thesis show that the selectivity is influenced by the conditions of
the coupling reaction. Residual cosolvents and side products of the coupling, which we attempted
to remove by rinsing the lactol-modified solid support with suitable solvents, may still influence
the selectivity and reactivity. The highest selectivity was obtained in nonpolar solvents, and the

selectivity increases with growing reactant proportion.

The immobilized agent can be compared to a “chiral sponge” or “chiral glue’, asit is supposed to
preferentially bind to one enantiomer of a substrate that can lateron be released “on demand” by
acid catalysis. It seems feasible to have an additional acidic group at the solid support in such a
way that the adduct formed is split easily by catalysis, thus opening up a new route to rapid,
straightforward enantiomer separation.
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1.5. Experimental Section

1.5.1. Instrumentation

1.511HPLC

Spectra Physics SP8800 HPLC Pump, Spectra Physics SP8880 Autosampler, Spectra Physics
Spectra 100 Detector, Spectra Physics Chromjet Integrator, Computer 486DX2, 16MB, Software
PC1000 Version 3.0, Mobile phases: heptane / isopropanol and 0.1 % diethylamine, HPLC-grade
(Merck). Chemical reagent: diethylamine (Fluka) >= 99.7 %. Sample volume: 10l

1.5.1.2 I R-Spectrometer

Perkin-Elmer 281 B. All wave numbersin cm™.

1.5.1.3NMR-Spectrometer

Bruker AC 250 (250 MHz) and Bruker WM 400 (400 MHZz). Chemical shift 6 in ppm (TMS and
TSP, respectively, as standard)

1.5.1.4 Elemental Analysis

C, H, N: Carlo Erba Elemental Analyzer Mod. 1106, Mikroanalytisches Labor der Universitaet
Tuebingen.

1.5.1.5M S-Spectrometer

Double Physical Focus Sector Field-MS (AMD Intectra), and Tri-Stage-Quadrupol-MS TSQ 70
(Finnigan-MAT).

1.5.2. Chemicals

Basic chemicals were purchased from ABCR, Aldrich, Fluka, Merck, and Schuetz & Co.

TLC Plates: Silica gel 60 Fzs4 (E. Merck, Darmstadt). UV detection, staining with Ce(SOs), /
H2804/ (NH4)6M 07024.4H20

LC column filling: Silica gel 60 (0.032-0.063 mm) (E. Merck, Darmstadt); this silica gel was

impregnated with triethylamine and suspended in petrolether (30 - 50 °C) / diethyl ether /
triethylamin (9/ 3/ 7), filtered, and finally dried in vacuo at 50°C.

29



Acetanhydride was purified by addition of dry sodium acetate, refluxing for 5 h, and fractional
distillation.

Acetone was dried over water-free potassium carbonate for 3 h, filtered and distilled.
Acetonitrile was dried over Ca(OH), and stored over 3 A molecular sieve.
Dichloromethane was stirred with water-free CaCl, over night and then distilled.

Diethyl ether was refluxed over sodium in the presence of benzophenone until a blueviolet colour
was persistent, and then distilled.

Toluene was refluxed over sodium in the presence of benzophenone until a blueviolet colour was
persistent, and then distilled.

Triethylamine was refluxed over sodium in the presence of benzophenone until a blueviolet colour
was persistent, and then distilled.

Chloroform was shaken with concentrated sulfuric acid, washed twice with water, then dried over

CaCl, and distilled, finally stored over 4 A molecular sieve.

Tetrahydrofuran was permeated through a basic Al,O3 column to remove peroxides, then it was
refluxed with sodium in the presence of benzophenone under N, gas until the blueviolet colour
persisted, distilled under N, gas, and finally stored over CaH,.
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1.5.3. Syntheses

1.5.3.1[2R-(20,3a0,48,7B,7ac)]-2,3,3a,4,5,6,7,7a-Octahydr o-7,8,8-trimethyl-4,7-methano-
benzofuran-2-ol

According to literature [23], [3aR-(3a0,4B,7B,7a01)]-3a,4,5,6,7, 7a-hexahydro-7,8,8-trimethyl-4,7-
methanobenzofuran-2(3H)-one (3.0 g, 15.8 mMol) was dissolved in abs. toluene (12.6 ml). The
reaction was stirred at -40°C, and a 1 molar solution of diisobutylaluminiumhydride (DIBAH) in
n-hexane (16.9 ml) was added drop by drop at -40 °C. After 3 hours stirring at -40 °C, the reaction
was stirred overnight at room temperature, and then diethyl ether (18 ml) and water (9 ml) were
added at -40 °C, then the dry ice bath (liquid CO,) was removed. At room temperature, 2N NaOH
(about 70 ml) were added to the reaction mixture until the precipitate of Al(OH)3; was dissolved.
The organic phase was separated, and the agqueous phase was extracted twice with diethyl ether,
the combined organic phase was washed with water until pH=7. The organic phase was dried over
NaSO,. The solvent was removed in vacuo as far as possible. The product was dried in high

vacuo.

Yield: 1.8 g (59 %) (partial losses due to accidental breaking of the flask)
Colourlessliquid; [«]2 =-67.7° (c = 0.84 in diethyl ether)

EI-MS: m/e (rel. intensity) = 197 (2), 196 (19), 179 (4), 153 (4), 149 (12), 137 (10), 135 (6), 125
(5), 121 (5), 114 (23), 112 (12), 111 (18), 110 (14), 109 (13), 108 (35), 107 (10), 96 (22), 95
(100), 86 (33), 83 (14), 69 (16), 55 (21), 41 (24)

IR (film): 1/A = 3400 (O-H), 2960/2880 (C-H), 1040/1020 (C-O) cm™*

'H-NMR (CDCl3): & = 0.77/0.89 (25, 9H, 3 CH3), 1.0-2.4 (m, 8H, aliphatic-H), 4.01 (d, 3J= 7.6
Hz, 1H, H-7a), 5.52 (t, 3= 2.1 Hz, 1H, OCHO) ppm

3C-NMR (CDCl3): & = 11.5 (7-CHs3), 20.5 (CH3), 22.9 (CH3), 28.9 (C-5), 32.3 (C-6), 39.2 (C-3),
45.8 (C-34), 47.0 (C-8), 47.6 (C-7), 48.5 (C-4), 91.4 (C-7a), 99.8 (C-2) ppm
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C12H200; (196.29): Calculated C73.43, H 10.27
Found C7442,H 9.35

1.5.3.2[3aR-(3aq, 483, 7B, 7ac)]-8, 8-Dimethyl-octahydr o-2-0x0-4,7-methanobenzofur an-7-yl-
methanesulphonic acid

According to literature [24], concentrated sulphuric acid (26.0 ml, 0.155 Mol) was dripped into
acetanhydride (29.0 ml, 0.309 Mol) under cooling, while the temperature should not exceed 20°C.
Then [3aR-(3a0.,4B,7B,7a0)]-3a,4,5,6,7, 7a-hexahedron-7,8,8-trimethyl -4, 7-methanobenzofuran-
2(3H)-one (30.0 g, 0.155 Moal) was dissolved in the reaction mixture, and it was left to stand at
room temperature for 7 days. The precipitate was filtered off by sucking with a water pump, and
washed with small amounts of dry diethyl ether, affording colourless crystals. The product was
dried in high vacuo.

Yield: 20.1 g (47%)

White crystals (alittle bit brown), mp.: 201°C

EI-MS: m/e (rdl. intensity) = 278 (1), 257 (3), 256 (2), 231 (3), 228 (4), 195 (3), 194 (5), 193 (10)
192 (10), 178 (5), 177 (7), 176 (11), 161 (4), 151 (13), 149 (34), 148 (22), 147 (10), 133 (51), 107
(22), 95 (20), 81 (100), 80 (34), 79 (18), 64 (11), 55 (8), 43 (18)

IR (KBr): 1/A = 2950 (C-H), 1170 (C=0), 1180 (SO,0), 1085/1030 (C-O) cm’™

'H-NMR (DM SO-dg): & = 4.82 (d, 3J = 7,8 Hz, 1H, H-7a), 1.0-3.0 (m, 10H, diphatic-H), 0.81 (s,
6H, 2CHz3) ppm

SO.H

3C-NMR (DM SO-dg): & = 178.6 (C-2), 87.8 (C-7a), 48.0/48.7/48.8 (7-CH,SOsH/C-7/C-8/C-4),
42.1 (C-3a), 34.5 (C-3), 28.0/27.9 (C-5/C-6), 19.9/23.0 (8-CH3) ppm

C12H1805S (274.34): Calculated C52.54, H 6.61, S11.69
Found C51.01, H6.74, S11.57
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1.5.3.3[3aR-(3ac,4B,7B,7ac)]-8,8-Dimethyl-3a,4,5,67,7a-hexahydr 0-2-0x0-4,7-methano-

benzofuran-7-yl-methanesulfonyl chloride

According to literature [24], dry [3aR-(3a0.,4B,7p,7a0)]-8,8-dimethyl-3a,4,5,6,7,7a-hexahydro-2-
0x0-4,7-methanobenzofuran-7-yl-methanesulfonic acid (20.1 g, 73.3 mMol) was stirred with
phosphorous pentachloride (20.1 g, 96.4 mMol) under cooling in an ice bath until liquidified.
After stirring at room temperature for 8 h, ice water was added into the reaction mixture, a
colourless precipitate was formed that was filtered off and washed with ice water until pH = 7, to

afford colourless crystals. The product was dried in high vacuo.
Yield: 17.0 g (79%)
White crystals, mp.: 122°C

EI-MS: m/e (rel. intensity) = 295 (1), 293 (2), 229 (5), 194 (6), 193 (55), 170 (13), 151 (21), 133
(100), 128 (44), 108 (40), 95 (79), 81 (33), 64 (29), 41 (18)

IR (KBr): 1/A = 2950 (C-H), 1770 (C-O), 1370 (SO,), 1170/1040 (C-O) cm™

'H-NMR (CDCl3): & = 4.8-4.9 (d, 3] = 7.6 Hz, 1H, H-7a), 3.71/3.76/4.22/4.27 (AB-system, 2H,
Jag = 13.7 Hz, CH,S0,), 1.1-2.9 (m, 8H, aiphatic-H), 0.97/1.00 (2s, 6H, 2CHs) ppm

SO,Cl

3C.NMR (CDCl): & = 177.8 (C-2), 87.0 (C-74), 65.8 (7-CH,S05), 50.2/50.2 (C-7/C-8), 48.6 (C-
4), 43.0 (C-3a), 34.6 (C-3), 28.4/28.6 (C-5/C-6), 20.4/23.3 (8-CH3) ppm

C12H17ClO4S (292.78): Calculated C 49.23, H 5.85, Cl 12.11, S10.95

Found C 48.01, H 6.10, Cl 12.70, S10.77
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1.5.3.4[2S(20,,3a0,43,7B,7a0)]-2,2’ -Oxy-bis-[ octahydr 0-8,8-dimethyl-4,7-methanobenzofur -

an-7-methanesulfonyl chloride]

According to literature [22], [3aR-(3a0,4B,7B,7a0)]-8,8-dimethyl-3a,4,5,6,7, 7a-hexahydro-2-oxo-
4,7-methanobenzofuran-7-yl-methanesulfonyl chloride (8.64 g, 29.5 mMol) was dissolved in dry
dichloromethane (135 ml) and cooled at -70°C under an atomsphere of N, then 1.0 molar
DIBAH-solution in n-hexane (37 ml, 37 mMol) was dripped slowly under stirring at -70°C for 4 h,
eventually the reaction was stirred overnight at room temperature. Dichloromethane (400 ml) and
2N hydrochloric acid (420 ml) were added to the reaction mixture that was then stirred as far as
possible until the two phases became clear. The two phases were separated, the agueous phase was
extracted twice with dichloromethane, to the combined organic phase toluene (10 ml) was added,
and it was dried over sodium sulfate, filtered and the solvent was evaporated. The product was
dried in high vacuo.

Yield: 7.34 g (87%)

Light yellow crystals, mp. : 145°C

FD-MS: m/e (rel. intensity) = 573 (6), 510 (6), 474 (14); 472 (32), 409 (7), 407 (29), 295 (15), 293
(30), 279 (44), 277 (91), 229 (45), 213 (100), 193 (14)

IR (KBr): /A = 2940 (C-H), 1760 (C-0), 1360 (SO,), 1170/1090 (C-O) cm™

'H-NMR (CDCl3): & = 5.41 (d, 3J = 25 Hz, 1H, H-2), 426 (d, 3J = 7.5 Hz, 1H, H-7a),
3.64/3.69/4.30/4.35 (AB-system, Jag = 13.5 Hz, 2H, CH,S0,), 2.34 (m, 1H, H-3a), 0.9-2.5 (m,
7H, aiphatic-H), 0.87/1.01 (2s, 6H, 2CH3) ppm

SO,Cl

13C.NMR (CDCls): & = 99.7 (d, C-2), 86.5 (d, C-7a), 67.0 (t, CH,S05), 50.5 (s, C-7), 49.6 (s, C-8),
47.6 (d, C-4), 46.4 (d, C-3a), 38.2 (t, C-3), 28.6/28.9 (2t, C-5/C-6), 20.5/23.1 (2d, 2CH3) ppm

Co4H36Cl207S; (571.58): Calculated C50.43, H 6.35, Cl 12.06, S11.22
Found C50.94,H 7.03, Cl 12.00, S10.73
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1.5.3.5[3aS-(3a0.,4B, 70, 7ac)]-N,N-Di(phenylmethyl)-(octahydr o-8,8-dimethyl-2-oxo-4, 7-
methano-benzofuran-7-yl)-methanesulfonamide

2.9 g (10.0 mMal) [3aS-(3a0,4B,7a, 7acr)]-N-[ (octahydro-8,8-dimethyl -2-ox0-4, 7-methano-benzo-
furan-7-yl)methylsulfonyl]-N-(phenylmethyl)-glycine ethylester was added to 6.0 g (30.0 mMoal)
dibenzylamine, then 2.5 equivalents of base were added, and the mixture was stirred overnight.
The colourless precipitate was filtered off, the reaction solvent was removed by silica gel filtration
(solvent: ether), the permeate was washed with H,0O, the organic phase was dried over Na,SO, and

the solvent was evaporated. The residue was recrystallized from n-hexane/toluene.
Yield: 2.2 g (48%)
White crystals, mp.: 115°- 118 °C

EI-MS: m/e (rel. intensity) = 454 (m+1, 0.3), 362 (14), 196 (83), 194 (22), 147 (8), 133 (9), 106
(47), 91 (100), 79 (7), 55 (6)

'H-NMR (CDCl3): & = 7.45 (m; 10H, aromatic-H), 4.99 (m, 1H, H-7a), 4.35 (s, 4H, N-CH,), 3.10
(d; 1H, CH-S0,), 2.65 (d; 1H, CH-S0,), 2.8-1.0 (m; 8H, aliphatic-H), 0.8 (25, 6H, 2CH3) ppm

3C-NMR (CDCl3): § = 178.4 (d; C-2), 135.6 (s; C(Ph)-1), 129.0 (d; C(Ph)-2, C(Ph)-6), 128.8 (d:;
C(Ph)-3, C(Ph)-5), 128.1 (d; C(Ph)-4), 89.0 (d; C-7a), 50.7 (t; CH,S05), 50.0 (t-NCH>), 49.1 (s;
C-7), 48.6 (s, C-8), 47.3 (d; C-4), 42.9 (d; C-3a), 35.0 (t; C-3), 28.6 (t; C-5), 28.3 (t; C-6)
23.2/20.3 (2q; 2 x CH3) ppm

Co6H31NO,4S (453.60): Calculated C 68.85, H 6.89, N 3.09, S 7.05
Found C68.42,H6.72, N 3.03, S6.96
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1.5.3.6 [25(20,,3a0,,48, 70, 7ac)]-N,N-Di(phenylmethyl)-(octahydr o-2-hydr oxy-8,8-dimethyl-
4,7-methanobenzofuran-7-yl)-methanesulfonamide

According to literature [22], [3aS-(3a0,,483,70,7a0)]-N,N-di(phenylmethyl)-(octahydro-8,8-dime-
thyl-2-oxo-4,7-methano-benzofuran-7-yl)-methanesulfonamide (2.1 g, 4.62 mMol) was dissolved
in dry dichloromethane (50 ml), and cooled to -60°C under an atmosphere of N, gas. A 1.6
equivalent of a 2.5 molar solution of DIBAH in n-hexane (9.8 ml, 9.8 mMol) was dropped slowly
into it and stirred at -60°C for 3h, then the mixture was stirred overnight at room temperature.
Dichloromethane (100 ml) and 2N hydrochloric acid (100 ml) were added to the reaction mixture
and stirred as far as possible until the two phases were clear. The two phases were separated, the
agueous phase was extracted twice with dichloromethane, the combined organic phase was
washed with saturated sodium hydrogen carbonate solution until pH=7, and then it was dried over

sodium sulfate. The solvent was evaporated. The product was dried in high vacuo.

Yield: 2.01 g (93%)

White crystals, mp.: 103 ° - 105 °C

EI-MS: m/e (rel. intensity) = 437 (0.6), 362 (0.1), 355 (0.8), 354 (4), 304 (5), 226 (4), 196 (85),
177 (7), 135 (5), 133 (17), 106 (100), 91 (91), 69 (12)

'H-NMR (CDCls): § = 7.26 (m; 10H, aromatic-H), 5.47 (m, 1H, H-2), 4.53 (d, 1H H-7a), 4.38-
4.28 (s; 4H, N-CHy), 3.20 (d; 1H, CH-S0,), 2.95 (bs; 1H, OH), 2.50 (d; 1H, CH-SO,), 2.28-1.0
(m; 8H, aliphatic-H), 0.84/0.70 (2s, 6H, 2CHz) ppm

B3C-NMR (CDCl3): & = 135.9 (s; C(Ph)-1), 129.0 (d; C(Ph)-2, C(Ph)-6), 128.8 (d; C(Ph)-3, C(Ph)-
5), 127.9 (d; C(Ph)-4), 99.7 (d C-2), 87.5 (d; C-7a), 52.6 (t; CH2S0,), 50.0 (t-NCHy), 49.4 (t; CH.-
Ph), 49.1 (s, C-7), 48.4 (s, C-8), 47.6 (d; C-4), 46.1 (d; C-3a), 39.2 (t; C-3), 28.9 (t; C-5), 28.5 (t;
C-6) 23.1/20.3 (2q; 2 x CH3) ppm
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CosH33NO,4S (455.62): Calculated C 68.54, H 7.30, N 3.07, S 7.02
Found C67.99,H 7.55, N 2.96, S6.95

1.5.3.7[3aR-(3ac,4B,7B,7ac)]-7-(Bromomethyl)-8,8-dimethyl-3a,4,5,6,7,7a-hexahydr 0-4,7-

methanobenzofuran-2(3H)-one

According to literature [25], [3aR-(3a0,483,78,7ac)]-hexahydro-7,8,8-trimethyl -4, 7-methanoben-
zofuran-2(3H)-one (Noe-lacton) ( 1.94 g, 10.0 mMol) was dissolved in nitrobenzene (2.5 ml), and
bromine (0.55 ml, 10 mMol) was added. The reaction was stirred under reflux at 90°C. After 5 h,
the reaction mixture was cooled to room temperature, and diethyl ether (ca. 10 ml) was added. The
organic layer was washed with a saturate solution of sodium hydrogen sulfite (NaHSO3) (300 ml)
until colourless, and the aqueous layer was extracted with diethyl ether (200 ml). The combined
organic layer was dried over magnesium sulfate (MgSQO,). The solvent was removed in vacuo as
far as possible. Liquid chromatography on silica gel with dichloromethane furnished colourless

crystals.

Yield: 1.44 g (44%)

White solid; mp.: 96 °C

TLC: Rs-value: 0.55 (CH.Cl5)

'H-NMR (CDCls): & = 4.63 (d; 3J = 7.7 Hz, 1H, C7a-H), 3.66/3.62/3.36/3.33 (AB-system, 2H, Jag
=10.0 Hz, CH.Br), 2.8 - 2.3 (m; 3H, C5-H, Cs-H), 2.0 - 1.0 (m; 5H, aliphatic-H), 0.94/0.91 (2s,
6H, 2 CH3) ppm

3C-NMR (CDCl3): § = 178.5 (C-2), 88.2 (C-74), 52.6 (C-7), 51.1 (C-4), 48.2 (C-8), 42.3 (C-3a),
34.7 (C-3), 32.9 (7-CH,Br), 30.2 (C-6), 28.1 (C-5), 23.5/20.6 (8-2CH3) ppm
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1.5.3.8 Binding of camphorlactol on an aminosilicagel support

Ingredients:

19 GROM-SIL 300 Amino-5 ST (GROM, Herrenberg-Kayh, Germany), 5 um bead size,
Part-No. GSNH50530, Batch 3012 ( 0.21 mMol NHj)

244 mg [3aR-(3a0,4P,7B,7ac)]-8,8-dimethyl-3a,4,5,6,7,7a-hexahydro-2-ox0-4,7-methano-
benzofuran-7-yl-methanesulfonyl chloride ( 0.42 mMol)

25 ml Dichloromethane, abs.

0.09ml  Triethylamine, abs. (0.63 mMol)

Procedure:

1 g Aminosilicagel and 244 mg [3aR-(3a0,,43,73,7ac)]-8,8-dimethyl-3a,4,5,6,7, 7a-hexahydro-2-
0x0-4,7-methanobenzofuran-7-yl-methanesulfonyl chloride were placed in a flask, and 25 ml of
dichloromethane was added. After 1 h, 0.09 ml triethylamine was added, and the slurry was stirred
at room temperature while keeping dry with a CaCl,-tube for 48 h. The solid was isolated and
cleaned through a G4 filter, rinsed with dichloromethane, acetone, water, acetone, and eventually

with dichloromethane. The product was dried in high vacuo.

Yield: 0.96¢g
O
OH /
SOZNH/\/\Z
EA:
Calculated (aminosilicagel) C1.772,H 3.428, N 0.254

Found (modif. aminosilicagel) C 3.899, H 1.082, N 0.325, S0.647, Cl 0.09

13C-CP-MAS-NMR: § = 8.7, 20.6, 27.8, 48.1, 87.9, 98.0 ppm
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1.5.3.9 Binding of camphorlactol on an aminopolystyrene support in CCly

Ingredients:

10.92g Polystyrene A NH, (Rapp Polymere, Tuebingen, Germany), HA1 400 02, 200-400
mesh, capacity 0.89 mMol/g (9.72mMol)

499g [3aR-(3a0,48,7B,7a0)]-8,8-dimethyl-3a,4,5,6,7, 7a-hexahydro-2-oxo-4, 7-methano-
benzofuran-7-yl-methanesulfonyl chloride (8.59 mMoal)

100 ml  Carbontetrachloride, abs.

1.5ml  Triethylamine, abs.

Procedure:

10.92 g Aminopolystyrene and 4.99 g [3aR-(3a0.,483,7,7ac)]-8,8-dimethyl-3a,4,5,6,7, 7a-hexa-
hydro-2-ox0-4,7-methanobenzofuran-7-yl-methanesulfonyl chloride were placed in a flask, and
100 ml CCl4 was added. After 2 h, 1.5 ml triethylamine was added and the slurry was stirred at
room temperature while keeping dry by a CaCl,-tube for 48 h. The solid was isolated and cleaned
through a G4 filter, and rinsed with CCl,. The solvent should not be discarded, as there is some
unreacted lactol in it, that may be recovered from the filtrate by evaporating in vacuo. The

polymer bound lactol was dried in high vacuo at 50°C.

Yield: 14.29¢

O
OH

SO,NH=(CH,),

13C-CP-MAS-NMR (13C DSX 200 Rf 1000Hz): & = 145.7, 127.9, 86.7, 40.1, 29.0, 20.8 ppm

EA:
Calculated (aminopol ystyrene) C 87.87,H5.806, N 1.351
Found (modif. aminopolystyrene) C 82.73,H 7.316, N 1.263, S1.448, Cl 1.24
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1.5.3.10 Binding of camphorlactol on an aminopolystyrene support in DMF

Ingredients:

1.05g Polystyrene A NH, (Rapp Polymere, Tuebingen, Germany), HA1 400 02, 200-400
mesh, capacity 1,08 mMol/g) (1.14 mMol)

042g [3aR-(3a0,483,7P,7a0)]-8,8-dimethyl-3a,4,5,6,7,7a-hexahydro-2-oxo-4,7-methano-
benzofuran-7-yl-methanesulfonyl chloride (0.73 mMol)

10 ml DMF (N,N-dimethylformamide), abs.

100 mg Triethylamine, abs.

Procedure:

1.05 g Aminopolystyrene and 0.42 g [3aR-(3a0,,483,78,7a0)]-8,8-dimethyl-3a,4,5,6,7,7a-hexa
hydro-2-ox0-4,7-methanobenzofuran-7-yl-methanesulfonyl chloride were placed in aflask, and 10
ml DMF was added. After 2 h, 100 mg triethylamine was added and the slurry was stirred at room
temperature while keeping dry by a CaCl,-tube for 48 h. The solid was isolated and cleaned
through a G4 filter, rinsed with DMF (8 ml), and eventually rinsed with DCM (4 x 10 ml). The
product was dried in high vacuo at 50°C.

Yield: 1269

O
OH

SO,NH=(CH,),

3C-CP-MAS-NMR (**C DSX 200 Rf 1000Hz): & = 145.8, 129.9, 97.0, 47.8, 40.1, 28.8, 23.3 ppm

EA:
Calculated (aminopolystyrol) C 87.87,H5.806, N 1.351
Found (modif. aminopolystyrol) C74.98,H 7.224, N 1.720, S1.481, Cl 8.39

40



1.5.3.11 Binding of camphorlactol on an aminomethylated polystyrene support in DCM

Ingredients:

1.00g Aminomethylated polystyrene resin (novabiochem) 01-64-0010, capacity 1,08 mMol/g
(12.08 mMol)

1.13g [3aR-(3a0,4B,7B,7am)]-8,8-dimethyl-3a,4,5,6,7,7a-hexahydro-2-0x0-4, 7-methano-
benzofuran-7-yl-methanesulfonyl chloride (1.98 mMol)

25 ml DCM (Dichloromethane), abs.

041 ml  Triethylamine, abs. (2.97 mMol)

Procedure:

1.00 g Aminopolystyrene and 1.13 g [3aR-(3a0.,483,73,7ac)]-8,8-dimethyl-3a,4,5,6,7, 7a-hexa-
hydro-2-ox0-4,7-methanobenzof uran-7-yl-methanesulfonyl chloride were placed in a flask, and 25
ml DMF was added. After 2 h, 0.41 ml triethylamine was added and the slurry was stirred at room
temperature while keeping dry by a CaCl,-tube for 48 h. The solid was isolated and cleaned
through a G4 filter, rinsed with DMF, actone, water, actone, and eventually with DCM (4 x 10
ml). The product was dried in high vacuo at 50°C.

Yield: 1309

O
OH

SO,NH=(CH,),

3C-CP-MAS-NMR (**C DSX 200 Rf 1000Hz): & = 145.8, 129.9, 97.0, 47.8, 40.1, 28.8, 23.3 ppm

EA:
Calculated (aminopolystyrol) C 87.87,H5.806, N 1.351
Found (modif. aminopolystyrol) C74.98,H 7.224, N 1.720, S1.481, Cl 8.39
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1.5.3.12 Binding of camphorlactol on an amino modified porous glass support in DCM

Ingredients:

19 BIORAN G001/030/C/060 (SCHOTT, Mainz, Germany), grain size 30 - 60 um, pore
diameter 15.1 nm, surface modif. NH,, Lot #G0131

082g [3aR-(3an,4P,7B,7a0)]-8,8-dimethyl-3a,4,5,6,7,7a-hexahydro-2-oxo-4,7-methano-
benzofuran-7-yl-methanesulfonyl chloride (1.41 mMol)

25 ml DCM (Dichloromethane), abs.
0.3ml  Triethylamine, abs. (2.16 mMol)

Procedure:

0.82 g [3aR-(3a0,4P,7B,7acr)]-8,8-Dimethyl-3a,4,5,6,7,7a-hexahydro-2-oxo-4,7-methanobenzo-
furan-7-yl-methanesulfonyl chloride were placed in a flask with 25 ml DCM, and 0.3 ml tri-
ethylamine was added, then 1 g bioran glass was added and the dlurry was stirred at room
temperature while keeping dry by a CaCl,-tube for 48 h. The solid was isolated and cleaned
through a G4 filter, rinsed with DMF, actone, water, actone, and eventually with DCM (4 x 10
ml). The product was dried in high vacuo at 50°C.

