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Abstract:

In their *H NMR spectra in CDCl; 3-oxo-N-acyl homoserine lactones (OHLs) show
significant downfield chemical shifts of the amide N-H proton when compared to the
parent N-acyl homoserine lactones (AHLs). NMR spectroscopic and DFT calculation
studies have shown that this is most likely due to the presence of a stabilising
intramolecular H-bond from the N-H to the 3-oxo group. The *H NMR spectra also
show evidence for the enol tautomers and that the amount of enol present for a range
of OHLs is 4.1-4.5% in CDCl; and 6.5-7.2% in CD3CN. In contrast, DFT calculations
show that the lowest energy enol tautomer and the keto tautomer are of equal energy
in the gas phase, but that the keto tautomer is more stable in chloroform, acetonitrile
and water solution. The calculations also show that there is no evidence for any n—n*
or C5 H-bonding interactions being present in either the lowest energy keto or enol
tautomer of the OHLSs in solution or the gas phase, which is in contrast to the reported

solid-state structure.

Keywords:
Homoserine lactones; B-keto amide; DFT calculations; keto-enol tautomers; quorum

sensing

1. Introduction
Antimicrobial resistance (AMR), particularly among Gram-negative species such as
Klebsiella species, E. coli species and Pseudomonas aeruginosa, has been identified

by the World Health Organisation as one of the greatest current threats facing the



health of mankind.* New antibiotics are therefore continuously required to combat the
threat of AMR, with as many different approaches as possible being used. Many
bacterial species use small molecules or peptides to communicate with each other,
either within a bacterial species or between species.? The concentration level of these
communication molecules (autoinducers) is dependent on the number of bacteria
present. When a sufficient number of bacteria are present a “quorum” is reached and
the bacteria change their behaviour from that of a single-celled organism to multi-
celled. This quorum sensing causes an alteration in gene expression which can lead to
changes in the virulence factors of the bacteria, and in some cases leads to biofilm
formation.? Therefore inhibition of quorum sensing may be an important method for
halting the spread of bacterial infections, and very importantly is bacteriostatic rather
bactericidal in nature, which may help to reduce incidences of the development of
AMR.

In many clinically relevant Gram-negative bacteria these communication molecules
are N-acyl L-homoserine lactones (AHLs) and 3-oxo N-acyl L-homoserine lactones

(OHLs), as seen Figure 1.
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Figure 1: Structures of AHL and OHL bacterial communication molecules?

Structurally they consist of a y-lactone head-group linked to a hydrocarbon chain via
an amide (AHLs) or B-ketoamide linkage (OHLs). The range of AHLs and OHLs
found in nature differ mainly in the length of the hydrocarbon chain and whether it is
branched, unsaturated, hydroxylated or indeed combinations of these. However, the
amide or P-ketoamide linkage is ubiquitous. A number of groups have studied
analogues of both AHLs and OHLs as agonists and antagonists of quorum sensing in
a range of clinically important bacterial species, such as P. aeruginosa and A.

baumannii.®> These analogues have included changes to the lactone head-group, the
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amide or [-ketoamide linker and the hydrocarbon chains, and some very active
inhibitors have been identified.* Recently, Blackwell has used receptor mutation
studies to detail the important hydrogen bond (HB) interactions for binding of the
both native and non-native molecules with the LasR receptor.” The Raines group used
computational methods in vacuo to identify possible n—=* interaction in AHLs®
which were recently confirmed by the Prabhakaran group.” These reports studied how
the n—x* interactions might influence the stability and reactivity of AHL molecules.
More recently Raines reported the solid-state x-ray crystal structure of the OHL, N-(3-
oxobutanoyl)-L-homoserine lactone, which showed evidence for two stabilising
n—n* interactions between the ketone carbonyl to amide carbonyl and from the
amide carbonyl to the lactone carbonyl (Figure 2).2 In addition the crystal packing
shows intermolecular H-bonding between the amide carbonyl oxygen of one molecule
with the amide N-H of the next molecule in the unit cell. An examination of the
published x-ray structures in the Protein Database (PDB)° of receptor-bound OHLs
shows that the preferred bound conformation is for an extended molecular structure
(Figure 2). The fact that such significantly different conformations are observed
would suggest that the molecules are relatively flexible allowing many possible
conformations to be achieved. How exactly any of these conformations directly relate
to the actual bioactive conformation is not clear, as both the receptor-bound and solid-
sate structures might just be the conformations that led to crystallisation under the

experimental conditions used.

2. Results and discussion

We were interested in studying the conformational preferences for OHLs, to see how
the extra carbonyl group might impact the overall preferred conformations of these
molecules. Since Blackwell showed the importance of H-bonding of OHLs to their
receptors® it would be of interest to see whether there is any evidence for HBs within
these molecules in vacuo and/or in solution, in the absence of their receptors. If such
HBs are possible there is no guarantee that they would be also be present when the
OHLs are receptor-bound as the HBs described by Blackwell, between the OHL and
the receptor amino acid residues and/or water molecules within the binding site, are

likely to be more important. However, a deeper understanding of the overall structural



preferences of OHLs may possibly allow for the better design of quorum sensing

inhibitors in the future.
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Figure 2: Some possible conformations of OHLs (R = H or alkyl)>®

2.1 NMR studies of OHL molecules

The 'H NMR spectra, as measured in dilute 1 mM solutions in CDCls, for a number
of commercially available OHLs (Cs-Cy4 side-chains) all showed a downfield
chemical shift for the amide N-H protons at 7.6-7.7 ppm (Figure 3). CDCl; was
chosen as the solvent for the NMR studies because a recent report from the Mavri
group used the dielectric constant of the internal protein environment as ~4.0,'° as
previously reported by the Himo group.!’ This value is very close to that of
chloroform with a dielectric constant of 4.81, while the dielectric constant of water

(biological solvent) is ~78.4.



a3
Cg (R=nPr)

e

A L

Cg (R = nepent) o C l L
. Mu B r ©

; H”'/H 0 . E,

Cpp (R = rlept) Feto /_J% L
R ]

NH s A Hpa B A A My, c C L

HO o 5 ol |

|

S B |
Cy2 (R = nenom) R H 1S =

" Hgpg [

o |
O

C14 (R = n-undec) j r
ok - o

R e e
7 [ 5 4 3 2 1 [ppm]

Figure 3. Stacked "H NMR spectra of Cg-C14 OHLs in CDCl5 at 7 days

The chemical shifts obtained for the OHLs were all consistent with those reported in
the literature for these compounds.**? The observed downfield chemical shift would
be expected if the N-H proton was H-bonded to the 3-oxo group of the side-chain
(Figure 2). Further evidence for the presence, in CDCl; solution, of the H-bonded keto
conformer C comes from a comparison of the chemical shift of the amide N-H proton
in the 3-oxo AHLs with the values reported (6.0-6.2 ppm) for the analogous AHL
compounds which lack the 3-oxo group.*® The solution concentration used was 1 mM
which is in contrast to the solution NMR studies by the Prabhakaran group on the
analogous AHL molecules where concentrations of 10 mM for *H NMR and 60 mM
for 3C NMR were used.” Raines described that similar peptides to those used in their
study of C5 H-bonds were shown to be monomeric at a concentration of 10 mM.***
Although the OHLs being studied here are not peptides there is no reason to think that
at a concentration of an order of magnitude lower, i.e. 1 mM, that the molecules
would be anything but monomeric in CDCl; solution. The presence of an
intramolecular, rather than intermolecular, HB was confirmed when the 'H NMR
spectra of the Cg-OHL at concentrations of 1mM, 2.5 mM, 5mM and 10mM (Figure
4) were acquired and the observed chemical shift of the N-H proton in each case was

consistent at 7.641 ppm, 7.642 ppm, 7.643 ppm and 7.644 ppm, respectively.
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Figure 4. 'H NMR stack of Cg-OHL N-H region at 1-10 mM concentrations in CDCl3

2.2 Computational studies of a simple OHL molecule

Density Functional Theory (DFT) calculations, at the B3LYP 6-311++G(d,p)
computational level in vacuo, of a simple OHL structure (Figure 2, R = CHj3) gave
some unexpected results. A number of repetitions of calculations, involving changes
to the starting orientation of the side-chain, by rotation around the amide carbonyl to
C, carbon bond and lactone a-carbon to amide nitrogen (Figure 2) were undertaken.
The array of starting conformations employed included those seen in the x-ray crystal
structure of an isolated OHL,? as well as receptor bound conformations.® Any attempt
to optimise conformation A resulted in a distorted structure with the two carbonyl
groups pointing to different directions provoked by the repulsion between both groups
(Figure 5). The minimum energy conformation found was quite different to the

receptor bound conformation.®



Figure 5. Overlay of the gas phase and solvent PCM model calculated structures of

conformer A (balls and sticks) with the published crystal structure® (licorice).

Regardless of the starting conformation of the side-chain the lowest energy
conformation obtained (C) was a compact structure stabilised by one intramolecular
HB (see Table S1 for full details). This HB (2.049 A, vide infra) is formed between
the amide N-H and the 3-oxo carbonyl group. Although there is the possibility of a
C5 type H-bond (between the N-H and the oxygen atom of the lactone), which is now

13,14 no

considered to be very important in stabilising peptide and protein structures,
evidence of such an interaction was found either by means of Natural Bond Orbital

(NBO) calculations™ or by Atoms In Molecules (AIM)* results.

The HB found in conformer C is an intramolecular HB forming a 6-membered ring,
with the O--N distance being 2.793 A and an O--H-N angle of 128.2°. The HB is
characterised (by AIM) by the presence of a bond critical point (BCP) between both
interacting atoms with an electron density (pscp) 0f 0.0224 a.u., which is in the range
of HBs.*® The Laplacian value (V?p) of that HB shows that this interaction is in the
closed shell regimen (see Table S1). It has been stated that the negative value of the
total electron energy density at the BCP, Hgcp, confirms the covalent character of the

corresponding interaction.”” Furthermore, positive and small values of the electron



total energy, Hgcp, indicates small covalent character of the interactions. According to

Jeffrey’s classification this would be moderately strong HB.*®

To study conformer B in more detail we have carried out PCM solvent calculations at
the B3LYP/6-311++G(d,p) computational level, using water (¢=78.4), acetonitrile
(e=35.7) and chloroform (e =4.7). In all three cases, conformer C was the lowest
energy conformation found (Table 1). The HB between the N-H and the oxygen atom
of 3-oxo carbonyl groups occurs with H---O distances of 1.946, 1.949 and 1.968 A for
water, acetonitrile and chloroform, respectively (vide infra). The evolution of the
intramolecular distance is coherent with the polarity of the solvent considered, i.e. the

larger dielectric constant, the shorter HB distance.

Figure 6. Overlay of the calculated structures of conformer B in water and
acetonitrile (balls and sticks), with the published crystal structure conformation®
(licorice)

Regarding the x-ray conformation B reported by Raines,® any attempt to optimise it in
the gas phase or chloroform solution shows it reverting to conformer C. However,
conformation B was obtained as an energy minimum in the polar solvents acetonitrile

and water (Figure 6) but C was still the lowest energy conformer obtained (Table 1).

Table 1. Relative energies (in kcal/mol), at the B3LYP/6-311++G(d,p) computational
level, for the conformers A-C in the gas phase, chloroform, acetonitrile and water

solvent models, including zero-point correction.



