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Abstract: Two novel fluorescent calix[4]arenes comprising diphenylanthracene moiety at the lower rim were synthetized and their complexation
with alkali metal cations in acetonitrile/dichloromethane and methanol/dichloromethane mixtures (¢ = 0.5) was studied experimentally and
by classical molecular dynamics and quantum chemical calculations. The monosubstituted calixarene derivative (L1) proved to be a poor cation
receptor, whereas the ester-based macrocycle (L2) exhibited rather high affinity towards lithium, sodium and potassium cations, particularly in
MeCN/CHCl,. All complexation reactions were enthalpically controlled, whereby the overall stability was the largest in the case of sodium
complex. The computational investigations provided an additional insight into the complexation properties and structures of complex species.
The molecular dynamics simulations indicated the occurrence of inclusion of solvent molecules in the calixarene hydrophobic cavity of the free
and complexed ligand, which was found to significantly affect the complexation equilibria.
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INTRODUCTION

HE hosting abilities of calixarene-based compounds

have been extensively studied during the past several
decades.!! This is due to the straightforward functionaliza-
tion of their upper and/or lower rims which enables the
preparation of effective receptors for wide array of cations,
anions and neutral species.[?->! Calixarenes derivatives can
hence be used as ion extraction reagents, 68l electrochemi-
cal and fluorescence sensors,[911 biomimetics, drug-deliv-
ery systems,[12] ion channels!!314 and nanomaterial com-
ponents.[1>16]

The lower-rim calixarene derivatives possessing
electron-rich functional groups (esters, ketones or
amides) have been widely used as alkali and alkaline earth
metal cations complexation agents.[24] Owing to well-
defined binding site and the possibility of fine tuning of

calixarene-cation size compatibility, a remarkable stabil-
ity and even selectivity towards particular cation can be
achieved. Apart from that, the complexation process is
strongly influenced by the solvation of both reactants and
complexes formed.!#17-25] |n this context, the inclusion of
solvent molecules in the macrocycle hydrophobic cavity can
play an important role in the cation hosting.[20-22.242627] The
extent of complexation reactions in non-aqueous solvents
can also be significantly affected by the process of ion
pairing.[4.11]

Among the vast variety of calixarene derivatives,
those bearing suitable binding sites as well fluorescent
functionalities (e.g. anthracene, naphthalene, pyrene,
dansyl, phenanthridine or tryptophan groups) have been
recognized as potentially very sensitive ionic sensors,
which can be attributed to the high sensitivity of fluo-
rimetry.[9.11,28-30]
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Figure 1. Structures of compounds L1 and L2.

In the present work we report the synthesis of two
novel calix[4]arene derivatives with diphenylanthracene
subunits at the lower rim (L1 and L2, Figure 1). The binding
affinities of these compounds towards alkali metal cations
in acetonitrile/dichloromethane (MeCN/CH,Cl,) and methanol/
dichloromethane (MeOH/CH,Cl;) solvent mixtures were
comprehensively studied by means of several experimental
(UV and fluorescence spectroscopies, potentiometry and
microcalorimetry) and computational (classical molecular
dynamics and quantum chemical calculations) techniques.
Such an approach provided a rather detailed thermo-
dynamic and structural information regarding the studied
complexation reactions.

EXPERIMENTAL

Synthesis
GENERAL
All reagents used in the synthesis (5,11,17,23-tetra-tert-
butyl-25,26,27,28-tetrahydroxycalix[4]arene,  potassium
carbonate, potassium iodide, 1,2-dibromoethane) were
purchased from Aldrich and were used without further
purification. Solvents were purified by standard pro-
cedures.3! Microwave-assisted syntheses were carried out
in the Milestone START S Microwave Labstation. Reaction
course and purity of the products were checked by thin-
layer chromatography (TLC) on Merck, DC-Alufolien
Kieselgel 60 F254. Melting points were determined with a
Kofler apparatus. 'H NMR and 13C NMR spectra were
recorded on a Bruker Avance AV300 or AV600 MHz
spectrometer with TMS as an internal standard. IR spectra
were recorded by means of an ABB Bomem MB102 FTIR
spectrometer. High-resolution mass spectrometry (HRMS)
measurements were conducted on a 4800 MALDI TOF/TOF
Analyzer, Applied Biosystems mass spectrometer. 2-
hydroxyanthraquinone and 9,10-diphenylanthracene-2-ol
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were prepared by modification of a known procedures
described in Supporting Information.

2-(2-bromoethoxy)-9,10-diphenylanthracene: 9,10-diphenyl-
anthracene-2-ol (1 g, 2.88 mmol) was dissolved in 100 mL of
dry acetonitrile. To this solution potassium carbonate (1.2
g, 8.67 mmol) and dibromoethane (40 mL, 87.20 g, 467
mmol) were added. After stirring at reflux for 24 h, the
reaction mixture was evaporated and partitioned between
dichloromethane and water. Layers were separated, and
water layer was extracted twice with dichloromethane (V =
100 mL). Organic layers were combined, dried over sodium
sulfate, filtered and evaporated. The obtained residue was
purified by column chromatography on SiO, and eluted
with 1 % MeOH in DCM, yielding 810 mg (62 %) of pure
product.

1H NMR (CDCls, 300 MHz); &1 / ppm: 3.59 (t, 2H, —
CH,Br); 4.17 (t, 2H, O-CH,); 6.86 (d, 1H, J = 2.4 Hz); 7.04 (d,
1H, J = 9.4 Hz, J = 2.7 Hz); 7.30 (m, 2H); 7.46-7.48 (m, 4H);
7.52-7.67 (m, 9H). 3C NMR (CDCls, 150 MHz); ¢ / ppm:
29.0; 67.5; 104.1; 119.6; 124.3; 125.2; 126.5; 126.6; 127.1;
127.5; 127.5; 128.4; 128.6; 128.8; 129.1; 130.5; 130.7;
131.2; 131.23; 135.12; 137.3; 139.0; 139.2; 155.1. FTIR
(KBr) ¥max / cm~1: 3058, 3029, 2962, 2925, 2854, 1625, 1610,
1492, 1479, 1452, 1380, 1280, 1222, 1211, 605 HRMS m/z
[M]*: 452.0786, calculated for C,gH»:BrO: 452.0776.

5,11,17,23-tetra-tert-butyl-25-(9,10-diphenylanthracene-2-
yloxyethoxy)-26,27,28-trihydroxycalix[4]arene (L1): Potas-
sium carbonate (0.68g, 4.9 mmol), potassium iodide
(0.27 g, 1.6 mmol), and 5,11,17,23-tetra-tert-butyl-25,26,
27,28-tetrahydroxycalix[4]arene (0.36 g, 0.6 mmol) were
suspended in 18 cm3 of dry acetonitrile and stirred
under reflux in argon atmosphere for about 2 h.
Afterwards, 2-(2-bromoethoxy)-9,10-diphenylanthracene
(0.31 g, 0.7 mmol) was added to the reaction mixture and
stirred under reflux for 24 h, protected from sunlight,
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followed by further stirring at room temperature for
another 4 days. Reaction mixture was evaporated, and
water was added to the residue. The yellow precipitate was
filtrated and recrystallized from ethanol yielding 220 mg
(36 %) of pure compound.

Compound L1 was also prepared by microwave-
assisted synthesis. In 10 cm3 of acetonitrile, 2-(2-brom-
ethoxy)-9,10-diphenylanthracene (0.14 g, 0.3 mmol),
potassium carbonate (0.65 g, 4.7 mmol), 5,11,17,23-tetra-
tert-butyl-25,26,27,28-tetrahydroxycalix[4]arene (0.10 g,
0.2 mmol) and potassium iodide (0.21 g, 1.3 mmol) were
suspended. Reaction mixture was stirred for 2 h at 82 °C in
microwave reactor. Crude reaction mixture was filtered
and washed with dichloromethane. The filtrate was
evaporated and the dry residue was portioned between
dichloromethane and water. Organic layer was separated
and evaporated under reduced pressure leaving crude
product which was purified by preparative chromatography
in hexane/dichloromethane (1:1) as eluent, yielding 90 mg
(56 %) of pure product.

m. p. 155-157 °C. IR (KBr) ¥max / cm™: 3329, 3055,
2957, 2870, 1627, 1455, 1484, 1391, 1364, 1293, 1205,
1125, 999, 942, 872, 753, 703. H NMR (CDCl;, 600 MHz);
&n / ppm: 1.19 (s, 9H, C—(CHs)3); 1.20 (s, 18H, C—(CH3)3);
1,20(s,9H, C—(CH3)s); 3.36 (d, 2H, J = 5.6 Hz, Ar—CHo—Ar, Ha);
3.39 (d, 2H, /=4.9Hz, Ar-CHx-Ar, H.); 4.18 (d, 2H,
J=13.6 Hz, Ar—CH>—Ar, Hy); 4.42 (m, 2H, O—CH,—CH,—0);
4.45 (d, 2H, J = 13.0 Hz, Ar—CH»—Ar, Hy); 4.48 (m, 2H, O—
CH»—CH»—0); 6.96 (d, 2H, J = 2.2 Hz); 7.00 (s, 2H); 7.02 (d,
1H,J = 2.4 Hz); 7.03 (d, 2H, J = 2.3 Hz); 7.08 (s, 2H); 7.19 (dd,
1H,J = 9.5 Hz, 2.5 Hz); 7.26-7.33 (m, 2H); 7.47-7.49 (m, 2H);
7.52-7.54 (m, 4H); 7.55-7.67 (m, 7H); 9.32 (s, 2H, —OH);
10.10 (s, 1H, —OH). 13C NMR (CDCl3, 150 MHz); ¢ / ppm:
17.9; 30.5; 30.7; 30.9; 31.0; 31.2; 31.6; 32.45; 58.0; 65.6;
73.6;103.3; 119.5; 123.7; 124.7; 125.1; 125.2; 125.4; 126.0;
126.0; 126.2; 126.6; 127.0; 127.0; 127.2; 127.9; 128.2;
128.3; 128.6; 130.0; 130.3; 130.8; 133.1; 134.7; 136.8;
138.6; 138.8; 142.5; 142.9; 143.9; 147.4; 147.8; 147.8;
148.78; 155.0. HRMS m / z [L1+H]*: 1020.5682, calculated
for C77H75052 1020.5687.

5,11,17,23-tetra-tert-butyl-25-(9,10-diphenylanthracene-
2-yloxyethoxy)-26,27,28-tris(ethyloxycarbonylmethoxy)-
calix[4]arene (L2): In dry acetone (10 cm3), potassium
carbonate (0.16 g, 1.2 mmol), 5,11,17,23-tetra-tert-butyl-25-
(9,10-diphenylanthracene-2-yloxyethoxy)- 26,27, 28-trihydr-
oxycalix[4]arene (L1) (0.20g, 0.2 mmol) and ethyl
bromoacetate (0.2 cm3, 1.5 mmol) were suspended. The
reaction mixture was stirred under reflux in argon
atmosphere for 7 days. The resulting mixture was filtrated
and the filtrate was evaporated. Dry residue was re-
crystallized from ethanol to give 130 mg (54 %) of pure
compound L2.

Microwave-assisted synthesis of compound L2
was also performed. 5,11,17,23-tetra-tert-butyl-25-(9,10-
diphenylanthracene-2-yloxyethoxy)-26,27,28-trihydroxycalix-
[4]arene (L1) (0.14 g, 0.1 mmol), potassium carbonate
(0.46 g, 3.3 mmol), potassium iodide (0.16 g, 0.9 mmol),
5,11,17,23-tetra-tert-butyl-25,26,27,28-tetrahydroxycalix-
[4]arene (0.10 g, 0.2 mmol), and ethyl bromoacetate
(0.14g, 0.9 mmol) were suspended in 10cm3 of
acetonitrile. Reaction mixture was stirred for 2.5 h at
82 °C in microwave reactor. Reaction mixture was evap-
orated and the dry residue was dissolved in dichloro-
methane and extracted three times with water to elim-
inate the salts. Organic layer was evaporated under low
pressure and the crude residue was recrystallized from
ethanol, yielding 110 mg (78 %) of pure product L2.

m. p. 124-126 °C. IR (KBr) ¥max / cm~1: 3057, 2958,
2869, 1757, 1735, 1626, 1477, 1453, 1391, 1367, 1296,
1279, 1231, 1187, 1127, 1068, 1031, 872, 755, 704. H
NMR (CDCl3, 600 MHz); 61 / ppm: 1.07 (s, 9H, C—(CHs)s);
1.07 (s, 18H, C—(CHs)3); 1.07 (s, 9H, C—(CH3)s); 1.20 (t, 4H,
J=7.1Hz); 1.24 (t, 5H, J=7.0Hz ); 1.29 (t, 1H,
J=7.1Hz); 3.12 (d, 2H, J=12.9Hz); 3.17 (d, 2H,
J=12.9 Hz); 3.72 (q, 3H, J = 6.9 Hz ); 3.97-4.11 (m, 4H);
4.13 (q, 2H, J = 7.1 Hz); 4.21 (q, 1H, J = 7.1 Hz); 4.31 (4,
2H, J=4.7 Hz); 4.35 (t, 2H, J= 4.3 Hz); 4.62-4.87 (m,
11H); 6.76 (s, 8H, Ar); 6.93 (d, 1H, J = 2.3 Hz); 7.11 (dd,
1H, J=9.5 Hz, 2.4 Hz); 7.2-7.31 (m, 2H); 7.46 (d, 2H,
J=6.8 Hz); 7.48 (d, 2H, J = 6.9 Hz); 7.52-7.55 (m, 2H);
7.57-7.61 (m, 6H); 7.65 (d, 1H, J=8.4 Hz).13C NMR
(CDCls, 150 MHz); éc / ppm: 13.5; 13.7; 30.9; 30.9; 31.0;
31.4; 33.3; 59.78; 66.5; 70.8; 70.9; 72.0; 103.3; 119.5;
123.5; 124.6; 124.7; 124.9; 125.9; 126.0; 126.5; 126.9;
126.9; 127.9; 128.1; 128.1; 128.1; 129.9; 130.6; 130.8;
130.8; 132.9; 132.9; 132.9; 133.2; 134.4; 136.7; 138.7;
139.0; 144.5; 144.6; 152.5; 152.56; 152.9; 155.7; 169.9;
170.9. HRMS m / z [L2+H]*: 1278.6789, calculated for
C84H94011: 1278.6790.

Physicochemical Measurements

MATERIALS

The salts used for the investigation of L1 and L2
complexation were LiClO4 (Sigma Aldrich, 99.99 %), NaClO4
(Sigma Aldrich 98+ %), Na[B(Ph),] (Sigma Aldrich, 99.5+ %),
KClO4 (Merck, p.a.), K[B(Ph)s] (Sigma Aldrich, 97 %), KCl
(Merck, 99.5 %), RbCl (Sigma-Aldrich, 99 %), Rb[B(Ph),]
(Sigma Aldrich, 95 %), and Rbl (Sigma-Aldrich, 99.9 %). The
solvents, acetonitrile (Merck, Uvasol) and methanol
(Merck, Uvasol), were used without further purification,
whereas dichloromethane (Fluka, Merck) was distilled
twice. In potentiometric measurements ionic strength was
kept constant at 0.01 mol dm=3 by addition of Et;NCIO,4
(Fluka, p.a.).

DOI: 10.5562/cca3308

Croat. Chem. Acta 2017, 90(4), 711-725



714 M. TRANFIC BAKIC et al.: Synthesis of Fluorescent Calix[4]arene Derivatives

ROATICA
CT
A

SPECTROPHOTOMETRY AND FLUORIMETRY

UV titrations were performed by means of a Varian Cary 5
double-beam spectrophotometer whereas fluorimetric
measurements were carried out using a PekinElmer LS-55
spectrofluorimeter, both equipped with a thermostatting
device. UV and fluorescence spectra were recorded at
0.5 nm intervals at 25.0 °C using 1 cm optical path length
quartz cells. Spectral changes of solutions of L1 and L2 were
recorded upon stepwise additions of an alkali metal salt
solution directly into the measuring cell. Absorbances were
sampled with an integration time of 0.2s, whereas
fluorescence intensities were collected with scanning
speed of 600 nm min~1, Titrations for each M*/L system (M*
stands for alkali metal cation and L denotes ligand L1 or L2)
were done in triplicate. The obtained data were processed
using the SPECFIT32-34 and HYPERQUADIBS! programs. In
the course of spectrophotometric and spectrofluorimetric
determinations of stability constants, ion-association was
taken into account.[11]

POTENTIOMETRY

For potentiometric measurements, Metrohm 713 pH meter
was used. Titrations were carried out in thermostated
vessel (8=(25.0%0.1)°C), and the ionic strength of all
solutions was kept at 0.01 mol dm=3 by addition of
EtsNClO4. The indicator electrode was a sodium-selective
glass electrode (Metrohm, 6.0501.100) with Ag/AgCl
reference electrode (Metrohm, 6.0733.100) filled with
acetonitrile/dichloromethane solution of EtsNCI (c=0.01
mol dm=3). The working and reference half-cells were con-
nected with a salt bridge containing 0.01 mol dm3
EtaNClO4. The cell was calibrated by the incremental addi-
tion of NaClO; solution (c=0.01 moldm=3) to 30.0 cm3
solution of Et4NCIO; (c=0.01 moldm=3) in acetonitrile/
dichloromethane mixture (¢ = 0.5). A Nernst-like behavior
was observed, with the slope of E vs. p[Na] plot being about
-58 mV.

