


broadening-based assumption that 16 and 17 are more flexible than 15, with the
overlaid solution ensembles of these compounds being shown in Figure 29. The
ensemble of 16 was identified to contain 9 conformers, as compared to 6 for 15 and
17, and was therefore concluded to be the most flexible of the three. The ensemble
of 17 is more diverse than that of 15 (RMSD = 1.90 and 1.78, respectively). Thus,
the flexibility order was found to be 16 > 17 > 15, which is opposite to the CD36
activity order 15 > 17 > 16."”

Table 6. Results of the NAMFIS analyses for the azapeptides 15-17 in D,O.

15 16 17
Conf. % in Conf. | Conf. % in Conf. | Conf. % in Conf.
no? ensembleb familyc | nor  ensemble® familye | no.  ensembleb familyc

1 3 A 7 2 A 16 22 A

2 28 A 8 7 C 17 8 B

3 11 B 9 11 C 18 22 -

4 8 B 10 2 D 19 8 -

5 11 B 11 3 C 20 16 -

6 36 B 12 25 - 21 21 D
13 8 B
14 6 -
15 33 B

“The overlaid structures of the most populated conformations are shown in Figure 29.
"Population of the indicated conformer in solution as selected by NAMFIS analysis, all other
molar fractions are 1% or less. “The conformational families are shown in Figure 30. RMSD
overlaying backbone atoms: A = 0.91, B = 1.36, C = 0.53, D = 1.22.

Figure 29. Overlaid backbone conformations (supetrpositioning a-carbons of Trp-Ala-Ttrp-Phe)
of the solution ensembles of peptides 15-17. RMSD overlaying backbone atoms: 1 = 1.78, 2 =

2.70, 3 = 1.90. Amino acid side chains are omitted for clarity.
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The conformations of the solutions ensembles of 15-17 were assigned to
conformational families A—D (Table 6 and Figure 30) according to similarities in
backbone geometry. Peptide 15 possesses two major conformations, A and B,
supporting the previous results suggesting this to be more rigid than 16 and 17,
whose solution conformations were distributed in a larger number of families.
Conformational family A was populated to 31% for 15, 22% for 17, and 2% for 16,
and thus follow the trend of the CD36 potency (15 > 17 > 16). Previous studies of
linear azapeptide analogues of GHRP-6 have suggested that the aza-moiety may

%0157 Such a turn was not found for any of the conformations

induce a B-turn.
among the conformations identified to exist in solution by the NAMFIS analysis.
Instead, the conformations in family A displayed a type II” 8-turn for residues Ala-
D-Trp. As the only difference in the structure of peptides 15-17 is the side chain
attached to the aza-nitrogen, this side chain is expected to cause the flexibility
difference of the peptides. Stabilizing side chain-to-macrocycle hydrogen bonds
were not found for the family A conformations. However, they were found for
families B and D, with a higher population for peptide 17 as compared to 15, which

might explain their difference in flexibility.
A. E B.
C. D.

Figure 30. Overlapped backbone conformations of the conformational families A—D of

azapeptides 15-17 given in Table 6. Amino acid side chains are omitted for clarity. RMSD
ovetlaying backbone atoms: A = 0.91, B = 1.36, C = 0.53, D = 1.22. Pink/purple conformations

represent peptide 15, green conformations peptide 16, and blue conformations peptide 17.
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Previous studies of small linear azapeptides showed that the E-configuration along
with hindered single bond rotation of the CO-NMe moiety is preferred when one

of the aza-nitrogens is methylated, which might also constrain the peptide.'”