Conformer Gas Phase Chloroform Acetonitrile \Water

A 2.27 1.60 2.26 1.70
B 1.64% 1.63 1.09 1.77
C 0.00 0.00 0.00 0.00

®In gas phase and chloroform, conformer B does not present two simultaneous n—n*

interactions but the structure exists as minimum.

For conformer B the intramolecular distance between the O electron donor of the
amide group and carbon atom of the lactone carbonyl group, acting as an acceptor
(2.810 and 2.913 A in acetonitrile), are less than the sum of the van der Waal’s radii
(3.22 A). Besides, NBO analyses reveal a small donation [E(2) = 1.01kcal/mol] from
the O lone pair of the amide carbonyl oxygen into the n*CO antibonding orbital of
the lactone carbonyl. However, AIM results (Figure 7a) do not show any BCP
between the corresponding interacting atoms. Nevertheless, it is well-known that in
some cases, the absence of a BCP does not indicate the absence of an interaction.
Additionally, Non-Covalent Interaction (NCI) plots'® show (Figure 7b) a green area
between the amide oxygen donor and the lactone carbonyl, indicating a weak (A, = 0)
interaction, as seen in the x-ray crystal structure reported by Raines.® This type of
stabilising interaction was reported in different systems and the interaction is
reminiscent of the Burgi—Dunitz trajectory for nucleophilic additions to carbonyl
groups and eventually should provoke pyramidalisation of the acceptor carbonyl
group.?®?® The conformation B obtained in water is almost identical to that found for

acetonitrile (see Figure 6 and Figure 7).
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Figure 7. a) Molecular graph corresponding to the conformer B structures at the
B3LYP/6-311++G(d,p) computational level in acetonitrile. Green and red dot
corresponds to the bond and ring critical points respectively; b) Non-covalent
interaction (NCI) plots for conformation B in acetonitrile. Green areas correspond to
A2 = 0 (weak). A, is one of the three eigenvalues of the electron density Hessian with
M <A< As.

Raines recently described the cis and trans conformers of a 3-keto amide of proline
methyl ester (Figure 8a), where the trans conformer was stabilised by an n—n*
interaction.? 1t is well known that in proline there is a very low energy barrier
between the cis and trans rotameric conformers of the tertiary amide. This system is

not a direct comparison to the OHL molecules in this study because OHLs are

11



secondary amides with an N-H which is capable of intramolecular H-bonding. If
conformer B was present in solution then it would be expected that the chemical shift
of the N-H proton would be similar to that of the AHLs (6.0-6.2 ppm), which both

Raines and Prabhakaran reported to contain stabilisation by an n—mn* interaction

(Figure 8b).%7
()
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Figure 8. (a) Cis and trans conformers of B-keto amides of proline methyl ester;* and

(b) comparison of n—* stabilised conformers of AHLs®’ versus conformer B

2.2 Keto-enol tautomerism in OHLs

As stated previously x-ray structural analyses of OHLs bound to their native receptors
(e.g. LasR and TraR) have been reported,>®% and these have shown that the OHL
autoinducers are bound in an extended keto form, with no evidence of any enol form,

or other keto conformer (e.g. conformer C), being present. In order to try to get an

12



understanding of the possible relative ratios of keto and enol forms of the OHLs,

computational and solution NMR studies were undertaken.

2.2.1 Keto-enol tautomeric NMR studies for OHLs

The measurement of keto-enol tautomeric ratios by *H NMR spectroscopy for -
diketones and B-keto esters is well known,?® but the corresponding studies for f-
ketoamides are far less numerous, with only a few examples having been reported.”’
In most of the cases reported the B-ketoamides contain aromatic groups which are in
conjugation with the enol tautomer, thus affecting significantly the observed
equilibrium keto:enol ratio. Raines also described the keto and enol tautomers of the
[-keto amide of proline methyl ester (Figure 5), which showed an overall enol content
(cis and trans) of >20%.%* Thus far there have been no reports on studies of the keto-
enol tautomeric ratios of the OHL autoinducers in solution. To the best of our
knowledge there has been only one report, from the Kline group, on the synthesis of
analogues which directly mimicked the keto and enol forms, but these showed no

biological activity.?®

A closer examination of the *H NMR spectra of all the OHLs in CDCl; showed
evidence for the presence of small quantities of the enol tautomers of the B-keto
amide moiety (Figure 9). 'H NMR spectroscopy was chosen as the method to measure
the keto-enol tautomeric equilibrium constants of the same five (Cs, Cg, C10, C12 and
C14) naturally occurring OHLs, with the experiments being conducted in both CDCl;
solution, which mimics the protein binding site, and the polar aprotic (CD3;CN)
solvent at a concentration of 1 mM. Due to a lack of solubility (cloudiness of
solutions) it was not possible to run the spectra in DMSO-d6, a solvent consistently
used for tautomeric studies of B-keto amides, esters and p-diketones reported in the
literature.'®'" Spectra were acquired immediately after preparation of the solution
(To), and again at seven days (T7), in order to make sure that equilibrium had been
reached, in each case. Figure 6 shows the stacked spectra of the OHLs with Cg-Cy4
side-chains in CDClI; at the T, timepoint (see Supporting Information for spectra in
CDsCN)

13
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Figure 9. Stacked *H NMR spectra of Cg-C14 OHLS in CDCl; at 7 days, showing

signals due to both the keto and enol tautomers

In each case, the integration of the B-ketoamide a-methylene peak was measured and
compared to the integration (x2) for the vinyl hydrogen peak in the enol tautomer.
This allowed the tautomeric equilibrium constant (Kt) and % enol values to be
calculated (Table 2). The results show that the % enol in CDCl; is between 4.1 and
4.5%, while it is slightly higher in the more polar CD3CN solvent (6.5 - 7.2%). The
chemical shift of the N-H proton showed a slight movement upfield to ~7.2 ppm in
the CD3CN solutions.

Table 2. Equilibrium % enol and Kt values for C¢-C14 OHLs in CDCI3; and CD3CN

Solvent Chain Length | % enol (T7) Ky
Cs 4.51 0.047
Cs 4.18 0.044

CDCl; Cio 4.08 0.043
Cp 4.21 0.044
Cu 4.34 0.045
Cs 6.81 0.073
Cs 7.19 0.077

CDsCN Cio 6.61 0.071
Ci2 6.50 0.070
Cu 6.98 0.075

In a manner similar to the N-H proton, the chemical shift of the enol O-H did not
change with varying concentration (see Figure S2 in supporting information), being
observed at 13.215-13.217 ppm over the 1-10 mM concentration range. This

14



demonstrates that the enol HB, like the N-H of the keto tautomer, is also

intramolecular in nature.

2.2.2 Computational studies of OHL keto and enol tautomers

DFT calculations were performed in vacuo, and in a PCM solvent model, to find the
relative energy of the keto tautomer A compared to a series of isomeric and rotameric
enol tautomers (see Figure 10 and Supporting Information). The starting conformation
for the first enol studied was the enol form of conformer B, where the n—n*
interaction between the oxygen of the keto group and the amide carbonyl group was
replaced with a 6-membered ring HB from the O-H to the oxygen atom of the amide
carbonyl group. However, the energy minimised structure obtained was conformer D,
with a 6-membered ring formed through an intramolecular HB with a H---O distance
of 1.674 A and a 147.9° O-H---O angle in vacuo (see Table S1), confirming the
solution NMR results. Even shorter O---H distances were found in the solvent
environment, 1.669, 1.669, 1.671 A for water, acetonitrile and chloroform,
respectively. Furthermore, the large value of the electron density at the BCP, in
conjunction with the negative value of the Hgcp, indicates a strong HB with partial
covalent character. However, it is worth mentioning that in vacuo, and in the non-
polar solvent chloroform, the amide N-H bond and C=0 carbonyl group of the lactone
remain parallel, i.e. the H-N-C-O dihedral angle is 14.5 ° and 24.1 °, while in polar
solvents the dihedral angle is wider (78.8 © and 78.1 © for water and acetonitrile,
respectively), which results from a rotation of the lactone head group which stabilises
the structure. One possible explanation for this is that the dipole of each N-H and
C=0 might favour the parallel alignment in the gas phase and in non-polar solvents
(chloroform) while the polar solvents (acetonitrile and water) largely destabilise the
“dipole-dipole” interaction. However, there is no evidence for any dipole-dipole
interactions being present. This lactone head group rotation, upon solvation in polar
solvents, has been found in all of the structures shown in Figure 10, except B, F and
J. It is also worth noting that any attempt to obtain enol E shows it to revert to enol D
at any computational level, both in the gas phase or using a solvent model.

15
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Interestingly the overall lowest energy conformer obtained in vacuo (Figure 11) was
the enol conformer D, being more stable than the keto conformer C, by 1.53 kcal/mol
(Table 3).

Figure 11. (a) Molecular graph corresponding to the C and D conformers at the
B3LYP/6-311++G(d,p) computational level. Green and red dot corresponds to the
BCP and ring critical points, respectively.

Table 3. Relative energies (in kcal/mol), at the B3LYP/6-311++G(d,p) computational
level, for the conformers A-J in the gas phase, chloroform, acetonitrile and water

solvent models, including zero-point correction.

Conformer Gas Phase Chloroform Acetonitrile Water

A 3.81 2.26 1.70 1.60
B 3.18 1.63 1.09 1.77
C 1.53 0.00 0.00 0.00
D 0.00 0.78 1.35 1.41
F 11.40 11.44 12.27 12.34
G 11.02 9.20 8.79 8.77
H 11.04 10.68 11.03 10.98
| 13.34 12.54 12.75 12.71
J 15.42 14.20 14.43 14.44

However, solvent calculations show that the keto conformer C is marginally more
stable than conformer D in solution, and that the difference is more appreciable in
polar than non-polar solvents, at up to 1.41 kcal/mol (Table 3). This is in agreement
with the solution NMR results which show that the keto form is predominant in
CDCl3; and CD3CN. This energy difference is small when compared to all of the other
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enol tautomers examined which showed significantly higher energy differences
(~11.4-15.42 kcal/mol, Table 3).

Regarding possible stabilising n—=* interactions in the enol structures studied, AIM
results in all the cases (Figure S1 in Supporting Information) do not show the
presence of a BCP between the corresponding atoms. Furthermore, NBO calculations
do not show any evidence for the existence of the n—n* interactions in these
particular conformers. As observed in Table S1, the main intramolecular charge
transfer occurs due to the existence of an intramolecular HB with E(2) values ranging
from 3.7 to 25.7 kcal/mol for the gas phase. When the solvent is taken into account
(acetonitrile) there is a slight enhancement of the NBO charge transfer, as expected
for polar solvents. As observed the second order interaction energy values increase,
with up to 4.2 kcal/mol for enol J. This is in agreement with the AIM results which
show the presence of a BCP in the HBs, with electron density values ranging from
0.0115 to 0.0515 a.u. Furthermore, the negative value of the total electron energy
density at BCP, Hgcp, confirms the covalent character of the corresponding
interaction. The correlation between the negative Hgcp values and the covalent
character in HBs was already studied; it was found that those HB with negative Hgcp
values were classified as the strong interactions possessing some covalent
character.?®* Similar negative values was also found in compound D, F and J, which

classified those HBs as strong interactions.*®

2.3 Conformers of lactone head replacements for OHLs
A number of lactone head replacements have also shown significant bioactivity.**®
These include the phenyl, cyclopentyl and thiolactone substituted molecules (K, M

and O) shown in Figure 12.
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Figure 12. Observed conformers of OHLs with lactone head group replacements,

with HB distances shown.