Yield: 0.965 g

OH

2

BC-CP-MAS-NMR: 8 = 9.2, 20.8, 27.8, 42.4, 48.2, 87.3, 98.1 ppm
EA: Found (modif. aminopolystyrol): C 4.486, H 1.035, N 0.897, S0.475
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Part 2. Analysis of the Complete Conformational Space of N-
TFA-Phenylalanine 3 -Pentyl Ester for Contribution to

Chiral Recognition Enhancement

2.1. Introduction

In recent years, the focus of numerous studies in life sciences was on quantitative analysis of
the chemical and enantiomeric composition of biologicaly as well as pharmaceutically
relevant substances using synthetic chiral model receptors. Chiral recognition phenomena
operating with artificial receptor models have attracted heightened interest [26], [27], [28]. In
particular, the thermodynamic factor of interaction of enantiomeric guests, for example, N-
TFA amino acid esters [29], with the chirally modified polysiloxane Chirasil-Val [30] and

derivatives [26] reveal characteristic differences.

In recognition studies with Chirasil-Val, 3-pentyl esters gave particularly large differences in
interaction energies, as compared to other esters of amino acids [29] and hydroxy acids [31],
respectively. Following the hypothesis that the 3-pentyl group might contribute to the
magnitude of these differences by preferentially adopting a set of chiral conformations, N-acyl
amino acid-3-pentyl esters should be of particular interest within this class of compounds. N-

trifluoroacetyl-phenyla anine-3-pentyl ester (24) seemed a most promising candidate, in view

CF3

43



of the expected steric repulsion between the benzyl group and parts of the 3-pentyl moiety in
particular conformations of the title compound 24. The results of an attempt to completely

search for all stable minimaincluding the global minimum are outlined in the following.

However, it is very difficult to model these interactions with empirical and semi-empirical
calculation methods, because of the large number of possible conformations and relative
orientations of host and guest. In order to better understand the recognition processes
involved, thermodynamics of the gas chromatographic separation of a variety of N-TFA-
amino acid ester enantiomers on Chirasil-Va [32] were studied. We concluded from the
experimental facts that systematic investigations on the conformational space of guest’'s

molecular structure may help to elucidate the complex recognition process.

2.2. Foundation

2.2.1. Chiral Recognition in Sensor Science by the Model Receptor Octyl-
Chirasil-Val

Odour perception in humans can sometimes discriminate different enantiomers of a chiral
compound, such as limonene [33], [34]. Chiral discrimination represents one of the greatest
challenges in attempts to devise selective and sensitive gas sensors. Natural odour receptors
are proteins that use only one enantiomeric form (the L form) of the amino acid building
blocks. In a cooperation of our group with Goepel, Gauglitz et a. [35], the chira model
receptor Octyl-Chirasil-Va (Figure 2-1) was used that is derived from the well-know chiral
gas chromatography stationary phase Chirasil-Val [30]. It contains chiral peptide residues for

enantiomer recognition and non-chiral lipophilic side chains[36].
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Figure 2-1. Principle of chiral recognition by gas sensors: chiral discrimination by preferential
sorption of the enantiomers of N-TFA-Ala-OMe into enantioselective (R)- and (S)-Octyl-
Chirasil-Val polymers[35].

The stationary phase will sorb the analyte, the sorption strength depends on the interaction
mechanisms (H-bond, dispersion force) between matrix and analyte molecules. AAG® is the
enantiomeric difference in Gibbs free energy of sorption, where the acid group is protected by
esterification and the amino group by atrifluoroacetyl group. In comparative GC experiments,
it has been established that the interactions between (S)-anayte and (S)-polymer as well as
(R)-analyte and (R)-polymer are stronger than between the pairs (R)/(S) and (S)/(R),
respectively. A detailed analysis of the conformational space of similar substrates, as
presented in this thesis, may serve a better understanding of the underlying discrimination

mechanisms.
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2.2.2. Packing Phenomena in Chiral Liquids. Binary Mixtures of

Enantiomers

In a cooperation of our group with Lepori [37], the work has been guided by the experimental
facts to believe that systematic investigations on the conformational space of the guest’s

molecular structure may help to elucidate the complex recognition process.

Extending preceeding experiments, we here report on the volume changes upon mixing the
enantiomeric pair of three amino acid derivatives, i.e., the N-trifluoroacetyl methyl esters of
alanine (N-TFA-Ala-OMe 1), valine (N-TFA-Va-OMe 2), and leucine (N-TFA-Leu-OMe 3).
The liquid mixtures to be studied were made up by adding successively weighed amounts of a
pure enantiomer to a given amount of the other. For each mixture, the excess molar volume,

VE, was determined through equation 2-1.

szm(%)J%l—Z/zJ (2-1)

Here, p is the density of the mixture, M is the average molecular weight of the two
components, 1 and - are their mole fractions, p; and p; are the densities of the pure liquids

of two components, respectively.

As illustrated in Figure 2-2, different amounts of enantiomeric pairs of amino acid derivates
were mixed, the excess molar volumes V at 25°C appeared symmetrical around x=05.The
VE data were fitted by aleast-squares method to equation 2-2,

VE =ay(-y) (2-2)

x being the mole fraction of (S)-enantiomer, the value of parameter a/4 is equal to the excess
volumes at equimolar composition VF=0.5, that means there are packing phenomena in
chiral liquids. The volumetric effects for the valine derivative (N-TFA-Val-OMe) and (N-
TFA-Ala-OMe) are of opposite direction: whereas the (R)- and (S)- enantiomers of (N-TFA-
Va-OMe) are packed together more tightly in racemic mixture than in the scalemic
(enantiomerically enriched) liquid, the opposite holds true for (N-TFA-Ala-OMe). It was one
of the goals of the thesis presented to understand these phenomena better by studying the

conformations of such molecules.
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Figure 2-2. Excess molar volumes VE at 25°C for (R)-1+(S)-1(H), (R)-2+(S)-2 pure (@), and
contaminated (o) enantiomer samples {(R)-2: chemical purity 99%, p=1.22860 gcm™; (S)-2:
chemical purity 98.5%, p=1.23088 gcm®} [37].

2.2.3. Possible Chirality Enhancement in 3’ -Pentyl Esters

The thermodynamic parameters of interaction of enantiomeric guests, such as N-TFA amino
acid esters, with the chirally modified polysiloxane Chirasil-Va and derivatives show
characteric differences [29]. Especidly 3-pentyl esters gave large differences in interaction
energies, as compared to other esters of amino acids and hydroxy acids, respectively. The
resolution factor (o) of the enantiomers of a particular 3-pentyl amino acid ester at a given
temperature is usually higher than that of any other ester investigated (see Table 2-1). This
suggests that the 3-pentyl group may adopt a particular set of chiral conformations where one

enantiomorph may be preferentially induced by the presence of the stereogenic center at the a-
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carbon of the amino acid. The systematic investigation of the conformation space of the

guest’s molecular structure may help to elucidate the complex recognition process.

Table 2-1: Thermodynamic parameters of enantiomer separation of N-TFA-
Phenylalanine estersat L-Chirasil-Val (acc. to M. Hummel [29])

Ester group —AAH AAS ~AAGyog a
[cal/mol] [cal/grd mol] [cal/mol] T=298K
Methyl 452.3 0.955 167.5 1327
+21.1 +0.005 +6.3 +0.014
Ethyi 528.2 1.126 192.6 1384
+22.3 +0.055 +6.4 +0.002
|sobuty 504.4 1.076 183.5 1363
+12.4 +0.031 +3.7 +0.008
3-Pentyl 703.0 1.514 251.7 1.529
+34.8 +0.009 +10.1 +0.026
Cyclopenty 601.3 1279 219.7 1.449
+50.1 +0.124 +14.4 +0.035

From Table 2-1, we see that the 3-pentyl ester shows the best resolution factor (a = 1.529),
while the methyl, ethyl, and isobutyl esters of N-TFA-phenylalanine are typically in the range
1.327 - 1.363. As a preliminary working hypothesis, this was attributed to the formation of
pseudo-diastereomeric conformations, since the flexible 3-pentyl moiety is not necessarily in

the symmetric state that is usually drawn in the molecular structure.

The proposed induction of a certain enantiomorph of the ester group seems to depend on the
steric repulsion between the benzyl group and part of the 3-pentyl moiety in particular
conformations of the title compound. Also in o-hydroxy acid esters, the 3'-pentyl esters show
the best enantiomer separation. It has been pointed out that the separation factor is closely
related to structural features, therefore, it is not surprising that arelatively high specificity was
observed in the retention behaviour [38]. From all these observations it seems important to

study all possible conformations of this compound.

48




2.3. Theoretical Basis of the Computational Method

Advances in computing, and particularly the ready availability of high-resolution graphics,
has greatly increased the interest in computer-based molecular modeling. It is now widely
used as an aid of the interpretation of experimental results and in the design of new materias
with desirable properties.

2.3.1. Molecular Modeling and Molecular M echanics

The basis of molecular modeling is that all important molecular properties, i.e., stabilities,
reactivies and electronic properties, are related to the molecular structure [39]. There are
many different approaches and related computer programs, including ab initio calculations,
various semi-empirical molecular orbital (MO) methods, ligand field calculations, molecular
mechanics, purely geometrical approaches, and neural networks, that can calculate structures

and one or more additional molecular properties [40].

Before any computational study on molecular properties can be carried out, a molecular
model needs to be established. Molecular mechanics is one such technique and, primarily for
reasons of computational simplicity and efficiency, molecular mechanics can be considered to
arise from the Born-Oppenheimer approximation, which assumes that the motion of nuclei of
a molecule are independent of the motions of the eectrons. In molecular mechanics
calculations, the arrangement of the electrons is assumed to be fixed and the positions of the
nuclel are calculated. Molecular mechanics is a valuable tool enabling chemist to predict

molecular structures and energies [41].
The basis of the molecular mechanics method is that a good estimate of the geometry of a

molecule can be obtained by taking into account all the forces between the atoms, calculated

by using a mechanical approach.
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A simpleforce field is shown below and the various terms are described:

Eioa = Bsretn + Eoend + Erorsion T Enonbonces (2-3)
E i = (2-4)
Eped = Koerd w (2-5)
b A ) 0

Enonbonded = g[(r_oj - Z(r_oj :| (2'7)
r r

The force fields described above is not meant to represent any one of the many existing force
field available to today’ s researchers [42]. It is meant, rather, to give some appreciation of the
complexities of the problem and to suggest a genera format. The force field defines the
mechanical model to be used in computing a molecular structure and its relative energy. The
input can be done by means of a computer graphical drawing program; once an input structure
has been entered into the program, a set of parameters describing the molecular geometry is
computed, i.e., bond lengths, and torsion angles. These values are then fed into the terms of

the force field equation and a steric energy is calcul ated.
The next step in the process is to alter the structure in a systematic way to minimize the steric
energy. This process will carry the molecule to an energy minimum somewhere on the

molecular potential energy surface.

In a word, a molecular mechanics calculation will take the input structure and modify it into
the direction of the nearest local minimum on the potential energy surface.
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2.3.2. Geometry Optimization and Conformational Analysis

Molecular mechanics has become a valuable tool enabling chemists to predict structures of
molecules and their energies. In many applications of molecular mechanics, it is important
that the lowest energy structure, i.e., the global energy minimum, is found. In using molecular
mechanics, we typicaly introduce an approximate, trial structure into a computer program
which adjusts it so as to decrease the (theoretical) energy, halting when a minimum energy
structure is obtained. Optimization methods used proceed downhill from the starting structure
toward a “loca minimum®“ or conformation [43]. As stated previousy, the energy
minimization routines employed by molecular mechanics programs usually refine the starting
geometry leading to alocal minimum, which is not necessarily the global minimum [40]. The
aim of a conformational search is to find as many low-energy minima as possible, which
hopefully include the global minimum. A geometry optimization must be performed

subsequently, in the course of minimization procedure the molecular structure will be relaxed.

A basic problem of molecular mechanics calculations [40] is that the energy minimization
must be done on a complex hypersurface with many local minima. Therefore, optimized
structures can depend heavily on the chosen starting geometries. Due to local minima, there is
adanger that direct optimization methods stop far away from the global minimum. In order to
get the global minimum, it is better to find al local minima. Clearly, if one could set up and

evaluate all possible conformations, then one could arrive at the global minimum.

A good conformational search requires a method for generating starting geometries that cover
al of the potential energy surface. If only part of the surface is covered, one cannot be sure
that the global minimum will be found. The most reliable method for finding the global
energy minimum is by systematically scanning the entire potential energy surface. It is well
known that the bond lengths and bond angles do not change much between different
conformations of a molecule and that the major variations are in torsion angles [45]. For this

reason, the searches systematically vary all torsional anglesin amolecule.

At first glance, it appears very easy to obtain the most stable conformation, however, in
practice the energy barriers between the local minima prevent changes from one conformation
to the other during geometry optimization. This problem can only be overcome by a complete

search for all stable conformations.
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In principle, a systematic conformational search may be performed in both internal (torsion
angle) and externa (Cartesian) coordinate frames [46]. Most currently used conformation
searches operate as follows. First, a crude starting geometry is proposed, and its structure is
optimized by molecular mechanics energy minimization. The resulting minimum energy
conformer is then compared with previously found conformers to test for possible duplication.
If the conformer thus generated is a previously undiscovered one, it is added to an
accumulating list of unigue conformers. The cycle is then repeated by obtaining a new crude
starting geometry, energy minimization, etc.. After all given starting geometries have been
used, in other words, when new minima are no longer being found, the search is terminated.
Since the energy minimization part of the process simply refines starting geometries to a
nearby local minimum, it is the starting geometry generation agorithm which most directly

controls the overall effectiveness of the search in reaching convergence.

The methods used to generate starting geometries can be divided into two broad categories:
deterministic searches which cover all areas of conformational space systematicaly and
stochastic methods which use a random element in exploring space. The systematic or grid
searches are typically conducted by altering torsion angles and operate by generating all
combinations of selected values for some or all rotatable torsion angles to produce starting
geometries distributed throughout the conformational space [46]. For searching the
conformational space of molecules, we therefore use one of the well-known properties of
conformers (i.e., that they differ primarily in torsion angles) to confine our searches to torsion
space alone. Thus, internal coordinates in general and torsion angles in particular would seem
to provide the most appropriate angles in coordinate frame in which to conduct

conformational searches.

2.3.3. Building a Tree of Molecular Structuresfor Comprehensive Sear ch of
all Stable Conformations

In the first stage, the torsion angles of the "starting structure” are randomly chosen within
torsion angle bounds, then they are changed systematically. It is very important to find a
method getting all conformers of a molecule. We therefore developed a method for searching
the torsional space of molecules by using a tree-search which efficiently and uniformly
generates starting geometries throughout the entire conformational space; a ssimilar approach
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was discussed in the literature but not used [47], [48]. The torsion angles are arranged in a
graph as atree of molecular structure. The structure generation phase begins with selection of
a series of possible values (e.g., 0°, 60° 120° 150° ...) for each torsion angle and then
formation of all possible combinations of the values to generate starting geometries which are
compatible with nonbonded contact and ring closure constraints. Starting conformers are
generated selectively by using geometrical restrictions, such as allowable dihedral angles, ring

closure distance, and transannular distances.

At the lowest level of the tree, the leaves stand for each of the possible products
(conformations) of the generation process and each edge stands for a torsional rotation.
Intermediate nodes in the tree represent partially completed structures. Nonbonded distance
tests provide one of the most efficient ways to eliminate unstable structures.

Torsion angle tree-searching provides a rapid method for generating molecular geometries

approximating the various conformers.

Thus, searching the torsional space of molecules by using a tree-search will efficiently and

uniformly generate starting geometries throughout the whole conformational space.

2.3.4. Computational Method

MMX force field calculations were carried out with the program PCMODEL (version 4.0 for
DOS) [49]. PCMODEL is a full molecular modeling program and uses the MM X force field
developed by J. J. Gajewski and K. E. Gilbert [50]. The force field implemented in this
program is derived from Allinger's MM2 force field [51] without Pi electrons, with

extensions and modifications as described [49].
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2.4. Resultsand Discussion

24.1. MM X Structuresand Energies of N-TFA-L-Phe-O-3'-Pentyl (24)

The molecular geometries and relative energies of N-trifluoroactyL -phenylalanine-3-pentyl
ester (24), as calculated by MM X (without Pi electrons), are compiled in Appendix I. In total,
2083 stable conformations were obtained. In Figure 2-3, the three bulky groups are shown,
along with the two crucial torsions within the (locally prochiral) 3'-pentyl group. The two
(locally enantiotopic) methylen groups 2° and 4', denoted “Pro-R” and “Pro-S’, respectively

[1], are diastereotopic due to the presence of the stereogenic center (marked *) [52].

CF5
benzyl group TFA group

3’-pentyl group

Figure 2-3: Three bulky groups of N-TFA-L-Phe-O-3 -pentyl (S-24), and the two crucia
torsions within the 3 -pentyl group, where both arrows describe a movement in positive

direction

According to these MMX force field calculations, the most stable conformation, in other
words the global minimum of N-TFA-L-Phe-O-3’-pentyl, shows a pseudo meso conformation
(symmetric coplanar situation) of the (locally prochiral) 3'-pentyl group (see Figure 2-4).
Here, the two crucia torsion angles wy 3 (178.7°) and w3z 4 (175.0°) both take a trans
conformation (tt). This molecular geometry is in good agreement with an idea all-trans
conformation where the two torsion angles are at 180°.



Figure2-4:  Global minimum of N-TFA-L-Phe-O-3-pentyl, MMXE = 38.05 kcal/mal,
w3 =178.7°, oz 4 =175.0° (tt)

The global minimum shows a balanced orientation of the three most bulky groups: benzyl,
trifluoroacetyl and 3'-pentyl ester. Asillustrated in Figure 2-3, the two crucial torsion angles
in the 3'-pentyl group are w» 3 and w3z 4. Torsion around these bonds will lead to gauche
conformations (either g* or @) of higher (less favourable) energy. Since the methylen groups
2 (Pro-R) and 4 (Pro-S are diastereotopic due to the chirality of the L-phenylalanine
residue, the energy difference between the global minimum and corresponding local minima
is not exactly the same. This will be illustrated in the following examples, where both the
benzyl group and the TFA group still take extended, balanced conformations that do not differ

significantly from the globa minimum, cf. Figure 2-4 and Figures 2-5 to 2-7.
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(g't) MMXE = 38.70 kcal/mol (tg) MMXE = 38.83 kcal/mol

Wy 3= 50.1°, Wz g4 = 173.7° Wy 3 = -170.0°, W34 = -65.0°
(gt) MMXE = 39.03 kcal/mol (tg") MMXE = 38.94 kcal/mol
Wy 3= -64.4°, W34 = 176.8° Wy 3= 176.0°, Wz g = 66.1°

Figure2-5: Four loca minima conformations after torsion of either one of the two
diastereotopic methylen groups of the (tt)-conformation of 3'-pentyl around the C-C bonds at
C-3', by appr. —or +120°; the denotation (g't) means: wy 3 = 60°(g°), w3 4 = 180°(t), etc.

For the torsion of either one of the two diastereotopic methylen groups from (tt) to either (g't)
and (g't) for the Pro-R group or (tg) and (tg") for the Pro-S group, the average increase in
MMX energy was appr. 0.83 kcal/mol. In Figure 2-5, the lowest energy minima of these
clusters are shown for each conformer. The diastereomorphic conformations (g't) and (tg)
differ in MMX energy by 0.13 kcal/mol, while (g't) and (tg") differ by 0.11 kcal/mol.
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(gg) MMXE = 39.48 kcal/mol (9'g") MMXE = 39.50 kcal/mol
0y 3z =-60.9°, w3z 4 =-57.0° 0y 3z =56.8°, w3z 4 =60.8°

Figure2-6: Two loca minima conformations after conrotatory movement of both

diastereotopic methylen groups of the (tt)-conformation of 3'-pentyl around the C-C bonds at
C-3', by appr. + or —120°; the denotation (g°'g’) means: wy 3 =-60°(9), w3z 4 =-60°(Q), etc.

In Figure 2-6, two local minima (lowest energy conformers) after conrotatory movement of
both diastereotopic methylen groups of the (tt)-conformation to either (g'g) or (g'g’) are
shown; the average increase in MM X energy was appr. 1.44 kcal/mol. This energy difference
can be estimated by addition of the two increments of appr. 0.7 — 0.8 kcal/mol for each
torsion. The difference between the two diastereomorphsis negligible (0.02 kcal/moal).

After disrotatory torsions of the two crucial bonds in the (tt)-conformation, four local minima

(lowest energy conformers) were obtained, see Figure 2-7. The average increase in MMX

energy from (tt) to either (g*g®), (9°9), (g'g®), and (geg") was appr. 3.42 kcal/mol. The sum

of the two torsion angles must not be zero degrees, because of strong nonbonded (repulsive)
H-H interactions. Hence, the system tends to flip out of plane with either one of the two
methyl groups, thereby widening the sum of torsion angles to appr. +30°. Another

consequence is the existence of aclosely related pair of similar conformations (“Entartung”).
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(g'g®) MMXE = 41.22 kcal/mol (92g) MMXE = 41.61 kcal/mol

023 =594° 0z 4 =-911° 0y 3 =933% 0z 4 =-62.0°

(gg®) MMXE = 41.55 kcal/mol (geg") MMXE = 41.48 kcal/mol

Wy 3 = -61.5° w3z p = 94.2° Wy3 = -97.2°, o3z 4 = 62.7°

Figure2-7:  Four local minima conformations after disrotatory movement of both diastereo-

topic methylen groups of the (tt)-conformation of 3'-pentyl around the C-C bonds at C-3', by
either (-120° and +90°) or (-90° and +120°); the denotation (g'g®) means. w » 3 = 60°(g"),

o 3 4 = -90°(g®) where the circle indicates a widening of the torsion angle due to nonbonded

(repulsive) H-H interactions

Up to here, we have only dealt with the most stable arrangement of the other residues. A

systematic variations of all important torsion angles will be discussed in the following.
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24.2. Systematic Variation of the Torsion Angles in S24 and Model
Compounds 25, 26

In  N-TFA-L-phenylalanine 3'-pentyl ester (S-24), the three bulky groups benzyl,
trifluoroacetyl and 3’-pentyl will dominate the preferred conformations, in other words, the
set of torsion angles in relation to the MMX energy. In order to investigate the complete
conformational space, it seemed a reasonable approach to simplify this structure by two
model compounds, pentane (25) and 3 -pentyl formiate (26) (see Figure 2-8). These

prestudies guided us to organize the conformations of (S-24) in atree structure.

H
Pro-prochiral Prochiral )\
T

Figure 2-8: Top: Denotation of 25 and 26, positive torsion angles shown. Bottom: Global
minimum of pentane (25), MMXE = 2.82 kcal/mol, w3=179.9°, w34 = 178.0° (tt); double
global minima of 3'-pentyl formiate (26), MMXE = 2.91 kcal/mol, wy 3 = -177.0°, w3 4 =
178.5° (tt), T = 12.3° and w2 3 = 178.0°, w3 4 = -177.5° (tt), T = -13.4°, racemate of two
(chiral) atropic isomers (t = HC®* OC)

A systematic variation of the two torsion angles of pentane led to 10 more (altogether 11)

combinations, that are shown in the following Figures.
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o
(g't) MMXE = 3.72 kcal/mol (tg) MMXE = 3.72 kcal/mol
Wo3= 65.8°, ®W34= 175.7° Wo3= -175.7°, W34 = -65.8°
\ \
identical \J 180° identical \J 180°
/]
o
(tg") MMXE = 3.72 kcal/mol (g't) MMXE = 3.72 kcal/mol
Wo3= 175.7°, W3 4= 65.8° Wo3= -65.8°, W34 = 175.7°

Figure 2-9: Two local minima conformations (one mirror image pair) of pentane after torsion
around either one of the two C-C bonds of the (tt)-conformation by appr. — or +120°; apart

from thesign, , 3 and w3 4 are similar for al four combinations

For pentane, torsion of 3 from (tt) to (g't) (upper left in Figure 2-9) by appr. —120° has the

same effect as torsion of w3 4 from (tt) to (tg”) (bottom left) by appr. —120°; identity can be

shown by superposition after rotation by 180°. (tg) and (gt) (upper and bottom right)
represent the mirror image of (g't) and (tg*). The increase in MMX energy was again 0.9

kcal/mol. Due to the high symmetry, all four combinations have the same MM X energy.
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C
o
(gg) MMXE = 4.45 kcal/mol (g+g+) MMXE = 4.45 kcal/mol
®23=-59.9°, w3 4 =-59.9° ®23=59.9°, w34=59.9°

Figure 2-10: Two loca minima conformations (one mirror image pair) of pentane after
conrotatory movement of both C-C bonds of the (tt)-conformation by appr. — or +120°; apart

from the sign, all values of w3 and w3 4 are similar

In Figure 2-10, two local minima after conrotatory movement of both C-C bonds of the (tt)-
conformation to either (g'g) or (g'g") are shown; the increase in MMX energy was 1.63

kcal/mol in both cases, that again reflect a mirror image situation..