8.4.2 Summary Paper V

Three macrocyclic azapeptides with activity for the CD36 receptor were
investigated by NAMFIS. A decreased flexibility and increased solution population
of conformational family A was shown to be beneficial for their CD36 inhibitory
activity, that is 31% population of A for 15 (IC;, 0.08 uM), 22% population of A
for 17 (I1C5,0.49 uM) and 2% population of A for 16 (no measurable activity).
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9 THE SOLUTION CONFORMATIONS OF
ROXITHROMYCIN ADAPTING TO THE ENVIROMENT

9.1 Cell permeability of macrocycles

Macrocyclization is commonly used to improve cell permeability. Increased cellular
penetration upon cyclization might be due to a decreased flexibility and decreased
polarity as a result of formation of intramolecular hydrogen bonds and/or
conformational shielding of polar functionalities.">'* Although many macrocycles
are administrated orally, they generally belong to the bRo5 ligands, and often have
both low cellular penetration and low oral bioavailability. However, the analysis of
the properties of orally bioavailable drugs in the bRo5-space has shown that, as
compared to the Lipinski rules,"*
be increased up to 1000 Da, the PSA to 250 A” and the number of HBAs to 15.'"*

For the analysis of macrocyclic peptide conformational preferences in relation to

the molecular weight of these compounds may

permeability, solution NMR spectroscopy has previously been used, with CDCly

mimicking the cell membrane and D,O mimicking the cell surroundings.'*®

9.2 Roxithromycin

Roxithromycin (Figure 31) is a macrocyclic antibacterial agent based on the
structure of erythromycin (Figure 31), where replacement of the 9-keto group by
the 9-|O-(2,5-dioxahexyl)oxime] side chain results in increased metabolic stability

16 Tt has been shown using parallel artificial

and better oral bioavailability.
membrane permeability assay (PAMPA) that passive diffusion is higher for
roxithromycin than for erythromycin, which might partly explain its higher
bioavailability.'" Roxithromycin and erythromycin belong to the group of
macrolides, in other words natural products with a macrocyclic lactone ring of at
least 12 atoms. Their antibacterial activity is the result of binding to the bacterial
tibosome and thereby inhibit protein biosynthesis.'”” The solution ensemble of
roxithromycin has been proposed to contain one major conformation, which is
highly similar to the crystal structure,' and some minor conformations that could
not be identified experimentally due to their low solution populations, in both

16

hydrophilic and hydrophobic solvents.'*”'* The major solution conformation has
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N0

Roxithromycin Erythromycin
Figure 31. The structures of macrolides roxithromycin and erythromycin.

the oxime chain folded over, and hydrogen bonded to, the macrocycle. However,
dependence of the solution conformation ensemble of roxithromycin on its
environment has not yet been described in detail. As a part of a project examining
the ability of computational techniques to predict the cell permeability of
macrocycles, the conformational preferences of roxithromycin were studied by
solution NMR spectroscopy in CDCl;, mimicking the cell membrane, and in D,0O,

mimicking the cell surroundings.

9.3 Solvent dependence of the conformations of roxithromycin

The proton assignments of roxithromycin in CDCl; and D,O (Appendix IX) were
derived from TOCSY, NOESY, COSY, and HSQC spectra. Interproton distances
(Appendix X) were calculated from NOE build-ups as described above. The
NOESY spectrum showed the same phase of the diagonal peaks and cross peaks
for roxithromycin in D,O and the opposite phase for roxithromycin in CDCl,,
indicating that roxithromycin interacts more with the solvent in D,O. Solution
conformations were derived by NAMFIS analysis using an input ensemble
containing conformers generated by MCMM searches in chloroform and water
using the OPLS and Amber* force fields (Appendix XI). Conformers from all
individual MCMM searches were combined, and following redundant conformer
elimination, comparing heavy atoms, generated the input ensemble for NAMFIS
analysis (Appendix XI). The same input ensemble was used for analysis of the data
from CDCl; and from D,O. In the experimental input only data from the

macrocycle, and not the flexible oxime chain or the sugars, were used. The initial
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NAMFIS was run with the MCMM generated ensemble. In the following run the

166,170,171

crystal structures of roxithromycin were added to the input ensemble for

comparison (Table 7).