When DFT calculations were undertaken to find the relative energies of their keto and
enol tautomers, similar results to those of the parent OHLs were found, although with

some slight differences in their relative minimised energy differences (0.03-1.54

kcal/mol) (Table 4).
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Table 4. Relative energies (in kcal/mol) at the B3LYP/6-311++G(d,p) computational
level for the K-P structures in gas phase, chloroform, acetonitrile and water solvent

models, including zero-point correction

Conformer Gas Phase Chloroform Acetonitrile \Water

K 0.00 0.00 0.00 0.00
L 0.03 1.21 151 1.54
M 0.41 0.00 0.00 0.00
N 0.00 0.85 1.23 1.26
o 154 0.00 0.00 0.00
p 0.00 0.87 1.31 1.33

In the case of K and L, both tautomers show an intramolecular HB, with keto K being
marginally more stable than enol L in the gas phase. This difference is more
appreciable when the solvent effects are taken into account. In the case of M-N and
O-P the enol forms are more stable than the keto forms in the gas phase. However, in
solution the stability is reversed. In order to give an insight on the strength of the
intramolecular bonds, AIM and NBO analysis have been carried out (Table S2 in
Supporting Information). For consistency, only HBs which involve similar type of
atoms can be compared. In the case of keto tautomers K, M and O, despite the three
HBs being relatively close in terms of stability, the observed trend in the gas phase in
the H---O distances (K<M<O) and pgcp (K>M>O) suggests that K presents the
strongest HB. This is corroborated by the NBO E(2) values for the donation from the
Oyp into the N-H o* antibonding orbital, K (7.1 kcal/mol) > M (5.1 kcal/mol) > O (4.9
kcal/mol). Similar trends were found in acetonitrile as solvent, with slightly larger
E(2) values and shorter distances, evidencing an enhancement of the intramolecular

HBs in polar solvents.

In the case of enol tautomers L, N and P, the shortest observed H---O distance for N,
in conjunction with the largest pgcp and E(2) values indicate that tautomer N presents
the strongest intramolecular HB. Additionally, the most negative Hgcp values found in
N corroborates the larger covalent character of that particular HB. As occurred with
the keto tautomers K, M and O, enol tautomers L, N and P show an enhancement of

the HB strengths in polar solvents (acetonitrile) due to an increase of the second order
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orbital interaction energies, electron density values at the BCPs, in conjunction with a

shortening of the H---O distances.

As seen for the OHLs there was no evidence for any extended keto tautomer, with
compact H-bonded conformers, analogous to C, being observed in every case.
Furthermore, due to the conformational arrangement, there is no evidence for any

minimised energy conformations involving stabilising n—m* interactions.

It is noteworthy that the published *H NMR chemical shifts in CDCI; for the N-H
proton for the phenyl, cyclopentyl and thiolactone compounds are 9.15 ppm, 6.99
ppm and 7.55 ppm, respectively, and are shown in Figure 13, along with other
structures of relevance to this study.* The value for the N-phenyl derivative is high
because of the electron-withdrawing effect of the phenyl group. In general, the N-
alkyl substituents show an upfield movement in chemical shift due to the electron-
donating alkyl groups, while the other OHL analogues, containing [3-amide, ester and
sulfoxide groups, show chemical shifts in the same region as those observed for the

natural OHLs used in this study.
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Figure 13. 'H NMR chemical shift data for the amide N-H proton, for a range of

head-group and side-chain OHL analogues

2.4 Conformational flexibility of OHLs

The conformational preferences of the keto forms of OHLs observed in vacuo, in

solution (NMR and computational), in the solid-state and receptor-bound are

different, which along with the possibility of enol tautomer conformations shows that

the molecules have a significant level of flexibility. In order to examine this flexibility
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we measured a series of dihedral angles for the observed conformations of the keto

and enol tautomers (Figure 14).

Figure 14. Graphical representation of the dihedral angles D;-D, for OHL

conformations A-D

For the conformers A-D the dihedral angles are defined as: a) D; shows the alignment
of the N-H and the lactone C=0 group which shows how the side chain is aligned
relative to the lactone ring ; b) D, is the amide linker dihedral and would be expected
to be close to 0% c) Ds is the dihedral formed by the two carbonyl groups in the side
chain which shows the overall extension (linearity) of the side chain ; and d) D, is
dihedral between the keto or enol C-O and the lactone carbonyl, which shows the
overall planarity of the side chain relative to the lactone head group. Table 5 shows

these measured dihedral angle values for the important OHL conformations A-D.

Conformer A D, D, D; D4
Gas phase 17.6 5.6 79.0 110.9
Chloroform 33.0 3.1 60.1 151.7
Acetonitrile 79.4 1.5 53.2 140.3
Water 80.6 1.7 50.6 134.9
Conformer B
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Gas phase 65.7 5.5 164.1 99.3
Chloroform 72.0 0.9 164.0 101.8
Acetonitrile 73.6 1.1 81.2 179.8

Water 73.8 1.2 79.6 178.3
Conformer C

Gas phase 38.9 2.7 160.3 52.3
Chloroform 70.8 0.3 160.7 89.9
Acetonitrile 77.9 1.0 164.8 96.0

Water 78.3 1.1 165.3 96.1
Conformer D

Gas phase 14.5 9.4 0.1 153.7
Chloroform 24.1 7.4 0.3 147.4
Acetonitrile 78.1 0.3 0.0 97.8

Water 78.8 0.0 0.0 97.2

Table 5. Measured values of dihedral angles D;-D4, from DFT calculations of OHL
keto and enol conformations A-D

As expected, the dihedral D, is close to zero for all conformations in the gas phase
and solvent models. The D; dihedral angle, for conformations A, C and D shows a
marked solvent dependence when compared to the value in the gas phase. As the
solvent polarity increases then the alignment of the N-H and C=0 moves from almost
parallel in the gas phase to almost perpendicular in water, thus demonstrating a
significant level of flexibility. The relative alignment of the two side chain carbonyl
groups, as measured by the D3 dihedral, shows significant differences for all four
conformations. For conformation A, the two carbonyl groups are offset by 50° to 79°
most probably due to the electronic repulsion of the two groups. For conformation B,
in the gas phase and in non-polar chloroform the two carbonyls are aligned in an
almost anti-parallel arrangement (Ds = 164°), while in the polar solvents the groups
are close to perpendicular. Not surprisingly, for conformation C, Ds is similar in all
cases as this conformation is stabilised by presence of the intramolecular HB. Again it
was observed, as expected, that the enol C-O and amide C=0 would be aligned in a
syn-parallel arrangement due to the planarity of the six-membered ring of the
intramolecularly H-bonded enol tautomer. Finally dihedral D4 in conformer B is close
to a right angle for the gas phase and in chloroform but is anti-parallel in polar

solvents, as is evident in figure 7a and b. Further evidence for the strength of the
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intramolecular HB in solution in conformer C comes from the fact that D, is a right

angle in all three solvent models.

3.0 Conclusions

Blackwell reported that the order of importance of the HBs when binding to the LasR
receptor is amide N-H > 3-keto C=0 > lactone C=0 > amide C=0.” Therefore, when
the extended keto conformer A (see Figure 2) of OHLSs binds to the LasR receptor the
loss of the one stabilising intramolecular HB present in C is more than compensated
by the new individual HBs between the amino acid residues of the receptor binding
pocket and the HB donor/acceptor groups of the OHLs. However, the computational
studies reported here can not preclude the possibility that the enol tautomer D, or a
closely related enol structure H-bonded to the receptor, is a bioactive conformation of
3-0x0 AHLs in vivo. However, it is an extended keto tautomer which is present when

the receptor-ligand complex crystallises.®

In conclusion, DFT calculations have shown that a compact H-bonded structure (C) is
the lowest energy keto conformation for OHLs in the gas phase, as well as in solvent
models. In the gas phase the keto (C) and enol (D) tautomers are of equal energy but
the keto tautomer is more stable in solution. *"H NMR studies in dilute solutions (1
mM in CDCl; and CD3CN) of a range of natural OHLs show that the enol tautomer is
the minor tautomer (4-7%). The NMR studies show that the chemical shift of the
amide N-H proton is significantly further downfield in the OHLs when compared to
the AHLS, which lack the 3-oxo group. The chemical shift of the amide N-H is also
independent of concentration confirming that the HB is intramolecular. An
examination of key dihedral angles for conformations A-D shows the flexibility of the
OHL molecules but especially demonstrates how the conformational preferences are
highly solvent dependent. Finally, and most importantly, these detailed computational
and NMR studies again reiterate the fact that care must be taken in reaching
conclusions on exact ligand (or protein) bioactive conformations based solely on
calculations in vacuo or one solvent model, x-ray crystal structures including ligand-
bound receptor structures, or indeed solution NMR data, as in reality the actual
picture is likely to be far more complicated.®
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4.0 Materials and methods

The Cs-C14 OHLs were purchased from Sigma-Aldrich (Irl) Ltd. NMR spectra were
obtained on a Bruker Avance 111 300 spectrometer operating at 300 MHz for ‘H
spectra or Bruker Avance 11 500 spectrometer operating at 500 MHz. Compounds
were dissolved to a final concentration of 1 mM in CDCI3 or CD3CN and allowed to
equilibrate for seven days.

Geometry optimisations were carried out at the B3LYP/6-311++G(d,p) level of theory
as implemented. Harmonic vibrational frequencies were computed at the same level
used for the geometry optimisations in order to classify the stationary points either as
local minima or transition states (TS). Calculations were performed using the
Gaussian09 programme.

The Natural Bond Orbital (NBO) method™ was employed to analyse charge—
transfer interactions between occupied and unoccupied orbitals using the NBO-3
programme. The Atoms in Molecules (AIM) methodology'® was used to analyze the
electron density of the systems with the AIMAII program.®® The NCI (non-covalent
interactions) index,™ based on the reduced gradient of the electron density, has been
calculated to identify attractive and repulsive interactions with the NCI program and
plotted with the VMD programme.®* The energy minimized structure in the graphical

abstract was produced using the PyMol 1.3 graphics system.®
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Materials and methods

The Cs-C14 OHLs were purchased from Sigma-Aldrich (Irl) Ltd. NMR spectra were
obtained on a Bruker Avance 111 300 spectrometer operating at 300 MHz for ‘H
spectra or Bruker Avance Il 500 spectrometer operating at 500 MHz. Compounds
were dissolved to a final concentration of 1 mM in CDCI; or CD3CN and allowed to
equilibrate for seven days.

Geometry optimisations were carried out at the B3LYP/6-311++G(d,p) level of
theory. Harmonic vibrational frequencies were computed at the same level used for
the geometry optimisations in order to classify the stationary points either as local
minima or transition states (TS). Calculations were performed using the Gaussian09
programme.*

The Atoms in Molecules (AIM) methodology %2 was used to analyze the electron
density of the systems with the AIMAII program.* The Natural Bond Orbital (NBO)®
method was employed to analyse charge—transfer interactions between occupied and
unoccupied orbitals NBO-3 program.

