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1 DESIGN
1.1 Molecular Docking

All computational work was performed with the Schrodinger 2015-1 small molecule drug dsi
suite for Windows. The B2AR-ALP co-crystal structure (PDB file: 3NYA)?! with a resolution

of 3.1 A was utilized to rationally design potential bitopic ligands.

1.2 Protein and Ligand Preparation

Protein validation: Both the R factors and B values as well as the Ramachandran plot statistics
reported for the B2AR-ALP co-crystal structure (PDB file: 3NYA)! were deemed useful for the
dockings (Table S1).

Protein preparation: The protein was imported into the Schrodinger 2015-1 small molecule
drug dsi suite for Windows and prepared using the Protein Preparation Wizard.? It was pre-
processed to assign correct bond orders and add missing hydrogen atoms. Disulfide bonds were
allowed to form and water molecules beyond 5 A from the protein were removed. Hydrogen
bonds were assigned after applying the Epik PROPKA function at pH 7.0. From the Asp300
rotamer library the carboxylate with an orientation towards MBS A was chosen (entry no. 3;
12% probability). During restrained minimization with the OPLS_ 2005 force field, heavy
atoms were allowed to converge to a RMSD of 0.30 A. The thus prepared structure was
validated by means of its Ramachandran plot that showed no residues in disallowed regions
(Table S1).

Table S1. Structure validation for the published 2-adrenergic receptor-alprenolol co-crystal

structure (PDB: 3NYA) and the structure as prepared in the present project.

Published 3NYA structure!

Resolution 3.1A

Rwork/Rfree (%) 23.3/28.8
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B factor putty

(generated with PyMOL, command:
spectrum b, red_blue_white, SNYA)

Ramachandran plot statistics (%):

most favoured 98.6
allowed 1.4
disallowed -

3NYA as prepared in the present project

Ramachandran plot

(generated with the Schrodinger 2015-1

small molecule drug dsi suite for Windows)

Y (degrees)

® w W 1

© (degrees)

Ligand preparation: The ligand ALP and the bitopic ligands proposed within the present
project were drawn in the 2D sketcher, and the corresponding 3D molecular models were
generated with the LigPrep tool using the OPLS_2005 force field. The Epik software was used

to predict the ligand protonation states at a target pH 7£2, and chiralities were retained. The

thus prepared ligands were minimized.
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1.3 Ligand Docking

Docking of ALP into the OBS: For docking into the OBS, a grid box around the crystallized
ligand was created allowing ligands of <8A length to dock. All rotational bonds of the receptor
were regarded as being rigid. Using the Glide docking tool,> ALP was docked into the prepared
3NYA structure with standard precision (SP). Ligand sampling was allowed to be flexible and
included nitrogen inversions as well as ring conformations. Epik state penalties were included
in the docking scores. On the output poses, post-docking minimization was performed. All
poses were found to bind to the receptor in the same overall way as the crystallized ligand. Out
of the poses with similar docking scores, the best ranked entry that at the same time was the
one that matched best with the crystallized ligand as determined by visual inspection was

chosen to proceed with.

Docking of ALP into MBS A: For docking into MBS A, a grid was generated from the protein
containing the docked ALP in the OBS. A grid box around MBS A and large enough to cover
the entire extracellular vestibule (i.e. allowing ligands with a length of <17A to dock) with the
coordinates X = —30, Y =0 and Z = 7 was created. All rotational bonds of the receptor were
regarded as being rigid. Using the Glide docking tool, ALP was docked with SP into the
prepared 3NY A structure containing ALP in the orthosteric binding site. Ligand sampling was
allowed to be flexible and included nitrogen inversions as well as ring conformations. Epik
state penalties were included in the docking scores. On the output poses, post-docking

minimization was performed.

Docking of bitopic ligands: For docking of the bitopic ligands, a grid box around the
crystallized ligand and large enough to cover the entire extracellular half of the receptor (i.e.
allowing ligands with a length of <25A to dock) was created. All rotational bonds of the
receptor were regarded as being rigid. Using the Glide docking tool, the bitopic ligands were
docked with SP into the prepared 3NY A structure. Ligand sampling was allowed to be flexible
and included nitrogen inversions as well as ring conformations. Epik state penalties were
included in the docking scores. On the output poses, post-docking minimization was
performed.

1.4 Docking Post-Processing

Conformational analysis: A conformational search was performed on the ALP output
structures in the MBS using MacroModel and the OPLS_2005 force field. Torsional sampling
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was applied in water as the solvent allowing for up to 3000 steps with 100 steps per rotatable
bond and a maximum of 5000 iterations. For comparison, the conformational energy of the
binding pose with the best docking score in the MBS was calculated. From the preferred
conformation in water and the conformational energy of the binding conformation the
conformational energy penalty of binding was calculated (Table S2) and found to lie within the
range of moderately active (i.e. 5-13 kJ/mol). Thus, this docking pose was deemed useful for

the design.

Table S2. Conformational energies of alprenolol in water and when docked into the metastable
binding site, and the conformational energy penalty of binding, as calculated with
MacroModel.

Preferred conformation in water Epret = —178.7 kd/mol
Conformational energy of binding conformation Ebind = —170.0 kJ/mol
Conformational energy penalty of binding AEcont = 8.7 kd/mol
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2 PHARMACOLOGY
2.1 Data results and discussion

2.1.1 Correlation between potency and affinity in membrane-based cAMP assay
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Figure S1. Potency (pICso) versus affinity (pKi) plot at the B1-adrenergic receptor (A) and the
B2-adrenergic receptor (B) for ligands tested at both receptor subtypes in the membrane-based
cAMP assay and the radioligand equilibrium binding assay, respectively. There is a good

correlation between potency and affinity.

2.1.2 Linker length and composition

Comparison of ligand potencies between the B1AR and B2AR in the different assays revealed a
similar rank order for the urea (3a-d), diamide (4a-f) and triazole (5a-d) linked bitopic ligands
(Figure 4 in main text). For these groups of ligands, a tendency for potency to increase with
linker length was observed at both receptors. However, the potency was maintained or
decreased with linker lengths longer than 11 atoms for the ureas (3a-d) and diamides (4a-f),
respectively, whereas the triazole-linked ligands (5a-d) did not reach a plateau in potency. The
most potent triazole linked ligands had 13 and 15 atom linkers (5c-d) and were one order of
magnitude more potent than the two shortest triazole linked ligands (5a-b) that have 9 and 11
atom linkers, respectively. In contrast to the above-mentioned ligand groups, the all-carbon
linked ligands (1a-d) had similar potencies for the shortest (6 atoms) and the longest (12 atoms)
analogue, with potencies slightly below that of (S)-ALP. In preliminary experiments, (S)-ALP
and selected bitopic ligands (3c, 4d, 5d), gave a Schild slope of approximately 1 in Schild plots

(Figure S2) demonstrating a competitive mechanism of action. Ligand 1d, in contrast, had a
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Schild slope of around 1.6, which could reflect a different mechanism of action. However, the

all-carbon linked ligands appeared to adhere to the plasticware used for the experiments (data

not shown) and it is not clear if the lipophilic nature of this class of ligands affects their

observed potencies and behavior. The more hydrophilic counterparts of the all-carbon linked

ligands, i.e. the PEG linked ligands 2a to 2b, showed equipotency on both receptor subtypes,

but were approximately one order of magnitude lower in potency than the all-carbon linked

ligands.
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Figure S2. Preliminary data on modulation of the agonist response by (S)-ALP and selected
bitopic ligands. With increasing concentrations of (S)-ALP and selected bitopic ligands, the
potency of the agonist isoproterenol decreased in a parallel manner at the B2-adrenergic receptor
when tested in the cell-based assay (Panels A-E). Conversion of data into Schild plots (Panel
F) revealed a Schild slope of ~1 for all ligands except the all-carbon ligand 1d, which had a
Schild slope of ~1.6.