The ensemble of roxithromycin in CDCl; selected by NAMFIS from the MCMM
ensemble (Table 7) contains three highly similar conformations (Figure 32 A). In
line with previous reports on the solution conformation of roxithromycin,'™'% the
oxime chain was found to be oriented above the macrocycle. When the crystal

170 \was selected to

structures were added to the ensemble, one of them (Figure 32 B)
100% (Table 7). Adding the crystal structure to the ensemble allowed the correct
positioning of the oxime chain and also revealed that the oxime chain is hydrogen
bonded to C(6)-OH. As shown by the overlaid conformations in Figure 32 C, the
crystal structure and the major conformation from the initial run are highly similar.
In conclusion, in chloroform, which was used to mimic the cell membrane, the
oxime chain is fully folded over the macrocycle as shown in Figure 32 B. NAMFIS
was able to capture the side chain orientation even when only data considering the

macrocycle, and not the oxime chain, were used as input.

Table 7. Conformational populations detived by NAMFIS analysis for roxithromycin in CDCl,
and D,O solutions.

MCMM ensemble® MCMM ensemble + X-Ray structures®
CDCl; D>O¢ CDCl; D20O¢
Conf.No.> %< |Conf.Nob  %¢c |Conf No.b %oc Conf. No.>  %e
1 17 2 14 X-rayd 100 4 47
2 12 4 59 5 10
3 71 5 7 6 19
6 6 9 3
7 4 10 14
8 8 X-rayd 6

‘See Appendix XI. "Conformations in #alic have the oxime chain-to-macrocycle hydrogen
bonding. “Population of the indicated conformer in solution, as deduced by NAMFIS analysis, all
other molar fractions are 1% or less. *CSD: KAHWAT. “Conformations 2 and 10, 7 and X-ray, 6
and 8, and 9 and 4 are highly similar.

However, although the MCMM conformational search did sample conformations

with the oxime chain folded over the macrocycle, it did not sample hydrogen
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bonding to C(6)-OH, but only to C(11)-OH. It is well known that MCMM does

not describe the orientation of flexible side chains as well as backbone geometry.”

Figure 32. A. The conformations of roxithromycin obtained in the NAMFIS analysis of the
MCMM ensemble in CDCl,, with hydrogen bonding to C(11)-OH. Sugar residues are omitted for
clarity. B. The crystal structure selected by NAMFIS from the ensemble containing the three
crystal structures, with hydrogen bonding to C(6)-OH (CSD: KAHWAT)."" C. Overlay of the
major conformation from A (blue) and the crystal structure in B (red), showing their similarity in
macrocycle geometry and difference in oxime chain orientation. Sugar residues are omitted for

clarity.

The aqueous solution ensemble of roxithromycin was, in contrast to previous

167-169
reports,'?

shown to contain several conformers (Table 7). Importantly, the
majority of these conformations (80%) did not have the oxime chain oriented over
the macrocycle but solvent exposed. As illustrated by the overlaid conformations in
Figure 33 A, the aqueous ensemble of roxithromycin shows a relatively diverse set
of macrocycle geometries. Similar to the analyses of the CHCl;-data, adding the
crystal structures to the ensemble did not change the outcome of the NAMFIS
analysis of the D,O-data significantly. Hence, in both ensembles ~20% of the
conformations have the oxime chain over the macrocycle. When the X-ray
structures are added 6% of the conformers show hydrogen bonding of the oxime
chain to C(6)-OH and the rest to C(11)-OH. The protein-bound conformation of a

21,160,161

flexible ligand is expected to be represented in its solution ensemble, and

172

accordingly the previously published protein bound geometry, ' identified by X-ray
diffraction, was identified to be present in solution. This structure (Figure 33 B) is
highly similar to conformation 10 (Figure 33 C), which has a solution population of
14%. The oxime chain is not folded over the macrocycle in the bioactive
conformation in which the C(6)-OH, C(11)-OH and C(12)-OH form hydrogen

bonds to the ribosome.' It should be noted that the major conformation in CDCly
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does not show as high similarity to the bioactive conformation, as it has previously
been proposed.'” Overall, it has been shown that in CDCl; the oxime chain of
roxithromycin is oriented over the macrocycle, with this conformation being
dominant in this solvent. In contrast, the solution ensemble of roxithromycin in
D,0 consists of six different conformers, and the oxime chain is oriented over the
macrocycle only in ~20% of the ensemble. Thus, these data reveal that the
structure of roxithromycin converts from a more open conformation in polar
media to a more closed and less flexible in non-polar media. Formation of
intramolecular hydrogen bonds, as well as reduction of PSA, has been shown to
internalize polarity and improve cell permeability and oral bioavailability for bRo5-