After disrotatory torsion of the two crucia bonds in the (tt)-conformation, two local minima

conformations (one mirror image pair) were obtained, see Figure 2-11. The increase in MM X

energy from (tt) to either (g'g®), (0°9), (g'g®), and (geg") was aways 3.22 kcal/mol. For
pentane, torsion of w3 and w3 4 from (tt) to (g'g®) (upper I€eft in Figure 2-11) by appr. —120°
has the same effect as torsion of w,3 and w34 from (tt) to (gg®) (bottom left) by appr.
—120°; identity can be shown by superposition after rotation by 180°. (g®g) and (geg") (upper

and bottom right) again represent the mirror image of (g'g®) and (g'g®). Like in 24, the sum

of the two torsion angles must not be zero degrees, because of strong nonbonded (repulsive)
H-H interactions, causing the system to flip out of plane with either one of the two methyl

groups, thereby widening the sum of torsion angles to appr. +30°.
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/
(0
(g'g®) MMXE = 6.04 kcal/mol (929) MMXE = 6.04 kcal/mol
W23 = 62.6°, W34 = -95.0° W23= 95.0°, W34 = -62.6°
\ \
identical \j 180° identical \j 180°
/]
/
(o)
(g'g®) MMXE = 6.04 kcal/mol (98g") MMXE = 6.04 kcal/mol
W23 = -62.6°, W34= 05.0° W23= -95.0°, W34= 62.6°

Figure2-11: Two loca minima conformations (one mirror image pair) of pentane after
disrotatory torsion around both C-C bonds of the (tt)-conformation by either (-120° and +90°)

or (-90° and +120°); asin Figure 2-7, the circle indicates a widening of the torsion angle from
appr. 60° to appr. 90°; apart from the sign, the four combinations of w,3 and w34 gave

always the same set of values

These 11 combinations of torsion angles m, 3 and w3 4 of pentane are shown in Figure 2-12.
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Figure 2-12: Eleven low energy combinations of torsion angles 2 3 and w3 4 for pentane 25

Because of the high symmetry of this Pro-prochiral molecule, the 11 low energy combinations
of torsion angles recorded in Figure 2-12 correspond to 1 global and only 6 local minima (that

are 3 enantiomeric pairs). Thus, there are 9 different conformations.
A systematic variation of the two torsion angles of 3 -pentyl formiate (26) from the global

minimum with a (tt)-conformation of the 3'-pentyl group (see Figure 2-8) led to 10 more

(altogether 11) combinations, that are shown in the following figures.
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o

(g't) MMXE = 3.71 kcal/mol (tg) MMXE = 3.71 kcal/moal
Wy 3= 64.2°, Wz g = 173.9° Wy 3 = -174.0°, W34 = -63.4°

/]

/

0)
(tg") MMXE = 3.55 kcal/mol (gt) MMXE = 3.56 kcal/mol
0> 3= 178.7°, 03 4 = 67.1° 0> 3= -67.3°, Wz g4 = -179.0°

Figure 2-13: Four local minima conformations (two mirror image pairs) of 3'-pentyl formiate
after torsion around either one of the two C-C bonds at C-3' of the (tt)-conformation by appr.
—120° or +120°, the formiate group is truncated (only the carbonyl carbon is shown)

For the torsion of either one of the two diastereotopic methylen groups from (tt) to either (g't)
and (g't) for the Pro-R group or (tg) and (tg") for the Pro-S group, the average increase in
MMX energy was again appr. 0.80 kcal/mol, for the syn-orientation of formiate and methyl
(upper pair of enantiomers), but only 0.65 kcal/mol for the anti-orientation (bottom pair).
While in Figure 2-5, the diastereomorphic conformations (g*t) and (tg) of the chiral molecule
S-24 differ in MMX energy by 0.13 kcal/mol and (g't) and (tg") differ by 0.11 kcal/mol, there
should not be such differences for the corresponding enantiomeric conformations of the
prochiral molecule 26. In fact, the differences between enantiomers found were negligible,
coming from incomplete convergence. Despite the fact that the formiate 26 appeared to be a
tricky residue in test calculations with Hyperchem, the similarity of enantiomers obtained
with PCMODEL was quite satisfactory.



(gg) MMXE = 4.26 kcal/mol (9'g") MMXE = 4.26 kcal/mol
w3 =-604° w3 4 =-58.6° 02 3 =58.9°, 0wz 4 =60.3°

Figure 2-14: Two local minima conformations (one mirror image pair) of 3'-pentyl formiate
after conrotatory movement of both C-C bonds of the (tt)-conformation by appr. — or +120°
(formiate truncated)

In Figure 2-14, a mirror image pair of conformations after conrotatory movement of both
enantiotopic methylen groups of the (tt)-conformation to either (g°g) or (g'g") is shown; the
average increase in MMX energy was appr. 1.35 kcal/mol. The MMX energies and
corresponding torsion angles should be similar, the small deviations found in geometry are

due to incompl ete geometry optimization.

After disrotatory torsions of the two crucial bondsin the (tt)-conformation, four local minima

(two enantiomeric pairs) were obtained, see Figure 2-15. The average increase in MMX

energy from (tt) to either (g°g®), (9°9), (gg®), and (geg”) was appr. 3.34 kcal/mol for the
syn-syn-orientation of formiate and the two methyl groups (upper pair of enantiomers), but
only 2.67 kcal/mol for the anti-anti-orientation (bottom pair). Here, the energies and
structures are very similar for each enantiomeric pair. As discussed previously, the sum of the
two torsion anglesis close to + 30° instead of 0°, because of strong nonbonded (repulsive) H-
H interactions in the latter case, forcing the system to flip out of plane with either one of the
two methyl groups.

65



/
o
(g'g®) MMXE = 6.25 kcal/mol (g29) MMXE = 6.25 kcal/mol
0)2,’3, = 58_80, 03 4= -91.8° (1)2',3' = 91.80, (OX3 4= -58.8°
/]
/
o
(g'g®) MMXE = 5.58 kcal/mol (9eg") MMXE = 5.58 kcal/mol
0y 3 =-63.2°, gz 4 =98.0° 03 =-98.0°, w3 4 =63.2°

Figure2-15: Four local minima conformations (two mirror image pairs) of 3'-pentyl
formiate after disrotatory torsion around both C-C bonds at C-3' of the (tt)-conformation by
either (-120° and +90°) or (-90° and +120°); as in Figure 2-7, the circle indicates a widening
of the torsion angle from appr. 60° to appr. 90° due to nonbonded (repulsive) H-H interactions
(formiate truncated)

In total, there exist 11 combinations of o 3 - w3 4 for 3'-pentyl formiate that are shown in
Figure 2-16 and Figure 2-17. In the former, the formiate group is truncated (only the carbonyl
carbon is shown), in the latter, it is abbreviated by X.

The different combinations of the two crucial torsion angles are summarized in Figure 2-18.
The geometries and relative energies of 3'-pentyl formiate, as calculated by MM X (without Pi

electrons), are presented in Appendix I1.
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Figure 2-16: Scheme of the 11 combinations of wy 3 and w3 4 in 26 (formiate truncated)
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Figure 2-17: Sketch corresponding to the molecular models of Figure 2-16, X is C(=O)H
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Figure 2-18: Global and local minima of 3'-pentyl formiate (26) inthewy 3 - w3 4 Space

As shown before and summarized in Figure 2-19, the conformations of the 3" -pentyl group in
N-trifluoroacetyl-L-phenylalanine 3'-pentyl ester (S-24) show lower symmetry than those of
3’ -pentyl formiate, and the other bulky groups, i.e., benzyl and trifluoroacetyl, will also
influence the conformations of this molecule, giving rise to a much higher number of local

minima.

The global and local minima of N-trifluoroacetyl-L-phenylalanine 3'-pentyl ester (S-24) in the
w2 3 - 03 4 Space are displayed in Figure 2-19.
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Figure 2-19: Minimaof N-TFA-L-Phe-O-3'-pentyl (S-24) inthe w2 3 - 3 4 Space

An analysis of the torsion angles w» 3 and wz 4 in the 3-pentyl group reveals that (tt) is the
most stable conformation. There is a set of combinations of staggered conformations,
characterized by +60° (gauche, g*) and 180° (trans, t), while (gt), (tg") and (g't), (tg) are
preferred. The purpose of this study is a comprehensive search for al minima of this
molecule, in order to evaluate their possible impact on an induced chirality of the 3’-pentyl
group. Such a comprehensive search can be guided by building up a search tree, asoutlined in

the following.
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2.4.3. Building a Tree of Molecular Structuresfor a Complete Search of All
Stable Confor mations of S-24

Nonbonded interactions play an important role in determining the three-dimensional structure
and reactivity of organic molecules [48]. In amino acid esters, the main chain N-C*, C*-C(O)
and C*-C bonds are relatively free in rotation. These rotations are represented by the torsion
angles @, V¥, y, respectively (as described in Figure 2-21). We constructed the conformational
maps in increments of 60° to 120° for @, ¥ and y, the side-chain torsion angles being
considered as selected parameters. The torsion angles are a key factor for describing
molecular conformations. Hence, they must be imagined and described as three variables in
three dimensions at the same time; moreover, this high dimensiona space is quite difficult to
comprehend. So it is better to design a tree for exploring the complete manifold of stable
conformations. Here we describe a method to explore the torsional space of molecule S-24 by
using a tree search which efficiently and uniformly generates starting geometries throughout
the entire conformational space. Torsion angle tree-searching provides a rapid method for

generating molecular geometries that approximate the various conformers.

Structure generation starts with selection of a series of possible values (e.g. 0°, +60°, +120°,
180°, ...) for each torsion angle, followed by creation of all possible combinations to generate
starting geometries which are compatible with nonbonded contacts and ring closure
constraints. Establishing a hierarchy of torsion angles is a prerequisite for structuring the
complete conformer generation process in a tree graph. At the lowest level of the tree, the
leaves stand for each of the possible products (conformations) of the generation process and
each edge stands for a torsional rotation. Intermediate nodes in the tree represent partially
completed structures. For N-trifluoroacetyl-L -phenylalanine 3'-pentyl ester (S-24), sections of
the tree of conformations are shown in Figure 2-20 and Figure 2-21. The details of the

structure tree are presented in Appendix I11.
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Figure 2-20: Sketch map for the whole tree

In Figure 2-20, the possible torsion angles are shown that are useful for building up this tree

of molecular conformations of S-24. One branch (sub-tree) will be shown in Figure 2-21.
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Figure 2-21: The structure sub-tree of N-trifluoroacetyl-L-phenylalanine 3-pentyl ester (S-24)

Nonbonded distance tests provide one of the most efficient ways to eliminate chemically
unreasonabl e structures from those generated, as these tests are applied early in the structure
generation process. This approach is highly effective for pruning the structure tree (see
Appendix 111). By applying constraint tests to these newly fixed substructures of the
molecule, we can eliminate in a single operation al structures which would arise from a
partially defined structure that have undesirable components. This elimination corresponds to
pruning an entire branch from the structure generation tree. For these reasons, three tree is

indispensable for getting all stable conformations.

At first, we have analyzed the situation in a ssimplified model compound, 3’ -pentyl formiate
(26) (the N-TFA-L-phenylalanine residue was replaced by H). Here, three independent
variables exist, and the number of stable conformers obtained was: 66 = 3 (COC3C,) * 2
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(HCOCGC3) * 11 (mp3, 34). The geometry and energy of each conformer is compiled in
Appendix I1.

For N-TFA-L-phenylaanine 3-pentyl ester (S-24), six independent variables have a major
effect on the energy and geometry of this molecule. For the torsion of each of the three bulky
groups, i.e., trifluoracetyl, benzyl and 3-pentyl group, three torsion angles are to be
considered in the structure tree that is on display in Figure 2-21. From a preliminary
estimation, we expect atotal of 4224 =4 (®) * 6 (y) * 8 (¥, CFCoNC*, C*Co0Cs3) * 11 (my3,
w3 4) * 2 (HC30Co) low energy conformations; however, some of these conformations are not
stable, hence, the actual number will always be smaller than the theoretical number of minima
expected.

For several combinations of torsion angles, too many high-energy non-bonded interactions are
involved and a stable local minimum could not be found, despite manifold attempts. By these
constraints, the number of stable solutions is reduced dramaticaly. Actually, only 2083
conformations were found. From the complete structure tree (see Appendix I11), we can
calculate the number of unstable combinations as 4224 - 2083 = 2141, and all stable
combinations are located in the sub-trees 1 to 6. From this we can estimate the average

number of solutions for each of the 11 different classes (“clusters’) of conformations in the
w2 3 - ®3 4 Space at appr. 190 data points. For each cluster, the average MMX energy and

the number of stable minima are complied in Table 2-2. The tree structure is also helpful in
developing rules that determine the relative stability of the conformations obtained. Such rules
proved useful during the extended search of all stable conformations.
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Table 2-2: Average MMX energy and number of minima, for each of the 11 clusters of 3'-

pentyl conformers of S-24

3 -Pentyl MMXE average Number of
conformer [kcal/mol] minima
tt 44.542 198
tg 45915 193
g't 45.894 191
gt 44.966 191
tg* 45.016 196
gg 46.308 192
g'g’ 46.705 195
9°g” 46.991 190
gge 47.022 191
g'ge 49.530 172
geg 48.930 174
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2.4.4 Boltzmann Analysis of the Conformational Space of S-24

What is the criterion to decide which of the enantiomorphic combinations of 2 3 - ®w3 4,
such as (g't) compared to (tg*), is preferred? In Table 2-2 (see previous chapter), the average
MMX energy of clusters of diastereomorphic structures of S-24 (enantiomorphic regarding
3’ -pentyl) did not show a uniform pattern, and it is not necessarily a valid criterion to decide
on the preference of either one of the conformers over the other. Only Boltzmann anaysis
[41] can reveal which conformations contribute predominantly to the conformation state of N-
TFA-L-phenyladanine 3 -pentyl ester (S-24). This Boltzmann analysis yields sums of
probability for the different 3'-pentyl conformations, as displayed in Figure 2-22 for a
temperature of 300 K. The underlying number of minima per cluster of similar 3 -pentyl
conformations varied between 172 and 198 (see Table 2-3), and the total number of minima
was 2083.

tt
tg-
g+t

tg+

<@
<@

g+g+
g(-)g+

Conformation of 3’-pentyl

g-g(+)
g+9(-)
g(+)g-

0 5 10 15 20 25 30 35 40 45

Sum of probability (Ni/N) 100%

Figure 2-22: Total geometric probability of 3 -pentyl in S-24 acc. to Boltzmann anaysis
(at 300 K), based on 172 to 198 minima per cluster, 2083 in total
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Table 2-3: Relative average MM X energy (cf. Table 2-2 for absolute values), relative MM X
energy for lowest minimum per cluster, number of minima and sum of probability (acc. to
Boltzmann analysis at 300 K) for each of the 11 clusters of 3'-pentyl conformers of S-24

3 -Pentyl Rel. MMXEy | Rel. MMXEnin Number of Sum of
conformer [kcal/mol] [kcal/mol] minima probability

tt 0.00 0.00 198 0.4203

tg 1.37 0.78 193 0.1433

g't 1.35 0.65 191 0.1398

gt 0.42 0.98 191 0.1010

tg" 0.47 0.89 196 0.0930

gg 1.77 1.43 192 0.0483

gdg 2.16 1.45 195 0.0461

9eg’ 2.45 3.43 190 0.0024

gg® 2.48 3.50 191 0.0023

g'ge 4.99 3.17 172 0.0020

] 4.39 3.56 174 0.0015

in total 2083 1.0000

From these statistical resultsit is clear that the most stable conformer of the 3'-pentyl group is
(tt) which has locally the highest symmetry. As preliminarily discussed in chapter 2.4.1, the

next higher energy minima are chiral conformations of 3’-pentyl where one C-C bond is
rotated by +120° (g't Il tg” and g't Il tg®, see Figure 2-5), and then there are conformations

where both C-C bonds are rotated (g*g* | gg, see Figure 2-6). The least stable ones are

“ pesudo-symmetric” conformers (g*g” and g'g"), but as discussed in Figure 2-7, nonbonded

(repulsive) interactions between the two methyl groups cause a twist into four chiral

conformations (g®g Il g*ge and geg” Il g'g®).
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Intriguingly, all these conformations are “chiral”, however, the differences in the most

populated conformers contribute most significantly.

(2-8)
Here, the positive terms all contain a g sub-conformation and the negative terms all contain a

corresponding g* sub-conformation in the 3’ -pentyl group. In other words, in al “chiral” 3'-

pentyl conformers, the terms containing g or g© are higher in sum of probability (Ni/N) than
their (local) mirror image. Hence, a uniform twist in the same direction causes an overal
degree of asymmetry in this intrinsically symmetric group. In Table 2-4, the differences A in
the sums of probability (acc. to Boltzmann analysis at 300 K) have been multiplied with —1
and are thus uniformly negative, in order to alow a comparison with the predominantly

negative differencesin both, relative average and relative minimum MM X energies.

Table 2-4: Differencesin rel. MM X energies and sums of probability (at 300 K) for each of
the (locally) enantiomeric pairs of 3'-pentyl conformers of S-24

3 -Pentyl A Rel. MMXEin | A Rel. MMXEq - A Sum of 3’ -Pentyl
conformer [kcal/mol] [kcal/mol] probability conformer
tt 0 - - -
gt +0.09 -0.05 -0.004 tg"
tg +0.13 +0.02 -0.008 g't
gg -0.02 -0.39 -0.002 g'g"
geg’ -0.07 -0.03 -0.001 Gg°
g'ge -0.39 +0.60 -0.005 0°g
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w34

w23

Figure 2-23: Denotation of clusters of minima of S-24 in the w2 3 - w3 4 Space; sums of

probabilities (by Boltzmann analysis) of conformations are higher in the shaded area,
compared to their (local) mirror images, as indicated by the arrows perpendicular to the
diagonal o

This distribution of clusters of minimain the w2 3 - w3 4 Space was shown in Figure 2-19.
This picture was then illustrated with the denotation of 3'-pentyl conformers of Table 2-4
(multiple occurrence of clusters, depicted in dotted circles at the edge of the unfolded torus
topology cannot be avoided, but must not be considered here). For each of the chira
combinations of wy 3 - w3 4, a mirror image combination is possible. These pairs are
connected with broad arrows in Figure 2-23. According to Boltzmann analysis at 300 K, all
clustersin the striped area (lower |eft of the diagonal ) are more densely populated than the

corresponding mirror images (upper right of the diagonal ). The generaity of this
phenomenon is striking.
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These results open up a new perspective on the phenomenon “chirality” in general. There are
a couple of theories on the chirality of molecules [1]. The helical arrangement of dipolesis a
fundamental basis for establishing rules on ORD- and CD-effectg[53]. We have pointed out
that the quadrupole arrangement of two positive and two negative charges on the edges of a
distorted tetrahedron may be viewed as a short helix of two perpendicular dipoles that form a
quadrupole electric field [54], [55], [56]. Apparently, the four groups around the stereogenic
center of L-phenylalanine, i.e., benzyl, TFA-amide, ester and hydrogen, create a chiral electric
field in which the distorsion of the 3'-pentyl group uniformly prefers an anti-clockwise

direction. Thisis certainly the most important result of thisthesis.
It still remains an open question, however, whether this “chirality enhancement” by induced

chirality of the 3’ -pentyl group is the main reason for the unique properties of 3'-pentyl esters

in intermolecular interactions [26], [35].
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2.4.5. Ramachandran Plot of Torsion Angles® and ¥ for 24

The Ramachandran plot [57] of pairs of torsion angles @ and ¥ in the L-phenylalanine
residue (Figure 2-24) reveals certain restrictions on these parameters. The torsion angles @
and ¥ are used to characterize the backbone conformation of amino acids. Most stable
conformations are usually found in the R-plated sheet domain and in the a-helix region that
allow efficient hydrogen bonding. For N-TFA-L-phenylaanine 3 -pentyl ester (S-24), the
most stable conformation occurs at @ = -60° (g) and ¥ = 120 ° (t*) which is very close to the
B-region of peptides; however, intramolecular hydrogen bonding did not yield the lowest
energy. Instead, the anti-parallel alignment of the two dipoles, the ester C=0(5-) and the
amide C-N(6+) bond, are supposed to play an important role. Last not least, Figure 2-24 may
serve to understand the packing phenomena of N-TFA amino acid ester enantiomers (cf.
chapter 2.2.2).

180

120

60

-60

-120

-180
-180 -120 -60 0 60 120 180

Figure 2-24: Ramachandran plot of S-24
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2.4.6. Electronic Publishing of Multiminima Problems

The great number of stable conformations obtained for N-TFA-L-phenylalanine 3 -pentyl
ester (S-24) cannot be shown in an ordinary printed publication. Even for 8 pictures per page,
the printed pictures alone would require 260 pages. This raises the question, how this large
amount of information should be published. Apparently, the only method that allows a reader

to inspect all conformations of such a molecule is an on-line publication.

On-line publication is a perfect medium for presenting results of scientific research produced
in the computer, and offers the unique possibility of applying al the daily tools of
computational chemistry to the world of scientific publishing, to the benefit of both authors

and readers.The electronic version of publishing has a couple of advantages.

A large amount of data can be included in the article. An electronic publication can display
much more information than a normal publication. While it is impossible to show all 2083
conformations of S-24 in a printed version, for an electronic version, all 2083 conformations
can be stored on a host computer and opened on reader’ s request, e.g., by clicking on a certain
point in the structure tree. As the material presented here cannot be shown in detail in the
thesis printed on paper, we intend to publish the complete materia in the electronic journal J.
Molecular Modelling, published by Springer Verlag, Heidelberg, Germany.

In general, the readers of an electronic publication are able to review visual as well as text
information, for their own purpose. This involves colour graphics at no extra costs, and 3D
data files and pictures that may be viewed by various computer graphics stereo techniques. An
electronic publication has aso a significantly shorter publishing time of one to two weeks,

while a printed article takes severa months to be published.

Electronic publishing in chemistry, in particular, makes best usage of 3-dimensional
molecular structures. Even one may alow the reader to manipulate the information
interactively, rotate the molecular structure and inspect technical details, eg., internd
coordinates (bond lengths, bond angles and torsion angles), measure certain intra- or

intermolecular distances, etc., to the benefit of further scientific progress.

83



2.5 Summary

The molecular geometries and energies of 2083 stable conformations of N-trifluoroacetyl-L-
phenylalanine 3 -pentyl ester (S-24) were calculated by the molecular mechanics program
PCMODEL, based on the MM X (without P; electrons) method. The global minimum of S-24
shows a highly symmetric, zick-zack conformation (tt) of the 3'-pentyl group. There is a set
of combinations of staggered conformations, characterized by +60° (gauche, g*) and 180°
(trans, t), while (gt), (tg") and (g't), (tg) are preferred.

In order to search through 4224 combinations of six crucial torsion angles of S-24, these were
arranged in a structure tree that alowed a systematic search, eventually ruling out 4224 —
2083 = 2141 combinations that were unstable, because of nonbonded interactions. Prestudies
with pentane (25) and 3 -pentyl formiate (26) proved useful in exploring the entire
conformation space of 24.

Boltzmann analysis at 300 K revealed that the most stable conformer of the 3'-pentyl group in
S-24 is (tt) which haslocally the highest symmetry. The next higher energy minima are chiral

conformations of 3’-pentyl where one C-C bond is rotated by =120° (g't Il tg” and g't Il tg"),

and then there are conformations where both C-C bonds are rotated (g*g* | gg). The least

stable ones are “pesudo-symmetric’ conformers (g*g” and gg"), that are twisted by

nonbonded (repulsive) interactions into four chiral conformations (geg | g'ge and geg” |l

gg®). Conformers with g or ge are more densely populated (at 300 K) than the corresponding

mirror images. The generality of this phenomenon is striking.

The Ramachandran plot of torsion angles @ and ¥ in the L-phenylalanine residue shows
extended clusters of stable conformations in the B-plated sheet domain and in the o-helix
region, mainly due to antiparalel aignment of dipoles. This result may aso serve to

understand the packing phenomena of N-TFA amino acid ester enantiomers.

Only electronic publishing can display the complete information on the structure tree of 4224
combinations of torsion angles and on the 2083 stable minima found, including full colour 3-
D molecular graphics of all these minima. Here, the reader can review the data visually and

interactively, to the benefit of further scientific progress.
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Part 3. Racemic Oxiranes as Synthons for Drug Candidates in

High Throughput Screening

3.1. Introduction

High-throughput screening (HTS) represents one of the most important technologies currently
in place within the pharmaceutical industry for the identification of biologicaly active
molecules as potential drug candidates [58]. Today, it is widely anticipated not only in
pharmaceutical science but also in analytical chemistry. Recent developments in high-
throughput screening have enabled large numbers of single compounds to be evaluated
rapidly for biological activity, thus facilitating the optimization of drug candidates [59]. For
the facilitation of rapid and accurate biological profiling and structural determination by HTS,
significant emphasis has recently been directed toward the analysis, purification, and

characterization of components prior to screening [60].

In paralel with the development of enantiospecific analytical methodology in the past few
decades, the enantiomeric composition of biologically active compounds has attracted
increasing attention [61]. The world market for single enantiomer drugs is still growing
rapidly [62]. For the approval of new chira drugs — whether racemic or enantiopure —

enanti ospecific methods are now required in al industrial countries [63].

In ,chiral separations’ enantiomers are separated on the basis of stereoselectivity. ,,Chiral
chromatography” has developed with the need for enantiomerically pure drugs. Many chiral
drugs have been used as their racemates because of difficulties in stereoselective synthesis
and purification. As only one of the enantiomers may exhibit the pharmacological effect and
the other may even show side effects, it is important to separate and determine the

enantiomers of drugs [62].

The akylating capacity of epoxy functions is well-known [64], [65], [66] and the
antineoplastic activity of bifunctional epoxides has been reported [61], [68], [69]. The
investigation of active antitumor agents containing higher numbers of epoxy groups in their
structure has been performed [70]. As a continuation of this work, we have synthesized a
series of related epoxy compounds with varying chemical structure. Modification of one of
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the epoxy groups in the molecule by reaction with nucleophiles permits wide variations of
physicochemical properties without a concomitant loss of active centers for any biological
activity, like antineoplastic activity. On the other hand, it is known that the chemical
reactivity of epoxides in strongly dependent on the substituents of the oxirane ring and
location of oxirane ring in the molecule [71]. A number of heterocycles containing a pyridine-
type nitrogen atom and an oxirane ring have been designed as antitumor compounds. They are
also potential synthons for other drug candidates in high throughput screening.

3.2.Fundamentals

3.2.1. General Procedurefor Synthesis of the Epoxy Compounds

The reaction between amines and epichlorohydrin has been studied extensively in the past,
most of them are intermediates in drug synthesis, but they also have a certain antitumor
activity. Epoxides are akylating agents, and they react with nucleophiles with opening of the
epoxide ring [71], [62]. The reaction between secondary amines and epichlorohydrin is
usually formulated as:

H,C——CHCH,ClI RNH —— 3 R,;NCH,CHOHCH,CI

O o7 28

Treatment of the chlorohydrin (27) with base (either excess amine or akali) affords the N-
(2,3-epoxy-propyl) dialkylamine (28). When excess amine is used the 1,3-bis-(dialkylamino)-
propanol-2 (30) can be isolated.

Base Q0 R,NH
28 —> RZNCHZ—CH:—CH2 —> [R,NCH,-],CHOH
29 30
Nearly all glycidyl compounds were prepared according to the general reaction scheme shown

in the following:
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The oxo-N-heterocycles (31) were alkylated by a large excess of halogen epoxy propane,
mostly the chloroderivative epichlorohydrin, to give the halogenhydroxypropyl intermediates
(32), which were subsequently converted into the epoxy derivatives 33.

Often, epoxy compounds have antitumor activity [70], and other pharmacophores like a
succinimide group give rise to activities such as CNS depressant [73], analgesic [74],
antitumor [75], cytostatic [76], anorectic [77], nerve conduction blocking [78], etc.. A
piperazine moiety has been reported to be present in some Ca-channel antagonists [75].
Hence, it is important to screen a set of oxiranes for different pharmacological effects.
Moreover, the oxirane ring can be used as a linker of different pharmacophores in the HTS

approach.

3.2.2. Enantiomer Separation of Oxirane Drug Precursors by HPLC on

Different Chiral Stationary Phases

Enantiomeric compounds cannot be separated directly in normal chromatographic systems
since the groups attached to the stereogenic center are equally accessible to binding. If the
enantiomers are combined with a chiral selector (enantiomeric reagent), however, two
diastereomers are formed that may show differences in binding properties and therefore can
be separated by chromatography. The use of chiral stationary phase (CSP) is a technique that
relies on the formation of transient, temporary diastereoisomers between the sample
enantiomers and chiral stationary phase [79]. Differences in stability between the
diastereoisomers are reflected in differences in retention times. The ability of the analyte and
CSP to form transient-diastereomeric complexes utilizing hydrogen bonding, mt-rt interactions,
dipole stacking, inclusion complexing, and steric bulk is the driving force behind
enantioseparation [ 79]. The enantiomer that forms the least stable complex is eluted first. The

most important considerations are the type of substituent groups present in the anayte
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molecule and their ability to either m- or H-bonding (attractive interaction) or steric
interference with bonding (repulsive interaction). The spatial arrangement of the substituents
around the analyte stereogenic center plays an important role in enantiomer separation. In
most cases, the closer a group is to the stereogenic center, the more likely is chiral recognition
and enantioselectivity. If the analyte does not contain groups that can bind to the stationary

phase, derivatization of the anal yte may be necessary.