The NCI (Non-Covalent Interactions) index, based on the reduced gradient of the
electron density, has been calculated to identify attractive and repulsive interactions

with the NCI program® and plotted with the VMD program.’
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Supplementary data
1. NMR spectra for C¢ — C14 OHLs in CDCl3 at 7 day time point
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2. NMR spectra for Cs— C14 OHLs in CD3;CN at 7 day time point
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Cartesian coordinates of all the compounds studied in gas phase, chloroform,

acetonitrile and water.

4.91195
3.74137
2.62007
3.01714
4.00550
3.52985
2.65503
1.62712
2.67578
4.54428
5.31935
2.60309
3.33995
1.30592
-0.09403
-0.00075
-0.10354
1.02184
-1.03445
-2.04794

-0.00817
-0.09279
-0.63308
-0.03939
-0.74136
0.91100
-1.72451
-0.32733
1.00405
-0.02123
-0.03911
-0.73992
-1.02140
-0.69977
-0.81039
0.67468
1.19281
0.88757
1.17300
0.98035

Chloroform

-3.96391
-4.00808
-2.66810
-1.74952
-4.87722
-4.13589
-2.71342
-2.35145
-1.44478
-2.69798
-2.40439
-0.57022
-0.57260
0.58300
3.08168
3.18162
2.37869
2.92833
453747
477391

I OI T OO OIZ00O0ITITIT IT ITOOOO>X

0.65942
-0.74266
-1.32995
-0.10683
-1.18865
-0.75957
-1.65225
-2.16921

0.00783

1.04755

2.14094
-0.05444

0.59008
-0.68362
-0.27858

0.96433

0.91339

1.82140

1.15997

0.32258

-0.17662
-0.59438
-0.14812
-0.27752
-0.11664
-1.67821
0.89494
-0.76493
-1.32492
0.04740
0.45741
0.55675
1.33451
0.20709
0.45286
-0.40885
-1.15358
0.22852
-1.08057
-1.74013

37

Acetonitrile

2.00473
3.04345
2.32157
1.20246
3.48011
3.79818
1.89559
97825
1.56905
0.93678
-0.04607
0.01541
-0.46240
-0.47846
-2.67337
-3.49111
-2.79804
-4.08587
-4.38201
-3.79010

I OI T OO OIZ0O0IIIITIOOooOoOo>»

4.71253
4.16330
3.14781
2.66342
4.99999
3.70122
3.63900
2.34477
1.87854
3.89681
4.14760
2.14742
2.73238
0.90658
-0.34034
0.38451
0.96089
1.13895
-0.51548
-1.24791

0.64474
-0.22887
-1.11468
-0.18424
-0.76866

0.40936
-1.99317
-1.44627

0.48393

0.69133

1.34118
-0.81984
-1.49040
-0.56716
-0.58346

0.46409

1.08842
-0.06715

1.31435

1.86772

Water

>

1.99589
3.02622
2.30401
1.21015
3.43807
3.80066
1.85403
2.96704
1.59998
0.94267
-0.03047
0.01961
-0.46770
-0.46315
-2.66828
-3.49676
-2.81307
-4.09997
-4.37855
-3.77904

I OIT T OO O IT 200 ITITIITITOO0O0OO0

4.67941
4.17329
3.17128
2.64257
5.03242
3.70619
3.67985
2.38868
1.84385
3.84503
4.05958
2.12848
2.72032
0.88085
-0.34359
0.40717
1.01539
1.13421
-0.47305
-1.17725

0.68631
-0.22300
-1.12382
-0.18779
-0.74674

0.38725
-1.98012
-1.48978

0.45007

0.72938

1.40666
-0.81875
-1.47637
-0.58098
-0.57825

0.44204

1.04635
-0.11736

1.32191

1.90314




I T OO0OO0OITITITOIIOOOIZO0OO TIIIITIOoOOOoNOOonOow I T O O O TIT T

I T T T O O O O 0O

-4.29254
-5.09755
-0.02076
-3.27012
-1.98343
-2.60163
-1.74401

2.99438
4.05191
3.43251
1.95279
4.86508
4.39911
3.53006
3.88272
1.78331
1.77650
0.75070
0.97117
0.33346
0.79841
-0.87031
-1.40884
-2.12261
-0.57259
-2.03053
-2.87864
-2.38233
-1.30694
1.51343
-0.84304
-0.39585
-1.24596
-0.17695

3.63520
3.73205
2.31383
1.78125
4.12681
4.44075
1.72569
2.29176

-0.92303
-0.92501
0.42660
-0.97643
1.02458
1.92773
0.72071

0.44341
-0.14902
-0.46961
-0.67162

0.57381
-1.04476

0.38028
-1.34935
-1.70448

0.19126

0.55639
-0.38911
-1.11373

0.85418
-0.13050

0.22225

1.04692

0.65939
-0.94840
-1.36395
-0.62401
-1.75301

1.80426
-1.27731

1.04266

1.32473

1.91345

-1.01464
0.09337
0.65903
0.38021

-0.30701
0.81903
0.10050
1.71623

2.24828

0.67028
-0.16104
-1.51177
-1.42996
-1.49236
-2.45214

1.52589

0.73150
-0.63466
-0.27603

0.68562

1.25457
-1.30845
-1.09627

0.04534

0.99285

1.48678
-1.29718
-1.60560
-1.81451
-3.60672
-4.97900
-4.85474
-5.54171
-5.73388
-5.18591
-6.71573
-5.87545
-1.53647
-3.20119
-2.75816
-2.12143
-3.37707

0.18411
1.11980
1.22326
-0.18936
2.05212
0.71156
1.95644
1.48433

I T OO O0OITITITOITIOOHOO IZO0OOIIIITIOoOOO0oNO0nNOow I T O O O T T

I T T T O O O 00O

4.53415
5.33737
0.67501
4.00685
1.75040
1.57386
1.84155

3.04927
4.08136
3.41160
1.94063
4.90401
4.41814
3.50424
3.83061
1.76759
1.81910
0.81389
0.93314
0.34804
0.74667
-0.84870
-1.41165
-2.13611
-0.58936
-2.02414
-2.85643
-2.39959
-1.28783
1.42718
-0.77879
-0.40632
-1.28588
-0.16969

3.71746
3.75899
2.31415
1.77716
4.17226
4.42850
1.76526
2.24806

2.07480
1.23679
-1.37441
-1.04714
-0.51212
0.31360
-1.43254

0.53702
-0.10385
-0.45003
-0.61950

0.60270
-0.98894

0.37664
-1.35077
-1.64084

0.27460

0.66457
-0.34887
-1.10143

0.87816
-0.17138

0.15448

0.96879

0.59846
-1.03154
-1.45965
-0.71441
-1.82181

1.85348
-1.31416

1.02733

1.32990

1.87521

-0.84614
-0.02306
0.42068
0.48469
-0.64079
0.81687
-0.33202
1.37420

-1.67738
-0.34136
-0.80114
0.60768
1.17307
1.86908
1.75381

1.48535

0.67830
-0.65451
-0.24359

0.59111

1.22212
-1.35753
-1.10251

0.10901

1.00412

1.53526
-1.24306
-1.58959
-1.78279
-3.60761
-4.97285
-4.84743
-5.54992
-5.71070
-5.14784
-6.68593
-5.86849
-1.47998
-3.18910
-2.77700
-2.19191
-3.42054

-0.08367
1.12198
1.35227

-0.08513
1.91624
0.92619
1.92393
1.87519

38

I T OO0 O I I IO I IOONHOOnHOIZOoOOonOTIIIIIOOOoOOOonNOOoom I T O O O T T

I T T T O O O O 0O

-4.94268
-5.09729

0.02732
-2.77999
-1.69944
-2.21287
-1.34628

3.57245
4.14523
3.05618
1.77102
5.05219
4.39869
3.14022
3.09643
1.45899
2.23303
1.54881
0.62178
-0.18173
0.59363
-0.55665
-1.57946
-2.56394
-1.37046
-1.58525
-1.82144
-2.33511
-0.61337
1.54115
0.29934
-0.67669
-1.53667
-0.90738

3.73476
3.75459
2.30089
1.77279
4.17100
4.41128
1.76242
2.21596

0.08342
-1.06150
0.13418
-1.53145
0.51236
1.39568
-0.08200

0.88907
-0.34646
-0.95475
-0.41509
-0.07231
-0.98001
-0.58617
-2.04321
-1.07103

0.89100

1.78614
-0.24067
-0.82884

0.66184
-0.10051

0.23701

0.28152

1.26857
-0.70582
-1.72867
-0.38479
-0.71906

1.40656
-0.94873

0.69590

0.29466

1.73801

-0.78761
-0.04349
0.36023
0.50851
-0.70657
0.81713
-0.43766
1.27634

2.03529
0.69584
0.24093
-0.79644
-1.39567
-1.78322
-2.24166

0.93536

0.40122
-0.48562

0.16114
-0.13262

1.25276
-1.50711
-0.49401

0.97884

0.82926

1.25532
-0.70073
-0.54243
-1.71372
-3.84675
-4.91025
-4.42978
-5.22288
-6.10946
-5.80709
-6.83564
-6.60657
-1.95271
-3.99719
-2.54412
-1.99731
-2.77552

-0.12830
1.13224
1.37702

-0.05657
1.88668
0.99456
1.89448
1.96002

I T OO O0OI I ITOIIOONOIZO0OO T IIIIIOoOOONOOoNO0oOw I T O O O IT T

I T T T O O O 00

-4.94907
-5.08493

0.05468
-2.76913
-1.68922
-2.19446
-1.34231

3.57244
4.14246
3.05474
1.76923
5.05332
4.38841
3.14419
3.09084
1.45274
2.23353
1.55134
0.62321
-0.18138
0.59891
-0.54456
-1.59107
-2.56972
-1.41621
-1.58653
-1.78892
-2.35579
-0.62202
1.54755
0.33305
-0.66882
-1.53021
-0.89978

3.73305
3.75371
2.30067
1.77286
4.16840
4.41217
1.76080
2.21738

0.14419
-1.05008
0.09987
-1.54070
0.48987
1.37331
-0.11848

0.88244
-0.35524
-0.95654
-0.41399
-0.08435
-0.99118
-0.58504
-2.04507
-1.07055

0.88905

1.78630
-0.23466
-0.82275

0.67085
-0.08354

0.22719

0.24217

1.26484
-0.71317
-1.74293
-0.41257
-0.69732

1.41638
-0.90684

0.70689

0.30422

1.74954

-0.78920
-0.04512
0.36124
0.50954
-0.70926
0.81408
-0.43524
1.27797

2.01923
0.72165
0.21151
-0.75871
-1.40393
-1.80121
-2.24241

0.94129

0.40808
-0.48485

0.15880
-0.12071

1.25994
-1.50489
-0.49641

0.97425

0.83082

1.25634
-0.70639
-0.55276
-1.71657
-3.85616
-4.90473
-4.41094
-5.21798
-6.10598
-5.80254
-6.82050
-6.61723
-1.95002
-4.02090
-2.55049
-2.00725
-2.77985

-0.12779
1.13322
1.37729

-0.05641
1.88762
0.99566
1.89540
1.95948




I T OO O I ITIT O I IOOonNOonHOTIT?ZOoOOon T

I OO0 IT T T OIITOOOTIZO0O0OIITIIIOoOOOoOOonOoao

2.13691

2.51401

2.18669

0.35552
-0.06739
-0.43856
-2.58323
-4.00465
-3.96324
-4.57260
-4.68491
-4.12793
-5.69742
-4.74765
-0.01575
-2.00962
-1.92246
-2.45621
-2.01644