"2 For the roxithromycin ensembles, 66% have macrocycle

macrocycles.
intramolecular hydrogen bonds in CDCl; as compared to 60% in D,O, and the
PSA weighted to the molar fractions of the conformers in the two solvents is 169
A% and 173 A%, respectively. Although these differences are small, together with the
overall flexibility of roxithromycin they might contribute to an improved passive
diffusion as compared to erythromycin. It has previously been suggested that
conformational flexibility may be beneficial for permeability by allowing the
molecule to adapt to the transitional environment at the water-lipid interface at the

boundary of the cell membrane.'”

Figure 33. A. The solution conformational ensemble of roxithromycin in D,O as derived by
NAMFIS analysis using an ensemble generated by MCMM and including its crystal structures.
Sugars are omitted for clarity. B. The X-ray structure of roxithromycin bound to the 50S subunit
of the eubacterium Deinococens radiodurans (PDB: 1J2.2)." C. Overlay of B and conformation 10,

showing their resemblance. The cladinose sugars are omitted for clarity.
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10 CONCLUDING REMARKS

This thesis describes the solution conformational ensembles of various
macrocycles. Weak interstrand interactions were demonstrated to provide
significant stabilization of the B-hairpin conformation. In this respect a halogen
bond appears to be just as powerful for conformation direction as a hydrogen
bond. Further, the flexibility of bioactive cyclic peptides in relation to their potency
was studied and the importance of a balanced flexibility/rigidity for bioactivity was
demonstrated. Whereas for one macrocycle rigidification in a presumptive bioactive
conformation may provide increased bioactivity, for another it may result in
decreased potency. The conformational preference of a macrolide antibiotic in
different environments was also examined. Its structure was shown to convert
from a more open conformation in a hydrophilic environment to a more closed
and less flexible in a hydrophobic environment, proposing this to be the cell-
permeable conformation. The information gained in these investigations could

provide valuable insight in the process of drug design.

Further investigations of special interest include optimization of the cyclic 3-hairpin
model system used for investigation of weak interactions. More specifically, we
would like to design peptides with bromine and iodine halogen bond donor sites.
In addition, we wish to perform further variable temperature NMR studies,
preferably in different solvents. Other studies of interest include the evaluation of
the conformation and dynamics of erythromycin and other macrolides, using
NAMFIS, to gain further insights into their conformational preferences in relation
to permeability. Likewise, we would like to continue the conformational evaluation
of additional cyclic azapeptides to establish their conformational preferences in

correlation to their bioactivity.
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13 APPENDICES

Appendix I. The 20 naturally occurring amino acids and their one- and three-

letter acronyms.

OH
HzNj\n/

(0]

Alanine
Ala
A

Os_NH,

OH
HoN

(0]
Glutamine
Gln
G

OH
H,N

o}

Leucine
Leu
L

OH

OH
HzN/('(

(e}

Serine
Ser
S

zZ

H

-

H,N” NH

OH
H,N

O
Arginine
Arg
R

OH

OH
HoN

A \G

Glutamic acid
Glu
E

HyN

Z

o o
o)
T

Lysine
Lys
K

HO.
OH
Hsz(
O
Threonine

Thr
T

NH,

(0]

OH
HoN

0}

Asparagine
Asn
N

HZN/\H/ OH
ol

Glycine
Gly
G

OH
HoN

O

Methionine
Met
M

Tryptophan
Trp
W

OH

(0]

OH
HoN

O

Aspartic acid
Asp

Histidine
His
H

OH
HoN

O

Phenylalanine
Phe
F

OH

OH
HoN

o
Tyrosine
Tyr
Y

(e}

Cysteine
Cys
C

OH
HoN

(e}

Isoleucine
Ile
1

(Ao
H

(0]

Proline
Pro
P

H

(o)

Valine
Val
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Appendix II. Synthesis of 3 and 4.