Within the framework of this thesis, the enantiomers of epoxy compounds were directly
separated by HPLC on five different chiral stationary phases. The following chromatographic
columns were chosen: Chiralcel OJ, OG, OD-H (all three based on cellulose), Chiralcel AD
and AS (both based on amylose). Retention factors, enantioselectivity, efficiency and
resolution were tested while modifying the composition of the mobile phase. The impact of
the structure of the analyte on the mechanism of chiral recognition of drug precursors by the

different chiral phases was thereby investigated.
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3.3.Results and Discussion

3.3.1. Enantiomer Separation of 14 Drug Precursors on Five Chiral
Stationary Phasesby HPLC

Based on the impact of different substructures on the separation data, we choose to divide the
total of 14 drug precursors (see Table 3-1) into two classes, according to their chemical
structure, one class where the substructure  is present, and another class where it is absent. In
Tables 3-2 to 3-6, the separation data are compiled for the 14 analytes where mt is present and
absent, respectively.

The quality of an HPLC separation is adequately described in terms of the resolution achieved
in a certain time. In order to evaluate the chromatographic performance of the five selected
columns in the enantiomer separation of the 14 oxiranes, severa factors were investigated.
The retention factors (k'), the separation factor of the enantiomers (o), and the resolution
factor (Ry). Various mathematical functions have been proposed to evaluate separation
guantitatively [80], [81]. Thus, the retention factor k’ is given asin Equation (3-1)

kK = (tR— to) /o (3-1)

where tr is the band retention time and t, is the column dead time. K’ is the average retention

factor for two bands. The separation factor o is given asin Equation (3-2)
o= k2 / k]_ (3-2)

where k, and k; are values of k for adjacent bands 1 and 2. The resolution factor Rs is defined

asin Equation (3-3)
Rs= 2(t2- ty) / (wy +Wp) (3-3)

Here, t; and t; are the retention times of the first and second adjacent bands, respectively, and
w; and w; are their baseline bandwidths. Rs is used to describe the degree of separation

between neighboring solute bands or peaks.
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Table 3-1: Names and structures of 14 drug precursors (* old numbering as in an unpublished
study)

Number Name Structure

0
34 (Nr.01%) 1-(2,3-epoxypropyl)-2,5-
pyrrolidinedione N_\W
O o

0
35 (Nr.02") N-oxiranylmethyl-phthalimide @q
N_\W
o) o

36 (Nr.04") | 5-oxiranylmethyl-10,11-dihydro-5H- O O
dibenz[b,j]azepine N

N
N
37 (Nr.05%) 3-oxiranylmethyl-3H-quinazolin-4-one @
\OE

N\
38 (Nr.06%) 2-methyl-3-oxiranylmethyl-3H- T
guinazolin-4-one
o]
o]
39 (Nr.20%) 1-oxiranylmethyl-4,5-diphenyl-1H- l _ !
imidazole N _N
X \\>
o}
40 (Nr.21%) | 4-benzoyl-5-methyl-1-oxiranylmethyl-2- oo 1= °
phenyl-1,2-dihydro-pyrazol-3-one IS,
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S
41 (Nr.23% 10-oxiranylmethyl-10H-phenothiazine @[ :@
N
kDO
-
42 (Nr.25" 1-benzhydryl-4-oxiranylmethy!- N
piperazine [ j
‘i‘
F
43 (Nr.27%) 1-(4-fluoro-phenyl)-4-oxiranylmethyl -
piperazine ;
()
kDO
(0]
44 (Nr.32%) 1,3-dimethyl-7-oxiranylmethyl-3,7- o J)
dihydro-purine-2,6-dione ~n —n
o)\ril N/)
45 (Nr.24%) 1-oxiranylmethyl-pyrrolidine [N>
kDo
46 (Nr.30%) 1-oxiranylmethyl-piperidine O
N
kDO
0
47 (Nr.31%) 4-oxiranylmethyl-morpholine [ ]
N
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Table 3-2: Retention times (t); retention factors (K'), separation factors () and resolution
factors (Rs) for HPLC of 14 oxiranes (* old numbering as in an unpublished study) on a
Chiralcel AD stationary phase; mobile phase: heptane / iso-propanol (70/30), flow rate:
0.5ml/min, to = 1.329.

oxirane CSP: Chiralcel AD

with mt-system ty to k o Rs
34 (Nr.01%) 4.446 7.574 3.522 2.004 3.476
35 (Nr.02%) 3.125 3.811 1.609 1.382 1.247
36 (Nr.04%) 1.889 - 0.421 1.000 0
37 (Nr.05%) 3.395 4.873 2.111 1.715 2.111
38 (Nr.06%) 2.929 5.362 2.119 2.521 3.476
39 (Nr.20%) 2.753 - 1.710 1.000 0
40 (Nr.21% 2.859 5.209 2.035 2.536 3.357
41 (Nr.23% 2.118 2.390 0.696 1.345 1.360
42 (Nr.25%) 1.878 2.075 0.487 1.359 0.985
43 (Nr.27%) 1.820 1.999 0.437 1.365 0.895
44 (Nr.32% 1.978 - 0.488 1.000 0

without mt-system

45 (Nr.24%) 4.441 - 2.342 1.000 0
46 (Nr.30%) 1.495 - 0.125 1.000 0
47 (Nr.31% 1.645 - 0.238 1.000 0
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Table 3-3: Retention times (t); retention factors (k'), separation factors () and resolution
factors (Rs) for HPLC of 14 oxiranes (* old numbering as in an unpublished study) on a
Chiralcel OG stationary phase; mobile phase: heptane / iso-propanol (70/30), flow rate:
0.5ml/min, to = 1.151.

oxirane CSP: Chiralcel OG

with mt-system ty to k o Rs
34 (Nr.01%) 12.852 - 10.166 1.000 0
35 (Nr.02%) 5.848 - 4.081 1.000 0
36 (Nr.04%) 2.202 - 0.913 1.000 0
37 (Nr.05%) 9.337 11.043 7.853 1.208 1.706
38 (Nr.06%) 7.230 8.815 5.970 1.261 1.761
39 (Nr.20%) 8.905 10.155 7.280 1.161 1.250
40 (Nr.21% 3.547 - 2.082 1.000 0
41 (Nr.23% 2.737 2.882 1.441 1.091 0.725
42 (Nr.25%) 1.826 - 0.586 1.000 0
43 (Nr.27% 2.503 - 1.175 1.000 0
44 (Nr.32% 2.417 - 1.100 1.000 0

without mt-system

45 (Nr.24%) 1.749 - 0.520 1.000 0
46 (Nr.30%) 1.536 - 0.334 1.000 0
47 (Nr.31% 1.680 - 0.460 1.000 0
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Table 3-4. Retention times (t); retention factors (K'), separation factors () and resolution
factors (Rs) for HPLC of 14 oxiranes (* old numbering as in an unpublished study) on a
Chirdlcel OJ stationary phase; mobile phase: heptane / iso-propanol (70/30), flow rate:
0.5ml/min, to = 1.212.

oxirane CSP: Chiralcel OJ

with mt-system t; to k o Rs
34 (Nr.01%) 8.531 - 6.039 1.000 0
35 (Nr.02%) 8.917 - 6.357 1.000 0
36 (Nr.04%) 7.361 8.435 5.517 1.175 0.826
37 (Nr.05%) 9.918 11.557 7.631 1.189 1.261
38 (Nr.06%) 5.616 - 3.634 1.000 0
39 (Nr.20%) 6.213 - 4.126 1.000 0
40 (Nr.21% 13.358 - 10.021 1.000 0
41 (Nr.23%) 8.430 9.812 6.526 1.191 1.256
42 (Nr.25% 3.873 - 2.196 1.000 0
43 (Nr.27%) 3.300 3.870 1.958 1.273 1.425
44 (Nr.32%) 17.233 21.217 23.031 1.242 2.656

without mt-system

45 (Nr.24%) 1.498 - 0.236 1.000 0
46 (Nr.30% 1.424 - 0.175 1.000 0
47 (Nr.31%) 1.920 - 0.584 1.000 0

3 mobile phase: 90/10 n-heptane/iso-propanol ® flow rate: 0.8 mi/min
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Table 3-5: Retention times (t); retention factors (K'), separation factors () and resolution
factors (Rs) for HPLC of 14 oxiranes (* old numbering as in an unpublished study) on a
Chiradlcel OD stationary phase; mobile phase: heptane / iso-propanol (90/10), flow rate:
0.5ml/min, to = 1.304.

oxirane CSP: Chiralcel OD

with mt-system t; to k o Rs
34 (Nr.01%) 12.036 13.427 8.763 1.13.0 1.546
35 (Nr.02%) 4.408 4.611 2.458 1.065 0.677
36 (Nr.04"% 2.518 . 0.915 1.000 0
37 (Nr.05%) 6.519 6.792 4.104 1.052 0.546
38 (Nr.06") 4.592 . 2.521 1.000 0
39 (Nr.20%) 7.019 - 4.383 1.000 0
40 (Nr.21% 6.444 7.100 4.150 1.128 0.729
41 (Nr.23%) 2.633 2.901 1.104 1.203 1.072
42 (Nr.25% 2.004 - 0.537 1.000 0
43 (Nr.27%) 2.290 - 0.756 1.000 0
44 (Nr.32% 5.375 6.119 3.370 1.183 0.827

without mt-system

45 (Nr.24%) 1.587 - 0.207 1.000 0
46 (Nr.30%) 1.534 . 0.167 1.000 0
47 (Nr.31%) 1.728 - 0.314 1.000 0

° mobile phase: 70/30 n-heptane/iso-propanol
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Table 3-6: Retention times (t); retention factors (k'), separation factors () and resolution
factors (Rs) for HPLC of 14 oxiranes (* old numbering as in an unpublished study) on a
Chiralcel AS stationary phase; mobile phase: heptane / iso-propanol (90/10), flow rate:
0.5ml/min, to = 0.479.

oxirane CSP: Chiralcel AS

with mt-system t; to k o Rs
34 (Nr.01%) 5.217 - 9.891 1.000 0
35 (Nr.02%) 1.584 - 2.307 1.000 0
36 (Nr.04"% 0.789 . 0.647 1.000 0
37 (Nr.05%) 2.700 - 4.637 1.000 0
38 (Nr.06%) 1.491 - 2.113 1.000 0
39 (Nr.20%) 1.919 - 3.006 1.000 0
40 (Nr.21% 6.782 - 13.159 1.000 0
41 (Nr.23%) 0.916 - 0.912 1.000 0
42 (Nr.25% 0.673 - 0.405 1.000 0
43 (Nr.27%) 1.275 2.184 2.611 2.142 0.909
44 (Nr.32% 3.235 - 5.754 1.000 0

without mt-system

45 (Nr.24%) 0.642 - 0.340 1.000 0
46 (Nr.30%) 0.607 . 0.267 1.000 0
47 (Nr.31%) 0.684 - 0.428 1.000 0
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Figure 3-1: Enantiomer separation of oxiranes 34 to 47 on 5 CSPs by HPLC

In Figure 3-1, the situation of 14 different oxiranes is compared for 5 different CSPs. While
linear cellulose derivatives form the basis of most polysaccharide stationary phases, helical
amylose derivatives can provide widely different selectivities. The tris(3,5-
dimethylphenylcarbamate) derivative of amylose (Chiralcel AD) often exhibits the highest
enantioselectivity in this class of polysaccharides. Here it was successful for 8 out of 14
oxiranes tested. It is interesting to note that the corresponding cellulose derivative, cellulose
tris(3,5-dimethylphenyl carbamate) (Chiralcel OD) proved to be the second best phase in this
selection, with asuccess for 6 entries. The separation capability of these five stationary phases
isdecreasing in the order: AD > OD >0J> OG > AS.
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3.3.2. Comparison of Enantiomer Separationson Five Different CSPs

In order to compare the behaviour of the 14 oxiranes on 5 chiral stationary phases, the
relationship between the net capacity factor (k') and the separation factor (o) is shown in
Figures 3-2 to 3-6.

Chiralcel AD
3
38 40
2.5 - %o
3
5 34
I3 2 - °
S
E a7
©
S 1 35
) S ] 43 42 41
wn o ° [ ]
l] oo ee - ®* O -
0.5 T T T
0 1 2 3 4

net capacity factor k'

Figure 3-2: Separation factor o versus net capacity factor k' for the CSP Chiralcel AD

Chiracel AD appears to be quite versatile, being successful for 8 out of 11 oxiranes with -

system, yet zero success without m-system.
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Chiralcel AS
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Figure 3-3: Separation factor o versus net capacity factor k' for the CSP Chiralcel AS

The other amylose phase Chiralcel AS, however, alows merely the separation of entry 43,

probably due to its unique rod-like molecular structure.
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Chiralcel OD
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Figure 3-4: Separation factor o versus net capacity factor k' for the CSP Chiralcel OD
In analogy to Chiracel AD, the similar cellulose derivative Chiralcel OD is also versatile, but

not as effective; overall, the separation factors (o) are much smaller, and entry 43, inter alia,

isnot separated at all.
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Chiralcel OG
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Figure 3-5: Separation factor o versus net capacity factor k' for the CSP Chiralcel OG

Chiralcel OG is aso of limited applicability, but the selectivity is entirely different from
Chiralcel OD. The methyl substituents play an important role in chiral recognition, with a
mostly steric effect for the 3,5-dimethylphenylcarbamate (OD) and an electronic +M-effect
for the 4-methyl derivative (OG).
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Chiralcel OJ
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Figure 3-6: Separation factor o versus net capacity factor k' for the CSP Chiralcel OJ
Likewise, the 4-methyl-benzoate Chiralcel OJis not very effective; however, the selectivity is

again quite different from Chiralcel OG. Notably, the rod-like compound 43 is separated best,
like on Chiralcel AS.
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3.3.3. Influenceof the Analyte Structure on the Enantiomer Separation

The molecular structure of the analytes will also influence the enantiomer separation and
retention behaviour. The 14 analytes can be divided into two groups, one where m is present
(entries 34 to 44 in Table 3-1), and the other where &t is absent (entries 45 to 47). From
Figures 3-2 to 3-6, it is obvious that without an additional © system (represented by hollow
points in the Figures), these oxiranes are not likely to be separated, and they also have arather
short retention time. Hence, they are not sufficiently interacting with this type of CSPs. None
of the 14 oxiranes can be separated on al five columns, but entries 37 and 41 can be separated
on four of them, while 43 can be separated on three different CSPs. Together with Chiralcel
0J, the separation task can be solved with these three phases ailmost as good as with al five
phases, apart from the intriguingly wide separation of the rod-like compound 43 on Chiralcel
AS.

Compound 34 has a strong retention due to the high polarity of this molecule, despite the lack
of an aryl group. This behaviour is not due to the small size, as entries 45, 46 and 47 are aso
small, but these are lacking the carbonyl groups as well, hence they have only a weak
interaction with any of the five CSPs. However, the enantiomer separation of 34 not as good
as for some of the oxiranes bearing an aryl group. The entries 36 and 44 do have aryl groups,
but they do not bind very strongly to the stationary phases. In entry 39, the aryl groups are

from the stereogenic center, so thereis only asmall enantioselectivity.

We conclude that dipole interactions have a strong impact on the retention mechanism, and
extended © systems are mandatory. The arrangement in space of the substituent groups around
the anal yte stereogenic center plays an important role in enantiomeric separations. The closer
a group is to the chiral center, the more likely is chiral recognition and enantioselectivity. If
there are no groups in the analyte molecule that bind to the stationary phase, the enantiomers
are not likely to be separated.
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3.4.Experimental Section

34.1. Instruments

3411 HPLC

Spectra Physics SP8800 HPLC Pump, Spectra Physics SP8880 Autosampler, Spectra Physics
Spectra 100 Detector, Spectra Physics Chromjet Integrator, Computer 486DX2, 16MB,
Software PC1000 Version 3.0, Mobile phases. heptane / isopropanol and 0.1 % diethylamine,
HPLC-grade (Merck). Chemical reagent: diethylamine (Fluka) >= 99.7 %. Sample volume:
10pl

34.1.2 |IR-Spectrometer
Perkin-Elmer 281 B. All wave numbersin cm™.

3.5.1.3 NMR-Spectrometer

Bruker AC 250 (250 MHz) and Bruker WM 400 (400 MHZz). Chemical shift 5 in ppm (TMS
and TSP, respectively, as standard)

34.1.4 Elemental Analysis

C, H, N: Carlo Erba Elemental Analyzer Mod. 1106, Mikroanalytisches Labor der
Universitaet Tuebingen.

3.4.15 M S-Spectrometer

Double Physical Focus Sector Field-MS (AMD Intectra), and Tri-Stage-Quadrupol-MS TSQ
70 (Finnigan-MAT).

3.4.2. Daicd-HPLC-Phases

We have synthesized the drug precursors (see Table 3-1), the aim was to separate these
compounds into enantiomers on five chiral stationary phases (DAICEL chiral AD, chiral OG,
chiral OJ, chiral OD and chiral AS), in order to study the impact of the molecular structure on
separation. The chiral stationary phases from the Fa. Daicel [11] (Illustration Table 3-7) was
offered for HPLC-Phase. They are composed of the derivates from amylosecarbamate [82],

cellulosecarbamate [82] or celluloseester [82], which were coated on a silica-gel substrate.
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Table 3-7 Daicel HPL C-Phases

Amylosecar bamate-Derivatives

CHIRALCEL AD

Column: 250 x 2 mm (L x [.D.) column material: Amylose trig3,5-dimethylbenzyl-
carbamate], coated on a 10 um silica-gel substrate

o

CHIRALCEL AS

Column: 250 x 1 mm (L x 1.D.), column material: Amylose trig(S)-a-methylbenzyl-
carbamate], coated on a10 um silica-gel substrate
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Cedllulosecar bamate-Derivatives

CHIRALCEL OD-H

Column: 250 x 2 mm (L x 1.D.) column material: Cellulose trig[3,5-dimethylphenyl-
carbamate], coated on a5 um silica-gel substrate

CHIRALCEL OG

Column: 250 x 2 mm (L x I.D.) column material: Cellulose trig 4-methylphenyl carbamate],
coated on a10 um silica-gel substrate
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Cdlluloseester-Derivatives

CHIRALCEL OJ

Column: 250 x 2 mm (L x 1.D.), column material: Cellulose trig 4-methylbenzoate], coated
on a8 um silica-gel substrate

The chiral columns are really sensitive to polar mobile phases. The suitable mobile phases are
included in the Table 3-8:

Table 3-8: The suitable mobile phasesin five different chiral stationary phases

Column type n-heptane / 2-propanol n-heptane / ethanol
or n-hexane / 2-propanol or n-hexane / ethanol

AD 100/0 to 0/100 v/v 100/0 to 85/15 v/v

40/60 to 0/100 v/v
AS 100/0 to 0/100 v/iv 100/0 to 0/100 v/v
OD-H 100/0 to 0/100 viv 100/0 to 0/100 v/iv
0G 100/0 to 50/50 viv 100/0 to 80/20 viv
0J 100/0 to 0/100 viv 100/0 to 0/100 viv

Suitable Mobile Phase Modifiersinclude
N,N-Diethylamine for a basic sample, typical 0.1%, maximal 0.5%
Trifluoroacetic for an acidic sample, typical 0.1%, maximal 0.5%
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3.4.3. Chemicals

Basic chemicals were purchased from ABCR, Aldrich, Fluka, Merck, and Schuetz & Co.

TLC Plates: Silicagel 60 Fs4 (E. Merck, Darmstadt). UV detection, staining with Ce(SO,)2/
HzSO4/ (N H4)5M 07024 -4H,0

LC column filling: Silicagel 60 (0.032-0.063 mm) (E. Merck, Darmstadt); this silica gel was
impregnated with triethylamine and suspended in petrolether (30 - 50 °C) / diethyl ether /
triethylamin (9/ 3/ 7), filtered, and finally dried in vacuo at 50°C.

General procedures. All non-agueous reactions were performed under a positive pressure of
N2 gas. Flash column chromatography was performed as described by Still et al.[83]
employing 32-63 um (220-440 mesh ASTM) silica gel.

Reagent. [84]

Tetrahydrofuran was permeated through a basic Al,O3; column to remove peroxides, then it
was refluxed with sodium in the presence of benzophenone under N, gas until the blueviolet
colour persisted, distilled under N, gas, and finally stored over CaH..

Dichloromethane, diisopropylamine, triethylamine were distilled under nitrogen from calcium
hydride.
Dry methanol was prepared by distillation from magnesium methylate.
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34.4. Synthess

34.4.1. 1-(2,3-Epoxypropyl)-2,5-pyrrolidinedione (34)

3.4.4.1.a.Succinimide potassium salt

Following a literature procedure [85], potassium hydroxide (5.66 g / 0.1 mol) was dissolved
in 25 ml of methanol, then succinimide (9.94 g/ 0.1 mol) was added into the solution, and the
mixture was stirred at room temperature for 1 h. The solvent was evaporated under reduced
pressure, the residue was rinsed twice with diethyl ether to remove last traces of methanol.
The slurry was filtered to get light brown crystals of succinimide potassium salt, yield 13.45 g
(96 %).

34.4.1.b. 1-(2,3-Epoxypropyl)-2,5-pyrrolidinedione

O
N‘\W
O o}

In analogy to a general procedure [85], to a mixture of epichlorohydrin (6.0 ml, 0.075 mol)
and acetonitrile (20 ml), the potassium salt of succinimide (6.85 g, 0.05 mol) was gradually
added while stirring at 40 to 50°C. After the addition was complete, the temperature was
raised to about 80 to 90°C, and stirring was continued at reflux temperature for another 6 h.
The solution was filtered to remove the residual KCl and unreacted succinimide potassium
salt, and acetonitrile was removed by distillation. Excess epichlorohydrin was removed by
extraction with petrol ether (60 to 80°C) (3 x 10 ml), and fractional distillation in vacuo

afforded the product as a clear colourless oil with atendency to form white crystals.

Yield: 4.38 g (56.5 %), b.p. 210°C / 0.02 mbar, purity > 97 %
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Anal. Calculated for C;HgNOs: C, 54.2; H,5.1; N, 9.0
Found: C,525 H,58 N, 89

'H-NMR (CDCl3): § = 2.57 - 2.60 (CH0), 2.70 - 2.76 (CH»-CH,), 3,11 - 3.14 (CHO), 3.53 -
3.73 (NCHy) ppm

3C-NMR (CDCl3): & = 28.22, 29.66 (CH.-CH>), 40.60 (CH,0), 46.12 (NCH,), 48.51 (CHO),
176.99, 178.04 (C=0) ppm

MS: miz = 155.7 [M]*

3.4.4.2. N-Oxiranylmethyl-phthalimide (35)

O
N‘\W
o 0

In analogy to a general procedure [86], epichlorohydrin (35 ml / 0.4471 mol) was dropped
into potassium phthalimide (15.05 g / 0.0813 mol) that was placed in a flask equipped with
stirrer and reflux condenser. The mixture was heated in a bath warmed to 160° for 10 h,
during which the original pasty yellow substance was gradually transformed into a suspension
of finely divided powder in a dark brown liquid. The epichlorohydrin was distilled from the
reaction mixture in vacuo with a water-pump, the residue was dissolved in 100 ml hot
ethanol. The insoluble inorganic residue was filtered from the hot solution by filtration and
washed with 15 ml of hot ethanol. After cooling, the combined ethanol solutions deposited the
product as yellowish white crystals. Recrystallization from 10 ml of ethanol eventualy
afforded yellowish white crystals.

Yield: 12.51g (75.76%), m.p. 95-97°C, purity > 98%

Anal. Caculated for C11HgNOs: C, 65.03; H, 4.43; N, 6.90
Found: C,64.43; H, 4.31; N, 6.88

'H-NMR (CDCl3): 6= 2.64 - 2.79 (CH0), 3.17 - 3.24 (CHO), 3.73 - 3.97 (NCHy), 7.67 -
7.87 (CHaom) ppm
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BC.NMR (CDCls): 8= 39.70 (CH,0), 46.14 (CHO), 49.09 (NCH,), 123.46 - 134.17
(CHaom), 168.00 (CO) ppm

MS: m/z = 203.3 [M]*

3.4.4.3. N-Oxiranylmethyl-3H-quinazolin-4-one (37)

O

In analogy to a general procedure [87], 3H-quinazolin-4-one (14.6 g/ 0.1 mol) was dissolved
in 100 ml of 1 N sodium methoxide, and epichlorohydrin (37 ml / 0.47 mol) was added
dropwise. The reaction mixture was allowed to stand at room temperature for 2 h, while
keeping the reaction temperature below 35° by cooling with a water bath. After 2.5 h, the
solution was filtered from the salt, and the solvent was evaporated in vacuo. The residue was
dissolved in 300 ml of chloroform, the brown solution was dried over magnesium sulfate,
filtered and evaporated in vacuo. Recrystallization from EtOAc / petrol ether (30-50°C)
afforded white crystals.

Yield, 10.61g (52.47%), m.p. 79-80°C (Lit. 78-80°C), purity > 98%.

Anal. Calculated for C11H19N->O5: C, 65.25; H, 4.97; N, 13.90
Found: C, 64.87;: H,5.03; N, 13.84

IH-NMR (CDCl3): &= 2,52 - 2.83 (CH,0), 3.26 - 3.33 (CHO), 3.73 - 4.53 (CH,N), 7.40 -
8.25 (CHarom), 7.97 (CH N) ppm

BC.NMR (CDCls): 8= 4550 (CH,0), 47.72 (NCH,), 49.74 (CHO), 126.74 - 13451
(CHaom), 146.58 - 148.14 (NCH), 161.14 (CO) ppm

MS: m/z = 202.2 [M]*
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3.4.4.4. 2-Methyl-3-oxiranylmethyl-3H-quinazolin-4-one (38)

7

N

I

O

In analogy to a general procedure [87], 2-methyl-3H-quinazolin-4-one (8.01 g / 0.05 mol) was
dissolved in 58.0 ml of 1 N sodium methoxide. To this solution, 20 ml of epichlorohydrin
were added dropwise, followed by tetraethylammonium bromide (5.2 g / 0.025 mol). The
reaction mixture was allowed to stand at room temperature for 3 h (not longer), keeping the
reaction temperature below 35° by cooling with a water bath. Then, the solution was filtered
from the salt and the solvent was evaporated in vacuo. The residue was dissolved in 250 ml of
chloroform, dried over magnesium sulfate, and the solution was evaporated in vacuo.
Recrystallization from EtOAc / petrol ether (60-90°C) afforded white crystals.

Yield, 7.25g (67.65%), m.p. 90-92°C (Lit. 90-92°C), purity > 96%.

Anal. Calculated for C1oH1oN-05: C, 66.60; H, 5.60; N, 12.95
Found: C, 64.59; H, 5.96; N, 12.83

'H-NMR (CDCl3): 8= 2.56 - 2.86 (CH,0), 2.65 (CHa), 3.31 - 3.37 (CHO), 3.98 - 4.69
(CH.N), 7.39 - 8.24 (CHarom) ppm

3C.NMR (CDCly): & = 23.65 (CHs), 45.37 (CH-0), 45.71 (NCH,), 49.94 (CHO), 126.57 -
126.85 (CHaom), 134.53 (NC), 154.63 (CO) ppm

MS: m/z = 216.2 [M]*
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3.4.4.5. 1-Oxiranylmethyl-4,5-diphenyl-1H-imidazole (39)

In analogy to a genera procedure [88], 4,5-diphenyl-1H-imidazole (17.68 g / 0.08 mol) was
mixed with 25.6 g of 50% aqueous sodium hydroxide, and 25.2 ml of epichlorohydrin were
added dropwise to this mixture, then tetraethylammonium bromide (0.84 g / 0.04 mol) was
added. The mixture was vigorously stirred for 3 h at 20°C, then it was heated for another 0.5 h
at 30°C. The reaction mixture was dissolved in EtOAcC, filtered, and evaporated in vacuo. The
residue was recrystallized from EtOAc / petrol ether (30-50°) to afford white crystals.

Yield, 14.87 g (67.35%), m.p. 99-102°C (Lit. 98-100°C), purity > 98%.