As observed for the functional data, there was a tendency for the affinity to increase with
increasing linker length (Table 3 in main text) for the urea (3a-d), diamide (4a-f) and triazole

(5a-d) linked ligands, whereas no trends were observed for the all-carbon (1a-d) linked ligands.

Based on data from the membrane-based cCAMP assay, the optimal linker length within each
linker class varied from 7-15 atoms (Table 2, Figure 4B in main text). This covers a much
broader range of linker lengths than the 9-11 atoms that were proposed during ligand design
and could be the consequence of the differing degrees of flexibility of different linker types. In
fact, the highly flexible all-carbon and PEG linked ligands (1a-d, 2a and 2b) were most potent
when the linkers were 8 (1b) or 7 (2a) atoms, respectively. For the more rigid urea, however,
potency peaked for a linker of 11 atoms (3c), while the most rigid linker classes, i.e. the diamide
and triazole ligands, had their most potent representatives at linker lengths of 12 (4d) and 15
atoms (5d), respectively. The longest triazole ligand 5d was at the same time the most potent
in this linker class, and thus, it needs to be considered that longer triazole analogues could
potentially display even higher potencies. When counting the number of rotatable bonds in
each linker type as a measure for its flexibility, the most potent representatives of each linker
class have nine (1b), eight (2a), eight (3c), eleven (4d) and twelve (5d) rotatable bonds in the
linker. Consequently, data indicate that a minimum of eight rotatable bonds in the linker are
required for symmetric bitopic ALP ligands to adopt a conformation that allows good
simultaneous binding to the OBS and MBS.

2.1.3 p2AR-selectivity of bitopic ligands

A selectivity plot based on ligand affinities in the competition binding assay (Figure S3A)
showed that (S)-ALP is slightly more selective at the B2AR compared to the B1AR. This is
confimed by its selectivity ratio (Ki at BiAR/Ki at B2AR) of 1.55 corresponding to
approximately a 0.5-fold difference (Table 3 in main text). A slight increase in f2AR-selectivity
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was most pronounced for the urea 3b followed by the diamide 4b, the diamide 4d, and the
triazole 5a. No increased B2AR selectivity was apparent for the all-carbon and the PEG linked

ligands.

Because of the good correlation between the potencies and affinities of the bitopic ligands, a
selectivity plot based on ligand potencies in the membrane-based cCAMP assay was generated
as well (Figure S3B). From the potency-based selectivity ratios (ICso at B1AR/ICsg at B2AR)
the ligands 3b, 3c, 4b-d, 4f, and the (R,R)-4d appeared to be the most .AR-selective ligands.
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Figure S3. Selectivity plots for (rac)-, (R)- and (S)-ALP and all bitopic ligands tested in the
competition binding assay (A) and the cCAMP TR-FRET assay (mean potencies) (B). Data
represents mean + S.E.M. from 3-8 independent experiments carried out in duplicate.

2.1.4 Kinetic binding experiments

Kinetic binding experiments were carried out using *H-DHA, and dissociation experiments
gave a radioligand dissociation rate (ofr) of 0.0588 + 0.0042 min™ (Figure S4A). The observed
association rate (kobs) was determined in association experiments and gave an association rate
(kon) 0f 9.95 + 0.83 x 10" Mt min (Figure S4B). From the kon and Ko, an equilibrium binding
constant (kp) was calculated to 0.59 nM. Global fitting of the association data to obtain a single
best-fit calculation of the kinetic parameters resulted in a kon 0f 8.79 + 0.45 x 10’ M min?, a
Kott Of 0.0843 + 0.0168 min™ and a kp of 0.969 + 0.200 nM, which fits well with the values
determined using the method originally described by Motulsky et al.®® Plotting kons against the
radioligand concentration furthermore confirmed the Law of Mass Action with a R? = 0.9487
(Figure S4C). The slope of 1.01 + 0.01 x 108 M min' and the y-intercept of 0.0217 + 0.0186
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mint, which optimally equals kon and ko, respectively, resulted in a kp of 0.2148 nM. Finally,
the ko of H-DHA determined in saturation experiments used for the equilibrium binding
experiments was determined to 0.39 nM (data not shown). Taken together, the determined
kinetics for *H-DHA are in agreement among the different experiments and calculation

methods as well as with values published by others.36-38

Optimal *H-DHA binding curve separation was achieved at different concentrations of the
unlabeled ligands ranging from 1-12 times their K; values (Figure 6 in main text). The complete
data set, however, revealed that the degree of binding curve separation had no influence on the
calculated kinetic parameters. This is likely due to the use of three concentrations of unlabeled

ligand in each experiment. Hence, all data were included in the final data set.
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Figure S4. Kinetic binding experiments for 3H-dihydroalprenolol (*H-DHA) at the B.-
adrenergic receptor (B2AR). *H-DHA dissociation (A) and association (B). Plotting of kops as a
function of *H-DHA concentration confirmed the Law of Mass Action as revealed by the linear
correlation with a r> = 0.95. Data represents mean + SD from one representative dissociation
(A) and association (B) out of three independent experiments carried out in duplicate, whereas

(C) is based on mean values.
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2.2 EXPERIMENTAL METHODS
2.2.1 Cell culturing

Two HEK293 cell lines stably overexpressing either the B1AR or the B2AR*334 were cultured
in Dulbecco's Modified Eagle's Medium with 4.5 g/L D-glucose, 1% pyruvate, 5% Fetal Bovine
Serum (FBS), 1% Non-Essential Amino Acids, 1% Penicillin/Streptomycin and 1% G418 at
37 °C with 5% COa. The medium for the B2 AR HEK293 cell line also contained 50 pug/mL
Zeocin. All materials were purchased from Gibco®, ThermoFisher.

2.2.2 Membrane preparation

HEK293 cells overexpressing the B1AR or the B2AR3*** described in Cell culturing were grown
to near confluence, washed once with phosphate-buffered saline (PBS) (no Ca?*, no Mg?*) and
detached using PBS (no Ca?*, no Mg?*) supplemented with 2 mM EDTA. The combined cell
suspensions were centrifuged at 2,000 rounds per min (rpm) for 5 minutes (5804R, Eppendorf).
The resulting cell pellet was re-suspended in lysis buffer (10 mM Tris pH 7.5 supplemented
with 1 mM EDTA and protease inhibitors (cOmplete Protease Inhibitor Cocktail Tablets,
Roche Diagnostics GmbH)) and left on ice for 5 min to complete cell lysis. The lysate was
homogenized by 50 strokes using a tight glass douncer and centrifuged at 1,500 rpm for 10 min
(5804R, Eppendorf). The supernatant was isolated and centrifuged at 18,000 rpm for 20 min at
4 °C (Avanti J-25, Beckman). The resulting pellet was re-suspended in membrane buffer
(Hank’s Buffered Salt Solution (HBSS) with 20 mM 4-(2-hydroxyethyl)piperazine-1-
ethanesulfonic acid, N-(2-hydroxyethyl)piperazine-N'-(2-ethanesulfonic acid) (HEPES) pH
7.4 and protease inhibitors (cOmplete Protease Inhibitor Cocktail Tablets, Roche Diagnostics

GmbH)). The membrane suspension was frozen in aliquots of 150 uL at —80°C.