3CH,

H
FmocHN/'\n/N\)L
(6]

~

R=0-t-Bu or Me

82

J

O
FmocHN\/u\O O O
Cl

®

nine consecutive cycles with :
Fmoc-D-Pro-OH

1) 20% piperidine in DMF | Fomc-Val-OH

?B';”JOCD'IEAAE'SH Fmoc-Ser(Me)-OH

3) Acetic anhydride Fmoc-Gin(Trt)-OH
Fmoc-Gly-OH
Fmoc-Asn(Trt)-OH
Fomc-Val-OH

Fmoc-Ser(tBu)-OH or Fmoc-Abu-OH
Fmoc-[3-13C]-Ala-OH

|
3 C

Ay
(@] ->=O (@]

TrtHN

R

O” "NHTrt

1) 20% piperidine in DMF
2)1% TFA in DCM

3) HATU, DIPEA, DMF

4) TFAITIPS/H,0 95:2.5:2.5

P

§ )Q



Appendix III. Synthesis of 5 and 6.

o)
TrHN _>—NH
» & I50a
o
FmocHN  HN O
MeO Q

OMe

nine consecutive cycles with :
Fmoc-Val-OH

1) 20% piperidine in DMF Fmoc—Se:(tBu)—OH or Fmoc-Abu-OH

2) Fmoc-AA-OH Fmoc-[3-13C]-Ala-OH

TBTU, DIPEA Fmoc-Gly-OH

3) Acetic anhydride Fmoc-D-Pro-OH

Fmoc-Val-OH

Fmoc-hSer(Me)-OH

Fmoc-GIn(Trt)-OH

¥ Fmoc-Gly-OH o) e}

NHTrt _>—
< Y 4
R Q
(e} 0 H NH HN
A, \)L PP
FmocHN/\n/ u/\g/ 13éH N N 7 MeO Q
3

OMe

R = 0O-t-B M
TrtHN" 0 O-t:Bu or Me 1) 20% piperidine in DMF

2) Acetic anhydride
3)TFA/TIPS/H,0 95:2.5:2.5

HoN_O

H
O SR OMe g j,NH2
HN H
\\(N\'/U\N N\;/U\N “
13CH3H o = H
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Appendix IV. Synthesis of 7 and 8.

J

O
FmocHN\)l\o O O
(¢]]

®

nine consecutive cycles with :
Fmoc-D-Pro-OH

Fomc-Val-OH
1) 20% piperidine in DMF Fmoc-hSer(Me)-OH
2) Fmoc-AA-OH 13
TBTU, DIPEA Fmoc—[3— C]—AIa—OH
3) Acetic anhydride Fmoc-Asn(Trt)-OH
Fmoc-Gly-OH

Fmoc-GIn(Trt)-OH
Fmoc-Ser(tBu)-OH or Fmoc-Abu-OH
y Fmoc-Ala-OH

FmocHN E\n/ /¢N\)J\ /<( g (\: H\)(J)\o

=\ 13CH; cl
R = O-t-Bu or Me O

1) 20% piperidine in DMF
2)1% TFA in DCM

3) HATU, DIPEA, DMF

4) TFA/TIPS/H,0 95:2.5:2.5

13,
o, cHaQ o

@)
.
?
(@]
T
@]
T
N
Z}/._/
(@]
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Appendix V. The input ensemble for the Ala(Cl)3 and Ser(Me)8 side chain
NAMFIS analysis of peptide 9.

|
=

Meo” | TH R MeO H -8 Meo? | TH R
4\ CI/PH H/PCI

Figure Al. The input ensemble for the NAMFIS analysis of peptide 9, with the Ala(Cl)3 and
Ser(Me)8 interactions as constrains. The ensemble was generated by rotating the Ca—Cp bond,

as indicated by the arrows in the schematic 3-hairpin in the square.
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Appendix VI. Synthesis of 11.