Anal. Calculated for C1gH16N-O: C, 78.17; H, 5.79; N, 10.13
Found: C, 75.43; H, 5.53; N, 9.55

IH-NMR (CDCl3): &= 2.32 - 2.74 (CH,0), 3.03 - 3.09 (CHO), 3.80 - 4.12 (CH,N), 7.10 -
7.49 (CHarom), 1.77 (CH N) ppm

BC.NMR (CDCls): 8= 45.61 (CH,0), 46.63 (NCH,), 50.54 (CHO), 126.46 - 134.45
(CHarom), 130.47 - 131.07 (NC-CN), 138.33 (CHN) ppm

MS: miz = 276.3 [M]*
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3.4.4.6. 4-Benzoyl-5-methyl-1-oxiranylmethyl-2-phenyl-1,2-dihydr o-pyrazol-3-one (40)

o

I>\/N\N o
4-Benzoyl-5-methyl-2-phenyl-1,2-dihydro-pyrazol-3-one (27.90 g / 0.1 mol) was dissolved in
110 ml of 1 N sodium methoxide, and epichlorohydrin (100 ml / 1.28 mol) was added
dropwise and slowly. Then, the mixture was refluxed at 110°C for 4 h, filtered and evaporated
under reduced pressure. The residue was dissolved in 250 ml of chloroform and dried over

magnesium sulfate, the solution was filtered and evaporated to a yellowish-brown clear liquid.
Recrystallization from EtOAc / diisopropy! ether afforded white crystals.

Yield: 17.42 g (51.56%), m.p. 129-131°C, purity > 96%.

Anal. Calculated for CooH1sN2Os3: C,71.77; H,5.38; N, 8.37
Found: C, 70.46: H, 4.66; N, 8.18

'H-NMR (CDCls): & = 2.40 - 2.42; 2.71 - 2.74 (CH.0), 2.63 (CHs), 2.98 - 3.02 (CHO), 3.71 -
4.12 (NCH), 7.25 - 7.90 (CHarom) ppm

3C-NMR (CDCly): & = 12.64 (CHs), 45.28 (CH,0), 48.31 (NCH,), 49.05 (CHO), 126.28 -
134.34 (CHarom), 138.46 (CN), 159.19 (C=C), 163.85 (C=0), 190.49 (C=0) ppm

MS: miz = 334.2 [M]*
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3.4.4.7. 1-Oxiranylmethyl-pyrrolidine (45)

()

N

o

Pyrrolidine (33.2 ml / 0.4 mol) was dissolved in 200 ml of diethyl ether, and epichlorohydrin
(32 ml / 0.4 mol) was added dropwise and slowly during appr. 2 h. Stirring was continued
while heating with a bath warmed to 40° for 24 h, during which the clear organic phase
changed into a translucent light yellow liquid. The diethyl ether was removed by evaporation
under reduced pressure. After addition of 50% NaOH (40 ml / 0.5 mol), the mixture was
stirred at room temperature for 2 h (warming up should be prevented by cooling with a water
bath, otherwise, 2,5-bis-pyrrolidinemethyl-p-dioxane will be formed). Then it was washed
with 80 ml of water, the agueous layer was extracted with diethyl ether four times, and the
combined organic solutions were dried over K,COjs for 2 h. After removal of diethyl ether in
vacuo, the residue was distilled under reduced pressure to afford the product as a colourless,

transparent liquid.

Yield: 36.88 g (72.61%), b.p. 25 ~ 26°C / 0.1 mbar, purity > 98%

'H-NMR (CDClg): & = 1.74 - 1.79 (CH»-CH,), 2.34 - 2.56 (CH,0), 2.34 - 2.78 (NCH,), 2.46 -
2,59 (CH,-CH,N), 3.05 - 3.08 (CHO) ppm

BC-.NMR (CDCl3): 6 = 23.52 (CH,-CHy), 45.60 (CH,0), 51.06 (CH2N), 54.67 (NCH,), 58.66
(CHO) ppm
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3.4.4.8. 1-Benzhydryl-4-oxiranylmethyl-piperazine (42)

N?o
(]

Diphenylmethylpiperazine (17.68 g / 0.07 mol) was dissolved in 350 ml of dry acetone, then
epibromohydrin (12 ml / 0.14 mol) was added drop by drop while stirring slowly at the
beginning and faster towards the end. During addition of half of the epibromohydrin, the
solution turned white and muddy. After addition of all epibromohydrin, K.CO3 (9.7 g / 0.07
mol) was added into the mixture, and it was refluxed at 65°C for 6 h. After cooling, the
inorganics were filtered off, the filtrate was evaporated to dryness, and an oily yellow residue
was obtained. Repeated recrystallization (twice) from hot ethanol afforded light yellow
crystals.

Yield: 16.44 g (76.15 %), m.p. 103-104°C, purity > 99%.

Anal. Calculated for CogH24N-0: C,77.8; H, 7.78; N, 9.08
Found: C,77.4;H,7.83; N, 898

'H-NMR (CDCl3): 8 = 2.27 - 2.48 (CH-0), 2.28 - 2.77 (NCH}), 2.45 - 2.69 (CH,-CH,), 3.05 -
3.12 (CHO), 4.24 (CH), 7.20 - 7.44 (CHaom) ppm

3C.NMR (CDCl3): & = 45.13, 61.08 (CH»-CH>), 50.22 (CH,0), 51.81 (NCH,), 53.98 (CHO),
126.96 - 128.51(CHarom), 142.75 (CH) ppm

MS: m/z =308.4 [M]"
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3.4.4.9. 1-(4-Fluoro-phenyl)-4-oxiranylmethyl-piperazine (43)

%

1-(4-Methylphenyl)-2-methylpiperazine (19.07 g / 0.1 mol) was dissolved in 100 ml of
ethanol under stirring at 40°C, and epichlorohydrin (7.8 ml / 0.1 mol) was added dropwise
into the mixture. The reaction mixture was stirred for 6 h at 40°C. After addition of 50%
NaOH (4 g/ 0.2 mal) into this solution, the mixture was stirred for another 15 h at room
temperature, then it was filtered. After evaporation of the ethanol, the residue was dissolved
in 160 ml of diethyl ether and again filtered. The ether solution was concentrated in vacuo and
the crude 1-[1-(4-methylphenyl)-4-(2-methyl piperazino)]-2,3-epoxypropane was obtained as
an oil. Recrystallization from EtOAC / petrol ether (ratio 2/1), afforded white crystals.

Yield: 5.16 g (43.7%), m.p. 44-47°C, purity > 96%

Anal. Calculated for Ci3H17FN2O:  C, 66.03; H, 7.20; N, 11.85
Found: C, 65.69; H, 7.21; N, 11.83

'H-NMR (CDCl3): & = 2.29 - 2.31; 2.61 - 2.70 (CH,0), 2.26 - 2.34; 2.49 - 2.52; 2.84 - 2.86
(NCH,), 2.73 - 2.80; 3.09 - 3.12 (NCH»-CH;,N), 3.14 - 3.16 (CHO), 6.84 - 6.98 (CHzom) ppm

3C-NMR (CDCl3): = 44.85, 61.00 (CH,-CH5), 50.11 (CH,0), 50.24 (NCH,), 53.68 (CHO),
115.35 - 147.96(CHaron), 155.31 - 159.11 (CHp-CH,) ppm

MS: miz = 236.0 [M]*
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3.4.4.10. 1-Oxiranylmethyl-piperidine (46)

.

Piperidine (39 ml / 0.4 mol) was dissolved in 200 ml of diethyl ether, and epichlorohydrin (32
ml / 0.4 mol) was added dropwise and slowly during appr. 2 h. Stirring was continued while
heating with a bath warmed to 40° for 8 h, during which the clear organic phase changed into
atranslucent light yellow liquid. The diethyl ether was removed by evaporation under reduced
pressure. After addition of 50% NaOH (40 ml / 0.5 moal), the mixture was stirred at room
temperature for 45 min at 30°C (warming up should be prevented by cooling with a water
bath, otherwise, 2,5-bis-piperidinemethyl-p-dioxane will be formed), then it was washed with
80 ml of water, the agueous layer was extracted with diethyl ether four times, and the
combined organic solutions were dried over K,COjs for 2 h. After removal of diethyl ether in
vacuo, the residue was distilled under reduced pressure to afford the product as a colourless,

transparent liquid.

Yield: 36.12g (64.05%), b.p. 30 ~ 31°C / 0.06 mbar, purity > 98%

'H-NMR (CDCl3): & = 1.37 - 1.63 (CH»-CH,), 2.19 - 2.53 (CH,N), 2.40 - 2.53; 2.72 - 2.76
(NCHy), 2.36 - 2.46; 2.60 - 2.67 (CH,0), 3.04 - 3.10 (CHO) ppm

BC.NMR (CDCl3): 8= 24.15 - 25.92 (CH,-CH,), 45.20 (CH,0), 50.39 (NCH,), 55.04
(CH2N), 61.88 (CHO) ppm
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3.4.4.11. 4-Oxiranylmethyl-mor pholine (47)
[Oj
N

Morpholine (35 ml / 0.4 mol) was dissolved in 200 ml of diethyl ether, and epichlorohydrin
(32 ml / 0.4 mol) was added dropwise and slowly during appr. 2 h. Stirring was continued
while heating with a bath warmed to 40° for 6 h, and then stirring at room temperature for
another 24 h, during which the clear organic phase changed into a translucent light yellow
liquid. The diethyl ether was removed by evaporation under reduced pressure. After addition
of 50% NaOH (40 ml / 0.5 mol), the mixture was stirred at room temperature for 45 min at
30°C (warming up should be prevented by cooling with a water bath, otherwise, 2,5-bis-
morpholinemethyl-p-dioxane will be formed), then it was washed with 80 ml of water, the
aqueous layer was extracted with diethyl ether four times, and the combined organic solutions
were dried over K,COs3; for 2 h. After removal of diethyl ether in vacuo, the residue was

distilled under reduced pressure to afford the product as a colourless, transparent liquid.

Yield: 13.16g (23%), b.p. 36-39° / 0.01 mbar, purity: > 98%.

'H-NMR (CDCls): § = 2.21 - 2.48 (CH»-CH,N), 2.18 - 2.26; 2.67 - 2.75 (NCH,), 2.23 - 2.26;
2.50 - 2.58 (CH,0), 3.02 - 3.40 (CHO), 3.64 - 3.74 (OCH,-CH5) ppm

3C.NMR (CDCl3): & = 44.78 (CH,0), 50.14 (NCH,), 54.09 (CH,N), 61.41 (CHO), 66.88
(OCH>) ppm

119



3.5.Summary

Epoxy compounds with vary chemical structure are of antitumor active. their enantiomers can

be separated on chiral stationary phases by HPLC.

The molecular stucture of the analytes will influence the enantiomer separation and retention
behaviour. The dipole interactions have a strong impact on the retention mechanism, and
extended  system are mandatory. The arrangement in space of the substituent groups around
the anal yte stereogenic center plays an important role in enantiomeric separations. The closer
a group is to the stereogenic center, the more likely is chiral recognition and
enantioselectivity. If there are no groups in the analyte molecule that bind to the stationary

phase, the enantiomers are not likely to be separated.
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appendixI|.XLS

Appendix |I. Energies and Parameters of all stable conformations in N-TFA-Phe-O-3'-pentyl ester

N-TFA-Phe-0O-3'-pentyl ester, conformations

Force field energies and geometries with PCMODEL Version 4 (without Pi): files *.inp

filest.inp  Rel. E  DHf
(Kcal/mol)
0001.inp 0 -236.03

0002.inp 0.96 -235.08
0003.inp 0.89 -235.15
0004.inp 3.59 -232.45
0004a.inp 3.64 -232.4
0005.inp 1.09 -234.95
0006.inp 1.9 -234.13
0007.inp 3.63 -232.41
0007a.inp 3.43 -232.6
0008.inp 1.49 -234.55
0009.inp 1.94 -234.1
0010.inp 1.67 -234.37
0011.inp 4.48 -231.56
0012.inp 2.83 -233.21
0013.inp 9.18 -226.86
0013a.inp  9.42 -226.62
0014.inp 4.34 -231.7
0015.inp 5.09 -230.94
0016.inp 482 -231.22
001l6a.inp  4.64 -231.4
0017.inp 273 -23331
0018.inp 5.04 -231
0019.inp 14 -234.63
0020.inp 2.74 -233.3
0021.inp 297 -233.07
0022.inp 5.18 -230.86
0022a.inp  4.99 -231.05
0023.inp  2.15 -233.89
0024.inp  3.21 -232.83
0025.inp  4.98 -231.06
0025a.inp 4.94 -231.1
0026.inp 2.27 -233.77
0027.inp 3.23 -23281
0028.inp 3.07 -232.97
0029.inp 5.7 -230.34
0030.inp 4.05 -231.99
0031.inp 10.34 -225.7
003la.inp 10.73 -225.3
0032.inp 5.64 -230.4
0033.inp 6.31 -229.73
0034.inp 5.89 -230.15
0034a.inp  5.97 -230.07
0035.inp 3.88 -232.16
0036.inp 6.2 -229.84
0037.inp 0.66 -235.37
0038.inp 1.57 -234.47
0039.inp  2.04 -234
0040.inp 3.49 -232.55
0041.inp 0.65 -235.39
0042.inp 1.45 -234.59
0043.inp 35 -232.51
0043a.inp  3.64 -232.4
0044.inp 0.98 -235.06
0045.inp 1.78 -234.26
0046.inp 295 -233.09
0047.inp 453 -231.51
0048.inp 2.84 -233.19
0049.inp 9.06 -226.97
0049a.inp  9.49 -226.55
0050.inp 4.64 -231.4
0051.inp 511 -230.93
0052.inp 4.94 -231.1
0052a.inp 4.7 -231.33
0053.inp 271 -233.33
0054.inp 5.08 -230.95
0055.inp 1.83 -234.11
0056.inp 25 -233.54
0057.inp 2.17 -233.87
0058.inp 4.74 -231.3
0059.inp 2.67 -233.36
0060.inp 2.98 -233.06
0061.inp 4.89 -231.15

MMXE

38.05
39.01
38.94
41.64
41.69
39.14
39.95
41.68
41.48
39.54
39.99
39.72
42.53
40.88
47.23
47.47
42.39
43.14
42.87
42.69
40.78
43.09
39.45
40.79
41.02
43.23
43.04
40.2
41.26
43.03
42.99
40.32
41.28
41.12
43.75
421
48.39
48.78
43.69
44.36
43.94
44.02
41.93
44.25
38.71
39.62
40.09
41.54
38.7
39.5
41.55
41.69
39.03
39.83
41
42.58
40.89
47.11
47.54
42.69
43.16
42.99
42.75
40.76
43.13
39.88
40.55
40.22
42.79
40.72
41.03
42.94

o]

-72.5
-70.2
-68.1
-67.3
-76.2
-71.7
-68.1
-67.1
-66.8
-71.9
-67.2
-78.6
-76.6
-78.3
-66.7
-66.4
-66.7

-68.1
-66.6
-68.4
-67.2
68
-66.2
-68.4
-66.3
-77.6
-67.3
-66.9
-62.6
-63.1
-61.5
-60.2
=72
-63.6
-65.7
-70.3
-62.7
-70.9
-63.3
-62.6
-63.4
-73.5
-60.8
-69.5
-72.9
-71.4
-68.6
-70.1
-68.9
-68.8
-69.1
-69.4
-68.9
-71.9

78.4
-68.6
-66.7
-69.5
-66.9
-67.6
-67.8
-66.8

-65.7
-63.5
-64.4
-61.7
-59.5
-58.9
-63.3

¥

115.7
123.9
123.8
133.1
143.4
131.9
135.8
131.6
133.7
126.4
134.8
110.6
126.6
118.1
119.3

132
114.3
120.8
121.6
126.5
117.7
123.4
-28.2
-25.4
-24.4
-30.7
-34.3
-33.4
-34.6

-31
-32.1
-31.5
-32.4
-22.8
-25.6
-22.8
-40.3

-29.4
-32.1
-30.6
-28.6
-29.8
-31.4
143.9
150.4
141.3

127
1245
124.4
1345
133.2
135.4
135.1
1422
139.6
130.5
125.1
137.4
126.2
128.4
140.2
1335
117.4
137.6
-56.3
-43.6
-43.7
-37.8
-38.9
-29.8
-40.5

X

-177.7
-176.3
-176.4
-176.7
-178.1
-178.4
-178.6
-177
-177.4
-178.4
-177.6
-179.5
-176.7
-178.9
177.9
-180
176
179.7
-179.6
-178.5
-179.7
-179.8
-177.1
-176.3
-176.5
-174.5
-175.8
-175
-175.1
-175.9
-176.2
-176.1
-176.9
-176.8
-176.6
-176.1
-178.6
178.9
-178.3
-177.8
-178.2
-178.3
-178.2
179.9
-179.4
-177.5
-178.6
-178
-178.2
-178.2
179.6
178.8
179
178.6
-179.6
-175.3
-178.7
178.9
-178.4
-178
-176.6
-177.6
-178.6
179.5
-176.9
171.3
172
174
173.9
174.7
178.6
175

C*COC3 COC;C, COC3C, OC;C,C; OC;C4Cs C1CCaCq CoC3C4Cs

179.6
-179.2
-178.9

178.6

177.8

178.2
-179.8

179.3

176.5

176.1

180

178.1
-179.9

176.7

177
-173.7
-175.4
-176.4
-178.6
-179.2

-177
-178.6
-178.7

179.3
-179.4
-179.2
-177.3
-178.5
-179.5

177.4

176.9

177.8

176.5
-177.3

173.5
-179.3

178.5

173.5
-179.1

179

179.6

177.7
-177.2

176.6
-174.8
-176.6
-175.6
-177.8
-179.5
-179.1

179.5
-179.1
-179.6

179.8
-173.1
-179.2

177.7

178.9
-173.2
-171.4
-176.3
-177.3
-179.7
-176.3
-179.2

176
-179.9

179.5

179.7

1741

176

178.3

-138.4
-147.7
-149
-142.5
-145.2
-130.8
-131.8
-149.7
-145.1
-136.4
-146.9
61.2
52.3
62.3
76.8
57.9
78.5
79.7
67.3
59.7
61.4
51.9
-103.3

-100.4
-89.2
-83.3

-89
-86
-89.4
-86.7
-91.6
-86
66
53.9
68.1
53.8
78.3
81.4
81.8
70
61.8
65.7
53.7
-98.8
-95.2
-98.6
-89.6
-87.2
-87.3
-87.3
-85.1
-88.9
-85.2
67.8
53.2
63.8
80.9
-59.6
80.7
81.4
70.3
60.4
61.8
53.4

-142.9

-152.7

-152.4

-145.6

-136.7

-144.9

-153.7

99.7
87.9
87.9
90.3
87.7
105
102.7
86.4
90.9
100.7
87.6
-67.6
-81.4
-67.2
-63.7
-82.3
-54.8
-54.4
-62.2
-69.9
-68
-82.5
135.3
137.4
137
143.9
149.9
146.5
148.5
146.9
149.7
145.4
148.8
-62.9
-79.5
-61.4
-85.2
-62.5
-52.2
-562.7
-59.5
-67.8
-63.9
-80.5
139.8
141.6
139
143.4
148.6
147.2
149.1
151.3
148.1
149.7
-60.8
-80.4
-65.8
-58.6
-80.9
-52.2
-52.6
-58.8
-69.2
-67.7
-81
95.7
83.1
84.6
87.4
99.5
89.5
825

58.7
61.8
56.5
-32
-61.1
-56.5
-61
176.6
143.6
170.5
178
51.3
53.3
48.9
-53.8
-105
-66.7
-70.8
171
140.5
163.1
166.3
66.7
69.9
65.5
-64.4
-30.4
-60.4
-60.4
178.7
144.6
175
179.6
57.6
54.4
56
-107.6
-57.9
-74.3
-77.9
172
140.4
167.5
165.7
73.4
72.6
71.4
-64.8
-62.3
-64.2
179.4
145.6
176.1
179.5
59.8
53.7
51.1
-54.5
-103.7
-68.5
-70.6
171.8
140.6
164
166.8
58.7
63.6
56.4
-32.3
-59.6
-63.1
176.7

-65.6
62.2
-174.2
61.4
32.3
-68.1
-179.2
-143.9
-178.1
-63.3
61.5
-58.5

-164.9
-137.9
-172.8
-57.4
76.1
-72.4
62.5
-175.2
64
-72.7
-179.9
-144.3

2,3
178.7
-176.3
176
91.5
63.2
64.7
59.7
-63.6
-97.2
-69.5
-61
178.1
-175.4
175.2
83.9
32.1
65.2
60.4
-63.3
-94.2
-70.2
-62.6
-174.1
-169.7
-175.9
59.3
92.8
60.9
57.2
-62.3
-96.7
-65.7
-59.8
-174.4
-174.6
-177.3
27.9
79.7
58
53.7
-62.3
-94.2
-65.1
-63.5
-168.1
-179.5
-170
59.1
59.1
56.8
-61.5
-95.6
-64.4
-59.7
-172.2
-174.9
177.7
82.2
33.8

3,4
175
-59.3
66.1
-62.4
-91.3
171.1
60
97.1
62.7
177.8
-59.1
174
-53.8
64.2
-40
-79.4
173.8
63.7
94.6
61.9
175.3
-51.6
-179.6
-60
69.5
-92.4
-60
174.9
60.7
94.6
63.2
-176.9
-56.6
178.9
-63.7
71
-81.8
-36.2
175.3
62.6
94.8
63.1
-177.8
-59.6
-179.9
-59.8
71
-92
173.7
60.8
94.2
63.1
-176.8
-56.5
-178.4
-59
64.4
-31.8
-79.3
176.4
64.5
97.1
61.3
176.1
-55.4
168.5
-58.7
65
-59.9
167
59.3
96.6

CeCoNC*

179.2
179.6
179.8
179.7
179
179.4
179.8
179.6
179.8
179.2
179.6
178.7
178.9
179
179.6
179.4
179.2
179
179.9
179.6
179.6
179.9
177.5
176.8
177.2
-178.9
177.9
-178.9
-178.9
178.7
178.5
178.5
177.6
177.3
178.8
179.1
178.6
179.3
178
179.3
179.2
179.2
177.8
178.8
179.1
179.4
179.6
179.7
179.7
179.8
179.7
179.7
179.7
179.6
179.7
179.1
179.3
179.3
179.2
179.2
179.2
179.1
179.6
179.2
179.7
178.9
-179.9
-179.8
178.6
176.9
176.8
178.2




appendixI|.XLS

0061a.inp
0062.inp
0063.inp
0064.inp
0065.inp
0066.inp
0067.inp
0068.inp
0069.inp
0070.inp
0070a.inp
0071.inp
0072.inp
0073.inp
0074.inp
0075.inp
0076.inp
0076a.inp
0077.inp
0078.inp
0079.inp
0079a.inp
0080.inp
0081.inp
0082.inp
0083.inp
0084.inp
0085.inp
0085a.inp
0086.inp
0087.inp
0088.inp
0089.inp
0090.inp
0091.inp
0092.inp
0093.inp
0094.inp
0095.inp
0096.inp
0097.inp
0097a.inp
0098.inp
0099.inp
0100.inp
0101.inp
0102.inp
0103.inp
0103a.inp
0104.inp
0105.inp
0106.inp
0106a.inp
0107.inp
0108.inp
0109.inp
0110.inp
0111.inp
0112.inp
0112a.inp
0113.inp
0114.inp
0115.inp
0115a.inp
0116.inp
0117.inp
0118.inp
0119.inp
0120.inp
0121.inp
0122.inp
0123.inp
0124.inp
0124a.inp
0125.inp
0126.inp
0127.inp
0128.inp
0129.inp

4.75
3.28
2.94
4.42
6.23
4.58
10.8
5.37
6.19
6.08
5.93
3.97
6.3
3.72
4.25
4.8
7.87
7.83
4.73
5.05
6.43
7.01
4.38
6.17
5.14
7.65
6.1
13.24
11.02
8.95
8.67
8.27
5.88
9.25
3.24
5.44
4.06
6.74
4.25
4.84
6.66
6.36
4.67
5.11
4.84
7.62
5.97
12.52
12.6
7.94
8.35
7.83
8.08
6.04
8.05
7.91
8.6
8.85
11.11
11.88
9.87
10.24
10.34
11.29
9.25
9.44
10.62
15.96
11.65
19.38
15.66
16.02
13.49
13.54
12
15.79
1.59
2.53
2.55

-231.29
-232.76
-233.1
-231.62
-229.81
-231.46
-225.23
-230.67
-229.85
-229.96
-230.1
-232.07
-229.74
-232.32
-231.79
-231.24
-228.16
-228.21
-231.31
-230.99
-229.6
-229.03
-231.66
-229.87
-230.89
-228.99
-229.94
-222.8
-225.02
-227.09
-227.37
-227.77
-230.15
-226.79
-232.8
-230.6
-231.98
-229.3
-231.79
-231.19
-229.38
-229.68
-231.37
-230.93
-231.2
-228.42
-230.07
-223.52
-223.44
-228.1
-227.68
-228.21
-227.96
-230
-227.99
-228.13
-227.44
-227.19
-224.93
-224.15
-226.17
-225.8
-225.69
-224.75
-226.79
-226.59
-225.42
-220.08
-224.39
-216.66
-220.38
-220.02
-222.55
-222.5
-224.04
-220.24
-234.45
-233.51
-233.49

42.8
41.33
40.99
42.47
44.28
42.63
48.85
43.42
44.24
44.13
43.98
42.02
44.35
41.77

42.3
42.85
45.92
45.88
42.78

43.1
44.48
45.06
42.43
44.22
43.19

45.7
44.15
51.29
49.07

46.72
46.32
43.93

47.3
41.29
43.49
42.11
44.79

42.3
42.89
44.71
44.41
42.72
43.16
42.89
45.67
44.02
50.57
50.65
45.99

46.4
45.88
46.13
44.09

46.1
45.96
46.65

46.9
49.16
49.93
47.92
48.29
48.39
49.34

47.3
47.49
48.67
54.01

49.7
57.43
53.71
54.07
51.54
51.59
50.05
53.84
39.64
40.58

40.6

-60.9
-61.5
-60.8
-71.9
-66.8
-59.8
-62.2
-69.1
-60.2
-61.4
-61.1
-70.4
-60.9
-98.5
-103.4
-102.5
-99.2
-101.6
-101.1
-92.9
-93.7
-91.9
-94.4
-91.5
-99.7
-95.2
-97.3
-97.3
-73.6
-102.9
-92.7
-93.4
-91.4
-97.2
-100.6
-73.2
-92.4
-87.5
-96.1
-90.4
-91.9
-89.7
-96.3
-91.1
-106.4
-100.5
-103.1
-92.5
-91.5
-103.7
-92.8
-94.9
-96.2
-100.3
-91.1
-118.2
-110.9
-108.9
-111.4
-105.1
-111.4
-122
-108.9
-107.8
-103.4
-106.6
-150.9
-159.1
-151.2
-155.1
-151.7
-152.7
-145.9
-146.2
-146.8
-154.2
-74.5
-72.2
-70.1

-39.7
-48.2
-36
-67.2
-50.3
-41
-49.7
-54
-45.1
-46.4
-42.6
-49.2
-43.4
-124.3
-126.5
-116.2
-126.3
-110.8
-112
-86.8
-92.8
-100.7
-102.8
-92.6
-115.3
-106.5
-112.4
-108.1

-135.2
-102.1
-100.2
-91.8
-107.5
117.6
128.4
127.8
140
134.9
140.9
135.9
138.1
129.5
142.3
110.6
123.7
120.4
125.4
137.3
111.2
129
126.9
125.3
116.1
135.7
99.4
111.3
111.4
109.7
115.6
103.2
101.6
112.1
112.7
104.6
114.3
104.5
115.4
107.8
117.9
96.6
94.2
110.9
111.6
108.7
122.1
114.5
123.1
123.5