-4.19274
-3.93995
-2.42637
-1.92473
-4.53476
-4.28459
-2.15669
-2.02511
-1.90552
-3.05500
-2.97446
-0.66529
-0.68213
0.52249
2.95886
4.26123
4.77301
4.05705
5.17110
5.39042
6.11612
4.69830
3.09791
1.74094
1.68825

1.16854
-0.91057
-1.72788

0.24677
-0.67372

1.34072
-0.13828

0.05391

0.80676

0.53512
-1.22483
-1.68320
-1.00988
-1.96081

2.48495
-1.20631

1.08496

2.00036

0.95854

0.27017
-1.15040
-1.26647
-0.11405
-1.46451
-1.67949
-1.07901
-2.23312
-0.44619

0.90829

2.09645

0.50089

1.50522
-0.11536

0.09024

0.81297

0.82130

1.85152

0.15262
-0.88125

0.69561

0.15427
-1.16304

0.64878

1.66983

-0.86472
-0.56832
-1.37990
-0.35739
-0.42544
-0.46643
-0.12809
0.36237
1.16151
-0.44463
0.84062
1.65959
1.18947
0.03657
-0.38274
-0.04786
-0.75664
-0.50115
-1.84370

0.20551
0.40330
0.60600
-0.27123
1.25914
-0.48898
1.64861
0.30709
-1.31918
-0.13700
-0.28418
0.07446
0.19665
-0.20756
-0.25428
-0.07315
-1.04236
0.19651
0.97620
0.70500
1.05231
1.96182
-0.68649
-0.00260
0.35015

I T OO O0OIITITOIIONOOHOTIZOoOOonT:T

I OO0 T T T O I ITOOOIZO0O0ITITITITITOOHOODO

2.04394

2.60113

2.34697

0.35873
-0.08485
-0.45450
-2.56731
-4.04252
-4.13901
-4.53663
-4.70237
-4.23069
-5.76039
-4.62705
-0.06145
-1.93787
-1.92876
-2.49735
-2.02946

-4.18709
-3.95799
-2.45084
-1.91927
-4.56955
-4.29552
-2.19708
-2.06413
-1.88670
-3.04156
-2.95575
-0.65236
-0.66157
0.53393
2.97124
4.26500
4.79325
4.04841
5.16299
5.40182
6.09959
4.67302
3.12040
1.74737
1.68403

1.44166
-0.59649
-1.16397

0.31188
-0.57072

1.32092
-0.12407

0.05098

0.96572

0.28700
-1.13613
-1.34265
-0.92954
-2.04014

2.45956
-1.08698

0.96649

1.89368

0.63028

0.28717
-1.13388
-1.25366
-0.14414
-1.39888
-1.69081
-1.02779
-2.23902
-0.51694

0.89151

2.07465

0.46331

1.44640
-0.12617

0.10719

0.83122

0.87593

1.85805

0.14566
-0.87669

0.69714

0.11233
-1.12343

0.63597

1.63665

-0.54431
-0.79800
-1.82718
-0.26308
-0.02426
-0.65874
-0.01081
0.27306
0.87307
-0.67777
0.96704
1.92949
1.14175
0.35899
-0.89302
0.39140
-0.86383
-0.79036
-1.90505

0.16168
0.42662
0.65827
-0.25982
1.28599
-0.44948
1.69683
0.40533
-1.29205
-0.19353
-0.40192
0.07336
0.30904
-0.24603
-0.28272
-0.05835
-1.01747
0.24272
0.98588
0.68767
1.09466
1.96245
-0.78563
-0.00263
0.40233

39

0]

2

I T OO O I I I O I IO OOonI

I T T OITI T OOOIZO0O0IITIIITOO-OoO OO0

@]

2.02530

2.62156

2.38734

0.35687
-0.09099
-0.45266
-2.56255
-4.03713
-4.13281
-4.53045
-4.69983
-4.22945
-5.75661
-4.63098
-0.05546
-1.92780
-1.92967
-2.49618
-2.04979

-4.11998
-4.10402
-2.68384
-1.86847
-4.87804
-4.34848
-2.59904
-2.37565
-1.64374
-2.87019
-2.63688
-0.61735
-0.62309
0.57629
2.99017
4.24747
4.71422
3.98529
5.24703
5.54156
6.14692
4.81521
3.18339
1.75548
1.65632

1.49516
-0.50962
-1.01148

0.32321
-0.53643

1.29156
-0.12441

0.05650

0.98616

0.26857
-1.11021
-1.29304
-0.89390
-2.02972

2.40400
-1.06774

0.93212

1.86239

0.56192

0.22948
-0.96478
-1.03556
-0.39809
-0.83144
-1.81907
-0.43473
-2.05572
-1.13826

0.59076

1.55125

0.20878

0.93404
-0.13309

0.29076

0.97284

1.42767

1.78192

0.01291
-0.78740

0.55710
-0.44031
-0.63499

0.56965

1.32725

-0.45651
-0.83082
-1.90091
-0.24522
0.06190
-0.73380
-0.00245
0.27364
0.85040
-0.68275
0.99866
1.96670
1.16850
0.41305
-1.07493
0.43965
-0.90032
-0.85157
-1.92795

-0.38462
0.46227
1.02252

-0.11061
1.21416

-0.17113
1.93161
1.24730

-0.88413

-0.72649

-1.41547
0.25978
0.96276

-0.30206

-0.32624
0.12252

-0.75852
0.80663
0.79055
0.10920
1.08549
1.68663

-1.27500
0.17639
0.94158

o

2

I T OO O I ITIT O I ITOOOI

I T T OIT T OOOIZO0O0OIITIIIOOOO-OO0OnOoao

I O O

2.02628

2.62075

2.38644

0.35671
-0.09220
-0.45206
-2.56186
-4.03641
-4.13232
-4.52999
-4.69859
-4.22828
-5.75543
-4.62958
-0.05361
-1.92629
-1.93008
-2.49537
-2.05476

-4.12025
-4.10501
-2.68198
-1.86975
-4.87384
-4.35741
-2.58954
-2.37694
-1.64983
-2.87113
-2.63769
-0.61605
-0.61734
0.57436
2.98917
4.24995
4.71547
3.99244
5.24857
5.53819
6.15124
4.81827
3.17619
1.75716
1.66286

1.49575
-0.50949
-1.01074

0.32488
-0.53240

1.29096
-0.12371

0.05598

0.98466

0.26931
-1.11203
-1.29592
-0.89624
-2.03069

2.40062
-1.06678

0.93355

1.86440

0.56578

0.22956
-0.94434
-1.00874
-0.39966
-0.78891
-1.81206
-0.38885
-2.02513
-1.15762

0.57741

1.51974

0.21271

0.94660
-0.14024

0.27727

0.96307

1.40088

1.78481

0.01190
-0.80162

0.55830
-0.42352
-0.66416

0.56719

1.33685

-0.45678
-0.83030
-1.90097
-0.24460
0.06780
-0.73831
-0.00188
0.27444
0.85269
-0.68147
0.99785
1.96574
1.16795
0.41088
-1.08785
0.43994
-0.89960
-0.84703
-1.92757

-0.37415
0.50136
1.05510

-0.09563
1.25428

-0.11016
1.95042
1.30026

-0.85313

-0.73041

-1.44449
0.25695
0.95105

-0.30418

-0.34462
0.08823

-0.80204
0.75884
0.77011
0.10237
1.05213
1.67569

-1.27941
0.15830
0.91197
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0.52942
2.17869

3.78525
3.48014
1.95182
1.53647
3.96806
3.91197
1.58487
1.57465
1.54803
2.71780
2.73440
0.25284
-0.40603
-0.44682
-1.82258
-2.29969
-2.62215
-2.14428
-4.13574
-4.37856
-4.41355
-4.92714
-4.68674
-6.00096
-4.69656
0.23528
1.15636

3.67865
4.02827
2.69614
1.75989
4.70802
4.55062
2.38051
2.71936
1.87662
2.37529
1.82855
0.36158
-0.05888

-1.29804
-1.53927

-0.33828
-1.67902
-1.77030
-0.31604
-2.37880
-1.77939
-2.09242
-2.45809
-0.09062
0.46034
1.62840
0.00713
-0.77584
1.15022
1.17731
2.13817
-0.00355
-1.13706
0.18137
0.78043
0.80575
-1.12367
-1.73816
-0.91912
-1.71496
2.26567
2.21265

-1.05033
0.33485
1.04316
0.25030
0.32901
0.73121
0.91782
2.10561
0.62817

-1.14922

-2.19452
0.20158

-0.70718

-0.61080
-0.76737

-0.29593
0.18193
0.18539
0.42515

-0.49363
1.18044

-0.79248
0.94195
1.50393

-0.17480

-0.48022

-0.16971

-0.29971
0.10901
0.10039
0.23403

-0.07612

-0.27857

-0.02375
0.86136

-0.88282

-0.03495
0.83559

-0.02368

-0.92272
0.39282
0.04989

0.05083
0.32837
0.58383
-0.33718
1.17893
-0.54658
1.62301
0.34832
-1.36340
-0.29609
-0.51425
0.00756
0.15541
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0.55280
2.20203

3.82827
3.56560
2.04098
1.60906
4.04151
4.03442
1.64999
1.70573
1.64629
2.75644
2.74141
0.29918
-0.34216
-0.40200
-1.78124
-2.24947
-2.59552
-2.13165
-4.10576
-4.35051
-4.35395
-4.93388
-4.72528
-6.00057
-4.71732
0.27545
1.20187

3.64151
4.01479
2.68806
1.76409
4.65981
4.57491
2.33762
2.75051
1.91148
2.35759
1.80919
0.35354
-0.05940

-1.28639
-1.49744

-0.07716
-1.42886
-1.54367
-0.09395
-2.12018
-1.50618
-1.88685
-2.22588
0.14152
0.69510
1.86720
0.20656
-0.58538
1.34825
1.38664
2.35436
0.22175
-0.92414
0.43880
1.04964
1.06335
-0.84316
-1.46106
-0.60457
-1.44376
2.47097
2.41193

-1.06827
0.26943
0.96950
0.31347
0.13992
0.74982
0.73314
2.05099
0.80682

-1.09044

-2.09402
0.26478

-0.61595

-0.71981
-0.88584

-0.27462
0.22472
0.27987
0.51913

-0.46606
1.20654

-0.68085
1.05979
1.59329

-0.12267

-0.43571

-0.03865

-0.17104
0.21029
0.18389
0.30053
0.00267

-0.18496
0.02535
0.90142

-0.84225
0.00948
0.88608
0.00849

-0.87601
0.48091
0.14500

-0.06018
0.39840
0.69165

-0.34643
1.26465

-0.40637
1.69936
0.58326

-1.31566

-0.46451

-0.84140

-0.05721
0.21956
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0.64116
2.28474

3.78237
3.53550
2.01275
1.57029
4.01453
4.00876
1.62122
1.68887
1.61142
2.70622
2.67824
0.25259
-0.38051
-0.45225
-1.83323
-2.30079
-2.64933
-2.18668
-4.15887
-4.40544
-4.40155
-4.99397
-4.79178
-6.05896
-4.78199
0.21941
1.15032