Stability constant of Nal2* complex in aceto-
nitrile/dichloromethane mixture was determined by poten-
tiometric titration of NaClO4 solution (V =30.3 cm3) with
solution of L2 (¢ = 1.02 x 102 mol dm-3). Titration was
repeated three times, and the obtained potentiometric
data were analyzed with the HYPERQUAD program.[35]

CALORIMETRY
Microcalorimetric measurements were performed by an
isothermal titration calorimeter Microcal VP-ITC at 25.0 °C.
In the calorimetric titrations, the enthalpy changes
obtained upon stepwise, automatic addition of alkali metal
salt solution (c =2 x 103 mol dm=3to 3 x 103 mol dm=3 to)
to solution of L2 (c =1 x 1074 mol dm=3to 3 x 1074 mol dm™3)
were recorded. The anions of alkali metal salts were either
tetraphenylborates or perchlorates, i.e. large ions with the
low charge density and the low tendency for ion-pairing. In

this way the extent of the latter process was significantly
reduced or even almost completely eliminated. For that
reason, the contribution of ion-pair dissociation to the
recorded enthalpy changes and its influence on the
complexation equilibrium could be neglected in all cases.
Blank experiments were performed in order to make
corrections for the enthalpy changes corresponding to
titrant dilution in pure solvent. The dependence of
successive enthalpy change on the titrant volume was
processed by non-linear least-square fitting procedure
using OriginPro 7.5 program.[3¢! Titrations for each cation/
ligand system were done in triplicate.

Molecular Dynamics Simulations

The molecular dynamics simulations were carried out by
means of the GROMACSB7-43! package (version 5.1.4).
Intramolecular and nonbonded intermolecular interactions
in calixarene ligand and in acetonitrile molecules were
modelled by the OPLS-AA (Optimized Parameters for Liquid
Simulations-All Atoms) force field.*4 Partial charges
assigned to ring carbons bound to CH; groups that link the
monomers were assumed to be zero. Partial charges of
9,10-diphenylanthracene atoms where calculated for a
model compound of 1-ethoxy-9,10-diphenylanthracene with
Gaussian 09 software at B3LYP/6-31+G level of theory
using a CHelpG scheme.l%3! The initial structure of free
ligand was the one in which calixarene basket had a
conformation of a flattened cone. Bond stretching and
angle bending parameters for CH,Cl, molecule were taken
from Ref. 46. The initial structures of calixarene complexes
were built by placing a cation in the center of lower rim
cavity between ether and carbonyl oxygen atoms. The ML2*
species (M* denotes alkali metal cation) were solvated in a
cubical box (edge length 65 A) of acetonitrile/dichloro-
methane or methanol/dichloromethane mixture with
periodic boundary conditions. The compositions of solvents
were similar to those used in the experimental studies. The
solvent mixture boxes where equilibrated prior to solvation
of calixarene ligand and its complexes. Solute concentra-
tion in such a box was about 0.01 mol dm=3. During the
simulations of the systems ClOs~ ion was included to
neutralize the box. The perchlorate counterion was held
fixed at the box periphery whereas the complex was
initially positioned at the box center. In all simulations an
energy minimization procedure was performed followed by
a molecular dynamics simulation in NpT conditions, where
first 0.5 ns were not used in the data analysis The Verlet
algorithmi7! with a time step of 1 fs was employed. The
cutoff radius for nonbonded van der Waals and short-range
Coulomb interactions was 16 A. Long-range Coulomb
interactions were treated by the Ewald method as
implemented in the PME (Particle Mesh Ewald)
procedure.[*8] The simulation temperature was kept at
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298.15 K with Nosé-Hooverl49-30] algorithm using a time
constant of 1ps. The pressure was kept at 1 bar by
Martyna-Tuckerman-Tobias-Klein>1l algorithm and a time
constant of 1 ps. Figures of calixarene molecular structures
were created using VMD software.l®2 The simulations of
same system where repeated several time in order to
accumulate total simulation time adequate for proper data
analysis.

Quantum Chemical Calculations

Conformational search for acetonitrile adducts of L2
complex with Na* was performed by calculation of
complete potential energy surface (PES) around selected
torsional coordinates. PES was spanned by 11 relevant
torsional coordinates @i1—¢11 (Figure 1). Torsional coordi-
nates were investigated in the relative range of 0-120°
starting from the initial structure. PES scans were obtained
by varying the torsional coordinates using the automatic
conformational generator implemented in program gee.[53-57]
All single point calculations were conducted at the PM6
semiempirical level of the theory using MOPAC2016.[58-59]

Data from PES scans were arranged in an 11-way
array. Parallelized combinatorial optimization algorithm for
the arbitrary number of ways (dimensions) implemented in
program moonee!®®43 was used to determine all local
minima on the investigated PES. All local minima were
reoptimized at the B3LYP/3-21G level of the theory
whereas the conformers were reoptimized using B3LYP-
D3/6-31G(d) level of the theory. To ensure that the ob-
tained conformers indeed corresponded to local minima,
harmonic frequency calculations were performed. The
standard Gibbs energies were calculated at T = 298.15 K
and p =101325 Pa. All guantum-chemical calculations were
performed using the Gaussian 09 program. 43!

RESULTS AND DISCUSSION
Synthesis

Compound L1, a monosubstituted calix[4]arene derivative
was obtained by reaction of 2-(2-bromoethoxy)-9,10-di-
phenylanthracene with 5,11,17,23-tetra-tert-butyl-25,26,27,
28-tetrahydroxycalix[4]arene, as shown in Scheme 2. Calix-
arene derivative L2 was prepared by introducing ethoxy-
carbonylmethoxy groups to the three remaining unsub-
stituted OH groups of compound L1 by reaction with ethyl
bromoacetate (Scheme 2).

It is well known that the result of alkylation reaction
of calixarene is determined with the amount of alkylating
agents and type of the base used. This was also the case
with the synthesis of diphenylanthracene calix[4]arene
derivatives studied. 2.2 equivalents of 2-(2-bromethoxy)-
9,10-diphenylanthracene were added to the reaction

mixture of 5,11,17,23-tetra-tert-butyl-25,26,27,28-tetrahydr-
oxycalix[4]arene resulting in exclusive formation of monosub-
stituted derivative, compound L1. Monosubstituted deriva-
tive was further modified by reaction with 2.2 equivalents
of ethyl bromoacetate per free OH group giving compound
L2 respectively. Both of the calix[4]arene derivatives were
prepared in such reaction conditions (K,CO3 as week base,
acetone or acetonitrile as solvents) to yield products solely
in the cone conformation, which was confirmed by NMR
spectra (Supporting Information) and is also in agreement
with literature data.l5465] Synthesis of the studied
calixarene derivatives was also conducted by microwave
assisted heating, using the similar reaction conditions as in
the case of conventional synthesis. Microwave-assisted
synthesis gave about 20 % higher yields compared to
conventional synthesis. Also, notable reduction in reaction
times was accomplished (Table 1), which is, considering the
fact that reactions of calixarene lower rim modification are
generally very time consuming, a significant advantage of
the microwave assisted synthesis. Furthermore, it was
shown that this method does not demand inert
atmosphere and nonaqueous conditions (which are
inevitable in conventional synthesis) since vyields of
reactions of the same duration were approximately the
same with and without the use of such conditions.

IH NMR spectrum of compound L1 (Figure S3,
Supporting Information) contained signals corresponding
to tert-butyl protons split into three singlets with relative
intensity ratio 1:2:1, which is a characteristic pattern for
monosubstituted calixarene derivatives.[66] Also, the
spectrum showed four sets of doublets (6 =3.37, 3.39,
4.18, and 4.45ppm) corresponding to protons of
methylene bridges confirming that the calixarene deriva-
tive had assumed the cone conformation. This was
expected since three free OH groups can form hydrogen
bonds that stabilize this conformation. Furthermore, OH
groups signals split into two singlets with intensity ratio 2:1
at high values of chemical shifts (6 =9.32 and 10.10 ppm),
which was yet another confirmation of the existence of
intramolecular hydrogen bonds. If this 'H NMR spectrum is
compared to that of 2-(2-bromethoxy)-9,10-diphenyl-
anthracene (Figure S1, Supporting Information) the shift of
the triplet signal corresponding to O—CH,—CH,—O protons
to the higher field is notable, also as the result of formation
of hydrogen bonds.

IH NMR spectrum of compound L2 (Figure S5,
Supporting Information) is more complex than that of
compound L1 (additional groups present) but pattern in
signals corresponding to tert-butyl protons and four
doublets corresponding to methylene bridges protons
appeared, confirming that this derivative is in the cone
conformation as well.

DOI: 10.5562/cca3308

Croat. Chem. Acta 2017, 90(4), 711-725



716 M. TRANFIC BAKIC et al.: Synthesis of Fluorescent Calix[4]arene Derivatives

ROATICA
CT
A

Scheme 1. Synthesis of 2-(2-bromoethoxy)-9,10-diphenylanthracene. Reagents and conditions: a) 1: H,SO4, NaNO,, rt, 2: H,0,
A; (b) tBuli, bromobenzene, THF(Ar), —60 °C, rt, NH4Cl(aq), Et,0, HI, A; (c) 1,2-dibromoethane, K,COs3, MeCN, A.

4

S
I C
O L2

Scheme 2. Synthesis of compounds L1 and L2. Reagents and conditions: a) K,COs, KI, MeCN (Ar) A; (b) ethyl bromoacetate,

K2COs, KI, acetone (Ar), A.

Table 1. Conventional and microwave-assisted synthesis of
calix[4]arene derivatives L1 and L2

compound  heating  reaction time /h  reaction yield / %

L1 reflux 120 36
L1 MW 2 56
L2 reflux 168 54
L2 MW 2.5 78

Cation Complexation Studies
Due to the low solubilities of the studied calix[4]arene
derivatives in solvents of moderate permittivities, such as
acetonitrile or methanol, their complexation abilities
towards alkali metal cations were studied in mixed solvent
systems, namely MeCN/CH,Cl, and MeOH/CH,Cl, (volume
fraction, ¢ =0.5).

The binding of cations with L1 was not observed
either spectrophotometrically or fluorimetrically. The
addition of alkali metal salts did not cause any changes in
the UV or emission spectra of the ligand solutions in both
solvent mixtures. This was not surprising considering that
L1 is a diphenylanthracene monosubstituted calixarene
which does not possess any other functional groups that
could be involved in cation complexation.

The strong fluorescence of L1 was obviously due to
the presence of diphenylanthracene subunit (the L1 UV and
emission spectra closely resembled those of 2-(2-bromo-
ethoxy)-9,10-diphenylanthracene; Figure S7, Supporting
Information).

SOLVENT: ACETONITRILE/DICHLOROMETHANE (L2)
As example, the results of spectrophotometric titration of
L2 with Na* are shown in Figure 2, whereas those
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Figure 2. a) Spectrophotometric titration of L2 (¢ =1.17 x 10~* mol dm=3) with NaClO4 (c = 1.88 x 103 mol dm™) in MeCN/CH,Cl,
mixture (¢ =0.5) at 25.0 °C; Vo(L2) = 2.0 cm3; /=1 cm. Spectra are corrected for dilution. b) absorbance at 384 nm as a function

of cation to ligand molar ratio.
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Figure 3. a) Fluorimetric titration of L2 (¢ = 8.63 x 1077 mol dm=3) with LiClO4 (¢ = 1.79 x 107> mol dm~3) in MeCN/CH,Cl, mixture
(@ =0.5) at 25.0 °C; Vo(L2) = 2.5 cm3; [ = 1 cm.; Aex = 384 nm; excitation slit 7 nm, emission slit 3 nm. Spectra are corrected for
dilution. b) relative fluorescence intensity at 425 nm as a function of cation to ligand molar ratio; m experimental; — calculated.

corresponding to the other alkali metal cations are given in
Supporting Information (Figures S8-510). Spectrophoto-
metric titration curves of L2 with LiCIOs and NaClO4
exhibited a linear change in absorbance depending of the
amount of cation added up to the ratio n(M*) / n(L2) = 1,
followed by a break in the titration curve (Figure 2 and
Figure S8, Supporting Information). That revealed a
formation of 1:1 complexes with high stability constants. As
follows from the above considerations, these values were
too high for reliable spectrometric determination in
MeCN/CH,Cl, solvent mixture, and could be only roughly
estimated (Table 2). Owing to its larger size, the potassium
cation fits less well into the ligand binding site. This allowed
for the reliable determination of the corresponding equ-
ilibrium constant (and hence the standard reaction Gibbs
energy) calculated by a least squares non-linear regression
analysis of the spectrophotometric titration data (Table 2,
Figure S9, Supporting Information). The addition of
rubidium salt into the solution of compound L2 did not

cause any changes in its UV spectrum, indicating that no
measurable complexation took place under the conditions
used (Figure S10, Supporting Information). This finding was
confirmed calorimetrically.

Fluorimetric titrations of ligand L2 with alkali metal
cations were carried out as well. The addition of lithium,
sodium or potassium salts to the receptor solution led to an
increase in the fluorescence intensity. This effect was
ascribed to the inhibition of the photoinduced electron
transfer.[911671 However, relatively small changes in fluor-
escence (as well as in UV absorption) of the ligand was
observed upon cation complexation. That can be
accounted for by considering the results of quantum
chemical calculations which indicated that diphenyl-
anthracene ether oxygen atom was not involved in the
cation coordination (see below). Fluorimetric titrations
enabled the determination of stability constants for LiL2*
(Figure 3) and KL2* complexes (Figure S12, Supporting
Information). It should be noted that the values of KL2*

DOI: 10.5562/cca3308

Croat. Chem. Acta 2017, 90(4), 711-725



718 M. TRANFIC BAKIC et al.: Synthesis of Fluorescent Calix[4]arene Derivatives

ROATICA
CT
A

stability constant determined by UV and fluorescence
spectroscopies are considerably different (Table 2). This
inconsistency could be caused by photochemical effects,[68-
70 j.e. the equilibrium constant determined by emission
spectroscopy could correspond to the reaction involving
reactants and products in their excited states, or could be a
function of both, excited- and ground-state reactions.[71-73]

The stability constant of Nal2* complex in
MeCN/CH,Cl, could not be determined reliably by means of
flourimetry (Figure S11, Supporting Information). It was
hence obtained potentiometrically, using Na* selective
electrode (Table 2). The corresponding titration curve
(Figure 4) was characterized by an inflection point at
equivalence, confirming 1:1 stoichiometry of the complex.

The complexation of alkali metal cations with
compound L2 was also investigated microcalorimetrically
(Figures S13-S15, Supporting Information). In the cases of
the stepwise addition of lithium, sodium or potassium salts
negative enthalpy changes were recorded, whereas no
heat effects were measured in corresponding experiments
involving large alkali metal cations. The standard reaction
enthalpies and equilibrium constants (hence the standard
reaction Gibbs energies) for the complexation reactions
were calculated by a least-squares non-linear regression
analysis of the calorimetric titration data. Standard
complexation entropies were calculated from the
complexation enthalpies and Gibbs energies. As can be
seen from the data presented in Table 3, all explored
reactions are enthalpically controlled. The standard
complexation entropies are negative in all cases except for
the reaction with lithium cation. The quite large stability of
LiL2* in MeCN/CH,Cl; is a consequence of the favorable
enthalpic and quite small, but still positive entropic
contribution to the standard complexation Gibbs energy.
The latter is likely due to most favorable desolvation of this
smallest cation. Namely, because of its considerable charge
density, the lithium cation can reorient the solvent dipoles
most strongly, even beyond the primary solvation sphere.
Its binding to calixarene molecules hence results with the
release of larger number solvent molecules into the bulk
when compared with the rest of alkali metal cations. On the
other hand, the strong interactions of lithium and solvent
molecules affects the complexation enthalpy quite
unfavorably.

The highest stability of NaL2* in MeCN/CH,Cl, is a
consequence of the most favorable enthalpic contribution
to the standard complexation Gibbs energy (Table 3). This
is quite typical and can be explained by the compatibility of
cation and the receptor binding site sizes.[24 The much
lower stability constant of KL2* compared to the
corresponding sodium complex is primarily a consequence
of larger reaction enthalpy. The potassium cation is less
strongly solvated than sodium one, so its binding should be

pNa

T T 1

0 1 2 3 élt 5 6 7 8
V(L2)/cm®

Figure 4. Potentiometric titration of NaClOs solution
(c=9.90 x 10* mol dm™3) with L2 (c=1.02 x 102 mol dm™3)
in MeCN/CH,Cl, solvent mixture (¢ =0.5) at 25.0°C;
Vo(NaClOy4) = 30.3 cm?3; . = 0.01 mol dm=3 (Et4NCIO,). m experi-
mental; — calculated.

Table 2. Stability constants of L2 complexes with alkali metal
cations in MeCN/CH,Cl, (¢ = 0.5) at 25.0 °C determined by
different methods

log K(ML2*) + SE

cation
uv fluorimetry potentiometry
Li* >6 6.57+£0.01
Na* >6 >7 7.95+£0.02
K* 4.43+0.01 5.15+0.01

SE = standard error of the mean (N = 3)

favored in terms of solvation. Consequently, the difference
in the receptor binding affinities towards K* and Na* can be
rationalized by weaker interactions of calixarene donor
atoms with K* cation. It should be noted that the KL2*
stability constant determined calorimetrically is in good
agreement with that obtained spectrophotometrically.

There is an additional phenomenon which can
considerably contribute to efficient cation hosting in
certain solvent. This is the inclusion of the solvent molecule
into the hydrophobic calixarene cavity of the ligand and
especially of the complex formed[21.2224,2627] whereby the
particularly favorable interaction between the acetonitrile
methyl protons and the electron rich aromatic rings can be
realized. In order to explore such a possibility in the studied
MeCN/CH,Cl, mixture, the molecular dynamics simulations
of the ligand and its alkali metal complexes were
performed. In addition, the computational studies provided
information regarding the possible structures and
dynamics of L2 and its complexes.