-150.1
-140.8
-149.4
58.2
48.7
63.6
68.8
78.8
79.8
58.4
68.4
62.6
50.7
-134.7
-153.9
-153.5
-152.7
-150.1
-134.5
-154.6
-157.7
-156.1
-138.8
-154.3
62.5
48.8

52.3

78.8
80.5
58.9
67.5
59.8
52.3
-125.1
-147.6
-145.9
-145.3
-145.8
-120.2
-143.5
-150.5
-145
-115.4
-147.9
73.6
63.3
73.3
60.4
90.8
93.9
67.8
75.3
72.6
58
-137.3
-146
-145.9

86.1
96.6
85.3
-70.3
-84.1
-66
-73.3
-54.9
-54.7
-70.8
-61.3
-67
-83.3
103.8
82
83.8
79.6
82.1
101.4
80.2

80.5
98.5
79.8
-66.4
-84.4
-67.5
-86.8
-60.9
-52.9
-63.7
-63.8
-67.6
-85.9
100.6
88.5
84.2
90.9
103.3
96.6
84.6
88.8
99.9
89.7
-67.3
-81.8
-67.4
-66.5
-82.5
-54.7
-63.7
-70.5
-62.1
-69.6
-82
113.8
89.1
91.6
88.3
87.9
115.9
91.3
86.6
91.7
121.6
87.6
-61.1
-78.3
-61.9
-84.6
-48.8
-44.6
-66.6
-58.9
-62.4
-82.5
101
89.7
91

146.2
168.1
177.9
48
50.8
50.5
-69.5
-70.9
-77.3
139.3
172.8
165.5
164.7
59.9
61
55.1
-70.6
-33.8
-57.4
-63.3
176.7
145.8
173
177.3
52.9
52.6
50.2
-107
-57.1
-66.5
-65.9
170
163.5
163.2
58.9
62.3
57.1
-35.8
-57.1
-61.6
176.2
143.1
169.7
177.5
515
52.5
47.9
-53
-105.9
-68
-70.8
140.6
171.4
160.9
166.4
64.1
63
60.4
-65.3
-33.3
-59.1
-65.4
176.2
145.1
171.4
176.1
47.1
55.8
47.6
-127.7
-68.5
-65.3
131.8
165.2
1571
154.8
60.6
64.4
58.3

-179.2
-71.9
63.6
-56.2
67.1
-168
56.7
-53.5
-167
-171.8
-140.2
-53.1
71.3
-59.4
52.8
-175.3
32.2
64
-67.6
-179.1
-142.6
-178.2
-57.7
65.3
-52.9
65
-167.2
53.1
105.8
-51.8
-162.7
-140.2
-50.4
68.6
-63.1

-173
67
-69.8
-179.5
-144.2
-178.1

66.5
-57.9
79.9
-169.1
90.9
58.3
-56.2
-166.9
-172.7
-139.9
-60.1
775
-62.3
48.8
-168.2
31.8
56.1
-64.5
-176.5
-141
-175.9
-60.9
56

80.8
-158.7
59.8
-52.7
-152.9
-168.2
-130.6
-43.9
73.8
-65.2
62.4
-174

61.6
169.6
-57.2
1755
-65.2
64.6
-83.5
174.9
61.6
62.2
94.2
180
-60.1
-178.7
-68.5
65.1
-92.5
-61.2
171.2
59.8
98.4
62.8
-176.6
-56.2
179.7
-67
65.5
-83.2
-31.2
177
66.6
94.4
-176.9
-62.7
177.4
-54.9
67.2
-57.6
169.5
59.7
96.8
62.6
177.2
-54.6
174.9
-52.2
63.6

-78.7
1725
62.1
61.5
94.6
1733

178.9
-71.6
72.4
-91.3
-67.5
174.8
62.5
100
64.9
-179.7
-64.3
-179.1
-59.4
68.5
-82.5
169.5
71.3
60.5
98.6
-176.5

175.4
-58.9
66.4
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0130.inp
0130a.inp
0131.inp
0132.inp
0133.inp
0133a.inp
0134.inp
0135.inp
0136.inp
0137.inp
0138.inp
0139.inp
0139a.inp
0140.inp
0141.inp
0142.inp
0142a.inp
0143.inp
0144.inp
0145.inp
0146.inp
0147.inp
0148.inp
0148a.inp
0149.inp
0150.inp
0151.inp
0151a.inp
0152.inp
0153.inp
0154.inp
0155.inp
0156.inp
0157.inp
0157a.inp
0158.inp
0159.inp
0160.inp
0160a.inp
0161.inp
0162.inp
0163.inp
0164.inp
0165.inp
0166.inp
0166a.inp
0167.inp
0168.inp
0169.inp
0169a.inp
0170.inp
0171.inp
0172inp
0173.inp
0174.inp
0175.inp
0175a.inp
0176.inp
0177.inp
0178.inp
0178a.inp
0179.inp
0180.inp
0181.inp
0182.inp
0183.inp
0184.inp
0184a.inp
0185.inp
0186.inp
0187.inp
0187a.inp
0188.inp
0189.inp
0190.inp
0191.inp
0192.inp
0193.inp
0193a.inp

5.37
5.2
2.74
3.46
4.86
4.77
2.66
3.19
3.15
5.64
4.05
10.4
10.19
5.45
6.14
6.04
5.99
3.98
6.53
1.84
2.68
3
4.99
4.78
2.55
3.3
5.14
5.02
2.7
3.17
3.42
6.11
4.42
10.77
10.94
6.04
7.06
6.56
6.51
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42.89
45.58
43.53
50.17
50.67
45.67
46.24
45.99
45.78
43.91
46.55
42.94
43.44
43.54
46.57
46.61
44.43
44.77
46.15
46.17
44.4
44.48
44,52
47.37
45.38

-70.6
-73.8
-68.6
-70.9
-75.1
-71.7
-67.4
-64.9
-68.4
-65.9
-67.3
-66.2
-75.1
-73.6
-69.2
-73.7
-61.4
-75.7
-67.4
-64.2
-64
=777
-65.5
-154.5
-155.8
-155.4
-156.8
-157.4
-154.1
-154.1
-156.3
-156.9
-156.4
-161
-152.1
-156.6
-156.3
-156.8
-155.3
-155.6
-157.2
-156.5
-155.9
-154.8
-156.9
-100
-100.5
-98.6
-95.4
-95.2
-93.2
-93.9
97.2
-96.6
-100.1
-96.9
-107.1
-103.3
-105.6
-105
-107.1
-102
-104.7
-106.2
-112.8
-98.2
-85.2
-86.3
-85.7
-86.3
-94.2
-86.6
-88.4

-97
-86.3
-108.3
-107.1
-111.8

154.4
-45.3
-19.6
-35.8
-14.4
-10.7
-19.6
-18.4

18.7
-16.6
-18.7
-13.4
-55.6
-49.5
-42.6
-38.6
-39.1
-37.3
-28.4
-29.3
-24.4
-27.3
-22.1

-158.3
-160.2
-158.3
-149.4
-149.9
-129.1
-126.9
-143.8
-163.3
-147.5
-162.9
-146.4
-168.6
-164.4
-174.1
-164.1
-143.8
-168.8
-173.3
-167.5
-163.5
-1711

69.3

78.5

80.1

83.8
80.1
81.2

7.7
69.1
85.8
58.5
58.5
84.6
58.4
55.7
56.8
48.1
52.2
58
147
153.1
151.7
154.4
165.2
147.3
153.4
154.9
154.2
1471
155
134.6
135.1
147.2

64.7
56.7
63.2
65.6
65.9
67.4
65.1
64.5
64.6

64
65.2
65.3
53.8
60.3
52.6
61.2
61.2
59.6
62.6
64.9
64.9
64.7
66.6
69.2
70.1
69.4
69.6
69.4
64.5
63.7
68.2
69.4
68.5
81.1
65.7
68.8
68.4
65.9
65.5
66.2

68.6
67.7
68.1
68.6
51.1
51.6
51.3
50.9
50.7
51.5
51.4
51.1
51.1

54
55.5
53.8
55.8
56.8
55.4
55.1
53.6

52
53.9
55.6
60.8
60.2

60
61.3
60.8
60.3
60.8
59.8
60.4
59.8
60.9

61.8
60.8

-177.1
173.5
-178.6
175.6
177.8
177
170.4
176.3
175.6
176.5
169.9
176.6
169.8
170.9
166.1
177.9
172.8
176.8
176.3
174.8
176.3
178.3
176.3
-177.6
-178.3
-177.7
-174.3
-174
-178.9
-180
176.5
179
177.6
176.1
-176.9
-179.5
179.4
-180
-179
176.8
177.2
179.5
-179.3
-171.7
-179.1
-178.2
-179.6
-178.7
179.3
-178.1
-178.7
-177.9
-178.8
-179.7
-177.3
-177
-176.6
-175.4
-179.3
-175.7
-176.2
-179.1
178.5
179.4
179.3
177.2
-179.3
-179.6
-179.3
-178.6
177.5
-179.3
179.7
179.6
175.8
-178.9
177.3
-177.7
178.8

55.1
-144.8
-118.2
-156.5
-145.7
-141.2
-133.5
-141.7
-145.2
-141.9
-135.1
-140.9

54.4

43.5

58

49.3

77.1

80.5
59
69.6
63.3
53.4
-97.3
-95.7
-96.4
-75.2
-78
-76.7
-76.4
-78.8
-76.3
-79.7
-79.1
68.2
53.2
68.6
88.1
59.3
85.3
86.9
72.3
63.3
68.7
52.7
-103.5
-104.3
-105.4
-83.7
-87.9
-87.6
-92.4
-91.8
-87.3
65.2
50.9
66.4
86.9
54
83.3
84.7
70.4
62.4
66.9
54.8
-136.4
-146.1
-145.2
-141.7
-134.9
-136.4
-145.5
-149.8
-145.7
-136.8
-147.2
62.3
52.2
63.9

-79.4
94
118.2
80.8
86.8
89.4
103.1
92.9
911
94.3
102.5
93.9
-73.9
-88.4
-71.1
-89.2
-63.9
-54.7
-54.1
-70.3
-60.2
-66.4
-80.8
140.9
140.1
140.8
156.7
153.9
159.3
158.3
157.9
160.2
157.8
155.8
-60.4
-79.9
-60.7
-50.4
-80.2
-47.8
-46.8
-56.8
-66.3
-60.4
-81
134.8
131.5
131.6
149.5
147.8
147
143.7
145.2
147.2
-63.8
-82.6
-63.2
-51.2
-84.8
-49.5
-48.7
-59
-67.2
-62.7
-79.6
101.9
89.5
91.6
915
97.6
99.6
88.9
86.3
90.4
100.4
87.4
-66.3
-81.4
-65.6

167.1
58.7
69.2

56
-35.1
-53.9
-62.9

-64
177

146.6

167.8

178.3

49
52.6
45
-107.3
-58.5
-70.3
-77.4
138.4
173

166.4

166.4
62.9
64.8
61.1

-32.7
-60.2
-51.7
-56.6

178.4

142.8

172.6

178.6
54.4
51.5
52.4

-52.8
-106.5
-65.7
-67.9

171.3

139.6

168.1

162.3
63.2
66.2
59.3

-30.3
-56.1
-61.6

178.3

173.7

179.4

53
51.5
51.3

-51.6
-108.1
-63.7
-66.7

171.9

140.1

167.4

166.6
60.2
63.4
58.1

-30.4
-63.6
-61.7
-64.8
176.9

146

170

178.1
515
52.2
50.4

80.4
-70.4
55.3
-172.6
65.7
545
-79.9
179.7
-144.7
-179.8
=77
63.3
-59.7
66
-169.7
53.3
99.9
-54
-167.1
-171.9
-139.9
-54.3
70.9
-60.4
60.1
-172.3
70.3
34.7
-60.9
-175.3
-146.1
-176.6
-57
63.7
-51.2
62.4
-162.4
108.2
54.1
-52.6
-161.2
-135.7
-171.6
-46.5
65.1
-60.8
59.3
-173
63.8
-63.6
-178.2
-146.4
-58.8
64.2
-53
65.8
-164.3
107.7
53.4
-51.8
-162.2
-140.4
-171
-50.1
73.7
-68.3
59.4
-174.8
61.6
34.4
-72.5
-179.3
-143.9
-178.5
-66.9
62
-55.4
75.3
-167.2

-61.4
179.4
-170
-172.6
89.3
711
58.3
56.9
-63.2
-94.5
-72.4
-60.9
175.2
-178
171
27.5
79.5
61.8
54.4
-96.5
-61
-66.5
-62.8
-177.6
174
-179.8
92.5
65.2
69.7
64.4
-62.5
-98
-67.7
-60.3
-177.9
-176.9
179.2
83.1
30.1
66.4
63.4
-62.5
-94.5
-63.9
-66.5
-177.6
-172.9
178.4
92.8
64.9
50.1
-62.5
-66.8
-59.7
-179.7
-177.2
178.2
83.9
27.3
68.1
64.5
-62.2
-94.4
-65.5
-62.1
-179.6
-175.3
177.7
92.8
60.3
59.9
56.4
-63.2
-95
-70
-60.8
178.2
-176.3
176.9

-51.2
170.3
-65
67.5
-58.8
-70.3
160.3
59.2
96.6
61.1
164.7
-57
171.7
-66.2
61.6
-82.9
-38.7
173.9
61.1
61.8
94.3
178.5
-60.6
-179
-62.3
67.2
-55.9
-91.1
176.9
62.7
94.9
63.1
-176.9
-57.6
-177.9
-69.5
70.9
-26.7
-82.5
176.5
68.4
98.9
62.5
-172.6
-66.2
179.4
-62
67.3

175.1
60.6
94.7

-178.3
-57
-179.9

-66.1
69.1

-26.7

-82.6

177.8
67.8
94.5
63.2

-176.6

-57.9

1723

-61.8
65.5

-62.1

-89.2

166.8
59.6

62.2
174.2
-58.8
177.2
-56.9
65.6
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0391.inp
0391a.inp
0392.inp
0393.inp
0394.inp
0394a.inp
0395.inp
0396.inp
0397.inp
0398.inp
0399.inp
0400.inp
0400a.inp
0401.inp
0402.inp
0403.inp
0403a.inp
0404.inp
0405.inp
0406.inp
0407.inp
0408.inp
0409.inp
0410.inp
0411.inp
0412.inp
0412a.inp
0413.inp
0414.inp
0415.inp
0416.inp
0417.inp
0418.inp
0418a.inp
0419.inp
0420.inp
0421.inp
0421a.inp
0422.inp
0423.inp
0424.inp
0425.inp
0426.inp
0427.inp
0427a.inp
0428.inp
0429.inp
0430.inp
0430a.inp
0431.inp
0432.inp
0433.inp
0434.inp
0435.inp
0436.inp
0436a.inp
0437.inp
0438.inp
0439.inp
0439a.inp
0440.inp
0441.inp
0442inp
0443.inp
0444.inp
0445.inp
0445a.inp
0446.inp
0447.inp
0448.inp
0448a.inp
0449.inp
0450.inp
0451.inp
0452.inp
0453.inp
0454.inp
0454a.inp
0455.inp

14.24
13.48
8.87
9.35
9.14
8.96
7.06
9.46
10.39
10.09
10.15
12.52
13.58
9.11
11.4
12.09
12.67
111
11.12
12.74
16.2
13.37
20.08
16.84
17.57
14.72
14.99
13.35
16.46
0.9
1.68
1.61
4.17
4.28
1.66
2.34
4.08
3.81
2.06
2.59
2.44
5.04
3.39
10.1
10.1
10.33
6.05
55
5.24
3.37
5.55
3.69
4.73
4.88
7.18
6.87
4.5
5.39
7.02
6.91
4.51
5.34
5.21
7.86
5.01
12.64
12.38
7.83
8.52
8.17
8.19
6.23
8.74
1.33
1.79
2.42
5.17
5.01
1.48

-221.8
-222.55
-227.17
-226.68

-226.9
-227.08
-228.97
-226.57
-225.65
-225.94
-225.89
-223.52
-222.46
-226.92
-224.64
-223.95
-223.37
-224.94
-224.92

-223.3
-219.83
-222.66
-215.96

-219.2
-218.47
-221.32
-221.05
-222.69
-219.58
-235.14
-234.36
-234.43
-231.87
-231.75
-234.37

-233.7
-231.96
-232.23
-233.98
-233.45

-233.6

-231
-232.64
-225.94
-225.94
-230.71
-229.99
-230.55

-230.8
-232.67
-230.49
-232.35

-231.3
-231.16
-228.86
-229.17
-231.54
-230.64
-229.01
-229.13
-231.53

-230.7
-231.83
-228.18
-230.03

-223.4
-223.65
-228.21
-227.52
-227.87
-227.85
-229.81

-227.3

-234.7
-234.25
-233.62
-230.87
-231.03
-234.56

52.29
51.53
46.92

47.4
47.19
47.01
4511
4751
48.44
48.14

48.2
50.57
51.63
47.16
49.45
50.14
50.72
49.15
49.17
50.79
54.25
51.42
58.13
54.89
55.62
52.77
53.04

51.4
5451
38.95
39.73
39.66
42.22
42.33
39.71
40.39
42.13
41.86
40.11
40.64
40.49
43.09
41.44
48.15
48.15
48.38

441
43.55
43.29
41.42

43.6
41.74
42.78
42.93
45.23
44.92
42.55
43.44
45.07
44.96
42.56
43.39
43.26
45.91
43.06
50.69
50.43
45.88
46.57
46.22
46.24
44.28
46.79
39.38
39.84
40.47
43.22
43.06
39.53

-94.5
-93.1
-91.3
-88.3
-90.4
-88.3
-89.7

-86.9
-71.6
-71.3
-72.3
-72.1
-72.6
-72.1
-72.5
-73
-76.3
-71.2
-115.8
-150.6
-152.4
-153.4
-147.5
-149.4
-153.6
-153.5
-153.4
-153.3
-157.9
-157.2
-157.8
-158.6
-159.4
-159.1
-158.8
-158.7
-159.3
-159.5
-158.7
-157.2
-157.5
-157.8
-159.5
-157.8
-158.8
-158.2
-158.7
-158.5
-159.7
-158.3
-148
-146.6
-148
-146.4
-1445
-147.6
-147.4
-148.5
-149.5
-148.1
-148
-149
-149.4
-149.6
-150.5
-150.4
-149.5
-149.6
-149.3
-151.5
-149.6
-149
-159.3
-158.7
-158.4
-157.7
-157.3
-159.9

136.7
138.2
134
145.4
140.6
150.5
140.6
150.3
126.4
127.1
127.5
128.7
128.8
145.6
126.6
128
128.5
126.7
128.4
130.3
132.7
132
129.5
110
108
132.3
131
133.4
134.8
116.8
125.5
125.2
141.9
140
137.2
141.7
138.1
140.5
133
142.5
110.4
127.8
123.7
1179
132.8
107.9
121
123.3
129.2
115.2
129.5
0.3
-6.5

1

3.3
0.7

4
4.4
55
7.8
6.5
5.8
9.1
11.6
10.2
13
11.6
12.4
119
11.3
115
11.9
115
153
152.8
153.5
147
144.3
128.1

61.6
61.2
59.5
61.3
61.1
60.8
58.1
61.3
61.4
62.4
62.8
62.2
62.3
61.4
61.9
63.1
63.1
61.8
62.4
54.6
57.8
57.3
50.1
57.4
56.5
56.1
56.6
55.1
53.8
-178.9
-178.1
-178.1
-179.4
-179.1
178.3
178.5
-178.5
-179.2
179.5
179.6
179.5
178.2
178
175.8
176.9
176.2
177.6
177.8
178.4
178.1
178.4
-1725
-175.3
-171.7
-171.4
-172.1
-171.3
-171.3
-171.7
-171.9
-172.5
-1725
-171.7
-171.5
-171.8
-171.6
-176.6
-171.8
-171.8
-170.8
-172.9
-171.6
-171.2
-177.8
-178.3
-178.2
-175.5
-176.9
-178.7

57.7
80.3
78.4
80.5
67.5
60.2
62.7
54
-130.4
-150.1
-148.3
-150.9
-148.4
-94.9
-148.1
-152.9
-148.2
-121.5
-149.4
66.2
57.6
65.8

-87.4
-84.5
64.4
52.2
64.5
55.5
84.8
81.7
82.9
69.1
60.9
65.2
52.5
-98.2
-96.3
-97
-81.2
-75.5
-87.6

-82.6
-59.4
-565.1
-53.3
-62.1
-69.2
-66.8
-80.5
109.7
86.4
89.2
82.6
85.3
141.4
86.8
84.1
88.7
116.1
86
-68.5
-83.2
-69.8
-83.8
-52.6

-65.5
-72.2
-70.3
-85.1
101.4
85.4
87.6
82.3
86.6
103.5

84.9
89.5
101.8
88.4
-65.8
-81.3
-66.7
-64.7
-83.1
-53.9
-54
-61.5
-69.6
-67.4
-82
134.4
135.3
134.7
148.7
153.8
151.6
151.9
148.4
154.1
149.6
150.1
-64.5
-81.4
-65.2
-83.7
-53.8
-51.5
-51
-60.4
-68.7
-64.5
-81.8
140.5
140.5
140.7
151.3
157.7
149.8

-104
-56
-68

-74.5
171.7
139.9
164.9
166.5

64.5

64.3

-65.3
-32.3
-54.4
-65.5
176.1
144.9
171.9
177.9
49.5
53.4
49.1
-130.1
-76.3
-73.5
163.1
135.5
158.6
156.6
58.8
61.2
56.8
-62.2
-34.2
-57.8
-62.1
176.1
142.3
171.3
178.4
52.1
53.1
49.6
-53.9
-106.2
-68.3
-73
171
140.4
162.8
166
63.1
66.8
59.8
-61.1
-30.4
-55.7
-60.7
178.5
142.4
173.7
179.5
52.5
51.3
50.1
108.1
-52.9
-65.2
-68.3
171.4
139.7
165.9
164.9
70.8
72.5
69.4
-68.7
-28.9
-63.8

56.9
105.2
-56.6
-166.5
-140.6
-171.6
-65.7
82.2
-61.6
52.3
-172.4
31.4
58.3
-63.9
-179.2
-140.6
-178.5
-60.5
58.5
-39.2
73.7
-161.8
60.4
-45.5
-150.6
-127.7
-170.3
-43.1
73.7

55.3
-174.1
30.7
61.7
-65.5
-179.1
-143.4
-177.8
-60.1
61.8
-56.6

-168.5
93.5
58.4

-56.4
-167
-140.2
-172.6
-59
80.8
-60.2
59.8

-172.6
29.9
63.6

-63
-178
-146.2
-176.4
-57.3
64
-563.1
67.3
-165.7
54
108.8
-51.7

-162.4

-139.7
-171

-50.9
721
-60.2
60.7

-169.7
34.2
64.6

-64.5

33.6
80.7
63.9
56.9
-62.4
-94.9
-68.5
-62.2
-176.5
-174.3
179.6
58.8
91.6
66.3
55.9
-63.9
-95.8
-68.9
-60.9
-176.9
-167.8
-178.1
10.6
63.5
64.8
-65.7
-93.5
-68.4

178.9
-177.4
176.5
61.2
89.9
63.5
58.9
-63.9
-98.2
-68.8
-60.5
179
-175.5
176.1
84.4
30.6
63.7
58.5
-63.1
-94.3
-70.5
-63
-177.6
-172.5
178.8
62.4
92.5
65.2
59.9
-62.4
-98.4
-66.8
-59.7
179.9
-177.3
177
27.7

66.9
63.1
-62.6
-94.7
-67
-64
-170.3
-167.2
-172.1
55.7
94.7
57.5

-80.6
-31.5
1721
62.5
93.9
62.5
177.6
-49.5
-179.8
-68.2
68.4
-91.6
-65.3
174.8
60
100.5
62.4
-178.9
-61.7
-1725
-65.9
64.8
-81
175.6
719
101.2
58.1
-176
-64.7
177.7
-66
66.1
-92.6
-62.5
1735
59.9
97.5
62.7
-179.1
-59
176.3
-55.1
64.4
-45.4
-78.6
172.2
61.8
94.4
61.5
174.4
-50.8
179.9
-61.4
67.7
-93.3
-60.1
175.7
60.8
94.8
63.5
-177
-57.2
179.7
-64.8
67.4
-82.3
-26.1
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88.1
101.1
86.7
-65.3
-81.7
-66.4
-84.1
-56.6
-52.9
-53.8
-61.5
-69.2
-64.8
-81.9
105.2
86.6
89.6
82.6
86.3
101.6
88.1
85.9
88.2
102.1
86.2
-65.1
-81.8
-65.6
-84.5
-55.3
-52.1
-52.6
-60.9
-69
-64.5
-82.6
109.8
104.7
107.6
94.7
99.7
106.5
105.6
85.7
91
105.8
95.8
-63.2

162
166
64.5
63.2
62.7
-27.5
-62.5
-56.8
-62.9
143.2
1751
165
177.4
49.3
55.8
49.3
-127.4
-68.3
-65.6
164
132.6
158.8
155.7
60.8
63.7
58.4
-64.7
-31.1
-61.4
-64.9
177
146
172.2
178.3
52.6
52.1
49.6
-107.4
-53.8
-76.2
-72.6
171
140
166.3
165.3
60.6
62.9
57.4
-63.6

-59.3
-63.6
177.2
146.2
172.7
178.6
52.4
51.7
50.1
-108.6
-53.5
-66.6
-71.4
171.2
139.8
167.1
164.5
62.1
64.5
59.6
-64.1
-30.9
-59.8
-63.7
176.8
146.2
173.2
178.7
53.9

-58.1
81.7
-63.3
-177.4
-169.3
64.7
28.9
-66.1
-175.7
-173.8
-151
-62.4
65.4
-45.3
85.1
-155.8
60
-52.6
-152.5
-129.5
-168.9
-41.9
74.9
-62.2
55.7
-173.9
30.8
61.7
-66.5
-179.1
-143.3
-178.3
-59.5
61.5
-53.3
66.4
-167.7
53.4
107.4
-52.2
-166.4
-140.2
-171.3
-50.7
71

-62
54.8
-174.1
30.5
60.8
-65.8
-179.4
-144.1
-178.4
-59.4
60.5
-563.5
66.5
-166.6
53.4
108
-52.3
-165.4
-139.9
-171.1
-50.9
70.9
-62.2
57.9
-173.4
30.7
62.5
-65.7
-179.1
-143.2
-178.3
-59.3
62.3
-53.1

-71.5
-63
-176.6
1775
-178.7
95.1
61.1
63.5
58.1
-97.5
-66.1
-75.9
-61.6
-177.1
-164.2
-178
14.6
70.7
72.3
-64.8
-96.4
-68.1
-66.1
-179.3
-175.1
177.8
50.1
92.4
60.1
56.4
-63.2
-94.9
-67.8
-60.6
179.6
-176.6
176.1
28.2
82.5
64.6
58.9
-63.1
-94.6
-66.3
-63.9
-179.7
-176.2
176.8
59.9
92.9
61.9
57.3
-63.2
-94.8
-67.5
-60.6
179.5
-177.2
176.7
26.6
82.7
65.4
60.1
-62.8
-94.6
-65.8
-64.6
-178.1
-174.4
179
59.5
92.4
61.5
57.2
-63.3
-94.8
-67
-60.4
-178.9

175.2
-49.9
177.4
-179.7
711

-94.3
173
62.9
65.8
90.4
178
-55.9
-178.4
-55.2
71.5
-82.4
169.3
717
99.7
59.8
-1745

178.3
-65.4
66.5
-92.6
-62.3
172.4
59.7
97.5
62.3
-178.7
-59.4
179.5
-65.5
65.2
-82.7
-28.4
176.4
62.5
94.3
62.8
-177.3
-60.4
178.7