86

J

(o}
HZN\_)LO

L
K

1. Fmoc-AA-OH
TBTU, DIPEA
2. Acetic anhydride

3. 20% Piperidine in DMF

Fmoc-Phe-OH
Fmoc-Pro-OH
Fmoc-D-Pro-OH
Fmoc-Phe-OH
Fmoc-Glu(tBu)-OH
Fmoc-Trp(Boc)-OH
Fmoc-Asp(tBu)-OH
Fmoc-Leu-OH
Fmoc-6-Cl-Trp-OH

2. HATU, DIPEA, DMF

1. 1% TFA in DCM
3. TFA/H,O/TIPS (95:2.5:2.5)

Nine consecutive cycles with:



Appendix VII. Synthesis of 12 and 13.

J

(e}
H2N \)J\O
Cl

®

Nine consecutive cycles with:
Fmoc-D-Pro-OH
Fmoc-Phe-OH

TBTU, DIPEA Fmoc-Ser(tBu)-OH
2. Acetic anhydride Fmoc-Glu(tBu)-OH

3. 20% Piperidine in DMF| Fmoc-Asp(tBu)-OH
Fmoc-Leu-OH

Fmoc-Phe(4-X)-OH
Fmoc-Ser(tBu)-OH

\ , y Fmoc-Phe-OH

§ )Q

1. Fmoc-AA-OH

oo o ?4 2 OH 2 Ho§
HoN N\)j\N N\)j\u N\)LN N\/lLN/\n/N\)L
o) o) 0 o)

1.1% TFA in DCM
2. HATU, DIPEA, DMF
3. TFA/H,O/TIPS (95:2.5:2.5)

Os_OH
o
H
g 9
WJ\N N\:/lLN N o
HO wn "0 Zong O “
o 0 HHO H N NH
N NN 77)
H 0 o)
12: X = CI
X 13: X = Br
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Appendix VIII. Synthesis of 14.

O

X

1. Fmoc-AA-OH
TBTU, DIPEA
2. Acetic anhydride

3. 20% Piperidine in DMF

H,N

88

Iz
ZT
(o)
zT ©
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o
Iz
Ogﬁ
ZT

HZN\)CJ)\ o

S al

§ )Q

®

-

Nine consecutive cycle with:
Fmoc-Phe-OH
Fmoc-Gly-OH
Fmoc-D-Pro-OH
Fmoc-Phe-OH
Fmoc-Ser(tBu)-OH
Fmoc-Trp(Boc)-OH
Fmoc-Asp(tBu)-OH
Fmoc-Leu-OH
Fmoc-6-Cl-Trp-OH

1.1% TFAin DCM
2. HATU, DIPEA, DMF
3. TFA/H,O/TIPS (95:2.5:2.5)

e
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H H “, 20
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Appendix IX. '"H NMR assignment for Roxithromycin.

Proton assignments were derived from TOCSY, NOESY, COSY, and HSQC
NMR spectra recorded at 25 °C on a 900 MHz BRUKER Avance III HD NMR
spectrometer equipped with a TCI cryoprobe.

N’O\15/O\17/18\O/19

Table Al.'HNMR assignment (ppm) of roxithromycin in CDClyand D,0.

Macrocycle Sugars
CDCI; DO CDCI3 DO
1 - - 1 4.43 4.6
2 2.9 3.06 2' 3.49 3.53
2-Me 1.18 1.23 2'-OH 3.28 -
3 3.98 3.84 3' 2.49 3.48
4 2.03 2.02 3'-NMe: - 2.86
4-Me 1.09 1.07 4 1.70, 1.27 2.12,1.57
5 3.54 3.53 5' 3.5 3.89
6 - - 5'-Me 1.23 1.31
6-Me 1.49 1.44 1" 4.84 4.95
7 2.35,1.58 1.67, 4.56 2" 2.30, 1.56 2.53,1.68
8 3.75 3.74 3"-Me 1.24 1.25
8-Me 1.03 1.14 3"-OMe 3.31 3.32
9 - - 4" 3.02 3.23
10 2.67 2.94 4"-OH 2.21
10-Me 1.19 1.19 5" 4 4.13
11 3.82 3.68 5"-Me 1.28 1.31
11-OH 4.31 -
12 - -
12-Me 1.14 1.23
12-OH 3.14 -
13 5.1 5.14
14 1.92,1.47 1.87,1.55
15 0.85 0.85
16 5.19, 5.17 5.22,5.19
17 3.80, 3.72 3.84
18 3.57,3.56 3.64
19 3.42 34
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Appendix X. Interproton distances for Roxithromycin.