2.2.3 Membrane-based cAMP Time-Resolved (TR)-FRET assay

Membrane buffer (HBSS supplemented with 1 mM CaClz, 1 mM MgCl,, 20 mM HEPES pH
7.4 and 0.1% Bovine Serum Albumin (BSA)), agonist buffer (membrane buffer supplemented
with 0.02% ascorbic acid, 9 mM MgClz, 250 uM 3-isobutyl-1-methylxanthine (IBMX), 100
uM adenosine-5’-triphosphate (ATP) and 10 pM guanosine-5’-triphosphate (GTP)) (in 3xfinal
concentration) and antagonist buffer (membrane buffer with 0.0025% polyoxyethylene (20)

sorbitan monolaurate (Tween-20)) (in 3x final concentration) were prepared. All buffer
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reagents were purchased from Sigma-Aldrich. ISO ((—)-isoproterenol (+)-bitartrate salt,
Sigma-Aldrich) solutions were prepared in agonist buffer (in 3xfinal concentration). Ligand
solutions were prepared in antagonist buffer (in 3xfinal concentration) with 1% DMSO
(3xfinal concentration). Membranes described in Membrane preparation from the f1AR- or
B2AR-overexpressing HEK293 cell lines were thawed and diluted to an appropriate
concentration in membrane buffer with 40-50 strokes by use of tight douncer to make a
homogeneous membrane suspension. To test for agonistic behavior of the ligands, 5 pL agonist
buffer (no ISO), 5 uL ligand solution and 5 ulL membrane suspension were incubated for 30
min before terminating the assay and reading the plate on an Envision Multimode Plate Reader.
To test for antagonistic behavior of the ligands, an ISO concentration-response curve was
prepared in agonist buffer. 5 pL agonist solution, 5 pL antagonist buffer (no ligand) and 5 puL
membrane suspension were incubated for 30 min before terminating the assay and reading the
plate on an Envision Multimode Plate Reader. Based on the ISO concentration-response curve,
an 1SO ECgo solution (in 3xfinal concentration) was prepared. 5 uL antagonist solution was
pre-incubated with 5 uL. membrane suspension for 15 min followed by addition of 5 uL ISO
solution. The plate was incubated for 30 min before terminating the assay and reading the plate
on an Envision Multimode Plate Reader. All incubations were carried out at room temperature.
Shortly before terminating the assay, CAMP-d2 and anti-cAMP solutions were prepared and
added to the plate according to the manufacture’s protocol (CisBio cAMP Gs dynamic kit
catalogue number 62AM4PEC). To terminate the assay and quantify cAMP levels, 5 pL
CAMP-d2 followed by 5 puL anti-cAMP were added to the plate, which was incubated for 60
min and then read on an Envision Multimode Plate Reader. The Envision settings were top
mirror LANCE/DELFIA (barcode 412), excitation filter for Eu®*: UV2 (TRF) 340 nm (barcode
101), emission filter for d2: APC 665 nm (barcode 205) and emission filter for Eu®*: Europium
615 nm (barcode 203).

Concentration-response curves and inhibition curves from the cCAMP TR-FRET assay were
fitted using the non-linear regression log(inhibitor) vs. response - variable slope (four
parameters) function in GraphPad Prism:

(Rmax - Rmin)
1+ 10(log(IC50—x)*nH

R = Rmin +

Where R is the response, Rmin iS the minimum response, Rmax iS the maximum response, 1Cso
is the ligand concentration that inhibits half of the agonist response, and ny is the Hill slope
corresponding to the steepness of the curve.
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Ligand potencies did not differ when 1SO was used in concentrations within its ECao-ECoo.

2.2.4 Cell-based cAMP biosensor assay

Confluent or nearly confluent B2AR-overexpressing HEK293 cells described in Cell culturing
were washed once with PBS (no Ca?*, no Mg?*), detached using trypsin-EDTA and diluted in
growth medium to a concentration of 300,000 cells/mL. 100 puL of the cell suspension was
added to each well of a Poly-D-Lysine-coated 96 well clear bottom plates (Corning) making
the final concentration 30,000 cells/well. The plates were incubated for 16-24 hours at 37 °C
with 5% CO..

The next day, buffer (HBSS supplemented with 1 mM CaClz, 1 mM MgClz, 20 mM HEPES
pH 7.4 and 0.1% BSA) was prepared. All solutions were prepared in this buffer. The medium
was removed from the cells and they were washed once with 100 pL buffer. Initially, an ISO
((—)-isoproterenol (+)-bitartrate salt, Sigma-Aldrich) concentration-response curve was
generated. 100 pL buffer with 1% DMSO (in 2xfinal concentration) and 100 uL ISO solution
(in 2xfinal concentration) were added to the cells. The plate was incubated for 15 min in dark
and read on an Envision Multimode Plate Reader. Next, an 1ISO ECgo solution (in 2xfinal
concentration) and ligand solutions (in 4xfinal concentration) with 1% DMSO (in 4xfinal
concentration) were prepared. The cells were washed once with 100 pL buffer followed by
addition of 50 uL buffer and 50 uL ligand solution. The plate was incubated at room
temperature for 15 min in dark and read on an Envision Multimode Plate Reader to test for
agonistic behavior. Next, 100 pL of the ISO solution was added and the plate was incubated
for 15 min at room temperature and read on the Envision Multimode Plate Reader to test for
antagonistic behavior. All incubations were carried out at room temperature. The Envision
settings were top mirror CFP/YFP (barcode 428), excitation filter for CFP: CFP 430 nm
(barcode 138), emission filter for CFP: CFP 470 nm (barcode 240) and emission filter for YFP:
YFP 535 nm (barcode 274).

Concentration-response curves and inhibition curves from the cell-based cAMP biosensor
assay were fitted similar to data from the cCAMP TR-FRET assay. Ligand potencies did not

differ when 1SO was used in concentrations within its ECgg-ECogo.
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2.2.5 Radioligand saturation binding experiments

All radioligand binding experiments were carried out using membranes described in Membrane
preparation and binding buffer (HBSS supplemented with 1 mM MgCl;, 20 mM HEPES pH
7.43 and 0.1% BSA) with a final DMSO concentration of 1% in 96-deep well plates. The
radioligand *H-dihydroalprenolol (3H-DHA) (dihydroalprenolol hydrochloride, Levo-[ring,
propyl-*H(N)], 91.3 Ci/mmol or 97.1 Ci/mmol, PerkinElmer) were used in all binding

experiments.

Membranes were thawed and diluted to an appropriate concentration in binding buffer with 40-
50 strokes by use of a tight douncer to make a homogeneous membrane suspension. 100 uL
buffer, 25 uL membrane suspension, and 25 uL *H-DHA solution in concentrations ranging
from 5 pM to 12 nM (in 6x final concentration) were added to 96-well deep well plates in the
written order and incubated for 90 min at room temperature on a plate shaker at 500 rpm. Non-
specific binding of *H-DHA was determined in presence of 10 uM ALP. Membrane bound *H-
DHA was separated from unbound *H-DHA by rapid vacuum filtration onto a 96-well harvester
(PerkinElmer) onto GF/B Unifilter 96-well plates (UniFilter® white microplates with bonded
GF/B filter, PerkinElmer) followed by 2-3 washes with cold binding buffer (total of 2.5 mL).
The plates were dried at 50 °C for 45-60 min followed by addition of 40 pL microscint-0
(PerkinElmer) and measurement of radioactivity on a MicroBeta2 Counter (PerkinElmer). To
determine the exact concentration of *H-DHA used in the experiments, 100 puL *H-DHA
solution was added to pony vials with 3 mL Ultima Gold (PerkinElmer) and counted on a Tri-
Carb 2800R Liquid Scintillation Analyzer (PerkinElmer). Data was fitted using the One site -
Total and nonspecific binding function in GraphPad Prism:

Bmax * X

Specific binding = ————
pecific binding = —— Ko
Non specific binding = NS * X + background

Where Bmax is the maximum specific binding (cpm), X is the radioactivity of the radioligand
(cpm), Kp is the equilibrium binding constant (nM), NS is the slope of non-specific binding

(cpm nMY) and background is the non-specific binding in the absence of radioligand.
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2.2.6 Kinetic binding experiments

For 3H-DHA dissociation experiments 100 pL buffer, 25 uL membrane suspension, and 25 puL
3H-DHA solution (in 6x final concentration), were added to 96-well deep well plates in the
written order and incubated for various times up to 90 min at room temperature on a plate
shaker at 500 rpm. The assay was terminated and processed as described in Radioligand

saturation binding experiments.