3.63891
3.96374
2.61572
1.78126
451717
4.60084
2.18197
2.69240
1.96998
2.40461
1.92278
0.35581
-0.03270

-1.01953
-1.01348

-0.29270
-1.65192
-1.77945
-0.33444
-2.33508
-1.72447
-2.12302
-2.46628
-0.10401
0.46617
1.64140
-0.04087
-0.83687
1.09675
1.13611
2.1039%4
-0.02333
-1.17082
0.19900
0.83512
0.79922
-1.07867
-1.67419
-0.83331
-1.70315
2.22242
2.16453

-0.98127
0.09991
0.70115
0.46289

-0.34617
0.80968
0.15562
1.75436
1.25528

-0.81768

-1.59392
0.37945

-0.35322

-1.18762
-1.47994

-0.35280
0.14471
0.20598
0.45437

-0.55137
1.12411

-0.75423
0.98620
1.52875

-0.19082

-0.50001

-0.09292

-0.23150
0.15082
0.11609
0.23520

-0.07632

-0.26911

-0.06390
0.79296

-0.95011

-0.04773
0.84603

-0.05635

-0.91778
0.42470
0.09785

-0.38041
0.55213
0.94692

-0.32119
1.37505
0.02176
1.78867
1.21416

-1.05221

-0.89178

-1.67817

-0.15281
0.42603
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0.63381
2.27555

3.78242
3.53672
2.01412
1.57095
4.01597
4.01026
1.62256
1.69109
1.61239
2.70602
2.67708
0.25263
-0.37988
-0.45235
-1.83349
-2.30083
-2.64996
-2.18759
-4.15939
-4.40597
-4.40154
-4.99536
-4.79367
-6.06014
-4.78415
0.21894
1.15033

3.63857
3.96226
2.61420
1.78176
451123
4.60316
2.17770
2.69252
1.97050
2.40633
1.92637
0.35615
-0.03093

-1.04008
-1.04340

-0.29142
-1.65131
-1.77969
-0.33504
-2.33379
-1.72347
-2.12319
-2.46689
-0.10512
0.46639
1.64192
-0.04187
-0.83815
1.09550
1.13519
2.10311
-0.02359
-1.17130
0.19944
0.83762
0.79773
-1.07765
-1.67149
-0.83148
-1.70401
2.22135
2.16332

-0.98063
0.09769
0.70127
0.46470

-0.35190
0.80694
0.15704
1.75436
1.25819

-0.81441

-1.58753
0.37979

-0.34703

-1.17692
-1.47438

-0.35334
0.14399
0.20568
0.45493

-0.55253
1.12323

-0.75452
0.98589
1.52933

-0.19049

-0.49937

-0.09152

-0.23047
0.15170
0.11618
0.23558

-0.07722

-0.27053

-0.06563
0.78965

-0.95330

-0.04685
0.84817

-0.05585

-0.91576
0.42580
0.10004

-0.38086
0.55588
0.94721

-0.32249
1.37984
0.02958
1.78831
1.21435

-1.05228

-0.89507

-1.68608

-0.15518
0.43204
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-0.43973
-2.61769
-4.83833
-5.91896
-4.61417
-4.55933

0.03528
-1.99479
-2.63848
-1.89847
-2.43472
-4.11493
-4.36434
-4.47040

-4.05858
-4.01504
-2.61814
-1.79944
-4.83067
-4.18470
-2.59561
-2.26289
-1.55619
-2.81129
-2.56593
-0.60146
-0.53736
0.51238
2.99012
3.82060
3.57120
5.07975
5.09430
5.96654
5.17810
0.51913
3.24992
2.40315
1.74831
1.61526
1.87293

-3.93087

1.28779
0.06886
-0.87215
-0.80819
-0.60981
-1.92100
2.35893
-1.12409
-1.82898
1.14936
2.07157
0.07461
-0.20052
1.09547

0.57043
-0.88316
-1.27330
-0.06572
-1.26171
-1.16644
-1.33609
-2.21515
-0.18448

1.07621

2.24059

0.26949

1.22128
-0.50323
-0.08447

0.94589

1.88409

0.88978

1.68134

1.03519
-0.07149
-1.58216
-1.32160
-1.79689

0.00732

1.02967
-0.63997

0.68304

-0.23042
0.32996
-0.49689
-0.35231
-1.53319
-0.35123
-0.60367
0.58500
0.70814
-0.01894
-0.19647
0.47825
1.51180
0.33158

-0.23733
-0.31809
0.17569
-0.29127
0.29505
-1.35992
1.26683
-0.23802
-1.35619
-0.17295
-0.02137
0.44796
0.78576
0.38438
0.24932
0.05576
0.54063
-0.75716
-1.51433
-0.12914
-1.26220
-0.20847
-0.27321
-0.35705
1.11181
1.46750
1.99028

-0.14801
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-0.46763
-2.61021
-4.81301
-5.89265
-4.60666
-4.50436
-0.01030
-1.95718
-2.57701
-1.91822
-2.48301
-4.10525
-4.34094
-4.48175

-4.05476
-4.05708
-2.67130
-1.81780
-4.88047
-4.23664
-2.64928
-2.34981
-1.57651
-2.79794
-2.52895
-0.60317
-0.56196
0.52352
3.00611
3.85297
3.60112
5.13053
5.16751
6.00367
5.23925
0.55736
3.26090
2.40325
1.75080
1.60866
1.86439

-3.93655

1.31199
0.10028
-0.93483
-0.88347
-0.72938
-1.96318
2.36734
-1.04539
-1.72809
1.16057
2.04493
0.08830
-0.12636
1.09042

0.59229
-0.87107
-1.26243
-0.10977
-1.18004
-1.21176
-1.25832
-2.23853
-0.30050

1.06294

2.23488

0.22848

1.13661
-0.50813
-0.07603

0.95101

1.86824

0.92457

1.75278

1.03423
-0.00971
-1.55352
-1.29414
-1.74950
-0.01278

0.99798
-0.68235

0.68209

-0.36981
0.31477
-0.43490
-0.28010
-1.48762
-0.22556
-0.82407
0.66810
0.94946
-0.14685
-0.40773
0.47263
1.52291
0.26401

-0.27984
-0.26369
0.25371
-0.28986
0.37582
-1.28497
1.34617
-0.10429
-1.34312
-0.25496
-0.19501
0.42173
0.86436
0.30661
0.21506
0.08495
0.60697
-0.70192
-1.41793
-0.04800
-1.25390
-0.35150
-0.36335
-0.47176
1.05924
1.44148
1.92229

-0.18593
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-0.50664
-2.59687
-4.76381
-5.84272
-4.57856
-4.40791
-0.10011
-1.89797
-2.47498
-1.94921
-2.55406
-4.08942
-4.31285
-4.50180

-3.77362
-4.18827
-2.95632
-1.81744
-5.04437
-4.48723
-2.92062
-2.93169
-1.61008
-2.43356
-1.86114
-0.55985
-0.55571
0.61092
3.04883
3.81908
3.53154
5.05781
5.00739
5.95134
5.20324
0.69933
3.35599
2.52531
1.83547
1.63665
2.04136

-3.68903

1.26951
0.18129
-1.06731
-1.02241
-1.08735
-2.01026
2.19457
-0.81331
-1.36953
1.11122
1.86847
0.15573
0.17235
1.07327

0.70415
-0.51554
-0.96359
-0.45940
-0.25432
-1.24034
-0.46737
-2.04119
-1.17338

0.78171

1.70401
-0.19053

0.43712
-0.74014
-0.08236

0.99224

1.66083

1.33057

2.35147

1.28233

0.64824
-1.50224
-1.01438
-1.47975
-0.40578

0.40923
-1.30614

0.65644

-0.73156
0.25834
-0.21640
-0.05481
-1.29277
0.20670
-1.44870
0.87577
1.41286
-0.47410
-0.95353
0.43248
1.50681
0.01110

-0.78177
-0.08629
0.70073
-0.19353
0.53085
-0.84515
1.67389
0.85608
-0.99569
-0.85641
-1.37804
0.46203
1.25386
0.06954
0.06442
0.26719
1.07177
-0.50995
-0.90367
0.12355
-1.34842
-0.90120
-0.89756
-1.12112
0.90987
1.60507
1.50424

-0.75911
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-0.50777
-2.59571
-4.76522
-5.84351
-4.58380
-4.40825
-0.10286
-1.89567
-2.47042
-1.94957
-2.55553
-4.08772
-4.30789
-4.50033

-3.77327
-4.19052
-2.95818
-1.81959
-5.04396
-4.49393
-2.91914
-2.93652
-1.61557
-2.43346
-1.85933
-0.56033
-0.55566
0.61044
3.04906
3.82202
3.53642
5.06171
5.01353
5.95473
5.20669
0.69827
3.35331
2.52152
1.83606
1.63810
2.04194

-3.68613

1.26494
0.17948
-1.06440
-1.01940
-1.07932
-2.00929
2.18495
-0.81510
-1.36780
1.10816
1.86475
0.15507
0.16687
1.07495

0.70207
-0.51194
-0.95937
-0.46371
-0.24360
-1.24022
-0.45828
-2.03619
-1.18297

0.77464

1.69138
-0.19456

0.42638
-0.73792
-0.08068

0.99014

1.65172

1.33270

2.35695

1.27764

0.65717
-1.49095
-1.00419
-1.46711
-0.40964

0.40025
-1.31428

0.65559

-0.73886
0.25831
-0.21565
-0.05007
-1.29278
0.20201
-1.46396
0.87378
1.41705
-0.47740
-0.95651
0.43674
1.51175
0.02072

-0.78320
-0.07870
0.70802
-0.19132
0.53899
-0.83238
1.67852
0.86882
-0.98958
-0.86128
-1.39141
0.46101
1.25824
0.06092
0.05814
0.27054
1.08156
-0.50330
-0.88852
0.13034
-1.34737
-0.91733
-0.91317
-1.13828
0.90194
1.60328
1.48980

-0.75997
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-3.98681
-2.58787
-1.72560
-4.78182
-4.24457
-2.49668
-2.32288
-1.55968
-2.65223
-2.32326
-0.46334
-0.32225
0.59804
3.08487
3.98634
0.50161
3.23695
2.35625
1.90466
1.83576
2.05115
4.77799
4.05834
4.03915
3.24100
4.99511

-4.10938
-4.17475
-2.76221
-1.89475
-4.93805
-4.48318
-2.61948
-2.53435
-1.74244
-2.82267
-2.52225
-0.65444
0.36469
2.94046
3.04529
4.09547
4.16651
3.79287

-0.77132
-1.21252
-0.11180
-1.03344
-1.13638
-1.17934
-2.21018
-0.34246
1.10397
2.25725
0.20411
1.17318
-0.63960
-0.38687
0.52854
-1.75753
-1.68884
-2.10481
-0.14874
0.89893
-0.73523
0.16388
1.97556
2.62156
2.29161
2.19382

-0.30272
1.02973
1.60094
0.34447
1.57819
0.94215
2.04392
2.35346
0.07390

-0.74288

-1.81747
0.42937

-0.18140

-0.10513

-0.62023
0.60262
0.22168
1.65282

-0.09130
0.35152
-0.27446
0.60422
-1.08861
1.44037
0.00666
-1.33580
-0.20456
-0.17690
0.35821
0.61299
0.28634
-0.02184
-0.39235
-0.21811
-0.42574
-0.44244
0.89750
1.18600
1.81422
-1.04164
-0.00180
-0.88663
0.64931
0.52402