66.5
-92.4
-62.5
1735
59.8
97.1
62.4
-178.4
-60
179.2
-65.5
66.3
-82.6
-27.5
176.3
63.6
94.6
62.9
-177.6
-60.6
178.2
-63.2
66.9
-92.5
-61.3
173.2
59.9
97.6
62.4
-178.4
-58.4
179.8

0.9
0.4
180
-179.8
-179.7
-178.9
-179.1
-178.6
-179
-178.8
-178.8
-178.4
-179.2
179.1
-173.7
-178.7
-179.6
179.7
-179.8
-178.6
-178.8
-179.7
-179.3
-176.9
-176.7
-176.6
-176.7
-176.6
-176.5
-176.5
-176.5
-176.5
-176.4
-176.7
-176.8
-176.8
-176.4
-176.7
-176.4
-176.2
-176.2
-176.1
-176.3
-176.3
-176.3
-177.4
-177.8
-177.7
-177.9
-178.8
-177.6
-177.8
-177.3
-177.1
-176.6
-177.3
-177.2
-177.1
-177
-177.1
-176.7
-177.3
-177.2
-176.8
-176.9
-176.9
-176.8
-176.6
-176.6
-176.3
-176.3
-176.2
-176.4
-176.2
-176.4
-176.4
-176.2
-176
-176.4
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0587.inp
0588.inp
0589.inp
0589a.inp
0590.inp
0591.inp
0592.inp
0592a.inp
0593.inp
0594.inp
0595.inp
0596.inp
0597.inp
0598.inp
0598a.inp
0599.inp
0600.inp
0601.inp
0601a.inp
0602.inp
0603.inp
0604.inp
0605.inp
0606.inp
0607.inp
0607a.inp
0608.inp
0609.inp
0610.inp
0610a.inp
0611.inp
0612.inp
0613.inp
0614.inp
0615.inp
0616.inp
0616a.inp
0617.inp
0618.inp
0619.inp
0367a.inp
0620.inp
0621.inp
0622inp
0623.inp
0624.inp
0625.inp
0625a.inp
0626.inp
0627.inp
0628.inp
0628a.inp
0629.inp
0630.inp
0631.inp
0632.inp
0633.inp
0634.inp
0634a.inp
0635.inp
0636.inp
0637.inp
0637a.inp
0638.inp
0639.inp
0640.inp
0641.inp
0642.inp
0643.inp
0643a.inp
0644.inp
0645.inp
0646.inp
0646a.inp
0647.inp
0648.inp
0649.inp
0650.inp
0651.inp

6.22
4.49
10.81
10.93
6.16
6.92
6.44
6.43
4.4
6.86
2.47
331
3.33
5.88
6.07
3.67
4.36
5.8
6.07
3.69
4.26
4.02
6.89
5.06
11.73
11.63
6.94
7.75
7.2
7.18
5.01
7.67
3.88
4.97
4.85
7.46
6.88
4.61
5.45
7.01
6.91
4.74
5.56
5.42
8.2
6.37
12.81
12.89
8.17
8.99
8.44
8.48
6.3
8.9
2.26
3.01
3.33
5.37
5.75
3.35
4.14
55
5.59
3.24
3.68
3.73
6.4
4.48
11.27
11.07
6.51
7.16
6.72
6.73
4.86
7.3
4.53
5.89
5.74

-229.82
-231.54
-225.23
-225.11
-229.88
-229.12
-229.59
-229.61
-231.64
-229.18
-233.57
-232.72

-232.7
-230.16
-229.97
-232.37
-231.68
-230.23
-230.13
-232.35
-231.78
-232.02
-229.15
-230.98

-224.3
-224.41

-229.1
-228.29
-228.83
-228.86
-231.02
-228.36
-232.16
-231.07
-231.19
-228.57
-229.16
-231.42
-230.58
-229.02
-229.13

-231.3
-230.48
-230.62

-227.9
-229.67
-223.23
-223.15
-227.87
-227.05

-227.6
-227.56
-229.74
-227.13
-233.78
-233.02

-232.7
-230.67
-230.29
-232.69

-231.9
-230.54
-230.45
-232.79
-232.36
-232.31
-229.64

-231.5
-224.76
-224.97
-229.53
-228.88
-229.32

-229.3
-231.18
-228.74
-231.51
-230.15

-230.3

44.27
42.54
48.86
48.98
44.21
44.97
44.49
44.48
42.45
44.91
40.52
41.36
41.38
43.93
4412
41.72
42.41
43.85
4412
41.74
42.31
42.07
44.94
43.11
49.78
49.68
44.99

45.8
45.25
45.23
43.06
45.72
41.93
43.02

42.9
45.51
44.93
42.66

435
45.06
44.96
42.79
43.61
43.47
46.25
44.42
50.86
50.94
46.22
47.04
46.49
46.53
44.35
46.95
40.31
41.06
41.38
43.42

43.8

41.4
42.19
43.55
43.64
41.29
41.73
41.78
44.45
42.53
49.32
49.12
44.56
45.21
44.77
44.78
4291
45.35
42.58
43.94
43.79

-144.7 156.6
-146.7 148.6
-143.9 152.2
-145.6 136.8
-146.8 140.6
-145.6 138.1
-146.6 145.2
-144.8 1493
-146.7 146.3
-1455 153.7
-143.1 -50.3
-1446 -45.6
-143.5 -435
-143.7  -41.1
-142  -40.6
-142.7  -47.3
-143.4 -40.9
-143.6 -40.5
-142.7 -41
-142.6 -475
-143.5 -39.1
-141.9 -52.6
-141.8 -50.9
-141.6  -49.6
-141.2 -53.7
-142.4  -52.7
-141.3 -56.2
-142 543
-142.1 -51.2
-143.6 -45.6
-141 -52.4
-141.4 -46.4
-138 -122.7
-138.3  -124
-137.9 -127.1
-138 -125.2
-138.1 -130.3
-137.5  -128
-137.7 -123.6
-137.6 -124.2
-95.7 794
-138  -125
-138 -124.3
-137.8 -120.7
-137.8 -110.8
-137.2 -124.5
-137.7 -111.2
-137.5 -121.4
-137.9 -117.7
-136.6 -116.8
-137.4 -109.2
-137.8 -110.4
-137.7 -109.8
-138.4 -112.4
-138.7 56.2
-137.6  62.8
-1375 621
-1341 65.8
-133.8 617
-136.1 53.6
-136.4 61.2
-1375  64.1
-137.6 63
-1375 55.8
-136.1 62.6
-138.7 511
-139.7 58.6
-138.9 54.9
-139.3 545
-139.4 61
-139.2 58.6
-139.5 593
-138.9 624
-139.1  53.8
-138  48.2
-138.4 549
-110.3 118.9
-113.7 120.4
-110.7 1216

-59.5
-59.9
-56.3
-57.3
-57.6
-58.3
-59.9
-59.4
-59.3
-58.9
-60.3
-60.1
-59.6
-59.2
-58.8
-59.6
-58.8
-58.4
-58.2
-58.9
-58.2
-60.3
-60.7
-60.1
-63.2
-59.5
-60.4
-61.3
-58.4

-59.3
-59.9
-58.1
-58.1
-57.5
-58.9

-58.5
-58.1
-58.5
51.1
-58
-58.7
-59.1
-61.9
-58.9
-62.1
-58.8
-61.6
-61.4
-60.6
-62.8
-61.9
-62.8
-58.7
-59.1
-58.9

-59.2
-58.5
-58.6
-58.6
-58.6
-59.4
-59.3
-58.8

-59
-58.9
-60.8
-59.7
-59.5
-58.3

-59
-58.9
-59.2
-60.8
-60.9
-60.2

52.5
64.4
55.7
82.7

65.4

65.3
54.8

81.9
82.7
69.1
60.6

64.7
54.6
84.3
81.5
82.4
69.2
60.5
64.5
51.9
-129
-127.9
-127.8

-80.7
-65.1
-83.2
-56.5
-52.4
-52.3
-60.9
-68.4
-65.5
-81.4
102.5
88.9
89.8
84.9
85.3
100.5
92.2
86.4
88.5
101
89.6
-65.9
-83.1
-66.7
-87.1
-57.2
-54
-54.6
-62.2
-69.6
-66.6
-83.4
1345
134.2
135.1
151.2
155.2
154.3
153.4
154.8
150.5
150.1
151.5
-63.5
-81.5
-64.3
-84.1
-53.9
-51.5
-51.3
-60.4
-69
-64.2
-81.8
109.4
94.2
96.9
89.8
91.7
106.9
95
90.8
92.3
103.8
89.6
-64.7
-81.2
-64.9
-84.3
-54.5
-51.7
-51.6
-60.2
-69
-65.1
-82.2
109
107.5
108.9

52.3
50.5
-107.6
-53.9
-67.2
-71.3
171.2
140
164.6
165
60.1
62.9
57.8
-63.7
-30.9
-59.3
-63.5
177.1
146.2
172.3
178.6
52.7
52
49.9
-107.8
-563.7
-67.4
-72.7
170.9
140.2
164.4
163.8
62.1
65.7
58.9
-60.6
-30
-54.5
-60
142.4
143.3
173.8
179.4
53.6
52.2
51.2
-108.3
-53.5
-66.7
-70.5
171.2
139.9
166.2
164.8
61.2
63.8
58.7
-64.2
-30.5
-59.3
-64.2
177.5
146.8
173.1
178.8
52.9
52
50.9
-108
-53
-66.3
-70.1
171.4
139.9
165.2
164.5
60.6
64.5
57.9

66.2
-166.7
53.4
106.8
-52.4
-165.4
-140.1
-171
-52.7
70.6
-62.6
58.5
-173.9
29.5
61.6
-65.9
-179.3
-144.2
-178.4
-59.7
62.2
-53.2
65.4
-167.2
52.1
107.4
-562.2
-166.2
-140.2
-171.3
-51.6
70

-61

60
-172.9
31.2
64.1
-63
-178.1
-176.5
-176.6
-58.1
64.5
-52.4
66.3
-165.4
53.2
108.3
-51.7
-163.8
-139.8
-171
-50.2
70.8
-61.1
55.2
-174
30.2
60.4
-64.5
-179.1
-144.6
-178.4
-58.5
60.2
-53.7

-165.8
53.6
108
-52.4
-164.5
-140.2
-171.4
-51.7
71
-61.6
63.3
-174.2
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0652.inp
0652a.inp
0653.inp
0654.inp
0655.inp
0655a.inp
0656.inp
0657.inp
0658.inp
0659.inp
0660.inp
0661.inp
0661a.inp
0662.inp
0663.inp
0664.inp
0664a.inp
0665.inp
0666.inp
0667.inp
0668.inp
0669.inp
0670.inp
0670a.inp
0671.inp
0672.inp
0673.inp
0673a.inp
0674.inp
0675.inp
0676.inp
0677.inp
0678.inp
0679.inp
0679a.inp
0680.inp
0681.inp
0682.inp
0682a.inp
0683.inp
0684.inp
0685.inp
0686.inp
0687.inp
0688.inp
0688a.inp
0689.inp
0690.inp
0691.inp
0691a.inp
0692.inp
0693.inp
0694.inp
0695.inp
0696.inp
0697.inp
0697a.inp
0698.inp
0699.inp
0700.inp
0700a.inp
0701.inp
0702.inp
0703.inp
0704.inp
0705.inp
0706.inp
0706a.inp
0707.inp
0708.inp
0709.inp
0709a.inp
0710.inp
0711.inp
0712inp
0713.inp
0714.inp
0715.inp
0715a.inp

7.78
8.41
5.74
6.43
7.89
7.97
5.56
6.46

8.62
6.89
13.65
13.57
8.95
9.64
9.17
9.14
7.17
9.65
7.76

8.58
11.77
12.43

9.81
10.03
10.43

11

9.25

9.96
11.79
15.57
12.85
18.74
15.72
15.01
15.72
13.99
13.95
12.68
15.73

1.56

231

2.22

5.16

5.47

3.03

3.47

4.76

4.83

2.78

3.37

3.04

5.61

3.81

105
10.86

6.02

6.38

5.94

5.68

3.92

6.13

1.07

1.48

2.37

4.17

3.94

2.93

2.88

4.68

4.66

3.55

2.19

2.74

5.77

3.47
10.65
10.68

-228.26
-227.63
-230.3
-229.61
-228.15
-228.07
-230.48
-229.58
-230.04
-227.41
-229.15
-222.38
-222.47
-227.09
-226.4
-226.87
-226.9
-228.87
-226.39
-228.28
-227.04
-227.46
-224.27
-223.61
-226.23
-226
-225.61
-225.04
-226.79
-226.08
-224.25
-220.47
-223.19
-217.3
-220.31
-221.03
-220.32
-222.05
-222.08
-223.36
-220.31
-234.47
-233.73
-233.82
-230.88
-230.57
-233.01
-232.57
-231.27
-231.21
-233.26
-232.68
-233
-230.43
-232.23
-225.54
-225.18
-230.01
-229.66
-230.1
-230.35
-232.12
-229.9
-234.97
-234.56
-233.67
-231.87
-232.1
-233.11
-233.16
-231.36
-231.38
-232.49
-233.85
-233.3
-230.27
-232.56
-225.39
-225.37

4583
46.46
43.79
44.48
45.94
46.02
43.61
4451
44.05
46.67
44.94
51.7
51.62
a7
47.69
47.22
47.19
45.22
477
45.81
47.05
46.63
49.82
50.48
47.86
48.08
48.48
49.05
473
48.01
49.84
53.62
50.9
56.79
53.77
53.06
53.77
52.04
52
50.73
53.78
39.61
40.36
40.27
4321
4352
41.08
4152
4281
42.88
40.83
41.42
41.09
43.66
41.86
48.55
48.91
44.07
44.43
43.99
43.73
41.97
44.18
39.12
39.53
40.42
4222
41.99
40.98
40.93
42.73
4271
416
40.24
40.79
43.82
4152
48.7
48.73

-1155
-115.3

-109
-105.9
-113.3
-108.8
-107.7
-116.9
-109.7
-106.9
-110.3
-115.3
-117.3

-117
-117.2
-114.8
-111.2
-112.3

-114
-136.5
-134.6
-135.1
-136.7
-136.9
-135.3
-136.2
-136.3
-135.6
-133.9
-136.6
-144.3
-146.2
-145.1
-146.9
-143.8
-144.1
-145.2
-142.7
-143.8
-144.9
-144.2
-158.4
-158.2
-158.4
-158.5
-159.2
-159.3

-159

-159
-159.2
-159.8
-158.8

-159
-157.7
-158.6
-159.9
-157.8
-158.5
-159.2
-159.1
-158.4
-158.3
-157.9
-152.2
-152.2
-152.5
-152.1
-149.7
-151.8
-152.1
-152.9
-153.1
-152.5
-152.3
-152.7
-151.6

-154
-154.3
-154.1

115.9
113
106

1145

119.7

119.6

111.3

118.1

114.9
126

118.8

109.5

88.3
87
114.8
110.6
105
115.4
84.4
86
84.7
85.4

88.6
84.2
85.4

-61.1
-61.2
-60.9
-59.8
-60.5
-60.1
-60.4
-61.2
-60.9
-58.8
-60.2
-60.1
-64.6
-63.3
-62.2
-62.1
-61.6

-61
-59.5
-65.1
-65.4
-64.7

-63.1
-64.7
-63.5
-62.7
-62.5

-63.8
-60.6
-57.9
-60.1
-60.2
-64.9
-65.2
-66.9
-58.8
-58.7
-59.9
-57.5
60.6
59.2
58.8
58.7
58.6
58.9
58.6
58.1
58.1
58.6
58.3
58.4
60.3
60
60.8
62.1
58.9
58.2
60.2
59.3
59
59.8
59.6
59.9
59.6
61.2
61.4
62.6
61.3
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-210.91
-217.04
-216.91
-217.44
-218.23
-219.43
-214.54
-234.21
-233.31
-233.19
-230.79
-231.2
-233.57
-232.66
-231.15
-231.28
-233.59
-232.87
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-229.68
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-224.66
-225.38
-230.23
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-231.57
-228.98
-230.61
-229.38
-229.62
-226.74
-227.25
-229.74
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-229.67
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-226.56
-228.28
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-225.79
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-233.58
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52.68
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63.17
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42.89
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41.43
42.94
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41.22
41.52
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49.43
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43.85
44.36
44.01
44.08
42.52
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44.47
47.35
46.83
44.35
45.09
46.73
46.58
44.42
45.32
44.89
47.53
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52.22
52.14
47.49

48.3
47.77
47.76
45.72
48.25
40.51
41.17
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43.75
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42.2
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43.74
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42.38
42.23
44.44
42.86
49.43
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47.9
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49.2
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48.2
46.9
48.8
47.4
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58.3
46.2
55.6
53.6
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45.8
49.5
59.2
54.1
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55.1
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54.9
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52.2
49.5
49.6
72.4
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54.3
50.2
39.6
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43
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121.5
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123.2
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-121.9
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-122.7

-173.5
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-0.9
0.5

-13.2

178.2
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179.6
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153.3
153.1
153

147.9
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164.8
58.8
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66.6
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-178.3
-147
-176.9
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-52.6
69.4
-164.1
56.5
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-166.1
-139.9
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-50.4
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-61.2
60.4
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-146.3
-176.7
-58.4
64.9
-52.8
66.1
-165.5
108.6
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-51.7
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-139.8
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-50.5
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-62.9
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30.2
61.6

-66.7

-179.3
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-178.2

-58.5
62.6
-61.1
711
-168
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-178.7
59.1
92.2
60.8
56.9

-63.6
-96.9
-69.3
-61.2
176.4
-169.4
172.5
32.6
70.7
69.6
-83.1
-100.1
-78.3
-63.5
-177.3
-173.7
178.6
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-62.4
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-67.2
-59.6
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62.3
56.8
-62.2
-94.7
-65.9
-62.8
-178.5
-173.2
178.8
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66.4
60.6
-62.4
-98.3
-67
-59.7
-179.7
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177.4
82.6
26.7
65.8
60.8
-62.7
-94.6
-66.6
-64.2
178.8
-176.2
175.6
59.7
93.5
61.2
57
-63.2
-95.2
-66.9
-60.2
179.3
-176.2
176.2
31
82.5

69.1 -179.9
-94.9 -178.8
-61 -178.8
173.2 -178.5
60.2 -178.6
97.9 -178.7
63.3 -177.9
-180 -178
-57.3 -178.1
179 -177.1
-72.4 178.9
72.9 -178
-86.9 179.9
166.8 -179.4
66.5 -178.4
89.8 -179.1
71.6 -178
-179.5 -179.2
-69.4 179.1
178.4 178.3
-63.3 -178.6
67.2 -179.6
-90 178.8
-61 -178.2
172.6 178.2
60.5 179.5
94.3 -179.8
63.4 -179.6
-179.4 177.1
-57.7 -179.3
-179.9 179.6
-62.8 179.9
68.7 179.4
-83.4 179
-30.4 179.9
176.1 179.6
62.9 179.8
94.8 179.4
63 179.5
-177 179.8
-59 179.4
179 -179.9
-60.9 180
67.2 -179.9
-92.2 -179.9
-59.3 -179.9
175 -179.9
60.8 -179.8
94.8 -179.9
63.4 179.8
-178 -179.8
-56.3 -179.9
179.9 -179.6
-66 -179.5
67.5 -179.5
-26.8 -179.4
-82.6 -179.8
177.2 -179.4
65 -179.6
94.7 -179.8
62.9 -179.9
-177.3 -179.8
-60.3 180
177.4 179.2
-65.1 178.5
66 178.6
-92.7 178.5
-62 178.8
1725 179.3
59.8 178.6
97.8 179.3
62.5 179.2
-177.7 179.4
-58.2 179.6
171.4 179.6
-61 179.7
64.8 179.3
-80.8 180
-28.9 179.5
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7.41
6.84
6.71
5.13
7.05
1.79
2.23
2.35
4.87
5.42
2.57
291
4.63
4.59
2.85
2.83
3.94
6.1
4.72
10.5
10.49
5.6
6.19
5.89
5.93
4.06
6.54
7.64
9.3
9.01
10.97
11.23
8.38
9.46
11.08
10.71
8.23
9.4
9.37
13.24
10.26
16.85
17.28
12.18
12.67
11.98
12.21
10.07
12.72
9.44
10.43
10.19
13.82
13.16
10.86
11.66
12.77
12.15
10.24
11.51
15.02
20.77
16.18
24.55
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18.3
18.71
17.62
17.79
15.92
20.58
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2.94
3.17
5.42
5.64
3.11
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-228.63
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-230.91
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-233.69
-231.17
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42.68
42.64

40.9
40.88
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56.76
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55.84
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43.69
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57.3 -135.8
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-59.7
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-51.4
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-227.61
-226.15
-226.04
-228.56
-227.72
-227.67
-224.99
-226.77

46.77
44,54
45
43.9
44.76
45.09
47.16
46.95
44.68
45.43
47.18
47.12
44.78
45.31
45.46
47.91
46.41
52.74
52.96
48.1
49.02
48.48
48.44
46.45
48.72
43.36
44.61
44.53

44.4
45.31
46.87
46.98
44.42

45.3
44.95
47.65
46.06
52.26
52.41
47.33
48.32

48
47.97

45.8

48.4
50.48
51.04
50.76
53.46
52.35
52.22
52.25
53.42
51.88
52.07
4411

44.9
44.86
46.72
44,57
45.08
46.71
46.95
44.63
45.23
44.89
46.22
46.15
48.28

455
46.48
47.93
48.05
45.53
46.35
46.42

49.1
47.32

50.1
50.6
50
-70.8
-69.5
-71.6
-71.3
-79.9
-73.5
-72.4
-63.8

-63.5
-62.6

-75
-62.8
-66.7
-67.6
-67.7
-71.2
-67.8
-64.6
-65.5
-76.1
-63.8
-70.3
-69.5
-68.5
-69.5

-68.5
-69.7
-69.1
-67.6
-69.6
-71.4

-72

-67.1
-72.4
-67.9
-66.8
-65.7
-67.1
-66.5
-67.6
-1215

-74.2
-73.8
-122.7
-74.6
-75.2
-75.7
-123
-76.2
-151.8
-152.1
-150.5
-158.5
-159.1
-156.9
-157.7
-157.2
-160.5
-158
-152.9
-152.9
-154.1
-146.6
-147.8
-148.2
-148.8
-148.7
-148.3
-148
-154.3
-155.1
-154.3

334
46.1
311
-22.1
-8.5
-22.5
-16.7
-10.3
-18.6
-19.1
-22.4
-21.9
-22.6
-22.4
-22.6
-28.2
-19.5
-19.4
-15.9
-15.1
-16.5
-24.5
-20.3
-23.7
-23.1
141.3
140.8
137.4
131.9
130.4
130.5
140.5
140.5
133.6
142.7
145.1
146.4
140.1
135.6
142.2
138.3
136.4
132.7
135.9
137.1
137.7

123.9
123.8
124.7
101
123.8
1245
1231
99.5
124.4
1211
134
129.7
151
1411
153.3
153.3
151.6
143.4
153.7
61.4
59.7
59.2
24.3
21
19.4
15.3
15.6
155
14.5
62.5
65.8
65.2

7.9
7.9
9.6
-118.6
-119.2
-117.9
-119
-120.5
-119.5
-119.9
-120
-119.5
-119.8
-118.8
-120
-118.9
-118.9
-119
-118.1
-118.2
-118.1
-117.8
-117.9
-119
-117.4
-119
-118.5
-118.8
-121.8
-119.3
-119.1
-119.4
-118.6
-116.8
-118.2
-118.8
-117.8
-119
-119.8
-119.2
-118.1
-118
-117.3
-121.2
-120.4
-118.8
-120
-118.3
-122.2
-121.1
-119.6
-121.6
-122.3
-120.5
-119.2
-121.9
-119.9
-119.2
-119.9
-121.5
-122.2
-121.3
-121.9
-121.7
-123
-122.1
-120.4
-120.2
-120.4
-120.7
-122.3
-120.1
-120.5
-121
-1211
-122.3
-120.6
-119.8
-119.8

-174.2
-180
-175.5
-178.3
176.4
-178.7
-177.7
-178.4
-177.6
-178.7
176.1
177.1
177.1
175.4
-178.3
175.2
178.8
177.8
177.8
-179.4
-180
177.3
177.6
-179.1
173.8
-179.3
-179.9
-178.8
-175.8
-178.4
-178.9
-179.3
-179.1
-179.1
179.8
-179
177.6
177.5
-179.1
-179.9
-178
-175.9
-178.5
-179
-176
178
-5.7
-4.9
-1.5
-2.8
-6.6
-2.3
-3.4
-3.4
-7.1
5.2
-178.5
-176.2
-179
-179.8
179.1
179.5
179.2
-179.7
179.4
-180
-178.8
179.3
179.7
-179
-178.2
-179.4
-178.6
-178.1
-177.6
-178.5
-179.9
179.5
-179.2

-90.6
-83.4
-93.3
-110.8
-98.6
-107.4
-86.3
-79.9
-87.3
-85.2
-90.6
-84.7
-92
-83.8
63.8
51.9
65.4
56.2
85.3
82.6
83.9
69.4
61.6
63.5
52.4
-106.2
-106.4
-105.6
-80.2
-86.5
-85.9
-83.1
-88.5
-92.1
-84.4
65.2
51.8
64.9
54.7
83.9
81.1
81.8
68
60.5
65.4
50.8
-128.3
-152.4
-153
-151.7
-128.9
-150.8
-154.5
-149.6
-129
-151.9
-137.5
-153.3
-150.5
-150
-133.3
-145.9
-149.7
-146
-132
-146.8
-104
-103.4
-102.9
-84.4
-84
-83
-83.2
-88.6
-89.7
-87.7
65.4
52.3
65

145.6
152.8
141.2
127.5
138
129.8
146.9
153.7
148.3
149.3
145.9
151.9
145.1
151.3
-65.1
-81.3
-64.2
-83
-563.7
-50.6
-50.1
-60.2
-68
-66
-81.5
132.1
129.5
131.5
153.2
149.3
148.7
153.3
147.8
144.9
150.4
-63.4
-81.4
-64.5
-84.3
-55.1
-562.2
-52.1
-61.4
-69
-64
-83
110.1
84.4
84.8
82
107.6
84.3
82.5
87
108.7
83.7
100.9
82.9
86.5
83.2
102.5
88.5
86.5
90.1
105
87.9
134.3
132.4
134.2
149
152
151.7
153.1
147.7
147.3
147
-63.5
-81.2
-64.7

178.4
173.6
179.4
65.9
68.3
63.8
-64.2
-28.8
-59.7
-64
178.7
143.9
1741
179.7
53.7
52.1
51.2
-107.9
-53.4
-65.9
-69.5
171.3
139.9
164.5
164.3
63
65.8
61.1
-28.9
-57.8
-62.4
142.7
178.5
173.8
179.5
56
52.5
52.9
-107.5
-54.2
-66.7
-71.4
171.4
140.2
167
163.9
63.9
63.4
62.7
-65.2
-60.6
-65.3
176.5
145.9
170.9
176
61.4
66.6
57.3
-63.6
-61.9
-64.9
1775
146.8
173.4
178.8
62.5
65.6
59.3
-61.3
-55.1
-60.8
142.9
178.5
174
179.4
53.6
51.9
514

-145.3
-57
62.9
-60.6
59.4
-171.6
315
63.4
-63.6
-178
-147
-177.2
-58.3
63.5
-55.3
67.7
-165.7
54.8
107.5
-51.9
-164
-139.9
-171.2
-53.5
70.7
-60.6
59.6
-172.1
64.7
-63.5
-178.1
-176.7
-146.3
-57.5
64.3
-52.8
66.3
-165.3
53.3
107.8
-52.4
-164.6
-140
-171.1
-48.5
69.5
-63.7
48.3
-160.4
30.2
-66.8
-175.9
-142.4
-173.7
-61.4
55
-62.5
55.9
-173.3
30.7
-66.3
-179
-143.5
-178.2
-59.4
61.6
-60.1
58.4
-172.7
30.8
-62.6
-178
-176.6
-146.1
-57.6
63.6
-52.4
66.1
-165.7