3H-DHA dissociation experiments were carried out using approximately 1.6 nM 3H-DHA and
data was fitted using the Dissociation - One phase exponential decay function in GraphPad

Prism to determine the dissociation rate (Koff):
Y = (Y, — NS) * e KX 1 NS

Where Y is the binding (cpm), X is the time (min), Yo is the binding at time zero (cpm), NS

is the non-specific binding (cpm), K is the rate constant (min™t).

For *H-DHA association experiments, concentrations of approximately 3.2 nM, 1.6 nM, and
0.8 nM 3H-DHA were used and incubated for various times up to 90 min. The assay was
terminated and processed as described in Radioligand saturation binding experiments. 3H-
DHA association data was fitted to a one-phase exponential function using the One-phase

association function in GraphPad Prism to determine an observed rate constant (Kobs):
Y =Y, * (Plateau — Yj) * (1 — e(—K*X))

Where Y is binding (cpm) at time X (min), plateau is binding at infinite times (cpm), and K

is the rate constant corresponding to Kobs (min™).

From Kobs (association experiments) and Ko (dissociation experiments), an association rate
(kon) Of *H-DHA was calculated:

kobs - koff

Koy = —== o
°n = [3H — DHA]

The equilibrium dissociation constant kp was now calculated:

koff

Kn =
® ™ Kon

3H-DHA association data was also fitted globally using the Association - Two or more conc. of

hot. function in GraphPad Prism to derive a single best-fit calculation of Kon and Koff:

L = Hotnm * 1e~°
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Kobs = Kon * L + Koy

L
L +Kp

Occupancy =

Yimax = Occupancy * B«
Y = Yopax * (1 — e(1rkobs X))

Where kon is the association rate constant (M~ min™), Ko is the dissociation rate constant (min-

1, Kp is the equilibrium binding constant (M), and Bmax is the maximum binding at equilibrium

(cpm).

2.2.7 Competition binding experiments to calculate ligand affinity of unlabeled ligands

25 pL buffer, 25 pL membrane suspension, 25 uL 1 nM *H-DHA solution (in 6x final
concentration), and 75 pL ligand solution (in 2% final concentration) were added to 96-well
deep well plates in the written order and incubated for 90 min at room temperature on a plate
shaker at 500 rpm. The assay was terminated and processed as described in Radioligand

saturation binding experiments.

Displacement curves from the competition binding experiments were fitted using the one site

— fit logEC50 function in GraphPad Prism to determine the 1Cso value:

_ Bottom + (Top — Bottom)
- 1 4 10X-10g(ICso)

Where bottom and top are plateaus of the competition binding curve and log(ICso) is the log of
the concentration of the competitor that gives half the maximum binding at equilibrium.
Hereafter, the Cheng-Prusoff equation® was used to calculate the affinities of the ligands in
the form of a Kj value, which is the equilibrium dissociation constant of the nonradioactive
ligand:

ICsg

S
L B

Ki=

Where [S] is the concentration and Kp the equilibrium dissociation constant of the radioligand.
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2.2.8 Competition binding experiments to determine Kinetics and affinities of unlabeled

ligands

25 uL buffer and 25 uL. membrane suspension were added to wells of a 96-well deep well plate.
Hereafter, 100 pL solution with 1 nM 3H-DHA and unlabelled ligand (both in 1.5x final
concentration) were added and incubated at various times up to 90 min at room temperature on
a plate shaker at 500 rpm. The assay was terminated and processed as described in Radioligand
saturation binding experiments. To determine non-specific binding, 25 pL 10 uM ALP (in 6x
final concentration), and 25 uL. membrane suspension were added to wells of another 96-well
deep well plate. Again, 100 pL solution with 1 nM 3H-DHA and unlabelled ligand (both in
1.5x final concentration) were added at various times up to 90 min at room temperature and
terminated and processed as described in Radioligand saturation binding experiments. Based
on the kinetic parameters of *H-DHA binding, Kon, Kotr and kq of the unlabelled ligands were
calculated using the Kinetics of competitive binding function in GraphPad Prism, which is

based on the calculation method originally described by Motulsky et al:3
Ka = kg * [L] +k;

KB=k3*[I]+k4

Kg = 0.5 + (KA +Kg + J ((Ka — KB)2+4*k1*k3*L*I*10_18>

Kg = 0.5 (KA +Kp — v ((Ka — KB)2+4*k1*k3*L*I*1O_18)

Bmax * kg * L *107°
K —Ks

Q=

ks * (kg — kg) n ks — Kg « o(KpX) _ ks —Ks « e—KsX
kg * Kg Kg Ks

Where Ka, Kg, Kr, and Ks are variables defined for the purpose of solving differential
equations describing the kinetics of a competitive binding incubation. The two last equations
are the result of solving these equations and describe the amount of radioligand bound the
receptors as a function of time. Y is the specific 3H-DHA binding and X is the time (min). [L]
and [l] are the concentrations of the radioligand and the unlabelled competing ligand,
respectively. Knowing these factors, the maximum binding Bmax and the association and

dissociate rate of the unlabelled ligand, k1 and kz, respectively, can be determined.
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3 NMR AND HPLC DATA

'H and 3C NMR spectra and HPLC chromatograms of final bitopic ligands and truncated

analogues
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HPLC (Method A)
1a

O O X2TFA

Sample 2 Vial 2:12 ID MCR_BG_151106_BG2-089p48 File MCR_BG_151106_BG2-089p48 Date 06-Nov-2015 Time 14:41:49
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/k )\ {-12000
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HN/K )\NH H NMR, 600 MHz, CDCl,
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HN/K )\NH HPLC (Method A)

HO WOH 1¢

O (¢]
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H NMR, 600 MHz, D,0

Hoj; KKOH 55
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o L 3¢ NMR, 150 MHz, CDCI, 25000
HN NH 2b
HO:H KI.\-\OH 26000
(0] (0] 24000
@/0\/{'\0/\)3/0@
X2TFA i 22000
i 20000
- 18000
i 16000
i 14000
t 12000
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| 1 J Lo
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2:)0 1’90 1‘80 1‘70 1‘60 1‘50 1!40 1‘30 1r20 1‘10 1‘00 éu éO 7r0 6‘0 ;0 4‘0 3‘0 2’0 1‘0 b
f1 (ppm)
1.400 Kira analytical tests #42 [modified by Administrator] UV_VIS 2
> mAU )\ )\ 2 WVL:210 nm|
] @
1 HN NH - HPLC (Method K)
] Ho]) H:OH 2b
1.000 o 0
] ©/ov(/\o/\)3/o\©
| X2TFA
750+
500
250+
|
min
A0 ———————
0,0 50 10,0 15,0 20,0 25,0 30,0

No. | Ret.Time Peak Name Height Area Rel.Area Amount Resolution(EP)
min mAU _ mAU*min %
1 18.39 na 1246624 214713 100,00 na na
Total: 1246,624 214713 100,00 0,000
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1.100 MF068 #49 [modified by Administrator] MF094 UV_VIS_5
SV mAu > WVL:280 nm
=}
] Ao L & HPLC (Method K)
HN NH i 3
Hoj) OH b a
875
o) " H o]
750 NTN‘/\©
o X2TFA
625-]
500
375
250
125
1 ol
-100- T T . : : min
0,0 5,0 10,0 15,0 20,0 250 30,0
No. | Ret.Time Peak Name Height Area Rel.Area Amount Resolution(EP)
min mAU _ mAU*min %
1 12,80 n.a. 876,315 123555 51,65 n.a. 0,85
2 12,99 n.a. 958,972 115654 48,35 n.a. n.a.
Total: 1835,287 239,209 100,00 0,000

Compound 3a eluted as the mono- and di-TFA salt, which gave rise to two close peaks.