-0.23034
0.33236
0.18637
0.29561

-0.21839
1.37844

-0.80228
0.94248
1.35005

-0.28241

-0.71235

-0.44113
0.00308

-0.04771
1.05330

-0.71702

-1.74406

-0.83019
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-4.01458
-2.61823
-1.74533
-4.80566
-4.28401
-2.51913
-2.37458
-1.58692
-2.65827
-2.32431
-0.46975
-0.35008
0.60475
3.10019
4.02392
0.53720
3.24526
2.35335
1.90068
1.82225
2.02956
4.82968
4.10092
4.12110
3.26527
5.02259

-4.12806
-4.18033
-2.77028
-1.90570
-4.95491
-4.46254
-2.65369
-2.52059
-1.74078
-2.85071
-2.56749
-0.67213
0.36333
2.94005
3.01977
4.10945
417371
3.82716

-0.77213
-1.19914
-0.14723
-0.97712
-1.18698
-1.10640
-2.21855
-0.43890
1.07891
2.23404
0.17940
1.12012
-0.63219
-0.36661
0.54495
-1.73104
-1.66283
-2.05897
-0.14394
0.89931
-0.73836
0.19116
1.98026
2.64835
2.28749
2.17070

-0.31597
1.02815
1.58861
0.32731
1.57137
0.93731
2.02900
2.34021
0.06387

-0.75358

-1.83958
0.40587

-0.17209

-0.07810

-0.57820
0.59726
0.20759
1.65200

-0.04029
0.41732
-0.27849
0.67710
-1.01318
1.50154
0.12469
-1.32443
-0.28369
-0.34442
0.32342
0.67399
0.21066
-0.04894
-0.37086
-0.34928
-0.49199
-0.53151
0.84713
1.14667
1.76141
-1.00961
0.06134
-0.80669
0.69199
0.62318

-0.20292
0.35917
0.17425
0.27057

-0.17851
1.41047

-0.81874
0.92318
1.32445

-0.27800

-0.71007

-0.48209

-0.02422

-0.03881
1.07438

-0.70697

-1.73059

-0.82811
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-4.08989
-2.81612
-1.73419
-4.88499
-4.47268
-2.68611
-2.81727
-1.61337
-2.35718
-1.79558
-0.42263
-0.34338
0.70317
3.13942
3.95748
0.69904
3.35909
2.50213
1.99567
1.84907
2.24424
4.74300
3.94241
3.85633
3.12317
4.87752

-4.13248
-4.17978
-2.77124
-1.90708
-4.95910
-4.45087
-2.66630
-2.51263
-1.73409
-2.85914
-2.58209
-0.67767
0.36294
2.93916
3.01009
4.11297
4.18291
3.83293

-0.43240
-0.82072
-0.50115
-0.04768
-1.24262
-0.19311
-1.86520
-1.32929
0.66108
1.47288
-0.19826
0.51761
-0.81910
-0.21765
0.83882
-1.69062
-1.28685
-1.74341
-0.41427
0.47096
-1.24416
0.78993
2.06649
2.97090
2.07835
2.15946

-0.32158
1.03116
1.58653
0.32433
1.56836
0.94603
2.02046
2.34182
0.06997

-0.75736

-1.84991
0.39694

-0.17383

-0.07646

-0.58151
0.59543
0.20449
1.65016

0.13356
0.88491
-0.15317
0.76739
-0.48885
1.77035
1.19313
-0.85722
-0.94186
-1.63167
0.36798
1.07622
-0.04939
-0.32221
-0.37498
-0.92679
-1.16601
-1.28032
0.64905
1.26381
1.32374
-1.12570
0.48901
-0.12307
1.20914
1.05317

-0.18158
0.37134
0.16650
0.26355

-0.16464
1.42531

-0.83059
0.90809
1.31820

-0.26532

-0.69337

-0.49829

-0.04018

-0.04257
1.07035

-0.70253

-1.72507

-0.82666

-4.08935
-2.81539
-1.73438
-4.88130
-4.47675
-2.68141
-2.81978
-1.61746
-2.35501
-1.79202
-0.42140
-0.34183
0.70384
3.13878
3.95528
0.69931
3.35791
2.50122
1.99724
1.85112
2.24773
4.73953
3.93999
3.85469
3.12018
4.87472

-4.13281
-4.17971
-2.77131
-1.90714
-4.95944
-4.44980
-2.66747
-2.51188
-1.73325
-2.85987
-2.58335
-0.67820
0.36291
2.93908
3.00923
4.11327
4.18399
3.83328

-0.42636
-0.81503
-0.50522
-0.03434
-1.23864
-0.18316
-1.85782
-1.33780
0.65409
1.45912
-0.20327
0.50530
-0.82006
-0.21489
0.84306
-1.68498
-1.27853
-1.73584
-0.41939
0.46109
-1.25391
0.79988
2.06558
2.97355
2.07340
2.15499

-0.32220
1.03156
1.58639
0.32415
1.56798
0.94730
2.01947
2.34219
0.07093

-0.75777

-1.85104
0.39609

-0.17410

-0.07663

-0.58268
0.59526
0.20438
1.64995

0.14063
0.89135
-0.15048
0.77387
-0.47615
1.77311
1.20507
-0.84989
-0.94529
-1.64235
0.36785
1.08342
-0.05571
-0.32876
-0.37696
-0.94009
-1.18009
-1.29424
0.64337
1.26493
1.31155
-1.12943
0.49436
-0.11251
1.21386
1.05971

-0.17914
0.37246
0.16563
0.26303

-0.16358
1.42669

-0.83194
0.90635
1.31779

-0.26362

-0.69101

-0.49980

-0.04182

-0.04320
1.06946

-0.70207

-1.72456

-0.82636




I T T OIT OITOOOOIIOOoOOOITIIOIIOOOITZARN I T O T O IT T T O

I OO0 0O I zZ2r

5.42541
5.73841
6.20422
5.35013
0.38840
1.32215
1.63493
1.67095
1.56214

0.28787
-0.27111
-0.42543
-2.65957
-4.05153
-3.94074
-4.60582
-4.80243
-4.25645
-5.78904
-4.93504

0.02900
-2.16411
-1.91918
-2.40767
-1.99142

1.66514

2.56943

2.12741

3.91381

2.21684

3.47062

1.42792

4.37479

4.60619

3.80991

5.42272

0.62894
0.46762
-0.50348
-2.94877
-4.28596
-4.76978

0.48606
-0.55651
1.03517
0.88939
-0.88313
-1.05871
-0.18071
-1.13339
0.60828

0.13723
-0.68282
1.29096
-0.10667
0.05434
0.61169
0.73291
-1.25540
-1.91285
-1.06182
-1.79371
2.37061
-1.20103
1.18051
2.04878
1.29589
-0.08507
0.92687
-1.40051
0.60781
1.93923
-1.70165
-2.18607
-0.69741
1.39791
-2.72404
-0.93087

-0.71387
-1.70888
0.06478
0.01532
-0.65756
-0.29196

0.02125
0.10642
-0.51217
1.03237
1.15604
1.39516
-0.82688
-1.37588
-1.57423

-0.32928
-0.54918
-0.18804
-0.20712
0.36727
1.30753
-0.29448
0.58387
1.26264
1.01060
-0.35682
0.15008
-0.40369
-0.55036
-0.10904
-1.64026
-0.11045
0.23671
-0.26461
0.42219
0.35929
-0.07601
-0.53247
0.26945
0.69116
-0.19900
0.41708

-0.08792
-0.13108
-0.12476
-0.27373
-0.37825
-1.29129
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5.43660
5.72886
6.22413
5.37468
0.39135
1.33207
1.64422
1.70079
1.58514

0.29742
-0.27387
-0.40978
-2.65195
-4.08676
-4.05606
-4.57713
-4.86184
-4.38680
-5.88041
-4.91782

0.06853
-2.12607
-1.91253
-2.39266
-2.03906

1.68285

2.61087

2.13125

3.96270

2.27294

3.48161

1.41590

4.40861

4.67184

3.80871

5.46163

0.62248
0.45710
-0.50506
-2.95217
-4.28759
-4.78781

0.46109
-0.58676
0.98619
0.88359
-0.85725
-1.00704
-0.14723
-1.08790
0.65413

0.13607
-0.69108
1.29345
-0.11465
0.04034
0.57648
0.73548
-1.26725
-1.94067
-1.06940
-1.78657
2.38995
-1.20685
1.18135
2.02584
1.34775
-0.08106
0.94207
-1.40760
0.62520
1.96349
-1.70718
-2.20248
-0.69107
1.42484
-2.73782
-0.92378

-0.70404
-1.69959
0.07536
0.02660
-0.64770
-0.26459

0.03250
0.12866
-0.51170
1.03694
1.13812
1.38234
-0.83492
-1.40181
-1.56966

-0.24073
-0.40130
-0.13140
-0.11163
0.33729
1.29541
-0.35578
0.46221
1.17793
0.80266
-0.49696
0.13288
-0.24531
-0.42172
0.07249
-1.50065
-0.07851
0.15897
-0.17651
0.29326
0.23733
-0.04016
-0.36039
0.19649
0.47676
-0.11879
0.30320

-0.09367
-0.13339
-0.13457
-0.28419
-0.38522
-1.28186
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5.43562
5.72525
6.22640
5.37100
0.39237
1.33593
1.64670
1.70971
1.59259

0.29825
-0.27563
-0.40858
-2.65004
-4.09129
-4.07687
-4.57045
-4.86788
-4.41069
-5.89379
-4.90306

0.07536
-2.11704
-1.91180
-2.39130
-2.04963

1.68453

2.61950

2.12805

3.97232

2.28723

3.47922

1.40877

4.41273

4.68618

3.80188

5.46610

0.62164
0.45725
-0.50494
-2.95249
-4.28733
-4.78829

0.45864
-0.58954
0.97904
0.88838
-0.86068
-1.00281
-0.13806
-1.07188
0.67171

0.13970
-0.68738
1.29573
-0.11410
0.03569
0.56444
0.73534
-1.27289
-1.94856
-1.07552
-1.78775
2.39356
-1.20467
1.18583
2.02114
1.36834
-0.07859
0.94546
-1.40853
0.62709
1.96981
-1.70989
-2.20466
-0.69258
1.42776
-2.74297
-0.92700

-0.70293
-1.69912
0.07478
0.02577
-0.64900
-0.26983

0.04458
0.14608
-0.49926
1.04597
1.12101
1.36537
-0.84522
-1.42234
-1.57083

-0.22451
-0.37933
-0.11298
-0.09447
0.33075
1.29318
-0.36504
0.43308
1.15855
0.75077
-0.52962
0.14643
-0.22172
-0.39019
0.12001
-1.46511
-0.07306
0.13335
-0.15101
0.25795
0.19497
-0.02468
-0.31192
0.18167
0.41703
-0.08759
0.28055

-0.09423
-0.13465
-0.13568
-0.28522
-0.38393
-1.28187
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5.43539
5.72495
6.22648
5.37028
0.39253
1.33639
1.64689
1.71039
1.59325

0.29837
-0.27583
-0.40837
-2.64982
-4.09180
-4.07923
-4.56963
-4.86863
-4.41356
-5.89535
-4.90141