-62.4
-66.3
-59.8
-175
-171.4
-177.4
59.4
94.1
61.5
56.9
-62.4
-97.3
-66.7
-59.8
-178.9
-177.2
177.8
27.8
82.7
66.1
61.8
-62.9
-94.8
-68.4
-65.2
-177.5
-173.4
-179.9
94.4
63.4
58.5
-98.2
-62.4
-66.6
-59.7
-176.7
-176.7
179.3
27.9
81.9
65.2
59.9

-94.5
-65.8
-65.7
-176.5
-174.9
-177.8
58.8
60.6

-63.6
-95.1
-69.5
-62.4
-178.7
-172.3
177
60.3
59.5
56.4
-62.6
-94.1
-66.8
-60.1
-178.1
-1735
178.3
62.4
65.8
59.9
-98
-62.3
-66.5
-59.8
-179.1
-176.9
178.2

95.6
-176.9
-58.1
179.8
-61.3
68.9
-92.1
-60.6
174.7
60.5
94.6
63.3
-177.3
-57
1775
-64.2
67.3
-81.4
-28
177.2
65.4
94.6
62.9
179.8
-60.8
179.6
-61.5
68.2
-59.6
175.1
60.7
63.4
94.9
-176.9
-56.7
-179.9
-65.5
67.6
-82.7
-27.9
176.6
64.9
94.8
63.2
-174.9
-61.7
177.3
-72.2
80.1
-92.7
172.7
63.2
98.8

-180
-65.3
177.9
-65.4
66.8
-92.5
172.7
59.9
97.4
62.2
-178.5
-59.2
-180
-62.8
67.5
-92.6
176
60.8
63.4
94.9
-177.2
-57.5
-179.6
-65.9
67.3

178.4
175.6
179.7
177.4
176.5
177.5
177.4
176.3
178.7
179.1
178.4
178.2
178.2
176.8
177.7
178.5
179.2
178.7
179.2
178.5
179
179.2
179.1
177.9
178.6
179.3
179.4
179.5
179.5
179.6
179.6
179.3
179.3
179.4
179.3
178.6
178.8
178.9
179.3
178.8
178.8
178.6
179.3
179.3
179
179.4
179.2
179.4
179.5
179.6
-179.6
179.6
179.6
179.6
-179.9
179.8
-178.3
-178.3
-178
-178.6
-178.3
-178.1
-178.3
-178
-178.4
-178.2
-179.7
-179.8
-179.3
-179.4
-179.4
-179.3
-179
-179
-179
-179.6
-179.4
-179.1
-179.3
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1299.inp
1300.inp
1301.inp
1302.inp
1302a.inp
1303.inp
1304.inp
1305.inp
1306.inp
1307.inp
1308.inp
1308a.inp
1309.inp
1310.inp
1311.inp
1311a.inp
1312.inp
1313.inp
1314.inp
1315.inp
1316.inp
1317.inp
1318.inp
1319.inp
1320.inp
1320a.inp
1321.inp
1322.inp
1323.inp
1324.inp
1325.inp
1326.inp
1326a.inp
1327.inp
1328.inp
1329.inp
1329a.inp
1330.inp
1331.inp
1332.inp
1333.inp
1334.inp
1335.inp
1335a.inp
1336.inp
1337.inp
1338.inp
1338a.inp
1339.inp
1340.inp
1341.inp
1342.inp
1343.inp
1344.inp
1344a..inp
1345.inp
1346.inp
1347.inp
1347a.inp
1348.inp
1349.inp
1350.inp
1351.inp
1352.inp
1353.inp
1353a.inp
1354.inp
1355.inp
1356.inp
1356a.inp
1357.inp
1358.inp
1359.inp
1360.inp
1361.inp
1362.inp
1363.inp
1364.inp
1365.inp

15.7
111
11.76
11.22
11.24
9.27
11.78
12.75
13.43
12.64
15.64
16.25
13.08
13.46
13.88
14.68
12.52
13.77
15.2
19.7
16.22
22.73
19.54
20.13
17.58
17.58
16.12
19.68
5.43
5.93
6.06
8.43
8.65
6.06
6.88
8.13
8.03
6.06
6.58
7.13
8.48
7.16
13.5
13.68
9.44
9.41
9.13
9.04
7.93
9.14
5.77
6.72
6.83
9.64
9.29
6.96
7.73
9.12
9.01
6.83
7.43
7.25
9.71
8.12
14.32
14.59
9.57
10.33
10.14
10.18
8.13
10.65
5.18
6.32
6.54
8.57
5.61
6.46
7.99

-220.34
-224.94
-224.27
-224.82
-224.8
-226.77
-224.25
-223.28
-222.61
-223.4
-220.4
-219.78
-222.96
-222.58
-222.16
-221.36
-223.52
-222.27
-220.84
-216.34
-219.81
-213.31
-216.5
-215.91
-218.46
-218.46
-219.91
-216.36
-230.61
-230.11
-230.48
-227.61
-227.29
-230.48
-229.16
-227.9
-228
-229.98
-229.46
-228.91
-227.56
-228.88
-222.54
-222.36
-226.6
-226.63
-226.91
-227
-228.11
-226.89
-230.25
-229.3
-229.21
-226.4
-226.75
-229.06
-228.31
-226.91
-227.03
-229.21
-228.61
-228.78
-226.33
-227.92
-221.72
-221.45
-226.47
-225.71
-225.9
-225.86
-227.91
-225.39
-230.86
-229.72
-229.5
-227.47
-230.43
-229.58
-228.05

53.75
49.15
49.81
49.27
49.29
47.32
49.83

50.8
51.48
50.69
53.69

54.3
51.13
51.51
51.93
52.73
50.57
51.82
53.25
57.75
54.27
60.78
57.59
58.18
55.63
55.63
54.17
57.73
43.48
43.98
4411
46.48

46.7
44.11
44.93
46.18
46.08
44.11
44.63
45.18
46.53
45.21
51.55
51.73
47.49
47.46
47.18
47.09
45.98
47.19
43.82
44.77
44.88
47.69
47.34
45.01
45.78
47.17
47.06
44.88
45.48

45.3
47.76
46.17
52.37
52.64
47.62
48.38
48.19
48.23
46.18

48.7
43.23
44.37
44.59
46.62
43.66
44.51
46.04

-150.3
-150.9
-151.8
-149.2
-150.3
-149.2
-151.5
-145.2
-135.6
-135.1
-146.5
-142.1
-133.7
-140.5
-135.2
-135.2
-132.6
-138.3
-143.7
-140
-134.7
-142.8
-140.5
-139.1
-141.3
-141.3
-141.7
-139.6
-74.6
-70.4
-68.3
-77.3
-69.9
-73.3
-70.2
-70.3
-70.2
-74.8
-69.3
-81.9
-77.1
-78.1
-68.5
-69.6
-70.3
-68.5
-68.4
-69.3
-68.9
-68.5
-78.9
-74
-71.4
-73.2
-91.5
-76.1
-70.1
-69.7

-80.5
-73.1
-85.5

-85.9
-74.8

-70.1
-69.5

-70
-70.2

-71.1
-70.6
-71.2
-71.9
-70.9
-70.4
-70.8
-71.1

16.8
26.3
24.2
148
19.3
15.5
20.7
126
146
147.2
136.9
144.4
142.4
146.8
146.1
145.1
1445
146.3
1111
128
121.6
126.1
105
105.2
115.4
116.9
116.1
130.5
125.2
135.7
134.9
149
146
140.9
146.4
146.3
146.2
141.4
143.9
125.9
141.2
140
133.7
143.5
126.6
138.1
140.1
141.9
130.3
136.6
117
129.4
128.4
127.5
125
120.7
127
124.6
125.4
122.4
125.9
118.3
122.7
119.2
120.9
132.6
123.9
124.4
123.6
127.4
125.9
130.2
143.4
144.2
146.8
141.5
139.8
139.8
1425

-121.2
-117.9
-118
-119.1
-119.2
-118.5
-119.5
-119
-120.3
-119.4
-120.6
-120
-121.3
-121
-120.5
-120.2
-120.5
-119.3
-120.6
-121.4
-120.6
-121
-122.5
-119.7
-122.1
-121
-120.7
-119.9
120.1
120
120.2
120.4
119.3
121.1
120.9
120
120.8
120.3
120.5
120.3
119.9
119.8
120.1
120.5
120.6
120.8
120.1
120.4
119.7
119.6
-2.2
-1.5
-1.5
-0.7
-1.2

0

-1.5

0.7

0.2
-1.3
0.4
0
-0.9

-0.9
0.9
0.2

-1.3

-2.4

-3.1

119.4
119.7
119.2
117.9
117.9
117.5
120.1

-179.3
-178.2
-177.6
-179.7
-179
179.9
178.8
2.3

5

4.8

55.5
82.3
83.2
69.4
61.1
65.3
52.9
-99.9
-108.2
-109.3
-86.6
-94.8
-90.8
-95.6
-89.9
-93
-90.9
-93.9
71.8
57.1

57.5

59.5
77.9
80.9

81.3
67.8
60
64.2
51.4
-99.7
-97.7
-97.7
-94.1
-93.2
-91.3
-88.3

-83.7
-51
-50.8
-60.2
-68.6
-64.3
-81.4
140.2
128.2
128.3
147.8
138.6
146.3
138.8
145.9
143.6
147
140.4
-63
-83.7
-67.5
-86.9
-51.8
-47.1
-60.5
-68.8
-65.1
-86.6
95.3
80.9
82.7
82.1
84.2
102
92.1
84.8
89.5
100.6
83.7
-70.4
-81.4
-66.9
-69.1
-81.1
-565.1
-53
-60.5
-70.2
-71.6
-82.3
103.1
87.8
91.8
87.5
80.1
101.7
86.5
88.9
84.5
103.2
85.8
-65.1
-82.5
-66.1
-56.2
-83.5
-562.7
-52.5
-61.6
-69.5
-65.2
-82.6
138.6
138.7
138.9
138.4
142
142.9
147.8

-108
-66.1
-70.3
171.3
139.6
165.6
165.2
65
68.4
62.5
-25.6
-62.9
-56.2
-62.8
141.7
174.6
163.8
176.4
49.3
51.8
46.8
-128.9
-68.6

166.2
131.1
159.7
152.2
59.5
64
57.2
-63.9
-34.5
-58.1
-62.7
176.5
1425
171.1
177.6
51.5
54.4
51.3
-53.1
-103.7
-70.4
-71.6
171.4
140.3
159.5
166.3
60.9
64.3
58.5
-31.4
-64.9
-61.2
-64.9
146.7
1771
172.1
178
53
51.6
49.8
-54.3
-107
-66.4
-70.8
1711
140.1
165.7
164.8
75.4
78.5
75.8
-67.1
-65.5
-67.2
178.7

53.9
-52
-163.9
-139.8
-171.1

72.6
-65
62.2
-171.8
64.5

-66.1
-176
-174.3
-147.6
-60.6
65.6
-43.9
72
-159.6
60.1
-48.2
-147.3
-129.2
-168.9
-41.3
70.2
-66.9
59.3
-173.4
315
60
-67.8
-179
-142.6
-177.6
-62.2
60
-65.5
76.5
-169.8
84.4
59.4
-55
-165.4
-138.1
-173.7
-66.1
79
-64.9
59.3
-173.3
62.8
29.7
-68.4
-179
-178.3
-143.3
-62.1
64

-53
65.9
-166.6

-82.4
177
65.4
94.8
62.9
-177.7
-90.5
175.9
-59
68.7
-59.2
-92.5
172.9
62.3
64.7
93.5
179.6

-177.3
-67.7
67.2
-81.2
173.9
76.7
99.9
59.8
-174
-67.7
173.4
-62.3
66.5
-92.1
-64.2
171.1
59.8
98.1
62.7
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1729.inp
1730.inp
1730a.inp
1731.inp
1732.inp
1733.inp
1733a.inp
1734.inp
1735.inp
1736.inp
1737.inp
1738.inp
1739.inp
1740.inp
1741.inp
1742.inp
1743.inp
1744.inp

22.92
23.26
21.88
21.77
20.12
25.33
16.69
17.62
17.41
20.89
18.14
18.99
19.99
19.62
17.56
18.86
5.55
5.8
6.13
8.05
8.03
5.95
6.35
8.09
7.91
6.05
6.34
7.44
9.59
8.38
13.85
8.68
9.37
9.23
7.22
9.46

-213.12
-212.78
-214.16
-214.26
-215.92
-210.71
-219.35
-218.42
-218.63
-215.15

-219.9
-217.05
-216.05
-216.42
-218.48
-217.18
-230.49
-230.24
-229.91
-227.99
-228.01
-230.09
-229.68
-227.95
-228.13
-229.99

-229.7

-228.6
-226.44
-227.65
-222.19
-227.36
-226.67
-226.81
-228.82
-226.58

60.97
61.31
59.93
59.82
58.17
63.38
54.74
55.67
55.46
58.94
56.19
57.04
58.04
57.67
55.61
56.91
436
43.85
44.18
46.1
46.08
44
44.4
46.14
45.96
441
44.39
45.49
47.64
46.43
51.9
46.73
47.42
47.28
4527
4751

49.1
46.6
47.5
44.7
48.6
56
55.6
52.6
52.2
514
50.5
51.8
50.1
52
50
50.4
-68.6
-65.4
-69.5
-66.5
-76.1
-73.7
-67.6
-62.3
-60.3
-63.2
-59.7
-78
-67.1
-66.1
-62.7
-74.4

-63.2
-75.3

82.1
77.8
80.5
80.5
82.0
79.9
70.5
68.5
68.3
69.2
60.8
60.2
68.6
60.2
58.9
58.4
-16.3
-25.2
-26.8
-28.5
-30.8
-24.0
-32.7
-31.2
-34.0
-25.8
-29.8
-16.3
-26.8
-23.4
-26.8
-28.3
-28.5
-31.5
-34.9
-35.2

4.8
17
2.2
3.2

3.4
120.5
121.1
120.6
121.2
122.4
122.8
122.7
122.2
123.3
123.5
1251
124.4
126.2
126.8
126.3
126.1
127.2
126.7
126.3
127.1
126.5
125.9
126.9
124.7
1255
125.7
125.6
126.5

127
126.1

6.9
7.7
4.8
4.7
4.7
-19.7
-2.3
0.04

-0.3
-0.3
0.1
-1.6
0.7
-0.9
-0.1
176.1
179
-179.4
-175.6
-175.8
-179.7
-177.4
-179.6
-179.8
175.2
176.5
177.6
167.3
1717
177.2
177.6
175.6
176.9
179.7
175.4

85.4
88.8
75.5
68.1
713
40.3
-127.3
-135.5
-136.2
-141.1
-115.1
-1135
-144.2
-108.1
-114.4
-115.3
-94.1
-98.6
-100.2
-82.5
-79.7
-79.5
-82.9
-82.6
-88.4
-82.1
-83.7
69.9
52
69.9
71.2
81.6
83
70.4

51.3

-54.2
-49.9
-59.4
-65.7
-63.7
-96.2
1121
100.6
101
92.9
120.9
121.2
92.4
128.4
122.9
119.3
144.9
138
137.3
150.4
153.7
156.5
151.6
153.8
148
155.4
151.3
-59.1
-80.8
-59.5
-70.9
-52.2
-51.5
-59.3
-64.7
-82.6

-71.6
-70.4
168
127.9
156.7
166.6
64.3
66.7
62.4
-64.5
-58.3
-63.1
176.4
147.7
166.8
175.6

70.4
64.9
-63.1
-29.9
-59.4
-62.9
142.8
177.9
1741
179.9
66.2
52.2
62
-76.2
-75.7
-77.3
173.9
167.9
164.1

-54.1
-156.9
-138.2
-158.1

-48.5

-63.6
57.9
-171.4
27.4
-65.8
-178.9
-142.8
-177.7
-61.7
63.7
-59.1
58.4
-170.2
32.7
63.4
-62.9
-177.6
-176.5
-142.6
-56.7
62.9
-52.1
70.4
-161.6
54.4
-54.2
-166.2
-140.1
-52.6
72.1

67.5
67.1
-60.1
-100.4
-69.8
-59.9
-176.8
-172.4
-178.6
59.1
62.5
57.4
-63.8
-94.1
-73.8
-63.4
-173.6
-169.3
-176.2
60.7
93.3
62.3
58.2
-98.1
-62.6
-66.1
-59.7
-166
-177.3
-171.5
63.8
56.7
54.3
-60.3
-64.8
-65.4

168.3
67.3
90.8
70.8

178.9

-67.9

177.8

-62.7
69.5
-95.2

173.3
60.2
98.3
63.3

179.2

-57.1
-179
-62.4
70.1
-91.4
-61

175.1
60.7
63.6
98.3

-176.1
-57.6
-179.3

715
-85.6
1741
62.4
94.4
-179.4
-59.3

178.3
178.2
178.4
178.4
178.8
175.8
179.1
-179.5
-179.6
-178.7
-179.7
-179.7
-178.5
177.4
-179
-179.1
177.4
176
177.3
177.8
176.6
178.2
179.8
178.1
177.9
177.8
176.2
177.4
178
178.8
178.4
177.3
178.8
178.7
177.8
178.1
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Appendix Il. A structure tree of 3'-pentyl formiate

HCOCs3
t e
COC3C2 COC3C2
g- g+ t- g- g+ t-
02,3; w3,4
T 1.plu 10.plu 37.plu 19.plu 28.plu 46.plu
Rel. E 0 5.98 0 16.32 21.21 16.32
(KJ/mol)

tg- 2.plu 11.plu 38.plu 20.plu 29.plu 47.plu
Rel. E 4.64 16.4 3.35 20.92 30.42 19.66

tg+ 3.plu 12.plu 39.plu 21.plu 30.plu 48.plu
Rel. E 1.22 8.66 2.68 19.71 23.89 19.04

g+g- 4.plu 13.plu 40.plu 22.plu 31.plu 49.plu
4a.plu 13a.plu 40a.plu 22a.plu 3la.plu 49a.plu

Rel. E 13.97 35.44 13.97 31.92 47.15 30.29

15.61 35.44 15.61 30.29 47.15 31.92

g+t 5.plu 14.plu 41.plu 23.plu 32.plu 50.plu
Rel. E 3.35 16.4 4.64 19.66 30.42 20.92

g+g+ 6.plu 15.plu 42.plu 24.plu 33.plu 51.plu
Rel. E 5.65 18.33 6.11 21.97 32.26 22.43

g-g+ 7.plu 16.plu 43.plu 25.plu 34.plu 52.plu
7a.plu 16a.plu 43a.plu 25a.plu 34a.plu 52a.plu

Rel. E 11.17 16.15 11.17 27.99 31.8 27.7

11.63 16.15 11.63 27.7 318 27.99

g-t 8.plu 17.plu 44.plu 26.plu 35.plu 53.plu
Rel. E 2.72 8.66 1.22 19.04 23.89 19.71

g-9- 9.plu 18.plu 45.plu 27.plu 36.plu 54.plu

Rel. E 6.11 18.33 5.65 22.43 32.26 21.97
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Appendix Il. Energies and Parameters of all stable conformations in 3-pentyl formiate
Force field energies and geometries with PCMODEL Version 4 (without Pi): files *.inp

files
*inp Rel. E S Hf MMXE HCOC3 HC30C COC3C2 COC3C4 O0OC3C2Cl1 OC3C4C5 w23 o34
1.inp 0 -113.19 2.91 -179.2 12.3 -107.6 130.5 62.8 -61.5 -177.4 178.5
2.inp 111 -112.08 4.02 -179.3 124 -106.5 129.1 66.5 61.7 -172.1 -60
3.inp 0.82 -112.38 3.73 -179.2 141 -105.7 131.3 60.1 -172.3 179.5 67.7
4.inp 3.34  -109.86 6.25 -179 36.8 -81.9 150.8 -32.1 65.8 91.8 -58.8
4a.inp 3.73  -109.47 6.64 -179.3 31 -85.5 147.2 -62.6 32.6 61.8 -91.5
5.inp 0.8 -112.39 3.71 -179.4 34.9 -84.2 151.6 -57.3 -64.4 64.2 173.9
6.inp 1.35 111.84 4.26 -179.4 34.4 -84.3 150.2 -62.3 -178.2 58.9 60.3
7.inp 2.67 110.52 5.58 -178.9 354 -84.5 151.6 142.5 -176.6 -98 63.2
7a.inp 278  -110.41 5.69 -179.1 30.8 -88.3 147.8 178.1 -146.1 -62.4 94.7
8.inp 0.65 -112.55 3.56 -179.1 31 -88.5 148.4 172.8 -58.8 -67.3 -178.6
9.inp 146  -111.74 4.37 -179.2 32.4 -86 148.3 178.6 65.8 -59.9 -55.9
10.inp 143  -111.77 4.34 -180 -180 64.3 -64.3 54.5 -54.4 -178.5 178.6
11.inp 3.92  -109.27 6.83 179.4 165.5 51.9 -81.3 53.4 67.7 -175.6 -64.1
12.inp 2.07 -111.13 4.98 179.8 -179.9 64.5 -64.8 51.6 -166.6 178.1 66.5
13.inp 8.47  -104.72 11.38 -180 -165.4 83.9 -54.9 -53.7 107.1 82.5 -28.5
13a.inp 8.47  -104.72 11.38 179.9 165.3 54.9 -84 -107 53.7 28.6 -82.4
14.inp 3.92  -109.27 6.83 -179.4 -165.6 81.1 -52 -67.7 -53.5 64.1 175.4
15.inp 438 -108.81 7.29 -179.6 -165.1 81.9 -52.1 -72.7 -166 58.6 63.1
16.inp 3.86 -109.34 6.77 -179.2 -176.1 69 -60.4 171.9 -140.5 -62.3 94.3
16a.inp 3.86 -109.34 6.77 179.2 176.1 60.4 -68.9 140.5 -171.7 -94.3 62.5
17.inp 2.07  -111.13 4.98 -179.8 179.8 64.7 -64.6 166.3 -52 -66.8 -178.5
18.inp 438 -108.81 7.29 179.6 165.1 52.1 -81.8 166.1 72.6 -63.1 -58.7
19.inp 3.9 -109.29 6.81 0.8 8.7 -111 127.2 62.7 -61.9 -177.6 178.3
20.inp 5 -108.2 7.91 0.8 55 -112.9 122.7 65.8 60.6 -172.8 -60.8
21.inp 471  -108.49 7.62 0.8 6.6 -112.6 124.3 59.4 -173.4 178.6 66.8
22.inp 7.63  -105.56 10.54 0.2 21.7 -94.6 138.2 -63.3 31.9 60.9 -91.8
22a.inp 7.24  -105.95 10.15 14 36.2 -82.5 150.3 -31.8 65.6 92 -58.9
23.inp 4.7 -108.5 7.61 0.6 33 -86 149.8 -57.3 -64.6 64 173.9
24.inp 5.25  -107.95 8.16 0.9 32.7 -86 148.5 -62.3 -178.3 58.8 60.2
25.inp 6.69  -106.51 9.6 1 28.8 -90.2 146 178.7 -146.6 -61.9 94.3
25a.inp 6.62  -106.58 9.53 14 33 -86.8 149.4 144.2 -177 -96.7 63
26.inp 455  -108.65 7.46 1 27.9 -91.4 145.5 174 -58.8 -66.1 -178.4
27.inp 5.36  -107.83 8.27 1 31.7 -86.7 147.7 179.3 65.5 -59.3 -56
28.inp 5.07 -108.13 7.98 0 -179.9 64 -63.8 55.1 -54.9 -178.6 178.8
29.inp 7.27  -105.93 10.18 -1.5 166.3 52.1 -80 55.5 68.5 -174.6 -62.1
30.inp 571  -107.48 8.62 -0.1 -179.4 64.6 -64 52.9 -166.2 178.7 67.7
3Ll.inp 11.27  -101.92 14.18 -0.1 -166.2 82 -55.4 -50.4 96.6 84.6 -38
3la.inp 11.27  -101.92 14.18 0.1 166.1 55.3 -82.2 -96.7 50.4 37.8 -84.5
32.inp 7.27  -105.93 10.18 1.6 -166.4 79.9 -52.2 -68.5 -55.4 62.1 174.7
33.inp 7.71  -105.48 10.62 1.6 -166.4 80.2 -52.9 -74.3 -168.5 55.9 61.7
34.inp 7.6  -105.59 10.51 0.7 -176.6 68.2 -60.7 171.5 -141.6 -63.3 93.8
34a.inp 7.6  -105.59 10.51 -0.9 176.5 60.6 -68.2 141.3 -171.7 -94 63.1
35.inp 5.71  -107.48 8.62 0.1 179.3 63.9 -64.7 165.8 -52.9 -68.1 -178.7
36.inp 7.71  -105.48 10.62 -1.5 166.1 52.6 -80.4 168.4 74.2 -61.9 -56
37.inp 0 -113.19 2.91 179.2 -13.4 -131.5 106.6 61.1 -62.7 -178.3 177.5
38.inp 0.8 -112.39 3.71 179.2 -33.5 -150.2 85.5 64.7 58 -173.6 -63.4
39.inp 0.64  -112.55 3.55 179.1 -30.6 -148 88.8 58.9 -173 178.7 67.1
40.inp 3.34  -109.86 6.25 179 -36.8 -150.8 81.9 -65.8 32.1 58.8 -91.8
40a.inp 3.73  -109.47 6.64 179.3 -30.8 -147 85.7 -32.4 62.8 91.6 -61.7
41.inp 111 -112.08 4.02 179.2 -14.1 -130.7 104.9 -61.9 -66.7 59.8 171.9
42.inp 146  -111.74 4.37 179.1 -32.1 -147.9 86.3 -65.7 -178.7 55.9 59.7
43.inp 2.67  -110.52 5.58 178.9 -35.8 -152.1 84.1 176.6 -1425 -63.2 98
43a.inp 278  -110.41 5.69 179.1 -31.2 -148.2 87.9 145.9 -178.1 -94.8 62.3
44.inp 0.82 -112.38 3.73 179.1 -13.8 -131 106 172.4 -59.9 -67.6 -179.3
45.inp 135 -111.84 4.26 179.3 -34.1 -149.9 84.6 178 62.6 -60.4 -58.6
46.inp 3.9  -109.29 6.81 -1 -8.2 -126.7 111.4 61.8 -62.7 -178.3 177.6
47.inp 4.7 -108.5 7.61 -0.5 -32.7 -149.5 86.3 64.3 57.4 -174.1 -64
48.inp 455  -108.65 7.46 -1.1 -28.3 -145.9 91.1 58.4 -174.2 178 66.1
49.inp 7.24  -105.95 10.15 -1.2 -36.2 -150.3 82.5 -65.4 31.8 59 -92
49a.inp 7.62  -105.57 10.53 -0.6 -24.2 -140.7 92.1 -31.8 63.1 92 -61.1
50.inp 5 -108.2 7.91 -0.9 -8.5 -125.6 110.1 -60.9 -66.3 60.6 172.4
51.inp 5.36  -107.83 8.27 -0.9 -31.5 -147.5 86.8 -65.4 -179.2 56.2 59.4
52.inp 6.62  -106.58 9.53 -1.2 -31.6 -148 88.2 177.1 -144.6 -63 96.3
52a.inp 6.69  -106.51 9.6 -0.9 -27.5 -144.7 91.5 146.5 -178.5 -94.5 62.1
53.inp 471  -108.49 7.62 -0.9 -7.7 -125.3 111.7 173.4 -59.7 -66.8 -178.9

54.inp 5.25 -107.95 8.16 -0.4 -32.2 -148.1 86.4 178.4 62.4 -60.2 -58.7
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