A Py H NMR, 400 MHz, CDCI,
HN NH 3b 10000
Hoj) KEOH
(0] i 0 9000
@/\f ’\/\@ o -
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;
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f
/ / | .
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i |
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T T T l.‘l T T q(“|‘7 T Z\V T T T wl T z T ”| T ° T = T T T
10.0 9.5 9.0 85 8.0 7.5 7.0 6.5 6.0 55 5.0 4.5 4.0 35 3.0 25 2.0 1.5 1.0 0.5 0.0
f1 (ppm)
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J\ )\ 13C NMR, 100 MHz, CDCI, 16000
HN NH 3b
Hoj) KL.\OH L 15000
e} 0 0 L
@/\/\N kﬁ/\/\@ 14000
OTFA 13000
12000
11000
10000
9000
8000
7000
6000
5000
4000
3000
2000
1000
ll I l I 1L ] i ’ I \ ‘ ‘ ‘ 0
-1000
180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
1 (ppm)
550 EM28 #2 [modified by Administrator] EM28 UV _VIS 4
quU 8 WVL:254 nm|
o~
] HNJ\ /LNH
HPLC (Method K)
HO. WOH
3b j) kL
400+ O o} (0]
4 @/\/\ )J\ /\/\@
N~ N
H H
] X2TFA
300+
200+
100+ ‘
8 g 3 | 3
g 3 i N —
T T L | il - I
-50- T ; T ; . min|
0,0 50 10,0 15,0 20,0 250 30,0
No. | Ret.Time Peak Name Height Area Rel.Area Amount Resolution(EP)
min mAU _ mAU*min %
1 2,82 n.a. 3,628 0,215 0,42 n.a. 38,30
2 7.86 n.a. 1,757 0,173 0,34 n.a. 13,29
3 9,54 n.a. 0,480 0,000 0,00 n.a. 2,38
4 9,99 n.a. 0,214 0,015 0,03 n.a. 13,36
5 12,90 n.a. 489,829 50,469 98,80 n.a. 50,86
6 20,12 n.a. 2,569 0,208 0,41 n.a. n.a.
Total: 498,376 51,082 100,00 0,000
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HNJ\ H NMR, 600 MHz, CDCl,
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3.500 Kira prep analytisk check #3 KR1_044prepHPLCfr53 Uv_VIS 2
=YY TmAU WVL:210 nm|
ot " o HPLC (Method K) ]
‘ HO j/j 3b-l N
2,500 o j>\ ~o
©/\/\N N/\/\©
H H
2000~ XTFA
1.500-
1.000+
500+
8
L
n A J-' ! T
-500 > T T T T T m“‘l
0,0 50 10,0 15,0 20,0 25,0 30,0
No. | Ret.Time Peak Name Height Area Rel.Area Amount Resolution(EP)
min mAU  mAU*min %
1 9,88 na. 21,188 12,119 5,24 na. 27,88
2 22,23 n.a. 2806,323 219323 94,76 n.a. n.a.
Total: 2827511 231,442 100,00 0,000
HNJ\ H NMR, 600 MHz, CDCl;
Hoj) XxTFA 3b-1l
o] o]
SASRRae
H H
s [ r //j// I I
PO Fe2nR LT SEINHEER Sar &
; 0 Q,IS 9:0 815 BrD 7t5 7:0 6i5 6:0 I 5“0 4:5 . 3j5 3t0 215 210 1.5 1:0 OA‘S 0:0
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HN/L

Hoj)

o) o
SAS AR

13C NMR, 150 MHz, CDCl;

XTFA

3b-ll
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) i
;0 1;0 1éﬂ 1;0 1:10 1;0 1;0 110 1(‘)0 9‘0 8‘0 7‘0 6‘0 5‘0 4‘0 Bh 2‘0 1‘0
f1 (ppm)
3.500 BG analytical #77 [modified by Administrator] BG4-052 UV_VIS_1
: mAU WVL:205 nm)
8§
3.000- " Y HPLC (Method C) ®
HO]) xTFA 3b-ll
2.500 o o
©/\/\N)LN/\/\©
H H

2.000

1.500—

1.000—

500+

-S00 71— T T T 'l"'\‘fr‘nin

0,01 1,00 2,00 3,00 4,00 5,00 6,00 8,00 9,00 10,01
No. | Ret.Time Peak Name Height Area Rel.Area Amount Resolution(EP)
min mAU _ mAU*min %,
1 8,22 n.a. 2894,368 177,310 100,00 n.a. n.a.
Total: 2894,368 177,310 100,00 0,000
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180-BG analytical #29 BG3-079 uv_vis_3
—mAU WVL:280 nm
] o A HPLC (Method C)
1 =] HN
150- = o j') . 3b-lll
] o] 0
125+
1 @/\/\NJ\N/\/
1 H H
100
75
50
25
o] . _
-20 T T T — T '\“"min
0,0 50 10,0 15,0 20,0 25,0 30,0
No. | Ret.Time Peak Name Height Area Rel.Area Amount Resolution(EP)
min mAU _ mAU*min %
1 10,82 n.a. 143,015 9,135 100,00 n.a. n.a.
Total: 143,015 9,135 100,00 0,000
J\ /L 13000
HN NH 'H NMR, 400 MHz, CDCI,
Hoj) H:OH 3¢ P L 12000
|
H H r ( ‘ F11000
bl - / |
& e ’g r ‘f 15 | ‘ - 10000
e r— - / s { ! ( |
S J I, fr _ J J’f J J‘I jl /l L s000
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NN N S
A AN i i s e o T
= z 825 g g 3 & & ga 1000
16.0 9‘.5 9.0 8‘.5 8“0 7.5 7‘[) 6‘.5 6.0 5‘.5 I ‘ 4.0 3‘.5 ?;.O 25 2‘.0 1‘.5 1.0 0‘.5 dO

50 4.5
1 (ppm)
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2000

1 L.~ ¢ NMR, 100 MHz{cDCl, oo
HN NH
OH 3c 1800

Hoj) H\\‘
0 0

erﬂ 1600

o] X2TFA [ 1500

1400

1700

1300

1200

1100

1000

900

800

700

600

500

400

300

200

100

=100

T T T T T T T T T T T T T T T T T T
170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0
1 (ppm)

400 EM28 #87 [modified by Administrator] EMS55-frac43 UV _VIS 1
4mAU WVL:254 nm)|
] 2
[}
3507
: HN/K )\NH HPLC (Method J)
300] Hoj) H:OH 3c
. g X
] o] X2TFA
200
150 ‘
100
50 .
- 2 8 |
%) o |
0 e B——— B NE———————————
'50‘ T T ¥ T T T T T T T T T L
0,0 13 25 38 5,0 6,3 75 88 10,0 1,3 12,5 14,9
No. | Ret.Time Peak Name Height Area Rel.Area Amount Resolution(EP)
min mAU  mAU*min %
1 3,55 n.a. 6,472 0,231 0,89 n.a. 23,44
2 5,00 n.a. 4,784 0,198 0,76 n.a. 52,90
3 9,73 n.a. 346,670 25639 98,36 n.a. n.a.
Total: 357,926 26,068 100,00 0,000
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H H
x2TFA