At the beginning of the simulations, the inclusion of
solvent molecules in calixarene hydrophobic cavity of both
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Table 3. Thermodynamic parameters for complexation of alkali metal cations with L2 in MeCN/CH,Cl, and MeOH/CH,Cl,

(@ =0.5) obtained by microcalorimetry at 25.0 °C

MeCN/CH.Cl,
. AG" £ SE AH +SE DS+ SE
kJ mol™ kJ mol™ JK'mol™
Li* 6.24 £0.01 -35.59£0.04 -34.9+0.3 2+1
Na* 7.95+0.02% -45.37£0.01 -59.56 £ 0.03 -47.4+1
K* 4.55+0.01 -25.96 £0.07 -443+0.4 -61+2
MeOH/CH,Cl,
Na* 5.18+£0.01 -29.56 £ 007 -39.1+0.1 -39.2+0.7

@ determined potentiometrically, SE = standard error of the mean (N = 3)

L2 and ML2* species (M stands for alkali metal cation) was
observed. In the case of L2 the calixarene cavity was
occupied with MeCN molecule (Figure 21a, Supporting
Information) during 90 % of the simulation time, whereas
the inclusion of CH,Cl, was hardly noticed (the L2CH,Cl,
adduct, Figure S21c, Supporting Information, was ob-
served during 2.54 % of the simulation time). The aceto-
nitrile molecule was oriented with the nitrile group
pointed towards the bulk. The free L2 adopted flattened
cone conformation, which was reflected in the markedly
different distances of the opposing aryl carbon atoms that
are directly bound to tert-butyl groups (Table S1,
Supporting Information). After the inclusion of solvent
molecule, the shape of the cone remained somewhat
flattened, although it resembled the regular square cone
conformation for both acetonitrile and dichloromethane
adducts (Table S1, Supporting Information). The inter-
action energies between L2 and MeCN or CH,Cl;
molecules included in the hydrophobic basket of free L2
were similar being around -50 kJ mol~1. The overall sol-
vation with CH,Cl, molecules was energetically more
favorable for all forms of L2 (Table S2, Supporting
Information).

During the MD simulations of alkali metal cation
complexes of ligand L2 in acetonitrile/dichloromethane
mixture the release of cation from the complex was
observed, which was most pronounced for the potassium
cation (dissociation took place on average after 3.5 ns),
followed by lithium (13.5 ns) cation. In the case of NalL2*
complex the cation release was observed only after 53 ns
of simulation time. The average dissociation time can be
directly correlated with the experimentally determined
stability constants measurements (Table 2), namely more
stable complexes dissociated after longer period of time.
All of the complexes were stable in the course of MD
simulations in vacuo during 100 ns. To find out whether the
force fields parameters for diphenylanthracene moiety
influenced cation binding properties of L2 observed by MD

simulations, two model calixarene ligands were simulated,
namely tetra-ester derivative and the one in which the
diphenylanthracene in L2 was replaced by a methyl group.
In all these simulations the alkali metal cations were again
released from the complex after some time. The observed
phenomenon could serve as a clear indication that the
OPLS-AA force field parameters used for model bonded
and non—-bonded interactions were not apt for the approp-
riate thermodynamic description of ML2* species. That
could be also concluded for alkali metal cation complexes
of any ligand comprising lower rim substituents with ester
groups in the solvent mixture studied. Nevertheless, the
ML2* complexes could be considered as thermodynamic-
ally metastable species during the initial period of simul-
ation, thus at least some information on their structures
and interaction energies between system components can
be deduced from the obtained trajectories.

During the simulations of alkali metal cation
complexes of L2 the inclusion of solvent molecules was
highly pronounced, whereby the calixarene hydrophobic
cavity of ML2* species was occupied by the solvent
molecule for the most of the simulation time during which
the complex existed (Tables S3-S5, Figures 6, $21-S23,
Supporting Information). As was the case with the
uncomplexed L2, acetonitrile adducts of its complexes
were much more stable than those comprising dichloro-
methane molecules, and were present for the most of the
simulation time (Tables S3-S5, Supporting Information).
The conformation of the calixarene basket in ML2MeCN*
species was very close to the square cone (Tables S3-S5,
Supporting Information), being most regular for
NaL2MeCN* adduct. The cations were coordinated by
phenolic and carbonyl oxygen atoms as well as by
diphenylanthracene ether oxygen atom (Tables S3-S5,
Supporting Information). Sodium and potassium cations
were coordinated with =2.8 carbonyl oxygen atoms on
average, whereas for Li* the corresponding coordination
number amounted to only =1.8.
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Figure 5. a) Microcalorimetric titration of L2 (¢ = 2.95 x 107 mol dm=3, V = 1.42 ml) with Na[B(Ph)4] (c=2.92 x 10> mol dm™3)
in MeOH/CH,Cl, solvent mixture (¢ =0.5) at 25 °C; b) Dependence of successive enthalpy change on cation to ligand molar

ratio. m experimental; — calculated.

The interaction of calixarene ligand with alkali metal
cation is weaker as the cation size increases (Tables S3-S6,
Supporting Information).

SOLVENT: METHANOL/DICHLOROMETHANE (L2)
The complexation of Li* with L2 in MeOH/CH,Cl, solvent
mixture could not be observed either spectrometrically or
flourimetrically. This is in accordance with previously
reported results involving calix[4]arene derivatives in this
solvent as well as in pure methanol11921 gnd can be
attributed to particularly strong cation solvation with this
alcohol.[7*l The addition of Na* or K* salt solutions to the
solution of compound L2 caused a small increase in the
absorbance with the appearance of several isosbestic
points, pointing to the equilibrium between two spectrally
active species, namely the free ligand and the complexed
ligand (Figures S16 and S17, Supporting Information). The
stability constants obtained by processing spectrometric
and fluorimetric data are listed in Table 4. By comparing
these data with those provided in Table 3, one can observe
notable decrease in the affinity of the receptor towards
both cations. Again the values corresponding to KL2*
complex determined by the two methods are quite
different, which can be explained in the same way as
previously in the case of MeCN/CH,Cl, mixture as a solvent.
In order to explore complexation thermodynamics in more
detail, the binding of sodium cation by L2 was also
investigated microcalorimetrically (Figure 5). Unfortu-
nately, due to the rather low stability of KL2* complex and
poor solubility of potassium salt used in calorimetric
experiments, the reliable calorimetric determination of the
corresponding thermodynamic quantities could not be
realized in MeOH/CH,Cl, solvent mixture. The calorimetric
data for the complexation of sodium cation (Tables 3 and 4)
reveal much less enthalpically favorable cation binding in
MeOH/CH,Cl, in comparison to MeCN/CH,Cl,. On the other

Table 4. Stability constants of L2 complexes with alkali metal
cations in MeOH/CH,Cl; (¢ = 0.5) at 25.0 °C obtained by UV
and fluorimetric titrations

log K(ML2*) £ SE

cation
uv fluorimetry
Na* 5.49+0.01 5.50£0.05
K* 2.95+0.01 3.37+0.01

SE = standard error of the mean (N = 3)

hand, the complexation is entropically slightly favored in
the former solvent mixture.

The above findings could be explained by taking into
account the more energetically demanding desolvation of
Na* in MeOH/CH,Cl,, as well as stronger affinity of the
complexed ligand hydrophobic basket for acetonitrile
molecule compared to the methanol one.

As in the case of MeCN/CH,Cl; as a solvent, titrations
of compound L2 with Rb* in MeOH/CH,Cl, mixture led to no
changes in the UV spectrum under the experimental
conditions used (Figure S18, Supporting Information). The
complexation of this cation could also not be observed
calorimetrically.

The structure of calixarene L2 and its cation
complexes in methanol/dichloromethane mixture was also
explored by means of molecular dynamics simulations.
During these simulations a release of cation was observed
as in the case in acetonitrile/dichloromethane solvent, and
again the complex dissociation time followed the trend of
experimentally determined stability constants. The dis-
sociation also occurred in the cases of alkali metal cation
complexes of two model compounds that were studied in
MeCN/CH,Cl; solvent.

For L2 and its cation complexes the inclusion of
methanol and dichloromethane molecules in the calixarene
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Figure 6. Molecular structures of a) NaL2MeCN*, b) NaL2ZMeOH* and ¢) NaL2CH,Cl,* adducts obtained by MD simulations of
NaL2* in acetonitrile/dichloromethane and methanol/dichloromethane mixtures at 25 °C. Hydrogen atoms bound to carbon

atoms of L2 have been omitted for clarity.

basket was observed (Figures 6, S21-S23, Supporting
Information), and upon that the macrocycle hydrophobic
cone became more regular than that of the free ligand
(Tables S7-S9, Supporting Information). In the L2MeOH
and all of the ML2MeOH* adducts the methyl group of
methanol molecule was oriented towards the calixarene
lower rim. The binding mode of the solvent molecule was
similar to that previously found by the MD simulations of
different calixarene—methanol adducts.[2224 The calixarene
cavity was occupied with MeOH approximately 2-5 times
longer period of time than with CH,Cl, (Tables S6-S7,
Supporting Information). The solvent-ligand interaction

energy in metal ion complexes and the corresponding
adducts was about twice lower for dichloromethane than
methanol (Tables S6-S7, Supporting Information). The
coordination spheres of cations consisted of phenolic
oxygen atoms and variable number of carbonyl and
diphenylanthracene ether oxygen atoms. As in the case of
the MD simulations of L2 cation complexes in aceto-
nitrile/dichloromethane mixture, in methanol/dichloro-
methane the interaction of calixarene ligand with alkali
metal cations was found to be less favorable for larger
cation in all examined complex species (Tables S6-S7,
Supporting Information).
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Quantum Chemical Calculation

Initial set of geometries for the conformational analysis of
NaL2MeCN+* species was obtained by the analysis of PES
calculated at the semiempirical level of the theory (PM6).
PES was spanned in the space of 11 torsional coordinates
(Figure 7) and then parallelized optimization procedure for
finding local minima utilizing a brute-force search in n-way
space was applied and 17 local minima were found. Each
local minimum found at the semiempirical level was
subsequently optimized using density functional theory.
The clustering procedure for the optimized geometries of
local minima provided nine distinct conformers, which
were then optimized at the B3LYP-D3/6-31G(d) level of
theory. For these conformers harmonic frequency calcul-
ations were carried out and standard Gibbs energies were
calculated. Two conformers of minimal energy are pres-
ented in Figure 7.

In both conformers the position of the Na* cation
inside the calixarene is determined by the position of
acetonitrile molecule in the hydrophobic calixarene cone.
The acetonitrile molecule symmetrizes the chemical
environment of sodium cation ensuring the proper
configuration of the oxygen donor atoms. If acetonitrile
molecule moves upwards, the local symmetry around the
cation is broken and the standard Gibbs energy of
formation is much higher. In each case the position of

anthracene subunit is directed outside of the lower rim
resulting with a minimum of steric hindrances.

In the lowest energy conformer, distances between
phenolic oxygen atoms and Na* cation were in the range
from 2.22 to 2.29 A. Similar values were obtained for
carbonyl oxygen atoms, whereas in the case of ester
oxygen atoms these values were much higher (x2.7 A).
Since in the calculated conformational space there was no
low-energy conformer where the diphenylanthracene
ether oxygen atoms could be considered as one of the
coordinating oxygen atoms for Na*, it is highly unlikely that
this atom participates in cation complexation. Structures of
additional conformers are given in the Supporting
Information (Figure S24).

CONCLUSION

The complexation of alkali metal cations by two novel
fluorescent lower-rim calix[4]arenes containing diphenyl-
anthracene moiety was studied in acetonitrile/dichloro-
methane and methanol/dichlormethane mixtures (¢ = 0.5)
by means of microcalorimetric, spectrophotometric and
flourimetric titrations. Classical molecular dynamics and
quantum chemical calculations were carried out as well.
The binding of alkali metal cations with monosubstituted
calixarene derivative (L1) was not observed in either of the

Figure 7. Two lowest energy conformers of NaL2MeCN* species; A¢«G® = 25.80 kJ mol! (relative to the lowest energy conformer).

Croat. Chem. Acta 2017, 90(4), 711-725

DOI: 10.5562/cca3308



ROATICA
CT
A

M. TRANFIC BAKIC et al.: Synthesis of Fluorescent Calix[4]arene Derivatives 723

solvent mixtures. In contrast, the macrocycle L2, addition-
ally possessing three ester subunits, exhibited rather high
affinity towards lithium, sodium and potassium cations in
MeCN/CH,Cl,, whereas its cation binding ability was found
to be considerably lower in MeOH/CHCl,. All reactions
involving receptor L2 were enthalpically controlled. The
sodium complex of L2 was the most stable in both studied
solvents. That could be attributed to the energetically most
favorable host-guest interactions which was due to
compatibility of the cation and the receptor binding site
sizes. The inclusion of solvent molecules in the hydrophobic
basket of L2 and its cation complexes was observed by MD
simulations. The affinity of complexes for methanol and
acetonitrile inclusion was higher as compared to that of the
free ligand, and was more pronounced in the case of
acetonitrile. These findings could serve to (at least partly)
explain notably more favorable cation complexation in
MeCN/CH,Cl, than MeOH/CH,Cl; in solvent mixture.[11.24]

The computational investigations provided infor-
mation regarding the possible structures of compound L2
and its complexes. The results of quantum chemical cal-
culations indicated that diphenylanthracene ether oxygen
atom was not involved in the coordination of sodium cation
in the NaL2MeCN* complex species. This fact is most likely
the reason for the rather small changes in UV and
fluorescence spectra observed upon the reaction of the
ligand and Na* cation. Similar can be concluded for the
other alkali metal cations.
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2-hydroxyanthraquinone:!

To a solution of 2-aminoanthraquinone (10 g, 45 mmol) in concentrated H>SO4 (135 mL) at 0
°C NaNO: (3.8, 55 mmol) was added portionwise. The solution was stirred for 3.5 h at room
temperature and then poured into ice (500 g). The resulting mixture was refluxed for 20 min.
After cooling to room temperature, the solid was filtered, washed with water and dried over

P>Os resulting in quantitative reaction yield.

9,10-diphenylanthracene-2-ol:>

In 150 mL of dry tetrahydrofuran which was previously cooled to -60 °C under inert
atmosphere bromobenzene (5.96 g, 4 mL, 37.96 mmol) was added. To the resulting reaction
mixture was added dropwise fert-butylithium solution in pentane (V=25 mL, c= 1.7 mol dm™)
in 15 min. The reaction mixture was allowed to reach temperature of 0 °C. After cooling the
reaction mixture to -60 °C, 2-hydroxyanthraquinone (1.50 g, 6.70 mmol) was added as a solid
at once. After reaching room temperature, the reaction mixture was stirred for further 90
minutes. Reaction was quenched by additon of saturated NH4Cl solution. Layers were separated
and water layer was extracted with diethyl ether (V=200 mL). Organic layers were combined
and evaporated without drying. To the oily residue was added diethyl ether (V=200 mL) and
aqueous solution of hydroiodic acid (w= 55 %). Reaction mixture was refluxed for 1 hour with
vigorous stirring. The organic layer was washed with water (V=150 mL), twice with saturated
solution of potassium disulfite (V=200 mL) and once with saturated NaCl solution. Organic
layer was separated, dried over magnesium sulfate, filtered and evaporated. The obtained oily
residue was purified by column chromatography packed with SiO; and eluated with 1 % MeOH

in DCM. (1,7 g, 74 %).
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Figure S1. '"H NMR spectrum of 2-(2-bromoethoxy)-9,10-diphenylanthracene in CDCl;.

0.0

0.5

3.0 2.5 2.0 1.5 1.0

3.5
d/ppm

4.0

4.5

7.0 6.5 6.0 5.5 5.0

75





= 0% -3

58

4
i
—

[— @
-3
- €
104 G534 L
=
12 s I
'-:: -8
'll\ !—g
'._" L F
3 !
;33
lﬁ, _§
155 512 i

Figure S2. 3C NMR spectrum of 2-(2-bromoethoxy)-9,10-diphenylanthracene in CDCls.





Figure S3. '"H NMR spectrum of L1 in CDCls.
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Figure S4. 3C NMR spectrum of L1 in CDCl;.
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Figure S5. "H NMR spectrum of compound L2 in CDCls.
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Figure S6. '*C NMR spectrum of compound L2 in CDCl;.
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Figure S7. a) UV absorption spectrum of 2-(2-bromoethoxy)-9,10-diphenylanthracene

(c = 107* mol dm™) in MeCN/CH2Cl> mixture (¢ = 0.5) at 25.0 °C; b) emission spectrum of 2-(2-
bromoethoxy)-9,10-diphenylanthracene (¢ = 1 X 10~ mol dm™ in MeCN/CH>Cl, mixture (¢ = 0.5)

at 25.0 °C; [ = 1 em; Aex = 384 nm; excitation slit 7 nm, emission slit 3 nm.
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Figure S8. a) Spectrophotometric titration of L2 (¢ = 9.49 x 10~* mol dm~>) with LiClO4 (c =
2.50 x 1073 mol dm~3) in MeCN/CHCl, mixture (¢ = 0.5) at 25.0 °C; Vo(L2) =2.0 cm’; /=1
cm. Spectra are corrected for dilution. b) absorbance at 384 nm as a function of cation to ligand

molar ratio.
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Figure S9. a) Spectrophotometric titration of L2 (¢ = 1.17 x 10~* mol dm~®) with KCIO4 (¢ =
1.37 x 1073 mol dm~*) in MeCN/CH,Cl> mixture (¢ = 0.5) at 25.0 °C; Vo(L2) =2.0 cm®; /=1
cm. Spectra are corrected for dilution. b) absorbance at 384 nm as a function of cation to ligand

molar ratio. m experimental; — calculated.