0.07619
-2.11605
-1.91169
-2.39103
-2.05090

1.68474

2.62067

2.12751

3.97360

2.28918

3.47877

1.40763

4.41319

4.68814

3.80078

5.46661

0.62174
0.45761
-0.50483
-2.95241
-4.28722
-4.78755

0.45855
-0.58962
0.97870
0.88890
-0.86138
-1.00286
-0.13716
-1.07017
0.67364

0.14023
-0.68677
1.29608
-0.11394
0.03497
0.56189
0.73588
-1.27377
-1.95051
-1.07672
-1.78708
2.39385
-1.20425
1.18662
2.02052
1.37178
-0.07827
0.94597
-1.40871
0.62740
1.97075
-1.71031
-2.20505
-0.69278
1.42824
-2.74376
-0.92743

-0.70305
-1.69933
0.07438
0.02519
-0.64955
-0.27156

0.04596
0.14790
-0.49767
1.04707
1.11909
1.36336
-0.84642
-1.42478
-1.57089

-0.22253
-0.37695
-0.10989
-0.09242
0.33016
1.29361
-0.36520
0.42854
1.15437
0.74379
-0.53508
0.14969
-0.21961
-0.38559
0.12709
-1.45988
-0.07240
0.12885
-0.14665
0.25222
0.18743
-0.02164
-0.30372
0.17970
0.40725
-0.08165
0.27758

-0.09372
-0.13426
-0.13512
-0.28488
-0.38360
-1.28241
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-4.13546
-5.19593
-5.36156
-6.16583
-4.75213
-0.45736
1.98582
2.42299
2.93261
3.78872
1.70005
4.29054
2.60001
4.72934
4.11570
5.00552
5.78791
-1.76392
-1.77394
-3.02166
-2.08491

3.78372
2.26697
1.88371
4.14612
4.31421
1.74490
1.98816
2.20643
0.45916
-0.00495
-0.33381
-2.48052
-3.86227
-3.75436
-4.47244
-4.53458
-3.93513
-5.51865
-4.66222
0.06065
-1.93613
-1.81863
-2.35636

-1.73294
-0.37206
0.70005
-0.85678
-0.75124
1.30866
-0.33872
0.99126
-1.37456
1.25865
1.79146
-1.09063
-2.40747
0.23155
2.29149
-1.90559
0.45565
-0.65773
-1.73903
1.34518
1.67769

-0.69660
-0.49664
0.29613
-1.57238
0.16928
-1.46096
0.02270
1.33283
0.34189
-0.49524
1.38754
-0.10616
-0.10759
0.31809
0.62332
-1.47584
-2.18931
-1.40213
-1.88410
2.41569
-1.13230
1.25563
2.02853

-0.49744
0.82820
0.94481
0.69343
1.75250

-0.07840

-0.00720
0.05510
0.00807
0.13036
0.04357
0.08323

-0.04009
0.14503
0.17796
0.09319
0.20366

-0.22292

-0.26155

-0.23288

-0.16222

1.02226
1.17872
-0.08509
1.56461
1.42881
1.16722
2.09799
0.03525
-0.37907
-0.71574
-0.04410
-0.26771
0.35595
1.36297
-0.19093
0.40052
0.96873
0.86903
-0.60410
0.48712
-0.63018
-0.43510
0.11312
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-4.13355
-5.18074
-5.35991
-6.14629
-4.71835
-0.45676
1.98027
2.42631
2.92158
3.79369
1.71013
4.28088
2.58346
4.72816
4.12603
4.99083
5.78777
-1.76616
-1.77336
-3.02239
-2.08347

3.81615
2.30325
1.89406
4.18587
4.35642
1.78059
2.04541
2.21958
0.46112
-0.00743
-0.32889
-2.47488
-3.87917
-3.80774
-4.45835
-4.56835
-4.00610
-5.57004
-4.66208
0.07490
-1.90891
-1.81711
-2.35632

-1.71882
-0.39757
0.66925
-0.89096
-0.79320
1.32389
-0.33423
0.99409
-1.37581
1.25635
1.79977
-1.09742
-2.40665
0.22354
2.28792
-1.91642
0.44195
-0.64336
-1.72414
1.36118
1.68730

-0.69165
-0.48908
0.29778
-1.56834
0.17379
-1.45276
0.03334
1.33468
0.33580
-0.51405
1.39321
-0.12156
-0.11126
0.31719
0.62340
-1.47143
-2.18817
-1.37919
-1.88429
2.46032
-1.15383
1.24183
2.00624

-0.53020
0.84220
0.98654
0.70994
1.75022

-0.08820

-0.00798
0.04103
0.02521
0.12002
0.01663
0.10365

-0.01107
0.15152
0.15692
0.12723
0.21254

-0.23617

-0.27854

-0.23984

-0.16936

1.00535
1.19273
-0.06627
1.54104
1.39963
1.19551
2.11665
0.03802
-0.32559
-0.62389
-0.04952
-0.22666
0.33518
1.34405
-0.23853
0.35940
0.96097
0.78480
-0.64737
0.41107
-0.54365
-0.40029
0.15808

44

I OIT OI T T OII O I OO OO0 OoOITITIOohOTI

I OO0 o0OIT ITITOIIOO0OOITZIIIIIOoOOOoocZ

-4.13221
-5.18101
-5.36647
-6.14397
-4.71687
-0.45666
1.97923
2.42708
2.92005
3.79502
1.71281
4.27962
2.58075
4.72854
4.12823
4.98871
5.78836
-1.76632
-1.77308
-3.02129
-2.08126

3.83597
2.32466
1.89964
4.21290
4.37844
1.80531
2.07583
2.22517
0.46293
-0.00813
-0.32605
-2.47451
-3.89387
-3.85090
-4.45219
-4.58941
-4.05149
-5.60350
-4.65448
0.08245
-1.89839
-1.81546
-2.35387

-1.72017
-0.39686
0.66960
-0.89540
-0.78754
1.32580
-0.33285
0.99516
-1.37551
1.25677
1.80253
-1.09797
-2.40549
0.22279
2.28795
-1.91771
0.43998
-0.64305
-1.72384
1.36285
1.68601

-0.68498
-0.48605
0.29584
-1.56006
0.18265
-1.45128
0.03770
1.33347
0.32922
-0.52584
1.38910
-0.12955
-0.10947
0.32930
0.62081
-1.46635
-2.17795
-1.36336
-1.89049
2.46879
-1.16674
1.23284
1.99491

-0.52504
0.84282
0.98336
0.71205
1.75206

-0.09230

-0.00845
0.04442
0.02165
0.12416
0.02255
0.10093

-0.01823
0.15268
0.16403
0.12201
0.21427

-0.23390

-0.27029

-0.24678

-0.17702

0.99422
1.19779
-0.05891
1.52742
1.38058
1.20841
2.12363
0.03668
-0.30043
-0.58039
-0.04254
-0.19952
0.31898
1.32483
-0.27995
0.33749
0.96707
0.72946
-0.66700
0.39259
-0.48389
-0.37625
0.18634
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-4.13205
-5.18183
-5.36786
-6.14448
-4.71822
-0.45663
1.97931
2.42716
2.92022
3.79517
1.71298
4.27981
2.58090
4.72874
4.12835
4.98894
5.78857
-1.76624
-1.77296
-3.02111
-2.08101

3.83823
2.32709
1.90021
4.21614
4.38079
1.80825
2.07916
2.22559
0.46311
-0.00820
-0.32577
-2.47461
-3.89575
-3.85648
-4.45163
-4.59165
-4.05642
-5.60718
-4.65316
0.08318
-1.89743
-1.81526
-2.35359

-1.72088
-0.39592
0.67067
-0.89499
-0.78527
1.32564
-0.33276
0.99526
-1.37543
1.25691
1.80271
-1.09786
-2.40533
0.22293
2.28808
-1.91758
0.44010
-0.64346
-1.72427
1.36258
1.68547

-0.68435
-0.48610
0.29552
-1.55925
0.18357
-1.45159
0.03751
1.33325
0.32834
-0.52725
1.38848
-0.13038
-0.10906
0.33178
0.62003
-1.46573
-2.17607
-1.36155
-1.89196
2.46940
-1.16820
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Figure S1. Molecular graphs at the B3LYP/6-311++G(d,p) computational level in the

gas phase for A-P structures. Green and red dot corresponds to the BCPs and ring

critical points, respectively.
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Figure S2. 'H NMR stack of Cg-OHL O-H region at 1-10 mM concentrations in
CDCl;

Table S1. Type of intramolecular interaction, H---O distance (in A), Y-H---O angle
(in 9), electron density, pscp, Laplacian, V2scp, and total electron energy, Hgcp, at the
bond critical point (in a.u.) and second order perturbation energy, E(2) (in kcal/mol) at
the B3LYP/6-311++G(d,p) computational level in the gas phase (GP) and in
acetonitrile (AC) for the C-J structures.

Comp. Typ Ru...o Angle PBCP VZBCP Hgcp E(Z)GP E(Z)AC

C N-H---O 2.049 1282 0.0224 0.0832 0.0024 4.8 1.7
D O-H---O 1.674 1479 0.0515 0.1421 -0.0074 25.7 26.4
F O-H---O 1.764 163.6 0.0391 0.1219 -0.0018 18.0 21.5

N-H---O 1776 1411 0.0418 0.1316 -0.0019 18.6 14.4
G N-H---O 2.026 127.8 0.0213 0.0906 0.0032 3.7 4.6
H O-H---O 1902 143.0 0.0299 0.1013 0.0007 8.6 11.8
I O-H---O 1900 1434 0.0115 0.0392 0.0018 8.6 11.8
J O-H---O 1.811 1448 0.0369 0.1191 -0.0011 135 17.7

Table S2. Type of intramolecular interaction, H---O distance (in A), Y-H---O angle

(in ©), electron density, pscp, Laplacian, V2gcp, and total electron energy, Hgcp, at the
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bond critical point (in a.u.) the B3LYP/6-311++G(d,p) computational level in the gas
phase (GP) and in acetonitrile (AC) for the K-P structures.

Gas phase
Comp. Typ Rh...0 Angle PBCP VZBCP Hgcp E(2)
K N-H---O 1.968 136.5 0.0263 0.0957 0.0022 7.10
L O-H---O 1.671 147.7 0.0519 0.1430 -0.0076  25.96
M N-H---O 2.035 132.7 0.0229 0.0840 0.0023 5.06
N O-H---O 1.655 148.5 0.0540  0.1443 -0.0087 28.12
O N-H---O 2.047 128.4 0.0225 0.0835 0.0024 4.92
P O-H---O 1.673 147.9 0.0516 0.1422 -0.0074 25.81
Acetonitrile
Comp. Typ Ry...0 Angle PBCP W ep Hecp E(2)
K N-H---O 1.919 138.3 0.0293 0.1052 0.0018 9.15
L O-H---0 1.666 148.6 0.0526 0.1440 -0.0079 26.66
M N-H---O 1.998 134.1 0.0249 0.0908 0.0022 6.13
N O-H---0 1.645 149.7 0.0555 0.1460 -0.0095 29.63
@) N-H---O 1.960 134.2 0.0269 0.0984  0.0021 7.28
P O-H---0 1.666 148.7 0.0525 0.1437 -0.0079 26.78
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