/ I I S/ / // 7

500

300

200

r100

0

¥
k:

4.04 I =
2.04
2.00
2.03 1
2.03
2.04
2.03 I
4.53
2.05
4.02 4
4.05 1

N —
4.14 {L
L

1414 4
16,301

T T T T T T T T T T T T

4.0
f1 (ppm)

6000

N Py 13¢ NMR, 150 MHz, CD;0D

NH
Ho]) KEOH 3d 5500
X i
N
H

o +5000
N W\@
H
x2TFA 4500
4000
13500
3000
2500
2000
1500
1000

500

T T T T T T T T T T T T T T T T

:
170 160 150 140 130 120 110 100 90 70 60 50 40 30 20 10
f1 (ppm)
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400 BG analytical #77 [modified by Administrator] BG4-052 UV_VIS_3
mAU WVL:280 nm
o™
o
s50] HNJ\ )\NH HPLC (;ndethod D) o
HO K[OH
300
o o o]
©/WNJLNWV\©
250 H H
X2TFA
200
150
100
50+
s 8
pe -
0 L,“ m‘ 1
AL L S L S S AL | U T '|"'\"r'nin
0,01 1,00 2,00 3,00 4,00 5,00 6,00 7,00 8,00 9,00 10,01
No. | Ret.Time Peak Name Height Area Rel.Area Amount Resolution(EP)
min mAU _ mAU*min %
1 3,61 n.a. 3,885 0,087 0,44 n.a. 27,03
2 4,63 n.a. 7,699 0,182 0,92 n.a. 57,58
3 8,22 n.a. 342,614 19454 98,63 n.a. n.a.
Total: 354,198 19,724 100,00 0,000
HNJ\ )\NH H NMR, 600 MHz,|CD,0D r600
HO “OH 4a
r550
o} - o
AT +500
o 0 A erra ) [
[ | 450
ol rf [l
i o /1 I
400
r350
r300
r250
r200
r150
r100
u r50
J L1 . Lo
e, W ks LR LN i
88y 53 Re3= : 150
85 80 75 70 65 60 55 50 45 40 35 3.0 25 20 15 1.0 05 0.0 -05

f1 (ppm)



HNJ\ )\NH 13C NMR, 150 MHz, CD,0D 3000
Hoj) H\\OH 4a
CaRiae
X2TFA
2000
r1500
1000
I l r500
L AN ” -
190 180 170 160 150 140 130 120 110 100 9 80 70 60 50 40 30 20 10 O
f1 (ppm)
600-MF068 #52 MF093 uv_VIS 5
mAU WVL:280 nm|
] o L HPLC (Method K)
HN NH
1 Hoj) KL\OH & 4a
500 : =
DO WP
| OO
400 o o X2TFA
300+
200+
100
[ B )
-50 T —— : ; | : min
0,0 5,0 10,0 15,0 20,0 25,0 30,0
No. | Ret.Time Peak Name Height Area Rel.Area Amount Resolution(EP)
min mAU _ mAU*min %
1 11,27 n.a. 472,116 38,600 100,00 n.a. n.a.
Total: 472,116 38,600 100,00 0,000
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HO H_\.\OH 4b

H NMR, 600 MHz, CDClI,

412
195 1

410

20000
-19000
18000
-17000
~16000
15000
14000
13000
12000
~11000
10000
~9000
8000
7000
6000
5000
4000
3000
2000

1000

~-1000

HNJ\

Ho])
o

ANH

H.\‘\OH 4b
0] 0] o}
NiﬁgNzﬂ\V/”\W[:Ej
H H

X2TFA

50 45
1 (ppm)

13C NMR, 150 MHz, CDCl;

w |
e 1025{

o e

0

0.5

0.0

32000

30000

28000

26000

24000

22000

20000

18000

- 16000

- 14000

12000

- 10000

8000

6000

4000

2000

-2000

T T T T T T T T
180 170 160 150 140 130 120 110

T
100

T
90
1 (ppm)
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5opEM28 #49 EM33p(12+13)PREPED UV_VIS_4
mAU 2 WVL:254 nm|
1 J\ )\ ~ HPLC (Method K)
HN NH o 4b
HO OH
400
o o] 12 0 o]
X2TFA
300H
200H
100+
— i , e
50 . f . 1 . -
0,0 50 10,0 15,0 20,0 250 30,0
No. | Ret.Time Peak Name Height Area Rel.Area Amount Resolution(EP)
min mAU  mAU*min %
1 11,99 n.a. 439,439 43,786 100,00 n.a. n.a.
Total: 439,439 43,786 100,00 0,000
J\ )\ H NMR, 600 MHz, CDCl,
HN NH 4c
Hoj) \EOH
O (o]
2 B
o % m 2TFA ) [ 7
X
[ 4/ | [
e s Il _J J JIrl
Jﬁ ’J‘\r‘ W ] T e w‘J—‘J;ﬂu“_‘"‘_“—
8 R 8249 B & 8838 3 o
)I.O 9j5 9‘0 SjS B‘.O 7f5 7‘.0 6t5 GEO ' I ' 4?0 3.‘5 3?0 215 ZtD 1‘5 ltO 0.‘5 010

5.0 4.5
f1 (ppm)

r550

500

450

400

r350

300

250

r200

r150

100

~-50
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J\ /L 13C NMR, 150 MHz, CDCI;
HN NH 4c
HO]) H\ 4000
2
@Aﬁ ' W@ -
X2TFA
3000
2500
2000
1500
1000
500
| 1L, \ L,
% 10 10 150 140 130 120 110 100 90 ® e 0 4 B 20 10 0
1 (ppm)
250 BG analytical #5 BG3-046 uv_VvIS_3
mAU WVL:280 nm)
8
i ~ HPLC (Method D)
200 HN’L /LNH 4c
| Ho]) H_\JOH
o} o
H H
4 2 N N 2
50 @’”T . W@
] o 0 X2TFA
100
50
o J J___ L_
SO T 1 T ] T ‘\"'mir\]
0,0 2,0 4,0 6,0 8,0 10,0 12,0 14,0 16,0 18,0 20,1
No. | Ret.Time Peak Name Height Area Rel.Area Amount Resolution(EP)
min mAU _ mAU*min %
1 7,03 n.a. 201,411 7,972 100,00 n.a. n.a.
Total: 201,411 7,972 100,00 0,000
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H NMR, 400 MHz, CDCl,

11000

- 10000

- 9000

- 8000

- 7000

- 6000

- 5000

4000

- 3000

2000

1000

Ho:l) K.LoOH 4ad
o] HoH o}
@A/\m wg

0 0 X2TFA

[
J'I
- ~ o
__/( o {r - J // i f {_
_/_ _)r _;‘[J 1) J J J J } y
—_— P gty S e B s SR el

5 4 REEEL] E Z - 58 3 ¢
T T T T T T T T T T T T T T T T T T T T T
100 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 50 4.5 4.0 35 3.0 25 2.0 15 10 05 0.0

1 (ppm)
HNJ\ )\NH 13C NMR, 100 MHz,ICDCI3
Hoj) KI_\,.OH 4ad
o) HoH 0

0 o] X2TFA

180 170 160 150 140 130 120 110 100 80 70 60 50 40 30 20 10 0]
1 (ppm)