NOE build-ups were recorded without solvent suppression with mixing times of
100, 200, 300, 400, 500, 600, and 700 ms. The relaxation delay was set to 2.5 s, and
16 scans were recorded with 16384 data points in the direct dimension and 512
data points in the indirect dimension. Distances were calculated using geminal
methylene protons (1.78 A) as reference. The NOFE peak intensities were calculated
according to ([cross peakl X cross peak2]/[diagonal peakl X diagonal peak2])*’. At
least 4 mixing times giving a linear (R*> > 0.97) initial build-up rate (0;) were used.
The interproton distances (r;) were calculated according to the equation

_ 1/6
rii_rref(oref/ oii)< .

Table A2. Interproton distances (A) for roxithromycin derived from NOE build-up

measurements in CDCI,.

No Proton A Proton B o R2 Distance rAB (A)
1 13 11 0.0000091 0.99 2.31
2 3 5 0.0000250  0.99 1.95
3 11 4 0.0000013 0.99 3.19
4 2 4 0.0000110  0.99 2.24
5 3 4 0.0000130  0.99 2.18
6 11 10 0.0000147  0.99 2.13
7 10 7B 0.0000049 0.99 2.61
8 8 6Me 0.0000357  0.98 1.84
9 4Me 0.0000314  0.99 1.88
10 10 8Me 0.0000335 0.99 1.86
11 10 12Me 0.0000475 0.99 1.75
12 5 4Me 0.0000021 0.98 2.94
13 5 6Me 0.0000257 0.98 1.94
14 1" 2"A 0.0000068  0.99 2.43
15 1" 2Me 0.0000435 0.99 1.78
16 1" 3 0.0000310  0.99 1.88
17 1' 5' 0.0000272  0.98 1.92
18 1' 3' 0.0000464  0.99 1.76
19 4" 5"Me 0.0000235 0.99 1.97

20 1 4Me 0.0000138  0.99 2.15
21 5 5" 0.0000071 0.99 2.41
22 11 12Me 0.0000075 0.97 2.44
ref. 2"A 2"B 0.0000433 0.99 1.78
ref, 17A 17B 0.0000380 0.76 1.76
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Table A3. Interproton distances (A) for roxithromycin derived from NOE build-up

measurements in D,0.

No.  Proton A Proton B c R2 Distance rAB (A)
1 13 11 0.0000193 0.99 293
2 11 4 0.0000623 0.99 241
3 2 4 0.0000314 0.99 2.70
4 10 4 0.0000035 0.98 3.90
5 3 5 0.0000235 0.99 2.84
6 5 4 0.0000110 0.99 3.22
7 3 2 0.0000084 0.99 3.37
8 3 4 0.0000167 0.99 3.00
9 11 10 0.0000426 0.99 2.57
10 13 12Me 0.0000036 0.98 3.89
11 3 2Me 0.0000060 0.99 3.56
12 10 8Me 0.0000073 0.99 3.45
13 10 12Me 0.0000243 0.99 2.82
14 4Me 0.0000131 0.98 3.13
15 5 6Me 0.0000228 0.98 2.85
16 3 6Me 0.0000038 0.98 3.85
17 3 4Me 0.0000018 0.99 4.35
18 10 8Me 0.0000364 0.98 2.64
19 4 6Me 0.0000029 0.98 4.02

20 1" 2 0.0000018 0.98 4.35
21 1 4Me 0.0000185 0.99 2.95
22 1 5" 0.0000660 0.99 2.39
23 1' 3"Me 0.0000080 0.99 3.40
24 1' 6Me 0.0000028 0.98 4.04
ref. 2"A 2"B 0.0003853 0.99 1.78
ref. 4'A 4'B 0.0004024 0.98 1.77
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Appendix XI. MCMM conformational search of Roxithromycin.