0.60+
406
0.55+
0504 o wmw nmH
0.45+

0.40

0.35

0.30

0 10 20 30 40 50

n(Rb%) : n(L2)
Figure S10. Spectrophotometric titration of L2 (¢ = 6.27 x 107> mol dm=) with RbI (¢ =
3.91 x 1073 mol dm~>) in MeCN/CH,Cl, mixture (¢ = 0.5) at 25.0 °C; Vo(L2) = 2.0 cm?; [ = 1

cm. Absorbance at 406 nm as a function of cation to ligand molar ratio.
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Figure S11. a) Fluorimetric titration of L2 (c=8.63 x 107 moldm™) with NaClO,
(¢ =3.15 x 107° mol dm™) in MeCN/CH,Cl, mixture (¢ = 0.5) at 25.0 °C; Vo(2) =2.5cm’; /=1 cm;
Aex = 384 nm; excitation slit 10 nm, emission slit 3.8 nm. Spectra are corrected for dilution. b) relative

intensity of fluorescence at 430 nm as a function of cation to ligand molar ratio.
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Figure S12. a) Fluorimetric titration of L2 (c=8.63x107moldm™®) with KCIlO4
(¢ =1.23 x 10~ mol dm™) in MeCN/CH,Cl, mixture (¢ = 0.5) at 25.0 °C; Vo(2) =2.5cm’*; /=1 cm,;
Aex = 385 nm; excitation slit 7 nm, emission slit 3.7 nm. Spectra are corrected for dilution. b) relative
intensity of fluorescence at 425 nm as a function of cation to ligand molar ratio. m experimental;

— calculated.
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Figure S13. a) Microcalorimetric titration of L2 (¢ = 2.16 x 10~ mol dm>, ¥ = 1.42 ml) with LiCIO4
(¢ = 2.01 x 1073 mol dm™) in MeCN/CH,Cl, solvent mixture (¢ = 0.5) at 25 °C; b) Dependence of

successive enthalpy change on cation to ligand molar ratio. m experimental; — calculated.
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Figure S14. Microcalorimetric titration of L2 (¢ = 2.22 x 10~* mol dm, V= 1.42 ml) with Na[B(Ph)4]
(¢ =1.76 x 107 mol dm™) in MeCN/CH,Cl, solvent mixture (p =0.5) at 25 °C. Dependence of

successive enthalpy change on cation to ligand molar ratio.
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Figure S15. a) Microcalorimetric titration of L2 (¢ = 1.10 x 10~ mol dm™, V= 1.42 ml) with K[B(Ph)4]

(¢ =2.50 x 102 mol dm~) in MeCN/CH,Cl, solvent mixture (¢ = 0.5) at 25 °C; b) Dependence of

successive enthalpy change on cation to ligand molar ratio. m experimental; — calculated.
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Figure S16. a) Spectrophotometric titration of L2 (¢ = 1.50x 10~* mol dm~) with NaClO4 (¢ =
5.12 x 10~* mol dm) in MeOH/CH,Cl, mixture (¢ = 0.5) at 25.0 °C; Vo(L2)=2.0 cm®; /=1 cm. Spectra
are corrected for dilution. b) absorbance at 404 nm as a function of cation to ligand molar ratio.

m experimental; — calculated.
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Figure S17. a) Spectrophotomet

ric titration of L2 (¢ = 1.50x 10 mol dm™>) with KCl (¢ =

3.09 x 107 mol dm3) in MeOH/CH,Cl, mixture (¢ = 0.5) at 25.0 °C; Vo(L2)=2.0 cm?; /=1 cm. Spectra

are corrected for dilution. b) absorbance at 377 nm as a function of cation to ligand molar ratio.

m experimental; — calculated.
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Figure S18. Spectrophotometric
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titration of L2 (¢ = 1.50x 107*mol dm™) with RbCl (¢ =

3.97 x 107 mol dm™) in MeOH/CH>Cl, mixture (¢ = 0.5) at 25.0 °C; Vo(L2) = 2.0 cm’; 1 = 1 cm.

Absorbance at 377 nm as a function of cation to ligand molar ratio.
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Figure S19. a) Fluorimetric titration of L2 (¢=7.62x 107 moldm™) with NaClO,4
(¢ =5.21 x 10 mol dm™) in MeOH/CH>Cl, mixture (¢ = 0.5) at 25.0 °C; Vo(2) =2.5 cm?; [ =1 cm.;

Aex = 404 nm; excitation slit 5 nm, emission slit 2.5 nm. Spectra are corrected for dilution. b) relative

intensity of fluorescence at 440 nm as a function of cation to ligand molar ratio. m experimental;

— calculated.
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Figure S20. a) Fluorimetric titration of L2 (¢=7.20x107moldm™) with KCI
(¢ =3.76 x 10~ mol dm™) in MeOH/CH,Cl, mixture (¢ = 0.5) at 25.0 °C; Vo(2) =2.5 cm?; [ =1 cm,;
Aex = 384 nm; excitation slit 7 nm, emission slit 3.5 nm. Spectra are corrected for dilution. b) relative

intensity of fluorescence at 425 nm as a function of cation to ligand molar ratio. m experimental;

— calculated.
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Figure S21. Molecular structures of a) L2MeCN, b) L2MeOH and c) L2CH>Cl, adducts
obtained by MD simulation of L2 in acetonitrile/dichloromethane  and
methanol/dichloromethane mixtures at 25 °C. Hydrogen atoms bound to carbon atoms of L2

have been omitted for clarity.
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Figure S22. Molecular structures of a) LiL2MeCN" and b) LiL2CH,Cl," species obtained by
MD simulation of LiL2" in acetonitrile/dichloromethane mixture at 25 °C. Hydrogen atoms

bound to carbon atoms of L2 have been omitted for clarity.
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Figure S23. Molecular structures of a) KL2MeCN", b) KL2MeOH" and ¢) KL2CHxCl>" species
obtained by MD simulation of KL2" in acetonitrile/dichloromethane and
methanol/dichloromethane mixtures at 25 °C. Hydrogen atoms bound to carbon atoms of L2

have been omitted for clarity.
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Table S1. Average (d) and standard deviation (o) of distances between the opposing phenyl

carbon atoms that are directly connected to the zers-butyl group during the MD simulations of

ligand L2 in dichloromethane/acetonitrile and dichloromethane/methanol mixtures at 25 °C; #ot

=50 ns.
MCCN/CH2C12 MCOH/CHQCIQ
t/ tiot d/ A G(d)/A t/ tiot d/ A G(d)/A
5.93 0.28 6.03 0.64
L2 0.075 0.502
9.28 0.37 9.18 0.69
8.19 0.36
L2-MeCN 0.900 — — -
7.69 0.33
7.72 0.34
L2-MeOH — - - 0.419
8.16 0.35
7.80 0.33 7.79 0.35
L2-CH:Cl; 0.025 0.079
8.32 0.32 8.33 0.36

Table S2. Interaction energies of L2 and acetonitrile, methanol and dichloromethane molecules

obtained by MD simulations in dichloromethane/acetonitrile and dichloromethane/methanol

mixtures at 25 °C; tiot = 50 ns.

MeCN/CHCl, MeOH/CH,Cl,
E(L2-MeCN)  E(L2-CH,CL) E(L2-SOL,,) E(L2-MeOH) E(L2-CH,Cl,) E(L2-SOL,,)
kJ mol™! kJ mol™ kJ mol™ kJ mol™ kJ mol™ kJ mol™
L2 —184+37 -351+48 - —178 + 46 —380 +52 -
L2-MeCN  -231+40 —-360+50 -50+5 - -
L2-MeOH - - - —238+43 -378 +49 —-48+5
L2-CH,Cl, -180+35 410146 -51+9 —188 +41 —417+49 =57+12
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Table S3. Energies of interactions of L2 with lithium cation, acetonitrile and dichloromethane,
occurrence time ratio of different chemical species, and the average number of carbonyl and
diphenylanthracene ether oxygen atoms which coordinate metal cation in the complexes obtained

by MD simulations in acetonitrile/ dichloromethane mixture at 25 °C.

LiL2" LiL2MeCN"  LiL2CH,Cl"

. O 363+ 17 343 +32 372+ 15
E(M™L2) / kJ mol 366+ 21°
E(L2-MeCN) / kJ mol™! ~196+33  —229+40  —182+37
E(L2-MeCNixer) / kJ mol™ - -50+5 —~
E(L2-CH>Cl) / kJ mol™! —346+46  —350+44  —413+51
E(L2—CH2Cliner) / kJ mol™ — — —47+9
E(M'—MeCN) / kJ mol™! —15+11 63 +57 20+ 13
E(M'—MeCNinal) / k] mol™! - 5+2 -
E(M'— CHxCly) / kJ mol™ 947 8+6 446
EM*= CH2Clainet) / kJ mol™ - - 3+1
tot / NS 13.0
t/ tiot 0.018 0.868 0.114
N(coordinated carbonyl oxygen atoms) }gg a 1.94 1.97
N(coordinated ether oxygen atoms) ggja 0.997 0.97
- 8.05 8.04 8.06
d/A 751 771 7.89

0.46 0.29 0.29

o(d)/A 0.54 0.27 0.30

2 Obtained by MD simulations of LiL.2* complex in vacuum

19





Table S4. Energies of interactions of L. with sodium cation, acetonitrile and dichloromethane,

occurrence time ratio of different chemical species, and the average number of carbonyl and

diphenylanthracene ether oxygen atoms which coordinate metal cation in the complexes obtained

by MD simulations in acetonitrile/ dichloromethane mixture at 25 °C.

NaL2* NaL2MeCN"™ NaL2CH.Cl"

. B 309+16  —308+23 ~301 + 24
E(M™L2)/kJ mol 316+ 16°
E(L2-MeCN) / kJ mol™! -196+35  —235+39 201 + 37
E(L2-MeCNixe1) / kJ mol™! - —50+5 —~
E(L2-CHxCl) / kJ mol™! 356 + 41 357 + 50 —-393 + 50
E(L2—CH2Cliner) / kJ mol™ - — —45+9
E(M*—MeCN) / kJ mol™! “12+7 ~15+28 20+23
E(M'~MeCNincl) / kJ mol™! - 6+2 -
E(M*— CH2Cl,) / kJ mol™ 6+6 7+6 3+6
EM*—= CH2Clainet) / kJ mol™ — - 342
tot / NS 53.5
t/ tiot 0.009 0.961 0.030
N(coordinated carbonyl oxygen atoms) 225761a 275 2.80
N(coordinated ether oxygen atoms) %99; 0.82 0.50
- 8.02 7.87 7.94
d/A 731 7.80 7.91

0.49 0.27 0.29

o(d) /A 0.57 0.27 0.30

2 Obtained by MD simulations of NaL.2* complex in vacuum
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Table SS. Energies of interactions of L2 with potassium cation, acetonitrile and dichloromethane,

occurrence time ratio of different chemical species, and the average number of carbonyl and

diphenylanthracene ether oxygen atoms which coordinate metal cation in the complexes obtained

by MD simulations in acetonitrile/ dichloromethane mixture at 25 °C.

KL2" KL2MeCN*  KL2CH>Cl*
. B 225423 228 +23 222 +21

E(M™L2)/kJ mol 46+ 11°
E(L2-MeCN) / kJ mol™! —-176 +43  226+40 175+ 37
E(L2-MeCNixe1) / kJ mol™! - 517 -
E(L2-CHxCl) / kJ mol™! 361 +50  —359+50 —396 + 49
E(L2—-CH2Cline1) / kJ mol™ - — 52+ 13
E(M*—MeCN) / kJ mol™! 40 +32 ~37+35 45+ 31
E(M*—~MeCNincl) / kJ mol ™ - 5+3 —~
E(M*— CH2Cl,) / kJ mol™ 5+8 —6+7 3+8
EM*—= CH2Clainet) / kJ mol™ - — 2+2
tot / NS 30.7
t/ tiot 0.119 0.702 0.179
N(coordinated carbonyl oxygen atoms) ;géa 2.90 2.86
N(coordinated ether oxygen atoms) 82; 0.89 0.77
- 8.06 7.84 7.95
d/A 7.26 775 7.80

0.60 0.29 0.31
o(d)/A 0.70 0.26 0.31

@ Obtained by MD simulations of KL.2" complex in vacuum
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Table S6. Energies of interactions of L2 with sodium cation, methanol and dichloromethane,
occurrence time ratio of different chemical species, and the average number of carbonyl and
diphenylanthracene ether oxygen atoms which coordinate metal cation in the complexes obtained

by MD simulations in methanol/ dichloromethane mixture at 25 °C.

NaL2' NaL2MeOH' NaL2CH,CL"
—304 + 22 ~302 +£28 ~302 +24
+ -1

E(M™L2)/kJ mol 316 + 162

E(L2-MeOH) / kJ mol™ —163 + 41 209 + 42 —175 + 44

E(L2-MeOHina) / kJ mol™ - 46+ 11 -

E(L2-CH>Cl) / kJ mol™! 356+ 52 354 + 49 377 +55

E(L2-CH>Cline) / kJ mol™ — - —49 + 13

E(M"=MeOH) / kJ mol™! ~17+30 ~14+32 23+ 36

E(M'~MeOHixe1) / kJ mol™ - 1+18 -

E(M'- CH2Cl,) / kJ mol™ —8+6 9+6 —5+6

EM*= CH2Clainet) / kJ mol™ - — 2+1

tot / 1S 53.5

t/ tiot 0.238 0.599 0.163

N(coordinated carbonyl oxygen atoms) gg?a 2.72 2.82

N(coordinated ether oxygen atoms) 88; 0.69 0.65

- 7.85 7.88 7.97

d/A 7.64 7.83 7.87

0.59 0.28 0.32
o(d)/A 0.61 0.28 0.33

2 Obtained by MD simulations of NaL.2* complex in vacuum

22





Table S7. Energies of interactions of L. with potassium cation, methanol and dichloromethane,
occurrence time ratio of different chemical species, and the average number of carbonyl and
diphenylanthracene ether oxygen atoms which coordinate metal cation in the complexes obtained

by MD simulations in methanol / dichloromethane mixture at 25 °C.

KL* KLMeOH® KLCH,CL"
. B 232 +21 ~229 +22 ~228 +22

E(M'-L) / kJ mol o6 + 11°
E(L-MeOH) / kJ mol™ ~163 +39 —233 +45 ~153 +37
E(L-MeOHine) / kJ mol™! - 48+ 6 -
E(L-CHCly) / k] mol™! —402 + 50 —-373 +53 —447 + 47
E(L-CH2Clinet) / kJ mol™! - — —58 + 15
E(M'—MeOH) / kJ mol™! ~25+30 —26 + 34 29+ 32
E(M'—MeOHinc1) / kJ mol ™ - 5+2 -
E(M'- CH2Cl,) / kJ mol™ —8+7 9+8 —6+7
EM*= CH2Clainet) / kJ mol™ - — 2+2
tiot / NS 35.5
t/ tot 0.128 0.727 0.145
N(coordinated carbonyl oxygen atoms) ;géa 290 292
N(coordinated ether oxygen atoms) 82; 0.87 0.78
— 7.94 7.85 7.92
d/A 7.36 7.75 7.82

0.63 0.27 0.31
o(d)/A 0.68 0.27 0.30

® Obtained by MD simulations of KL.* complex in vacuum
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Figure S24. Higher energy conformers of NaL.2MeCN'" species.
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Table S8. Cartesian coordinates for the optimized geometries of NaL.2MeCN" conformers.