1400

1300

1200

F1100

1000

- 900

- 800

- 700
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- 500

400

- 300

200

100

r-100
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180 EM28 #98 [modified by Administrator] EM54-2(50) UV VIS 1
—mAU WVL:254 nm|
] HNJ\ )\NH - HPLC (Method C)
] Hoj) H\“OH o 4d
150+
] O H H 0]
125 s W/\@
1 o o] X2TFA
100
75
50
25
: 8 I T
] m | o
H— - —h —
'20_ T T T T T mlrl‘
0,0 2,0 40 6,0 8,0 10,0 12,0 18,0 20,1
No. | Ret.Time Peak Name Height Area Rel.Area Amount Resolution(EP)
min mAU _ mAU*min
1 5,00 n.a. 2,271 0,088 n.a. 50,04
2 9.11 n.a. 149.956 10,038 n.a. n.a.
Total: 152,227 10,126 0,000
L )\ r1100
HN NH H NMR, 600 MHz, D,0
HO., OH
it N (R.R)-4d ( 1000
o} HoH o}
NWNW\‘@ 900
(o] o} x2HCI (
[ [ | 800
/) I 51
F700
600
r500
400
F300
r200
J r100
W |
0
L REda o i e e i L2 'I
8s3 8 2 8L38 g 8 I
CoRiee : : : ; omm an L S : --100
0 7.5 7.0 6.5 6.0 55 5.0 4.5 4.0 3.5 1.5 1.0 0.5
f1 (ppm)
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,L\ /J\ 3000
HN NH 13C NMR, 150 MHz, D,0 I
Hoff KEOH (R,R)-4d L
r2600
@/\/\ﬂ/ \“/\/\@ 12400
X2HCI
2200
2000
1800
r1600
r1400
r1200
1000
800
r600
400
r200

-200

0 190 180 170 160 150 140 130 120 110 %oo )90 80 70 60 50 40 30 20 10 0
ppm

bitopic purity check #3 [modified by Administrator] bitopic purified Uv_VviIS 1
mAU WVL:200 nm|

2.500

8
HNJ\ NH = HPLC (Method J)

2.000—% “O’f KEOH (R,R)-4d
©/\/\’( \H/\/\© Xx2HCI

1.000-
500+

— — P . T - . . 'min
0,0 20 4,0 60 " 80 10,0 ' 12,0 ' 15,0
No. [ Ret.Time Peak Name Height Area Rel.Area Amount Resolution(EP)
min mAU  mAU*min %
1 8,80 n.a. 2055,300 118,120 100,00 n.a. n.a.
Total: 2055,300 118,120 100,00 0,000
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1H NMR, 600 MHz, CD,0D oo
4d-1 |
—_—
( ‘| |‘ ‘ 3500
[ f ‘ ‘
[ | |
[ JJ [ |
HNJ\ i }f [ | /] ;o I 3000
HO
0 0
@/WHHEH“N\CI 2500
0 0 XTFA
2000
1500
L 1000
500
J PJLLU F7 | I
LERE 44 dedy 42 4 4 4

9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0
f1 (ppm)

17000

J\ 13C NMR, 150 MHz, CD,0D
N 4d-1 - 16000

Hoj)
N 15000
@’/\/WNT‘E H\HM© - 14000
o o] XTFA - 13000

12000
11000
- 10000
9000
- 8000
7000
- 6000

- 5000

4000

3000

2000

- 1000
4 A . -0

T T T T T T T T T T T T T T T T T T T T - 71000

T
200 190 180 170 160 150 140 130 120 110 100 S0 80 70 60 50 40 30 20 10 0
f1 (ppm)
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700 Kira prep analytisk check #5 KR1_088prepHPLC UV_VIS 4
"~ mAU WVL:254 nm|
i » i HPLC (:nde:hod K) g_
y HOjj/J -
50,0 o 0K ~o
1 ; YV\@
J (0] (0] xTFA
40,0
30,0
20,0-
10,0 L
AA__._-———-“"-——_J
0.0 = | .
10,0 ————————————————————————— 1
0,0 50 10,0 15,0 20,0 25,0 30,0
No. | Ret.Time Peak Name Height Area Rel.Area Amount Resolution(EP)
min mAU mAU*min %
1 21,49 na 53732 9434 100,00 na na.
Total: 53,732 9434 100,00 0,000
HNJ\ H NMR, 600 MHz, CDCl;4
Ho. ]) 4d-Il
1 N JOb\/‘©
Ne~n XTFA
o H
s /” [ I J
T éx@a J:LTL:Q% SNV
;D 915 QTD 815 BtD 7‘5 7'0 615 6j0 515 STD 415 4tD 375 3?0 2?5 2?0 5 ITD 015 Dk
f1 (ppm)

1200

1100

[-1000

900

800

700

600

[-500

400

300

200

100

o

F-100
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L 1cNMR, 150 Mlllz, cDCl,
HN

+-5000

HO. j) 4ad-ll | 4500
i N J?\/\/[j
N~y xTFA 14000
H
o
13500
3000
12500
2000
1500
+1000
500
| i . ] Lo
% 10 10 10 40 130 10 10 w00 % 8 0 6 S0 4 3 20 10
f1 (ppm)
a0 BG analytical #34 [modified by Administrator] BG4-001 Uv_VviS 3
—mAU WVL:280 nm
] 2
o
75 | HPLC (Method C)
) HN
HO j) 4d-l
N~y XTFA
] o H
50
38
25
13 8
] o
I B S
0+ o
'1(}- T T T T T min
0,0 5,0 10,0 15,0 20,0 25,0 30,0
No. | Ret.Time Peak Name Height Area Rel.Area Amount Resolution(EP)
min mAU __ mAU*min %
1 12,02 n.a. 4,019 0,255 5,27 n.a. 5,07
2 12,50 n.a. 75,159 4,592 94,73 n.a. n.a.
Total: 79,178 4,847 100,00 0,000
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L "HNMR, 600 MHz, CD;0D
HN

o ]) 4d-
o]

xTFA

o]
n\/\Nk/\
H
/

Il S

1.00
0.8
0.98

099"
1.00-1
0.98

1,005

1.00
ng
3.84—
1.084
1.99-]
1.99
zm}L
2.00-]

2.02
5.96<

[£ouu

2400

2200

2000

1800
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1400

1200
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200

o

[-200

75 7.

=}

6.5 6.0 5.5 5.0 4.5 4.0
f1 (pom)

HN/L 13C NMR, 150 MHz, CD,0D

o j) 4d-ll
o]

o]
H\/\NM

o H XTFA

{11000

10000

9000

8000

7000
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4000
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2000

1000

~-1000

T T T T T T T T M T T
170 160 150 140 130 120 110 100 90
f1 (ppm)
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120 BG analytical #37 [modified by Administrator] BG4-002 Uv_ VIS 3
mAU WVL:280 nm
154
100 S L HPLC (Method C)
| My 4d-ll
Hoj) -
80— o " o
N\/\N)I\/\
: o H XTFA
60
40
20+
-10 T ‘|""\f"'|""mirI
0,0 5,0 10,0 15,0 20,0 25,0 30,0
No. | Ret.Time Peak Name Height Area Rel.Area Amount Resolution(EP)
min mAU _ mAU*min %
1 10,70 n.a. 93,617 5773 100,00 n.a. n.a.
Total: 93,617 5,773 100,00 0,000
/L /L H NIVIR, 600 MHz, CDCl,
HN NH de 600
HO. OH
o ° 550
H H
3 N N 3
©/HT {\‘)/3 500
o o X2TFA
( | [
P [ f [] | ‘ I 450
N IV B
400
350
300
250
200
150
100
U 50
(e L L TN CE S LN O o
88 & 88 8 & BRYHK ]&] A7 O
- - < ~N - SN AT T N NS I-s0
915 9‘0 8‘5 BCD 7f5 7'0 G[S 610 5:5 I 415 410 3.‘5 3‘,0 215 210 J.tS 1:0 DrS OjD