The conformational searches were performed using the Monte Carlo algorithm
with intermediate torsion sampling, 50 000 Monte Carlo steps, and a RMSD cut-off
set to 2.0 A, followed by molecular mechanics energy minimization with the
software Macromodel (v.9.1) as implemented in the Schrédinger package. The
energy minimization was performed using the Polak-Ribiere type conjugate
gradient (PRCG) with maximum iteration steps set to 5000. All conformations
within 42 kJ/mol from the global minimum were saved. The tesults of the four
independent searches performed using OPLS-2005 or Amber* as force field, and
with CHCI; and H,O as solvation model, are given below. The ensembles from the
conformational searches were combined, and elimination of redundant
conformations by comparisons of the heavy atom coordinates applying the RMSD
cutoff 1-1.5 A was performed. These ensembles were combined and redundant
conformations were climinated again, giving the ensemble used for NAMFIS

analysis. To this ensemble the three available crystal structures of roxithromycin
were added (CSD: FUXYOM, ' EWETUV'" and KAHWAT'™).

Table A4. Results of the MCMM conformational analysis.

Number of conformations

Within 12.6 Following redundant
Total2 kJ/molb conformer elimination®
CHCI; OPLS 177 13 62
Amber* 197 25
H:O0 OPLS 172 14 33
Amber* 127 14

“Total number of unique conformations found. The global minimum was found for all
investigated compounds at least 30 times. "Conformations found within 12.6 kJ/mol (3.0
kcal/mol) of the global minimum. “Conformations obtained after redundant conformation
elimination with the RMSD cutoff 1.5 A (CHCL) and 1.A (H,0) for heavy atoms. These
ensembles were again combined and reduced by redundant conformer elimination (RMSD cutoff
= 1.5 A) giving the ensemble used as input in the NAMFIS analysis (66 conformers).
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Appendix XII. NAMFIS analysis of Roxithromycin.

Solution ensembles were determined by fitting the experimentally measured
distances to those back-calculated for computationally predicted conformations
following previously described protocols. CH, signals were treated according to the
equation d=(((d,)+(d,)/2)", and methyl signals according to d=(((d,*)+(d,
9+(dy)/3)"%. The NAMFIS ensemble analyses were validated using standard
methods, that is through evaluation of the reliability of the conformational
restraints by the addition of 10% random noise to the experimental data, by the
random removal of individual restraints, and by comparison of the experimentally
observed and back-calculated distances. Since the orientations of flexible parts of
molecules are not as well predicted by the conformational searches as the more
rigid parts, only macrocycle interactions were included in the initial NAMFIS
analyses, corresponding to distance 1-13 for CDCl; and distance 1-19 for D,O
(Table A2 and A3).

Table A5. Experimentally determined and back-calculated (NAMFIS) interproton distances (A).

MCMM MCMM + X-ray MCMM MCMM + X-ray
CDCl3 CDCls DO DO
Exp. Calc. Exp. Calc. Exp. Calc. Exp. Calc.
2.31 2.80 2.31 2.79 2.93 2.90 2.93 2.85
1.95 2.57 1.95 2.58 2.41 2.82 2.41 2.87
3.19 3.67 3.19 2.50 2.70 2.44 2.70 2.39
2.24 2.63 2.24 2.54 3.90 4.00 3.90 3.80
2.18 2.53 2.18 2.35 2.84 2.32 2.84 2.30
213 2.68 213 2.56 3.22 291 3.22 2.96
2.61 2.94 2.61 2.42 3.37 2.90 3.37 2.73
1.84 2.59 1.84 2.57 3.00 2.62 3.00 2.66
1.88 2.57 1.88 2.48 2.57 2.68 2.57 2.69
1.86 2.70 1.86 2.64 3.89 2.96 3.89 3.07
1.75 2.72 1.75 2.52 3.56 3.26 3.56 3.31
2.94 3.14 2.94 3.63 3.45 3.55 3.45 3.38
1.94 2.66 1.94 2.72 2.82 2.74 2.82 2.78

3.13 2.70 3.13 2.78
2.85 2.81 2.85 2.83
3.85 3.93 3.85 3.90
4.35 3.90 4.35 3.88
2.64 2.97 2.64 2.86
4.02 2.58 4.02 2.62
RMS=0.61 RMS=0.60 RMS=0.49 RMS=0.48
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