CONFORMER 01

Na -7.6159 11.3247 15.6343
C-7.6159 11.3247 8.1271
C-6.2362 11.3247 7.4140
C-8.3754 12.6384 7.7987
C -8.4642 10.1495 7.5853
C-7.3714 11.2091 9.6461
C-6.7842 12.2751 10.3463
C-6.4916 12.1938 11.7087
C-6.7699 10.9952 12.3799
C-7.3955 9.9242 11.7356
C -7.6866 10.0531 10.3707
C-7.8015 8.6610 12.4989
0-6.383210.8776 13.7472
C-5.0137 10.3495 13.9188
H-6.3789 11.4089 6.3306
H-5.697210.3947 7.6252
H-5.6210 12.1667 7.7498
H -8.5098 12.7162 6.7140
H-7.8233 13.5231 8.1332
H-9.3607 12.6296 8.2732
H -7.9539 9.1889 7.7186
H -8.6254 10.2944 6.5116
H -9.4408 10.1240 8.0802
H-6.5421 13.1897 9.8189
H-8.1662 9.2240 9.8699
H-7.1961 8.5511 13.3962
H-7.6409 7.7912 11.8530
H-4.3207 10.8212 13.2189
H -5.0059 9.2647 13.7896
C-4.6262 10.6868 15.3430
0 -5.4444 10.9154 16.2496
C-2.7730 11.1811 16.8509
0 -3.2948 10.7203 15.5046
C-1.2831 11.4087 16.6545
H -0.8456 11.7976 17.5795
C-12.7202 8.0324 11.2358
C-13.4019 6.7497 11.7841
C-12.1306 7.7344 9.8368
C-13.7768 9.1583 11.0654
C-11.6321 8.4674 12.2385
C-10.2651 8.3783 11.9532
C-9.2791 8.7174 12.8905
C-9.6892 9.1564 14.1543
C-11.0483 9.3369 14.4532
C-11.9964 8.9633 13.4990
C-11.5032 10.0409 15.7329
O -8.7101 9.4542 15.1494





C -8.5596 8.4771 16.2367
H-14.1848 6.4209 11.0912
H-13.8599 6.9361 12.7618
H-12.6684 5.943211.8919
H-12.9453 7.4520 9.1613
H-11.4193 6.9012 9.8678
H-11.6416 8.6270 9.4327
H-14.2622 9.4087 12.0149
H -14.5535 8.8216 10.3696
H-13.3020 10.0537 10.6542
H-9.9446 8.0331 10.9803
H -13.0457 9.0705 13.7462
H-10.7694 9.9046 16.5263
H-12.4566 9.6143 16.0613
H-9.3232 7.6960 16.1770
H-8.6471 9.0219 17.1792
C-7.1784 7.8431 16.1766
0 -6.2998 8.0228 15.3363
C-5.7880 6.1897 17.3162
0O -7.0460 7.0104 17.2551
C-4.6202 7.0090 17.8618
H-3.7375 6.3664 17.9477
C-14.2709 13.8710 13.7603
C -13.8656 14.4976 12.3975
C -14.9506 14.9475 14.6492
C-15.2974 12.7465 13.4875
C -13.0091 13.3465 14.4753
C-12.8312 11.9959 14.7966
C-11.6867 11.5367 15.4611
C-10.7030 12.4669 15.8044
C-10.8140 13.8211 15.4595
C-11.9766 14.2384 14.8084
C-9.6624 14.8022 15.7020
0-9.5734 12.0398 16.5753
C-9.839512.1739 18.0211
H -14.7552 14.8948 11.8961
H-13.4101 13.7416 11.7484
H-13.1524 15.3183 12.5304
H -15.8463 15.3285 14.1460
H-14.2788 15.7911 14.8374
H-15.2466 14.5168 15.6117
H -14.8793 11.9722 12.8340
H-16.1703 13.1756 12.9847
H-15.6381 12.2848 14.4212
H-13.5944 11.2768 14.5339
H-12.0786 15.2861 14.5542
H -8.9908 14.4071 16.4628
H -10.0646 15.7627 16.0401
H -10.6040 11.4479 18.3270
H-10.1926 13.1795 18.2590
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C-8.5673 11.9160 18.8022
O -8.2649 12.5027 19.8333
C-6.6193 10.4359 19.0446
0 -7.8068 10.9165 18.2239
C-7.0469 9.2313 19.8747
H-6.2031 8.9154 20.4993
C-9.324516.9228 11.0658
C-8.2298 17.9711 10.7283
C-10.5973 17.6750 11.5203
C-9.6753 16.1053 9.7930
C -8.7903 15.9735 12.1565
C -9.3986 15.8434 13.4086
C -8.8852 14.9990 14.4004
C-7.7087 14.2849 14.1395
C-7.1121 14.3292 12.8682
C-7.6582 15.1836 11.9066
C-5.9544 13.4093 12.4676
0O -7.1336 13.5229 15.1991
C -5.8686 14.0802 15.7628
H -8.5938 18.6485 9.9476
H-7.3177 17.4866 10.3653
H-7.9798 18.5616 11.6162
H-10.9321 18.3312 10.7102
H -10.4008 18.2974 12.4005
H-11.411916.9770 11.7472
H -8.8018 15.5734 9.4034
H-10.0415 16.7796 9.0109
H-10.4577 15.3706 10.0130
H-10.2882 16.4149 13.6338
H-7.1816 15.2311 10.9348
H-5.4142 13.0768 13.3512
H -5.2620 13.9627 11.8248
H-5.7939 15.1416 15.5186
H-5.0172 13.5428 15.3459
C-5.9038 13.8532 17.2738
0 -4.5031 13.9726 17.6777
C-4.1888 14.0117 19.0483
C-5.1596 13.8527 20.0773
C-2.8638 14.1759 19.3593
C-2.4175 14.2056 20.7145
C -3.4000 14.0654 21.7681
C-4.7672 13.8818 21.3909
H-6.2953 11.2669 19.6703
H-5.8797 10.2128 18.2818
H-7.3314 8.395219.2314
H -7.8744 9.4949 20.5402
H -2.9906 10.3939 17.5770
H-3.3138 12.0918 17.1141
H-1.118112.1445 15.8627
H-0.7794 10.4773 16.3824
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H-5.5768 5.8265 16.3083
H-6.0613 5.3656 17.9738
H -4.8579 7.4083 18.8509
H -4.3893 7.8307 17.1794
H-6.5311 14.6018 17.7686
H-6.2770 12.8518 17.4877
C-1.0515 14.3494 21.0444
C -0.6489 14.3784 22.3956
C-1.6356 14.2498 23.4495
C -2.9972 14.0890 23.1204
C 0.7255 14.5534 22.7689
C 1.1025 14.5938 24.0838
C 0.1316 14.4672 25.1200
C-1.1917 14.3041 24.8125
C-4.0201 13.9453 24.2060
C -4.8169 15.0380 24.5794
C-5.7676 14.9039 25.5936
C-5.9308 13.6789 26.2452
C-5.1397 12.5868 25.8794
C-4.1894 12.7181 24.8646
C-0.0312 14.4537 19.9529
C 0.7672 13.3462 19.6244
C 1.7198 13.4376 18.6062
C 1.8821 14.6346 17.9033
C 1.0916 15.7407 18.2250
C 0.1412 15.6524 19.2449
H-6.2041 13.6922 19.8470
H-2.1451 14.2967 18.5614
H -5.5025 13.7612 22.1755
H 1.4588 14.6608 21.9808
H 2.1449 14.7315 24.3460
H 0.4492 14.5095 26.1551
H -1.9346 14.2173 25.5940
H -4.6808 15.9889 24.0776
H-6.3747 15.7552 25.8789
H-6.6657 13.5772 27.0351
H-5.2608 11.6358 26.3852
H -3.5708 11.8748 24.5800
H 0.6459 12.4239 20.1814
H 2.3393 12.5804 18.3680
H 2.6246 14.7070 17.1172
H 1.2216 16.6740 17.6893
H-0.4659 16.5118 19.5044
C-10.3327 12.3889 11.9888
C-10.7809 11.7527 10.7614
N-11.1350 11.2355 9.7800
H-11.1809 12.5898 12.6485
H -9.8203 13.3301 11.7696
H-9.6341 11.7304 12.5131





CONFORMER 02

Na -5.8439 8.7031 15.8395
C-5.2339 7.9213 8.3828
C-6.0240 6.6888 7.8823
C-3.7967 7.8753 7.7964
C-5.9701 9.1875 7.8680
C-5.1251 7.9521 9.9215
C-4.6017 9.0834 10.5670
C-4.4327 9.1347 11.9525
C-4.7709 8.0018 12.7026
C-5.3418 6.870512.1118
C-5.5099 6.868510.7210
C-5.8225 5.6821 12.9482
0 -4.4869 8.0051 14.1056
C-3.2024 7.3624 14.4032
H -6.0899 6.7300 6.7898
H -7.0404 6.6966 8.2900
H-5.5220 5.7521 8.1505
H -3.8436 7.8573 6.7015
H-3.2730 6.9761 8.1390
H-3.2185 8.7534 8.1044
H-6.9924 9.2090 8.2561
H-6.0110 9.1618 6.7733
H -5.454210.1070 8.1639
H-4.3124 9.9456 9.9787
H -5.9492 5.9948 10.2604
H -5.2827 5.6247 13.8909
H -5.6430 4.7609 12.3835
H-2.3818 7.9079 13.9192
H-3.2022 6.3271 14.0552
C-3.0385 7.3982 15.9100
0O -3.8245 8.0018 16.6496
C-1.0572 5.9252 15.6154
0O -1.9724 6.7662 16.4547
C 0.1127 5.5577 16.5171
H 0.8258 4.9407 15.9614
C-10.6593 4.9593 11.4527
C-11.3978 3.7455 12.0787
C-9.9882 4.5166 10.1308
C-11.6825 6.0752 11.1050
C-9.6295 5.4806 12.4755
C -8.2489 5.3684 12.2796
C-7.3194 5.7908 13.2398
C-7.7978 6.3465 14.4316
C-9.1724 6.5470 14.6346
C-10.0638 6.0844 13.6643
C-9.7067 7.3581 15.8173
0 -6.8726 6.7357 15.4476
C -6.8238 5.8823 16.6441
H-12.1404 3.3586 11.3716
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H-11.9144 4.0323 13.0013
H-10.6873 2.9452 12.3127
H-10.7634 4.1748 9.4366
H -9.2936 3.6841 10.2913
H-9.4604 5.3588 9.6709
H-12.2152 6.4311 11.9935
H-12.4252 5.6785 10.4036
H-11.1687 6.9166 10.6313
H-7.8727 49371 11.3625
H-11.1255 6.2085 13.8404
H-9.0119 7.3191 16.6550
H-10.6665 6.9404 16.1385
H-7.6428 5.1565 16.6456
H-6.9027 6.5431 17.5099
C-5.4991 5.139516.7215
0 -4.5797 5.1288 15.9016
C -4.2845 3.5755 18.1590
0O -5.4765 4.4552 17.9034
C-3.1502 4.3774 18.7928
H -2.3205 3.7004 19.0267
C-12.4367 10.9196 13.3476
C-11.9778 11.4125 11.9475
C-13.1691 12.0688 14.0922
C-13.4364 9.7567 13.1459
C-11.2024 10.4916 14.1666
C-11.0218 9.1837 14.6311
C-9.9048 8.8152 15.3923
C -8.9539 9.7936 15.6895
C-9.0654 11.1027 15.2010
C-10.1985 11.4306 14.4543
C-7.9390 12.1218 15.3925
O -7.8619 9.4668 16.5575
C -8.2029 9.7533 17.9686
H-12.8482 11.7438 11.3701
H-11.4854 10.6022 11.3987
H-11.2801 12.2530 12.0278
H-14.0461 12.3818 13.5148
H-12.5169 12.9384 14.2225
H-13.5021 11.7327 15.0798
H-12.9805 8.9278 12.5922
H-14.2913 10.1188 12.5655
H-13.8125 9.3850 14.1058
H-11.7624 8.4284 14.4082
H -10.3006 12.4453 14.0895
H-7.3186 11.8377 16.2414
H-8.3682 13.1115 15.5788
H -8.9828 9.0600 18.3069
H -8.5602 10.7788 18.0782
C-6.9668 9.5801 18.8299
0 -6.6564 10.3366 19.7425
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C-5.1252 8.0458 19.4036
0 -6.2565 8.4552 18.4688
C-5.6360 6.9462 20.3273
H -4.8402 6.6827 21.0336
C-7.2883 13.6715 10.5658
C-6.1851 14.7016 10.2006
C -8.6043 14.4399 10.8311
C-7.5224 12.7110 9.3688
C-6.8295 12.8629 11.7958
C-7.5288 12.8714 13.0069
C-7.0797 12.1636 14.1283
C -5.8833 11.4426 14.0368
C-5.1900 11.3520 12.8198
C-5.6718 12.0728 11.7244
C -3.9846 10.4236 12.6441
0-5.3508 10.8394 15.2174
C-4.332511.7140 15.8769
H -6.4947 15.2803 9.3230
H -5.2397 14.2014 9.9668
H-6.0160 15.3918 11.0340
H -8.8834 14.9915 9.9273
H -8.4873 15.1632 11.6459
H-9.4241 13.7533 11.0739
H-6.6117 12.1626 9.1095
H-7.8362 13.2862 8.4905
H -8.3072 11.9845 9.6067
H -8.4391 13.4478 13.0962
H-5.1226 12.0193 10.7922
H-3.5617 10.1856 13.6195
H -3.2241 10.9239 12.0358
H-4.6771 12.7504 15.8597
H -3.3803 11.6379 15.3476
C-4.169511.2353 17.3153
0 -3.0862 12.0806 17.8100
C-2.6311 11.8890 19.1228
C-3.4913 11.4841 20.1851
C-1.3071 12.1467 19.3618
C-0.7521 12.0336 20.6730
C-1.616211.6119 21.7548
C-2.9904 11.3471 21.4526
H-4.8151 8.9346 19.9506
H -4.3505 7.7207 18.7164
H-5.9007 6.0517 19.7575
H -6.4982 7.2910 20.9063
H -0.7248 6.5044 14.7492
H-1.6219 5.0476 15.2895
H -0.2403 4.9966 17.3854
H 0.6190 6.4623 16.8629
H -3.9819 3.1394 17.2050
H-4.6776 2.8099 18.8267
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H-3.4841 4.8440 19.7230
H-2.7917 5.1510 18.1091
H -5.0996 11.3894 17.8702
H -3.8894 10.1776 17.3410
C 0.6116 12.2961 20.9270
C 1.1297 12.1535 22.2315
C 0.2633 11.7320 23.3135
C-1.0983 11.4656 23.0584
C 2.5040 12.4354 22.5314
C 2.9929 12.3050 23.8031
C 2.1403 11.8892 24.8670
C 0.820511.6157 24.6299
C-1.9983 11.0298 24.1747
C-2.8612 11.9482 24.7911
C-3.6975 11.5418 25.8333
C-3.6786 10.2155 26.2720
C-2.8203 9.2956 25.6641

C-1.9852 9.6994 24.6201

C 1.5078 12.7308 19.8080
C 2.3902 11.8195 19.2084
C 3.2306 12.2275 18.1703
C 3.1961 13.5490 17.7180
C 23187 14.4618 18.3087
C 1.4796 14.0563 19.3488
H -4.5423 11.2960 20.0091
H -0.6742 12.4502 18.5406
H-3.6415 11.0451 22.2626
H 3.1457 12.7606 21.7235
H 4.0333 12.5262 24.0108
H 2.5439 11.7992 25.8687
H 0.1659 11.3098 25.4352
H -2.8664 12.9781 24.4536
H -4.3569 12.2603 26.3062
H -4.3238 9.9026 27.0846
H-2.7989 8.2668 26.0052
H-1.3147 8.9905 24.1481
H 2.4154 10.7963 19.5652
H 3.913511.5173 17.7181
H 3.8515 13.8664 16.9152
H 2.2931 15.4897 17.9655
H 0.8036 14.7632 19.8154
C-8.3607 9.3190 11.9117
C-8.6372 8.5534 10.7076
N -8.8534 7.9324 9.7465

H -9.2830 9.5066 12.4685
H -7.8946 10.2762 11.6614
H-7.6765 8.7605 12.5575
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CONFORMER 03

Na 0.2504 -0.4067 8.1340

C
C
C
C

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

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

0.0202 -0.1064 0.7155
0.9962 -0.9888 -0.1075
0.0783 1.3331 0.1531
-1.4316 -0.6337 0.5491
0.4040 -0.1663 2.2068
0.6836 0.9803 2.9565
1.0220 0.9130 4.3130
1.1065 -0.3422 4.9152
0.7865 -1.5135 4.2156
0.4459 -1.4031 2.8673
0.7340 -2.8647 4.9322
1.5305 -0.4307 6.2711
2.9963 -0.5289 6.4396
0.7177 -0.9573 -1.1667
0.9666 -2.0320 0.2222
2.0229 -0.6206 -0.0042
-0.1853 1.3121 -0.9095
1.0841 1.7574 0.2473
-0.6383 1.9884 0.6624
-1.5202 -1.6661 0.9021
-1.7212 -0.6032 -0.5075
-2.1291-0.0111 1.1202
0.6421 1.9514 2.4834
0.2066 -2.3064 2.3185
1.3099 -2.8119 5.8547
1.1581 -3.6368 4.2805
3.5174 0.0843 5.7018
3.3114 -1.5725 6.3634
3.2766 -0.0268 7.8409
2.4456 -0.0333 8.7630
4.8994 1.0472 9.3033
4.5251 0.4529 7.9602
6.2612 1.6880 9.0993
6.5814 2.1706 10.0280

-3.7582 -4.7144 3.3857
-3.3549 -6.2147 3.3546
-3.4974 -4.0862 1.9899
-5.2712 -4.6129 3.6837
-2.9128 -4.0067 4.4724
-1.5400 -3.7814 4.2696
-0.7173 -3.2157 5.2518
-1.2885 -2.9095 6.4957
-2.6597 -3.0511 6.7182
-3.4549 -3.5997 5.7005
-3.2964 -2.5858 8.0298
-0.4614 -2.4543 7.5611
-0.0892 -3.4727 8.5592
-3.9333 -6.7414 2.5872
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H -3.5531-6.6821 4.3260
H -2.2902 -6.3259 3.1267
H-4.1323 -4.5737 1.2421
H -2.4556 -4.2132 1.6796
H -3.7289 -3.0168 1.9941
H -5.5339-5.1501 4.6022
H -5.8403 -5.0595 2.8616
H -5.5678 -3.5629 3.7886
H-1.0888 -4.0612 3.3254
H -4.5128 -3.7254 5.8910
H-2.5551-2.6129 8.8295
H-4.1113 -3.2696 8.2902
H -0.5890 -4.4248 8.3702
H -0.3746 -3.0735 9.5349
C 1.4179 -3.6696 8.5513
O 2.2448 -2.9981 7.9329
C 3.1635-5.1407 9.4168
O 1.7329 -4.6821 9.4064
C 4.0331 -4.2395 10.2921
H 5.0479 -4.6490 10.3351
C-7.1389 0.5822 6.8825
C-7.2379 1.7646 5.8818
C-7.9462 0.9292 8.1639
C-7.7739 -0.6542 6.2184
C-5.6836 0.3321 7.2973
C-5.1379 -0.9512 7.4045
C-3.8526 -1.1659 7.9178
C-3.1027 -0.0503 8.3062
C -3.5887 1.2534 8.1340
C-4.8795 1.4180 7.6506
C-2.7151 2.4774 8.3767
O -1.8466 -0.2263 8.9793
C -2.0699 -0.2821 10.4399
H-8.2822 1.8978 5.5789
H -6.6380 1.5659 4.9874
H -6.8980 2.7048 6.3268
H-8.9931 1.1254 7.9060
H-7.5340 1.8185 8.6519
H-7.9100 0.0958 8.8740
H -7.2238 -0.9387 5.3100
H -8.8028 -0.4098 5.9350
H -7.8099 -1.5138 6.8960
H-5.7236 -1.8143 7.1154
H -5.2689 2.4242 7.5587
H-1.9459 2.2528 9.1152
H -3.3342 3.3042 8.7398
H-2.6636-1.1734 10.6821
H-2.6109 0.6023 10.7852
C-0.7560 -0.3566 11.1925
0 -0.5870 0.1003 12.3162
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C
O
C
H
C
C
C
C
C
C
C
C
C
C
C
O
C

1.5160 -1.2820 11.2508
0.2209 -1.0363 10.4884
1.3489 -2.5034 12.1463
2.2720-2.6513 12.7172

-2.9398 4.4772 3.6089
-2.2171 5.8053 3.2550
-4.4309 4.8264 3.8854
-2.8767 3.5035 2.4026
-2.2388 3.8009 4.7932
-2.8022 3.5211 6.0502
-2.0523 2.8763 7.0590
-0.7253 2.5156 6.7949
-0.1655 2.7368 5.5326
-0.9228 3.3964 4.5766

1.2058 2.1914 5.1293
0.0425 1.9243 7.8421
1.0591 2.8135 8.4781

H -2.6969 6.2759 2.3895

H

-1.1655 5.6258 3.0099

H-2.2631 6.4998 4.1007

H
H
H
H
H
H
H
H
H
H

CTCTIZT T T T T T DT TOOO0O0O00000O0 T T

-4.8631 5.2882 2.9880
-4.5253 5.5432 4.7093
-5.0169 3.9314 4.1194
-1.8670 3.2508 2.0616
-3.3996 3.9861 1.5653
-3.3794 2.5516 2.6131
-3.8281 3.7937 6.2618
-0.4689 3.5823 3.6108

1.8003 1.9795 6.0159
1.7319 2.9382 4.5249
0.7856 3.8594 8.3220
2.0383 2.6182 8.0425
1.0937 2.4540 9.9637
2.3733 2.9884 10.4364
2.6999 2.8334 11.7956
1.8385 2.2016 12.7376
3.9265 3.3078 12.1855
4.3712 3.1967 13.5386
3.4943 2.5702 14.5052
2.2330 2.0775 14.0448
1.7370 -0.3809 11.8242
2.2383 -1.4101 10.4506
1.1662 -3.4040 11.5527
0.5354 -2.3457 12.8592
4.9090 0.2357 10.0367
4.1236 1.7661 9.5712
6.2031 2.4528 8.3193
7.0031 0.9406 8.8068
3.5211 -5.1382 8.3850
3.0933 -6.1592 9.7978
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3.6370
4.0808
0.2519
1.0701
5.6426
6.0460
5.1625
3.9004
7.3154
7.6899
6.8185
5.5961
2.9896
1.8725
1.0263
1.2862
2.3970
3.2444
6.5660
7.6628
8.5288
8.3068
7.2187
6.3537
0.8733
4.5625
1.5780
7.9685
8.6507
7.1275
4.9252
1.6806
0.1704
0.6314
2.6046
4.1083
7.8398
9.3784
8.9813
7.0491
5.5150

-4.1864 11.3088
-3.2343 9.8629

2.9085 10.4964
1.3699 10.0770
3.6608 13.9444
3.5352 15.2903
29176 16.2587
2.4375 15.8513
4.0267 15.7445
3.9167 17.0561
3.3135 18.0094
2.8348 17.6238
1.7882 16.8465
2.4766 17.3444
1.8699 18.2751
0.5708 18.7184

-0.1205 18.2280

0.4840 17.2974
4.2750 12.9390
3.5472 12.4498
4.1162 11.5123
5.4166 11.0517
6.1477 11.5357
5.5819 12.4750
1.8115 12.4457
3.7901 11.4567
1.5981 14.7608
4.4977 15.0218
4.2990 17.3808
3.2461 19.0459
2.3883 18.3457
3.4888 17.0073
2.4131 18.6590
0.1028 19.4441

-1.1273 18.5721
-0.0482 16.9158

2.5438 12.8217
3.5492 11.1486
5.8600 10.3285
7.1606 11.1889
6.1498 12.8605

C-5.0359 -0.2930 2.9341
C-5.5281-0.3966 1.5678
N -5.9138 -0.4828 0.4720
H -5.9087-0.2652 3.6148
H -4.4089 0.6020 3.0443
H-4.4482 -1.1711 3.2187
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CONFORMER 04

Na 0.8249 -0.2976 6.8683
C-3.5013 3.9277 2.5232
C-3.7597 5.3974 2.9306
C-4.8394 3.1533 2.5266
C-2.9440 3.8949 1.0871

C-2.5190 3.3185 3.5376
C-2.9416 3.0194 4.8410
C-2.0779 2.5097 5.8134
C-0.7307 2.3395 5.4662
C-0.2645 2.5720 4.1680
C-1.1777 3.0668 3.2279
C 1.1583 2.2162 3.7468

O 0.1626 1.8892 6.4459

C 0.8006 2.9507 7.1478

H -4.4628 5.8674 2.2331
H-2.8298 5.9777 2.9211

H -4.1875 5.4626 3.9376
H -5.5203 3.5895 1.7873
H-5.3461 3.2039 3.4964
H-4.6849 2.1020 2.2678
H -2.0405 4.5061 0.9810
H -3.6896 4.3014 0.3960
H-2.7195 2.8701 0.7720
H-3.9791 3.1792 5.1140
H-0.8173 3.2569 2.2251
H 1.8177 2.1718 4.6133

H 1.5358 2.9983 3.0785

H 0.0615 3.5765 7.6683

H 1.3715 3.5891 6.4655

C 1.7473 2.3460 8.1659

O 1.7376 1.1701 8.4981

C 3.6444 2.8086 9.5187

O 2.5719 3.2655 8.6373

C 4.4595 4.0241 9.8991

H 5.2779 3.7233 10.5599
C 0.2631 -0.4650 -0.5076
C 1.5322-0.7386 -1.3488
C-0.3854 0.8473 -0.9886
C-0.7547 -1.6075 -0.7331
C 0.6780-0.3952 0.9711

C 0.7375 0.8058 1.6841

C 1.1884 0.8814 3.0094

C 1.5891-0.3072 3.6295
C 1.4622 -1.5508 2.9907
C 1.0436 -1.5609 1.6584
C 1.6073 -2.8685 3.7462
O 2.1114-0.2603 4.9315
C 3.5209 -0.4440 5.0200
H 1.2762-0.8047 -2.4126
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H 2.0093 -1.6811 -1.0565
H 2.2674 0.0647 -1.2238
H -0.6958 0.7404 -2.0332
H 0.3125 1.6912 -0.9453
H-1.2753 1.0896 -0.3982
H -0.3300 -2.5914 -0.5069
H-1.0620 -1.6263 -1.7845
H -1.6495 -1.4620 -0.1207
0.4343 1.7266 1.2029
0.9880 -2.5168 1.1493
2.2449 -2.7521 4.6226
2.0733 -3.6143 3.0933
3.9633 -0.5650 4.0265
3.7362 -1.3456 5.6039
4.1816 0.7335 5.7245
3.5939 1.6727 6.2204
6.3489 1.5565 6.3650
5.5064 0.5477 5.7325
6.8578 1.0399 7.6993
7.5237 1.7819 8.1535
C-29173 -4.8261 2.4363
C-4.0714 -3.8141 2.2330
C-3.4912-6.1774 2.9199
C-2.2302 -5.0475 1.0764
C-1.9527-4.2662 3.4934
C -0.6288 -3.9238 3.2095
C 0.2248 -3.3592 4.1664
C-0.2779 -3.1541 5.4557
C-1.6073 -3.4566 5.7869
C-2.4101 -4.0249 4.7967
C-2.2165-3.0736 7.1314
O 0.5659 -2.6089 6.4374
C 1.2028 -3.6097 7.2340
H -4.7832 -4.1959 1.4924
H -3.6952 -2.8498 1.8732
H -4.6238 -3.6362 3.1622
H -4.1847-6.5809 2.1736
H -4.0417 -6.0774 3.8614
H-2.6913 -6.9103 3.0736
H-1.8510-4.1098 0.6556
H -2.9525 -5.4567 0.3626
H-1.3999 -5.7593 1.1507
H-0.2374 -4.0774 2.2120
H -3.4372 -4.2651 5.0493
H -1.4347-2.9308 7.8750
H-2.8612 -3.8882 7.4793
H 1.8005-4.2772 6.5960
H 0.4678 -4.2202 7.7678
C 2.1326 -2.9907 8.2647
O 2.3666 -3.5190 9.3264
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C
O
C
H
C
C
C
C
C
C
C
C
C
C
C
O
C
H
H
H
H
H
H
H
H
H
H
H
H
H

3.7185 -1.2537 8.7090
2.6898 -1.8386 7.8340
5.0386 -1.9842 8.5551
5.7723 -1.5403 9.2359

-6.4535 -0.7991 5.4444
-7.4906 -0.0198 6.2851
-6.9581 -2.2442 5.2791
-6.3376 -0.1588 4.0403
-5.0770 -0.7350 6.1242
-4.3241 -1.8724 6.4237
-3.0438 -1.8019 6.9900
-2.5271 -0.5399 7.3050
-3.2334 0.6359 6.9946
-4.4974 0.5078 6.4176
-2.6203 2.0261 7.1531
-1.2684 -0.4478 7.9003
-1.2672 -0.1582 9.3175
-8.4733 -0.0591 5.8019
-7.2211 1.0356 6.3962
-7.5860 -0.4507 7.2881
-7.9481 -2.2366 4.8114
-7.0505 -2.7566 6.2436
-6.2994 -2.8359 4.6331
-6.0220 0.8876 4.0955
-7.3058 -0.1888 3.5274
-5.6086 -0.6919 3.4192
-4.7273 -2.8544 6.2093
-5.0399 1.4152 6.1732
-1.8268 2.0143 7.9001
-3.3926 2.7191 7.5038

H-2.2018 0.3338 9.6032

H
C
O

TZITITZTITITITITTOOO0OO0O00

H

-0.4349 0.5262 9.4942
-1.0690 -1.4381 10.1296
-0.8968 -1.1204 11.5091

0.3414 -0.5836 11.8197
1.4875 -1.4271 11.8382
0.4414 0.7460 12.1230
1.7029 1.3342 12.4498
2.8787 0.4919 12.4562
2.7118 -0.8984 12.1471
3.3456 -1.2807 9.7316
3.7646 -0.2163 8.3837
5.4218 -1.9034 7.5321
4.9303 -3.0389 8.8209
4.2271 2.0772 8.9528
3.1976 2.3124 10.3795
3.8483 4.7468 10.4460
4.8766 4.5089 9.0107
5.7732 2.4778 6.4735
7.1652 1.7194 5.6580
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H 7.4129 0.1060 7.5717

H 6.0302 0.8539 8.3891

H-1.9507 -2.0816 10.0697
H -0.2035 -1.9949 9.7407
C 1.8243 2.7188 12.6917
3.0821 3.2733 13.0087
4.2589 2.4329 13.0218
4.1476 1.0591 12.7085
3.2343 4.6670 13.3030
4.4606 5.2013 13.5975
5.6175 4.3734 13.6224
5.5182 3.0350 13.3457
5.3786 0.2265 12.5621
5.7135 -0.7723 13.4866
6.8557 -1.5548 13.3053
7.6826 -1.3479 12.1994
7.3653 -0.3477 11.2768
6.2220 0.4309 11.4584
0.6269 3.6004 12.5434
0.4206 4.2973 11.3423
C-0.7054 5.1045 11.1747
C-1.6404 5.2257 12.2056
C-1.4411 4.5391 13.4049
C-0.3143 3.7315 13.5729
H 1.3809 -2.4804 11.6002
H-0.4525 1.3576 12.1037
3.5800 -1.5473 12.1615
2.3510 5.2963 13.2989
4.5520 6.2595 13.8254
6.5817 4.8051 13.8750
6.4012 2.4069 13.3835
5.0722 -0.9333 14.3487
7.1014 -2.3242 14.0318
8.5721 -1.9560 12.0617
8.0098 -0.1707 10.4193
5.9789 1.2170 10.7486
H 1.1506 4.2076 10.5420
H -0.8493 5.6455 10.2426
H-2.5160 5.8560 12.0774
H-2.1616 4.6330 14.2125
H-0.1595 3.1957 14.5052
C-2.1756 -0.5566 3.6561

C-2.7330-0.1752 2.3660

N -3.1822 0.1221 1.3369

H-1.1774 -0.9785 3.5167
H-2.8106 -1.3038 4.1376
H-2.1131 0.3196 4.3041
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CONFORMER 05

Na 0.1079 -0.0198 7.3842
C -0.4049 0.5315 0.0011

C 0.8567 0.8624 -0.8303

C-1.4342 1.6750-0.1519
C-1.0476 -0.7551 -0.5517
C 0.0179 0.3797 1.4717

C 0.4008 1.5044 2.2175

C 0.8247 1.4174 3.5454

C 0.9155 0.1415 4.1222

C 0.5091 -1.0089 3.4387

C 0.0679 -0.8602 2.1171

C 0.4585-2.3732 4.1174

O 1.3728 0.0337 5.4404

C 2.7905-0.0510 5.5607

H 0.5938 0.9844 -1.8875

H 1.5998 0.0605 -0.7534
H 1.3273 1.7918 -0.4897
H-1.7345 1.7642 -1.2019
H -1.0240 2.6456 0.1472
H-2.3308 1.4766 0.4423

H -0.3443 -1.5956 -0.5617
H -1.3655 -0.5896 -1.5864
H-1.9326 -1.0382 0.0286
H 0.3595 2.4863 1.7580

H-0.2425 -1.7513 1.5864
H 1.1375-2.3978 4.9680

H 0.7873 -3.1349 3.4015

H 3.2834 0.7007 4.9333

H 3.1517 -1.0430 5.2676

C 3.1527 0.1904 7.0151

O 2.3411 0.2039 7.9302

C 4.9077 0.7459 8.5164

O 4.4479 0.4009 7.1649

C 6.3534 1.1722 8.4034

H 6.7202 1.4715 9.3891

C-4.2738 -3.9080 2.9614

C -4.5594 -5.3912 3.2953

C-3.7611 -3.8094 1.5118

C -5.5897 -3.1005 3.0552

C -3.2451 -3.3803 3.9747

C-19136 -3.1216 3.6357

C-0.9576 -2.7081 4.5737

C-1.3734 -2.5515 5.9010

C-2.7169 -2.7080 6.2769

C-3.6167 -3.1584 5.3082

C -3.2354 -2.2498 7.6370

0 -0.4325 -2.1858 6.8756

C 0.0341 -3.2371 7.7144

H -5.2980 -5.8023 2.5974
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H -4.9555-5.5032 4.3111
H -3.6470 -5.9938 3.2206
H -4.5368 -4.1638 0.8250
H -2.8752-4.4329 1.3459
H -3.5242 -2.7744 1.2435
H -6.0688 -3.2021 4.0349
H-6.3036 -3.4691 2.3104
H-5.4125-2.0388 2.8593
H-1.5897-3.2471 2.6104
H -4.6459 -3.3254 5.6069
H -2.4408 -2.2650 8.3834
H -4.0224 -2.9321 7.9759
H-0.3720-4.2021 7.3919
H -0.2867 -3.0576 8.7458
C 1.5572-3.3120 7.6853
O 2.2770-2.6867 6.9354
C 3.4134 -4.4681 8.6383
O 1.9814-4.1800 8.6101
C 4.2039 -3.3717 9.3335
H 5.2590 -3.6615 9.3832
C-6.8913 0.8379 5.8637
C-6.5962 1.5520 4.5220
C-7.8293 1.7158 6.7232
C-7.6134 -0.4857 5.5524
C-5.5643 0.6181 6.6073
C -5.0441 -0.6508 6.8729
C -3.8106 -0.8401 7.5092
C-3.0951 0.2969 7.9018
C-3.5510 1.5947 7.6239
C-4.7925 1.7218 6.9979
C-2.6893 2.8326 7.8663
O -1.8779 0.1305 8.5833
C-2.0503 0.113510.0010
H-7.5299 1.7394 3.9797
H-5.9513 0.9410 3.8806
H-6.1030 2.5179 4.6762
H-8.7772 1.8795 6.1984
H -7.3952 2.6990 6.9335
H -8.0493 1.2326 7.6817
H-7.0185-1.1282 4.8940
H -8.5570-0.2768 5.0380
H-7.8513 -1.0441 6.4653
H -5.5953 -1.5307 6.5675
H-5.1587 2.7209 6.7893
H-1.9014 2.6155 8.5877
H-3.3140 3.6303 8.2828
H -2.7946 -0.6449 10.2824
H-2.4105 1.0823 10.3644
C-0.7635 -0.2086 10.7406
0-0.6275 0.0571 11.9123
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C
O
C
H
C
C
C
C
C
C
C
C
C
C
C
O
C
H
H

1.3986 -1.2273 10.6495
0.1508 -0.8362 9.9755
1.1998 -2.4655 11.5046
2.1537-2.7306 11.9737

-3.3182 5.0110 3.3006
-2.5782 6.2374 2.7192
-4.6506 5.4964 3.9003
-3.6284 4.0066 2.1649
-2.4310 4.3084 4.3401
-2.8728 3.9965 5.6280
-2.0780 3.3031 6.5505
-0.7714 2.9642 6.1759
-0.2959 3.2169 4.8777
-1.1391 3.8907 3.9923

1.0415 2.6827 4.3684
0.0419 2.3263 7.1155
1.0795 3.1343 7.7118

-3.2087 6.7398 1.9771
-1.6446 5.9579 2.2203

H -2.3368 6.9599 3.5068

H
H
H

-5.2334 6.0130 3.1309
-4.4930 6.1994 4.7265
-5.2635 4.6643 4.2650

H-2.7158 3.6544 1.6744

H
H
H
H
H
H
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-4.2580 4.4777 1.4013
-4.1599 3.1271 2.5461
-3.8684 4.2881 5.9379
-0.7740 4.0811 2.9886

1.7157 2.4857 5.2004
1.5144 3.4453 3.7403
0.8873 4.1923 7.5126
2.0494 2.8641 7.2830
1.0991 2.8320 9.2041
2.3402 3.3020 9.7082
2.7549 2.8082 10.9270
1.8591 2.1729 11.8308
4.0849 2.9419 11.2413
4.6178 2.4115 12.4584
3.7329 1.6549 13.3172
2.3463 1.6012 12.9759
1.7425 -0.3780 11.2405
2.0868 -1.3882 9.8218
0.8738 -3.3200 10.9040
0.4792 -2.2727 12.3028
4.7760 -0.1351 9.1520
4.2643 1.5411 8.8979
6.4531 2.0318 7.7336
6.9795 0.3582 8.0252
3.7521 -4.6117 7.6088
3.4741 -5.4157 9.1757
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3.8446
4.1304
0.2517
1.0158
59774
6.4617
5.5891
4.2329
7.8100
8.2828
7.4409
6.1366
3.3183
2.8561
1.9853
1.5647
2.0207
2.8904
6.8990
7.9929
8.8513
8.6325
7.5542
6.6964
0.7970
4.7331
1.6560
8.4612
9.3078
7.8338

3.1820
1.6337

8.1698
9.6915
9.3016
7.3838
5.8606
C -2.7485
C-3.3585
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-3.2171 10.3548
-2.4333 8.7779

3.3183 9.7075
1.7490 9.3465
2.5674 12.8213
1.9709 14.0096
1.1484 14.8210
1.0022 14.4638
2.1611 14.4585
1.5436 15.5858
0.6847 16.3451
0.4979 15.9743
0.1426 15.2725
0.5530 16.5309

-0.2539 17.2650
-1.4826 16.7518
-1.9024 15.5002
-1.0949 14.7680

3.3474 11.9450
2.7230 11.3227
3.443210.4910
4.8045 10.2697
5.4400 10.8893
4.7181 11.7199
2.1222 11.6296
3.4575 10.5430
1.0950 13.6405
2.8177 13.8938
1.7111 15.9048
0.1854 17.2263

5.4926 -0.1475 16.5609

1.5101 16.9284
0.0789 18.2377

0.8872 -2.1096 17.3246
1.7017 -2.8599 15.0964
3.2505 -1.4180 13.7946

1.6661 11.5047
29414 10.0187
5.3677 9.6251
6.5015 10.7318
5.2147 12.2047
0.5267 4.2134
0.1638 2.9419

N -3.8514-0.1215 1.9296
H-3.2712 1.3776 4.6565
H-1.7040 0.8014 4.0552

H -2.8035

-0.3194 4.9027
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CONFORMER 06

Na 2.3685-3.4011 8.1900
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C
C
C
C
C
C
C
C
C
C
C
O
C
H

3.5593 -1.4576 1.1705
4.5638 -2.3878 0.4360
3.9824 0.0080 0.9127
2.1331-1.6627 0.5920
3.5513 -1.8083 2.6728
3.8390 -0.8673 3.6736
3.8578 -1.2195 5.0303
3.6420 -2.5606 5.3621
3.2314 -3.5115 4.4131
3.2040 -3.1079 3.0740
2.8126 -4.9238 4.8283
3.9019 -2.9688 6.7102
5.2642 -3.5156 6.8475
4.5830-2.1412 -0.6315
4.2803 -3.4401 0.5393
5.5719 -2.2572 0.8434
4.0229 0.1833-0.1672
4.9752 0.2138 1.3281
3.2611 0.7138 1.3405
1.7961 -2.6967 0.7223
2.1284 -1.4308 -0.4791
1.4212 -1.0031 1.0973
4.0451 0.1604 3.4061
2.9264 -3.8385 2.3238
3.2933 -5.2098 5.7563
3.1393 -5.6337 4.0600
5.9914 -2.7135 6.9940
5.5327 -4.0614 5.9319
5.2525-4.5118 8.0219
4.1915 -4.7768 8.6016
7.7252 -4.8257 7.7243
6.4021 -5.1028 8.3826
8.7321 -5.6884 8.4684
9.7241 -5.5614 8.0230

-1.6905 -5.3770 2.5554
-1.1278 -6.5947 1.7666
-1.5215-4.0931 1.7001
-3.1948 -5.6399 2.7924
-0.9056 -5.2264 3.8744

0.4913 -5.0998 3.8280
1.2842 -5.0682 4.9749
0.6323 -5.1815 6.2201

-0.7617 -5.1934 6.3147
-1.5153 -5.2285 5.1332
-1.4552 -5.1606 7.6821

1.4031 -5.2057 7.4080
1.7128 -6.4853 8.0924

-1.6788 -6.7100 0.8264
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H -1.2396 -7.5124 2.3538
H -0.0685 -6.4605 1.5281
H-2.0684 -4.1967 0.7559
H -0.4666 -3.9117 1.4689
H-1.9053 -3.2194 2.2352
H -3.3405 -6.5433 3.3953
H -3.6872-5.7956 1.8263
H -3.6992 -4.8036 3.2934
H 0.9836 -5.0386 2.8656
H -2.5933 -5.2774 5.2137
H-0.7810 -5.5664 8.4359
H -2.3409 -5.8024 7.6402
H 0.8106 -6.9749 8.4531
H 2.3685-6.1813 8.9042
C 24931 -7.4404 7.1893
O 3.6050 -7.2260 6.6945
C 2.3529-9.6149 6.0727
O 1.7491 -8.5608 6.9562
C 3.3398-10.4672 6.8709
H 3.7062 -11.2893 6.2470
C-5.1358 -1.6350 8.2054
C -5.3075-0.2264 7.5763
C-5.6577-1.6118 9.6705
C -5.9967 -2.6307 7.3930
C -3.6485 -2.0430 8.2488
C -3.2086 -3.3202 7.8743
C-1.8916-3.7513 8.0943
C-1.0054 -2.8567 8.6959
C-1.3593 -1.5214 8.9487
C-2.6888 -1.1432 8.7471
C-0.2663 -0.4995 9.2526
O 0.2700 -3.3110 9.1648
C 0.1387 -3.8995 10.5269
H-6.3733 0.0176 7.5117
H -4.8828 -0.1958 6.5668
H -4.8257 0.5486 8.1801
H-6.7131-1.3162 9.6861
H -5.0855 -0.8983 10.2725
H-5.5634-2.6044 10.1237
H-5.6516 -2.6767 6.3553
H -7.0359 -2.2866 7.3896
H-5.9762 -3.6360 7.8261
H -3.9061 -4.0235 7.4394
H-2.9748 -0.1277 8.9931
H 0.4906 -0.9271 9.9077
H-0.7050 0.3811 9.7387
H -0.0916 -4.9629 10.4616
H -0.6433 -3.3694 11.0769
C 1.4741 -3.7354 11.2221
O 2.1808 -4.6490 11.6403
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3.2039 -2.1021 11.7218
1.8070 -2.4033 11.2836
4.1116 -2.5522 10.5665
5.1457 -2.2307 10.6994
-0.8079 0.9197 4.3769
-0.2892 2.2956 3.8686
-2.2867 1.0958 4.7923
-0.7266 -0.1149 3.2204
0.0772 0.4683 5.5551
-0.4376 0.1811 6.8175
0.3838 -0.1055 7.9128
1.7812 -0.0610 7.7472
2.3279 0.0694 6.4488
1.4597 0.3326 5.3856
3.8239 -0.1597 6.1346
2.6500 0.0127 8.9109
2.5846 1.4209 9.4769
-0.9162 2.6430 3.0399
0.7442 2.2226 3.5143
-0.3290 3.0369 4.6736
-2.8836 1.3788 3.9191
-2.3886 1.8820 5.5485
-2.7009 0.1666 5.1985
0.3114-0.3394 2.9611
-1.2281 0.2844 2.3309
-1.2187 -1.0578 3.4957
-1.5062 0.1541 6.9661
1.8847 0.4272 4.3962
4.3321 -0.4912 7.0376
4.2869 0.7705 5.7879
1.8544 1.9701 8.8834
3.5709 1.8801 9.3777
2.2121 1.4093 10.9741
3.2239 2.2053 11.6522
3.0929 2.4669 13.0220
2.1202 1.8335 13.8472
3.9715 3.3725 13.5609
3.9421 3.6988 14.9484
2.9543 3.0581 15.7915
2.0588 2.1238 15.1847
3.4095 -2.6054 12.6660
3.2364 -1.0215 11.8032
3.6913 -2.0447 9.6909
4.0819 -3.6406 10.4923
7.9486 -3.7601 7.8191
7.6461 -5.1062 6.6700
8.4428 -6.7390 8.4019
8.7748 -5.3972 9.5204
2.8500 -9.1094 5.2418
1.4863 -10.1776 5.7328
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2.8514 -10.8877 7.7534
-9.8554 7.1798

4.1908
1.2114
2.2291
4.8455
4.7862
3.7973
2.8952
5.6857
5.6181
4.6452
3.7654
1.8690
0.5918
-0.3622
-0.0501
1.2201
2.1756
5.8673
7.1474
8.1001
7.7833
6.5101
5.5563
1.4257
4.6988
1.3202
6.4207
6.3054
4.6068
3.0238
0.3564
-1.3448
-0.7895

1.8269 11.1376
0.3653 11.3216
4.6272 15.5115
4.9279 16.8870
4.2844 17.7294
3.3586 17.1685
5.8684 17.4913
6.1540 18.8279
5.5203 19.6560
4.6174 19.1241
2.6902 18.0343
3.2507 18.1831
2.6285 18.9916
1.4415 19.6587
0.8778 19.5153
1.4982 18.7072
5.2938 14.6402
4.7392 14.4943
5.3641 13.6865
6.5478 13.0157
7.1054 13.1552
6.4823 13.9633
1.1194 13.4262
3.8436 12.9166
1.6442 15.8127
6.3482 16.8594
6.8677 19.2663
5.7611 20.7117
4.1347 19.7461
4.1746 17.6683
3.0717 19.1042
0.9617 20.2890

1.4678 -0.0405 20.0349

3.1638
7.3895
9.0883
8.5242
6.2616
4.5692

1.0678 18.5968
3.8233 15.0202
4.9308 13.5844
7.0344 12.3923
8.0259 12.6401
6.9137 14.0790

C-4.2576 -1.9016 3.6472
C-4.8970-0.7428 3.0426
N -5.3907 0.1998 2.5664
H -4.6633 -2.0875 4.6459
H-3.1848 -1.7079 3.7553
H -4.4078 -2.8038 3.0447
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CONFORMER 07

Na -0.3224 -0.1557 7.6197
2.9021 -3.2197 1.8457
4.1576 -4.1117 1.9742
3.0991 -2.2763 0.6450
1.6618 -4.1039 1.5669
2.6653 -2.4550 3.1575
2.5079 -1.0681 3.2085
2.2093 -0.3891 4.3967
2.0997 -1.1399 5.5729
2.2209 -2.5388 5.5742
2.5217 -3.1608 4.3606
1.9070 -3.3883 6.8039
1.7754 -0.4762 6.7631
2.8839 -0.0764 7.5556
4.3248 -4.6632 1.0422
4.0605 -4.8481 2.7788
5.0485 -3.5068 2.1765
3.2849 -2.8657 -0.2588
3.9572 -1.6096 0.7883
2.2093 -1.6654 0.4577
1.4920 -4.8264 2.3727
1.7975 -4.6678 0.6370
0.7562 -3.4947 1.4642
2.5913 -0.4843 2.3006
2.6206 -4.2412 4.3540
2.0146 -2.8048 7.7172
2.6176 -4.2213 6.8491
3.5741 0.5476 6.9682
3.4319 -0.9495 7.9205
2.3495 0.7434 8.7290
1.1932 1.1238 8.7888
4.5333 0.5314 9.7886
3.1971 1.0954 9.6905
5.2046 1.2212 10.9591
H 6.2264 0.8462 11.0763
C -1.4045 -6.6204 4.6384
C-2.2427 -7.6912 5.3744
C-0.1309 -7.2965 4.0987
C-2.2094 -6.0681 3.4390
C-1.0896 -5.4627 5.5993
C 0.2112-5.0118 5.8408
C 0.4889 -3.9444 6.7047
C-0.5852-3.3542 7.3818
C-1.9164 -3.7204 7.1240
C-2.1340 -4.7792 6.2392
C -3.1040 -2.9402 7.6932
0-0.3130-2.3549 8.3222
C -0.2429 -2.8084 9.6735
H -2.4724 -8.5208 4.6963
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H -3.1947 -7.2902 5.7375
H -1.6966 -8.0947 6.2345
H -0.4069 -8.1278 3.4419
H 0.4891 -7.7031 4.9061
H 0.4792 -6.6050 3.5065
H -3.1488 -5.6078 3.7581
H -2.4549 -6.8773 2.7416
H-1.6395-5.3102 2.8903
H 1.0462 -5.4903 5.3447
H-3.1579 -5.0753 6.0394
H -2.7852 -2.3308 8.5398
H -3.8595 -3.6476 8.0524
H-0.1229 -3.8984 9.7003
H-1.1523-2.5390 10.2136
C 0.9588-2.1906 10.3739
O 1.9273 -1.7136 9.8118
C 1.9310-1.8536 12.5244
O 0.8201 -2.3032 11.6938
C 1.8860 -0.3498 12.7373
H 2.6856 -0.0559 13.4272
C -5.9428 -2.5248 3.4944
C-6.0702 -1.6839 2.2095
C-7.3341 -2.6441 4.1598
C -5.4464 -3.9308 3.0876
C-4.9836-1.8832 4.5107
C -4.5465 -2.6063 5.6300
C-3.7152 -2.0553 6.6099
C-3.3698 -0.7012 6.4801
C-3.7229 0.0469 5.3522
C-4.5319 -0.5650 4.3876
C-3.1690 1.4442 5.1062
0 -2.6070-0.1039 7.4937
C-3.3619 0.5959 8.4805
H-6.7304 -2.1959 1.5017
H-5.0971-1.5517 1.7238
H -6.5087 -0.6984 2.4034
H -8.0490 -3.1019 3.4663
H-7.7192 -1.6587 4.4461
H-7.2932 -3.2653 5.0619
H -4.4555 -3.8763 2.6282
H-6.1369 -4.3699 2.3589
H-5.4011 -4.6180 3.9395
H -4.8561 -3.6391 5.7474
H-4.8102 0.0185 3.5191
H-2.8918 1.9148 6.0484
H-3.9477 2.0612 4.6447
H-4.3056 0.0722 8.6829
H-3.5992 1.6143 8.1540
C-2.5476 0.6266 9.7701
0O -1.7328 -0.2310 10.0641
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C-2.2461
O -2.8685
C-0.7636
H -0.3957
C-1.2740
C -0.8420
C-2.7412

1.7903 11.8362
1.6769 10.5104
2.1070 11.7551
2.3415 12.7604
1.0500 0.3831
2.3918 -0.2534
0.7666 0.0080

C -0.4075 -0.0928 -0.1962

C-1.0763
C -2.1437
C-1.9578
C-0.6476
C 04572
C 0.2154
C 1.8754
0-0.4471
C 0.0517
H-0.9610
H 0.2082
H -1.4503
H-2.8284
H -3.4073

1.1534 1.9042
1.2440 2.8023
1.4011 4.1817
1.4525 4.6732
1.2952 3.8195
1.1860 2.4479
1.0997 4.3507
1.6246 6.0422
29163 6.4541
2.3520-1.3425
2.6181 -0.0366
3.2205 0.1266
0.6692 -1.0792
1.5819 0.3129

H -3.0933-0.1683 0.4570

H 0.6629

0.0835 -0.0452

H-0.5707-0.1707 -1.2769
H-0.6716 -1.0531 0.2570

H-3.1602
H 1.0705
H 1.9838
H 2.5826
H 0.1931
H 1.0078
C-0.9372
0 -0.3053
C-0.6528
C-2.0137
C 0.3495
C 0.0650
C-1.3110
C-2.3223
H-2.4379
H -2.8084
H -0.5892
H-0.1968
H 5.0803
H 4.4349
H 4.6516
H 5.2388
H 2.8658
H 1.7949

1.2013 2.4318
1.1067 1.7851
1.5424 5.3401
1.6062 3.6848
3.5594 5.5811
27776 6.9628
3.5264 7.4370
4.6728 7.9924
4.9851 9.2890
4.9743 9.7072
5.3031 10.1666
5.6066 11.5349
5.5503 11.9793
5.243111.0126
0.8544 12.3702
2.6004 12.3018
2.9785 11.1251
1.2674 11.3531
0.7131 8.8564

-0.5471 9.9493

1.0291 11.8835
2.3019 10.7965

-2.1691 12.0527
-2.4022 13.4580
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H 0.9297
H 2.0255
H-1.8741
H-1.1647
C 1.0941
C 0.7759
C -0.5990
C-1.6239
C 1.7808
C 1.4621
C 0.1117
C -0.8844
C-3.0379
C -3.9800
C-5.3030
C -5.7027
C-4.7716
C -3.4488
C 25191
C 3.4015
C 4.7398
C 5.2143
C 4.3431
C 3.0078
H-2.7979
H 1.3729
H-3.3578
H 2.8107
H 2.2429
H-0.1289
H-1.9154
H -3.6680
H -6.0207
H-6.7322
H-5.0736
H-2.7175
H 3.0316
H 5.4154
H 6.2574
H 4.7052
H 2.3327
C-1.0381
C-1.7965
N -2.3947
H-1.7245
H-0.4179
H -0.3925

-0.0512 13.1760

0.1862 11.7952
3.7952 6.9293
2.7936 8.2219
5.8682 12.4671
6.0913 13.8262
6.0158 14.2709
5.7373 13.3421
6.4134 14.7960
6.6256 16.1109
6.5376 16.5488
6.2473 15.6556
5.5985 13.8033
6.6097 13.5677
6.4593 13.9868
5.2960 14.6479
4.2843 14.8925
4.4362 14.4742
5.8813 12.0219
4.8705 12.4336
4.8883 12.0387
5.9092 11.2117
6.9148 10.7877
6.9025 11.1932
4.7444 8.9932
5.2820 9.8134
5.2159 11.3317
6.5022 14.4700
6.8757 16.8239
6.7164 17.5930
6.2016 15.9880
7.5149 13.0542
7.2535 13.8002
5.1809 14.9752
3.3794 15.4131
3.6575 14.6772
4.0780 13.0785
4.1121 12.3887
5.9265 10.9078
7.7167 10.1501
7.6911 10.8726

-2.1302 3.8989
-2.3513 2.6753
-2.5307 1.6960
-1.9975 4.7380
-1.2375 3.7918
-2.9869 4.1061
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CONFORMER 08

Na -3.2875 11.1723 9.4101
C-2.7602 13.5192 3.7018
C-2.0675 12.7858 2.5392
C-2.5080 15.0277 3.5319
C-4.2764 13.2374 3.6751
C-2.2401 13.0122 5.0526
C-2.1740 13.8663 6.1599
C-1.7830 13.4095 7.4308
C-1.3474 12.0776 7.5259
C-1472911.1680 6.4511
C-1.9192 11.6537 5.2208
C-1.1983 9.7019 6.6698
0 -0.8868 11.4871 8.7036
C 0.354511.9823 9.2472
H-2.4012 13.1781 1.5704
H-2.2795 11.7121 2.5342
H-0.9792 12.9118 2.5783
H-2.8278 15.3719 2.5402
H -1.4430 15.2708 3.6243
H -3.0561 15.6294 4.2640
H -4.4882 12.1637 3.6876
H -4.7366 13.6483 2.7686
H -4.7925 13.6868 4.5364
H -2.4520 14.9179 6.0446
H -2.0146 10.9696 4.3751
H-0.3692 9.5646 7.4036
H-0.8210 9.2252 5.7361
H 0.7168 12.9061 8.7621
H 1.1006 11.1611 9.0939
C 0.0501 12.1476 10.7253
0-0.6523 11.4549 11.4202
C 1.7753 13.0124 12.2220
O 0.7549 13.2223 11.1739
C 2.6702 14.2229 12.1084
H 3.4190 14.2289 12.9144
C-5.6724 7.8143 5.4015
C-5.0437 6.6788 4.5708
C-5.9073 9.0526 4.5143
C-7.0318 7.3356 5.9399
C-4.6835 8.1659 6.5206
C-3.4650 8.7722 6.1754
C-2.4654 9.0220 7.1244
C-2.7106 8.6312 8.4584
C-3.9537 8.0913 8.8532
C-4.9232 7.8588 7.8656
C-4.2699 7.7567 10.2920
O -1.7508 8.8800 9.4524
C-0.8662 7.7864 9.7587
H-5.7002 6.3793 3.7448





H-4.8637 5.7858 5.1804
H -4.0855 6.9688 4.1279
H-6.6736 8.8531 3.7544
H -5.0023 9.3480 3.9719
H -6.2387 9.9162 5.0975
H-6.9314 6.4725 6.6071
H-7.6844 7.0135 5.1168
H-7.5647 8.1310 6.4778
H-3.2802 9.0372 5.1298
H-5.8727 7.4038 8.1590
H -3.3436 7.7095 10.9122
H -4.6982 6.7288 10.3562
H-1.2274 6.8188 9.3642
H-0.8307 7.7778 10.8770
C 0.5121 8.1506 9.2143
O 1.2808 8.9907 9.6213
C 2.1030 7.4355 7.5047
O 0.7853 7.3420 8.1495
C 3.1440 6.7546 8.3626
H 4.1038 6.6692 7.8340
C-9.0497 9.2801 11.0571
C-9.8607 10.5790 10.8990
C-9.4129 8.5997 12.3898
C-9.4071 8.3495 9.8834
C-7.5422 9.5619 11.0992
C-6.6212 8.5880 10.6819
C-5.2410 8.7713 10.8398
C -4.8038 9.9478 11.4787
C-5.685911.0124 11.7577
C -7.0580 10.7804 11.5994
C-5.1764 12.3875 12.1113
O -3.4487 10.1200 11.7967
C -3.0630 9.4013 12.9978
H-10.9342 10.3635 10.8107
H-9.5729 11.1402 10.0050
H-9.7530 11.2425 11.7647
H-10.4845 8.3711 12.4403
H-9.1798 9.2383 13.2493
H -8.8743 7.6559 12.5269
H-9.1163 8.7902 8.9188
H-10.4894 8.1678 9.8430
H-8.9312 7.3670 9.9703
H -6.9858 7.6568 10.2425
H-7.7632 11.5645 11.8876
H-4.2446 12.3217 12.7267
H-5.9044 12.9363 12.7514
H-3.1051 8.3093 12.8112
H -3.7383 9.6754 13.8348
C-1.6449 9.8803 13.2852
O -1.3201 10.8138 13.9804
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C 0.6808 9.3111 12.8767

0 -0.7556 9.0180 12.7141

C 1.2030 8.4845 14.0273

H 2.2993 8.5333 14.0857

C-6.9672 14.2467 7.7175

C-6.9331 15.7624 7.4382
C -8.3383 13.8968 8.3225

C-6.7982 13.4686 6.3977
C-5.8082 13.9102 8.6656
C -6.0049 13.3301 9.9237
C-4.938513.1350 10.8185
C -3.6583 13.5992 10.4445
C -3.4054 14.0582 9.1283

C -4.4979 14.2289 8.2694
C-2.0019 14.3086 8.6231

0 -2.5828 13.5401 11.3271
C-2.6251 14.5626 12.3781
H -7.7909 16.0732 6.8289
H-6.0316 16.0686 6.8994
H-6.9733 16.3427 8.3675
H-9.1482 14.1155 7.6117
H -8.5493 14.4898 9.2201
H -8.4256 12.8389 8.5837
H-5.8411 13.6781 5.8980
H -7.5884 13.7423 5.6851
H-6.8704 12.3831 6.5549
H-7.0155 13.0500 10.2415
H -4.3392 14.6632 7.2749
H-1.2457 14.1616 9.4286
H-1.8824 15.3819 8.3400
H -3.6335 14.9891 12.4875
H-1.9162 15.3533 12.0545
C-2.1266 13.8528 13.6337
0 -2.3712 14.8493 14.6698
C-2.2012 14.4647 15.9921
C-1.3909 13.3472 16.3859
C-2.8208 15.2818 16.8999
C-2.6676 15.0281 18.3078
C-1.8710 13.9112 18.7254
C-1.2423 13.0896 17.7154
0.8080 10.4047 13.0328
H 1.0823 9.0166 11.8866
H 0.9271 7.4262 13.9316
H 0.8127 8.8336 14.9938
H 2.2948 12.0513 12.0161
H 1.2219 12.9597 13.1804
H
H
H
H

T

2.0960 15.1576 12.1896
3.2023 14.2603 11.1502
2.3254 8.5010 7.3227
1.8997 6.9029 6.5565
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H 2.8392 5.7382 8.6469

H 3.3356 7.3117 9.2914

H -2.6849 12.9352 13.8743
H -1.0320 13.6429 13.5805
C -3.2849 15.8460 19.2782
C-3.1276 15.5714 20.6506
C-2.3332 14.4534 21.0678
C-1.7150 13.6384 20.0999
C-3.7518 16.3912 21.6666
C-3.5931 16.1128 22.9899
C-2.7971 14.9910 23.4082
C-2.1926 14.1944 22.4842
C -0.8924 12.4800 20.5309
C-1.4784 11.2109 20.6524
C-0.7024 10.1238 21.0628
C 0.6551 10.2978 21.3518
C 1.2384 11.5634 21.2311

C 0.4690 12.6556 20.8215
C-4.1082 17.0018 18.8473
C -3.5229 18.2703 18.7146
C-4.3034 19.3574 18.3126
C-5.6648 19.1845 18.0423
C-6.2476 17.9198 18.1743
C-5.4740 16.8277 18.5755
H -0.8951 12.7363 15.6306
H-3.4316 16.1222 16.5700
H -0.6325 12.2458 18.0498
H -4.3559 17.2398 21.3399
H -4.0622 16.7273 23.7580
H -2.6949 14.7998 24.4756
H-1.5878 13.3393 22.7914
H -2.5373 11.0790 20.4328
H-1.1582 9.1395 21.1625

H 1.2558 9.4497 21.6759

H 2.2938 11.7000 21.4626
H 0.9193 13.6432 20.7341
H -2.4640 18.4035 18.9287
H -3.8502 20.3425 18.2129
H -6.2709 20.0338 17.7329
H -7.3083 17.7855 17.9669
H -5.9260 15.8426 18.6810
C -8.5774 10.4263 7.0086

C-9.7634 11.1080 6.5584

N -10.7097 11.6679 6.2019
H -8.7047 10.0190 8.0380

H-7.7022 11.1143 7.0175

H-8.3145 9.5648 6.3559

57





CONFORMER 09

Na 3.2461 -0.1887 1.5353

T 00T 000NN ITDI T T T I T I OI T OD T OOOOOOOOOOO0OO0OO

3.2022 2.0204 -4.2516
3.8479 1.2951 -5.4458
3.3507 3.5354 -4.4767
1.7078 1.6512 -4.1551
3.8516 1.5830-2.9329
3.9499 2.4709 -1.8548
4.4618 2.0738 -0.6070
4.9817 0.7724 -0.5135
4.8301 -0.1733 -1.5532
4.2645 0.2506 -2.7570
5.2072-1.6143 -1.3208
5.5639 0.2433 0.6393
6.8109 0.8244 1.0740
3.4196 1.6397 -6.3954
3.7005 0.2113 -5.4086
4.9267 1.4845 -5.4934
2.9373 3.8321 -5.4491
4.4032 3.8419 -4.4722
2.8244 4.1253 -3.7195
1.5618 0.5679 -4.1005
1.1570 2.0089 -5.0333
1.2320 2.0947 -3.2678
3.6018 3.5009 -1.9738
4.1467 -0.4618 -3.5761
6.0958 -1.6827 -0.6497
5.5410 -2.0950 -2.2689
7.0801 1.7533 0.5404
7.5909 0.0435 0.8838
6.6091 1.0142 2.5667
5.6737 0.6572 3.2402
7.7935 1.9060 4.5074
7.7137 1.6417 3.0557
9.2675 2.1107 4.7612
9.4430 2.4175 5.8030
0.7706 -3.7916 -2.1962
1.4015 -4.9123 -3.0450
0.3965 -2.5947 -3.0924
-0.5135 -4.3320 -1.5437
1.8183 -3.3518 -1.1650
2.9691 -2.6865 -1.6173
4.0205 -2.3527 -0.7540
3.9000 -2.7186 0.6039
2.7245 -3.3175 1.1058
1.6990 -3.6336 0.2015
2.5378 -3.6284 2.5723
4.9153 -2.3867 1.5150
5.8839-3.4184 1.7789
0.7038 -5.2725 -3.8107
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H 1.6797 -5.7757 -2.4296
H 2.3049 -4.5805 -3.5670
H-0.4115 -2.8596 -3.7862
H 1.2389-2.2634 -3.7096
H 0.0590 -1.7353 -2.5065
H-0.3121 -5.1685 -0.8654
H-1.2058 -4.7146 -2.3062
H -1.0508 -3.5535 -0.9858
3.0586 -2.4414 -2.6800
0.8030 -4.1338 0.5777
3.5093 -3.6045 3.1205
2.1775 -4.6770 2.6940
5.5523 -4.4160 1.4367
6.0039 -3.3929 2.8910
7.1933 -2.9912 1.1217
7.9390 -2.0970 1.4481
8.6909 -3.6623 -0.6871
7.4333 -3.8129 0.0589
9.8321 -4.2575 0.1046
H 10.7528 -4.3026 -0.4939
C-2.2532-2.3612 3.6648
C-3.1496 -1.1160 3.5380
C-2.4740 -3.0229 5.0375
C-2.6417 -3.3439 2.5448
C-0.7662 -1.9920 3.5843
C 0.1771 -2.9229 3.1212
C 1.5519-2.6561 3.1683
C 1.9652 -1.4386 3.7432
C 1.0448 -0.4189 4.0632
C-0.3192-0.7339 4.0163
C 1.4967 0.9927 4.3433
O 3.3276 -1.1798 3.9520
C 3.8447 -1.8404 5.1370
H -4.2120 -1.3954 3.5376
H-2.9637-0.5651 2.6114
H-3.0168 -0.4229 4.3767
H-3.5233-3.3112 5.1756
H-2.2154 -2.3476 5.8609
H-1.8714-3.9298 5.1556
H-2.4511-2.9150 1.5504
H-3.7113 -3.5887 2.5920
H-2.1031 -4.2946 2.6187
H-0.1634 -3.8857 2.7337
H-1.0461 0.0163 4.3387
H 2.4743 0.9982 4.8869
H 0.7875 1.5169 5.0240
H 3.8537-2.9379 4.9806
H 3.2191 -1.5817 6.0164
C 5.2493 -1.2726 5.3031
O 5.5694 -0.3025 5.9485
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7.5088 -2.1616 5.2395
6.1429 -2.0984 4.6864
7.5966 -3.3697 6.1410
8.6348 -3.5630 6.4455
-0.7269 2.6194 0.0563
-0.8041 4.1260 -0.2613
-2.0253 2.2087 0.7730
-0.6115 1.8148 -1.2534
0.5182 2.3774 0.9205
0.4514 1.8232 2.2036
1.5917 1.7154 3.0185
2.8104 2.2415 2.5362
2.9358 2.6764 1.1938
1.7736 2.7595 0.4174
4.2800 2.9926 0.5765
3.9508 2.2697 3.3349
3.9268 3.3177 4.3610
-1.7222 4.3693 -0.8104
0.0345 4.4680 -0.8750
-0.8088 4.7294 0.6539
-2.8979 2.3601 0.1213
-2.2032 2.8140 1.6695
-2.0296 1.1554 1.0656
0.2911 2.0647 -1.8300
-1.4680 2.0221 -1.9097
-0.6070 0.7319 -1.0649
-0.5139 1.4946 2.6047
1.8310 3.1734 -0.5966
5.1020 2.9125 1.3250
4.3138 4.0624 0.2592
2.9059 3.6884 4.5371
4.5610 4.1382 3.9650
4.5596 2.6739 5.5914
5.0060 3.8348 6.3527
5.4736 3.6239 7.6419
5.9660 2.3558 8.0999
5.4871 4.7465 8.4262
6.0102 4.6744 9.7646
6.4986 3.4157 10.2481
6.4577 2.2697 9.3676
7.7264 -1.2073 5.7671
8.1196 -2.2371 4.3178
7.2254 -4.2779 5.6486
7.0098 -3.2385 7.0612
7.3640 1.0330 5.0454
7.1835 2.8135 4.6862
9.6821 2.8983 4.1149
9.8538 1.2035 4.5709
8.8352-2.5915-09114
8.4489 -4.2326 -1.6039
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H
H
H
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C
C
N

9.6106 -5.2811 0.4359
10.0594 -3.6639 1.0021
3.8509 2.0920 6.2001

5.4459 2.0524 5.3207

6.0469 5.8065 10.6064
6.5551 5.7083 11.9163
7.0411 4.4495 12.4002
7.0069 3.3200 11.5597
6.6014 6.8518 12.8018
7.0933 6.7420 14.0666
7.5798 5.4793 14.5521
7.5540 4.3787 13.7511
7.5096 2.0157 12.0601
6.6242 1.1064 12.6584
7.1014 -0.1184 13.1325
8.4575-0.4392 13.0116
9.3397 0.4681 12.4157
8.8702 1.6949 11.9393
5.5428 7.1088 10.1070
6.4237 8.0162 9.4986

5.9452 9.2439 9.0334

4.5922 9.5701 9.1724

3.7145 8.6652 9.7785

4.1850 7.4354 10.2459
5.9593 1.4921 7.4340

5.1043 5.6955 8.0507

6.8400 1.3187 9.7484

6.2282 7.8062 12.4253
7.1291 7.6007 14.7366
7.9644 5.4310 15.5700
7.9192 3.4151 14.1109
5.5695 1.3609 12.7571
6.4154 -0.8224 13.6019
8.8270 -1.3923 13.3863
10.3967 0.2209 12.3277
9.5564 2.4060 11.4819
7.4769 7.7618 9.3945

6.6292 9.9495 8.5645

4.2232 10.5286 8.8124
2.6616 8.9201 9.8896

3.5040 6.7302 10.7200

-2.1556 -1.3059 -0.4345
-3.4105 -0.7068 -0.8088
-4.4125 -0.2126 -1.1049

H-2.1806 -1.6903 0.6112

H
H

-1.3247 -0.5688 -0.5094
-1.8917 -2.1693 -1.0844
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