5.0
f1 (ppm)
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2500
J\ i 13C NMR, 150 MHz, CDCl,4 (2400
HN NH 2300
Hoj) EOH 4e 2200
o o 2100
3 HHH 3 2000
3 (1900
(e] o x2TFA
1800
1700
[-1600
[-1500
1400
1300
1200
1100
(1000
(~900
[-800
(~700
600
500
400
300
(200
| | 100
1L " " L Lo
F-100
--200
1 ;D 1 éﬂ 1;0 1"‘0 1.':]0 1 él) 1 1‘0 1‘.1}0 9‘0 I 7‘0 6’0 5‘0 4‘0 3‘0 2‘0 lIU
f1 (ppm)
350.BG analytical #12 BG3-054 UV VIS 3
JmAU - WVL:280 nm
T
1 ~
00|
3007 1o L HPLC (Method D)
] HN NH 4
] HO OH e
250-]
o 0
H H
1 3 NN 3
—| 3
200+ o} o} x2TFA
150
100-]
50
o 1 ] L—_g l\’
-50— T T — T ™7 T ™7 T T UL
0,0 2,0 40 6,0 8,0 10,0 12,0 14,0 16,0 18,0 20,1
No. | Ret.Time Peak Name Height Area Rel.Area Amount Resolution(EP)
min mAU mAU*min %
1 7,41 n.a. 310,700 12,217 100,00 n.a. n.a.
Total: 310,700 12,217 100,00 0,000




H NMR, 600 MHz, cDCI,

/L /L 260
HN NH
af
Hoj) KL\OH | 240
H H
3 [
N N 220
*t
THA
j [ J Ir {J 200
[
/A [ 1] / /] J J oo
160
140
120
100
80
60
40
J\ j\ M M J-m
1 Ll LwJ Lt
T s TR K T T T T T = P1T
3 R 2885 ] 3 8 9% ® 8 988
- - - N A o ~N -« N o Mo T F - l-20
2.0 9.5 9.0 85 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.0 3. 3.0 25 2.0 1.5 1.0 0.5 0.0
f1 (ppm)
Ao L '3C NMR, 150 MHz, CDCl;
HN NH
H():],,J L\W\: 4f
O
”Mi.
x2TFA
- Ld . PR S EN F— —
T T T 7T T T T T T T T T T T T T T T
170 160 150 140 130 120 110 100 90 70 60 50 40 30 20 10 0
f1 (ppm)

r1700
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ro

100
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700_BG analytical #6 BG3-047 uv_VvIS 3
JmAU WVL:280 nm
600 N
g ~ HPLC (Method D)
HNJ\ /LNH 4f
] HO. JOH
500
1 o} 0
3 H H 3
o] e
i (0] (9] x2TFA
300-]
200
100+
o A A L@ 1
-100 T T — T T T T T T T mi?
0,0 2,0 4,0 6,0 8,0 10,0 12,0 14,0 16,0 18,0 20,1
No. | Ret.Time Peak Name Height Area Rel.Area Amount Resolution(EP)
min mAU  mAU*min %
1 7,47 n.a. 565,798 23,633 100,00 n.a. n.a.
Total: 565,798 23,633 100,00 0,000
N Ly 'HNMR, 400 MHz, cDCI, i
HO. .OH 5a 115000
]) KL 18000
? N ? 117000
x3TFA : 116000
7 " 15000
" . . I i J / / / 14000
13000
12000
11000
10000
9000
8000
7000
6000
5000
4000
3000
2000
1000
AN Jlj M N\A«J_J .
’_:1:_: Z ; \:—: O MM ; wn ?._\'T "1000
—-oo ISR-R-R=] Mm@ - g ~
90 85 80 75 7.0 65 60 55 50 45 4.0 35 3.0 25 20 1.5 1.0 0.5 0.0 -0.5

f1 (ppm)
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HNJ\ )\NH 13C NMR, 100 MHz, CDCl,
HO OH 5a r1100

x3TFA 1900
800
1700
600
500
400
300

200

100

T T T T T T T T

70 160 150 140 130 120 110 100 9 8 70 60 50 40 30 20 10 O
f1 (ppm)

HNJ\ )\NH HPLC (Method A)

HO:TJ L1:OH 52
0" N=N N=N O
©/N\/\/H\/K/N©
X3TFA

Sample 4 Vial 2:7 ID MCR_BG_151006_MF080T6prep File MCR_BG_151006_MF080T6prep Date 06-Oct-2015 Time 17:23:03 Descrip!

2: UV Detector: TAC :Wavelength Range: (215 - 254) 5.642e-1
Range: 5.758e-1
(1)
60% | (2)
0.54 | 40%
I 1.86
4.0e-1 [l ‘r.‘
B [ "‘ |
a ‘ |‘ [
2.0e-1 | | |1
I {
[
|
) |
0.0 T T T : T T T T | T T T T T | Time
-0.00 1.00 2.00 3.00 4.00 5.00
Peak Number Compound Time AreaAbs Area %Total Width Height Mass Found
1 0.54 4e+004 60.23 1 6e+005 Not Found
2 1.86 3e+004 39.77 1 3e+005 Not Found

The peak at 0.54 min is caused by negligible amounts of the highly UV active sodium
ascorbate.
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700

650

[550

500

450

350

300

r250

[200

150

r100

0

r-50

2600

2400

2200

2000

~1800

1600

1400

1200

1000

600

400

+-200

J\ ) TH NMR, 600 MHz, CD,0D
HN NH
Ho]) H\,\OH 5b
x3TFA
(e} o
N 2
SR RCSS
N=N N=N
[ { {
(
J /JJ ; ) / /f J{ /|
. L L o M
[ E i ELEEE T X
g 85 & g 28R 838 =
- o~ - m ™ M o= - - - —
8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 15 1.0 0.5
f1 (ppm)
A _l_ ™c NMR, 150 MHz, CD;0D
HN NH
HO. ~OH 5b
x3TFA
o] (0]
NS N “ N
1 " L | \ L
r T
170 160 150 140 130 120 110 100 70 60 50 40 30 20 10

90
f1 (ppm)
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2500 BG analytical #69 [modified by Administrator] BG4-026prepl! Uv_ VIS 1
: mAU WVL:205 nm
®
(=]
] /L )\ HPLC (Method D)
HN NH
2000 HO. H:OH 5b
X3TFA
o} 0
1.500~ @pp{/vu/\(/\w/@
. N=N N=N
1.000-
500-
b _
-500 T - T —— — — - . ; : — ‘mirll
0,0 2,0 4,0 6,0 8,0 10,0 12,0 14,0 16,0 18,0 20,1
No. | Ret.Time Peak Name Height Area Rel.Area Amount Resolution(EP)
min mAU ___ mAU*min %
1 6,31 n.a. 2049,371 152,536 100,00 n.a. n.a.
Total: 2049,371 152,536 100,00 0,000
HNJ\ - H NMR, 400 MHz, CDClI, :22000
HO. H\.\OH 5¢c i |
o) N=N H N=N 20000
N AN AN , , -
‘ XBTFA .| ; 18000
| / 2 L
/ F 4 J | [/ i 0 7}
16000
14000
r12000
r10000
8000
6000
4000
2000
.l A
8 iy T | V4 el e il i b Bl [
R 3 & 8883 4888 § | &
—————— s e s ""2000
1.0 95 90 85 80 75 70 65 60 55 50 45 40 35 3.0 25 20 15 1.0 05 0.0 -05

f1 (ppm)



HN/K )\NH 13C NMR, 100 MHz,|CDClI, 1200
Hoj) ‘\L\OH 5¢c
o) 1100
ARG
X3TFA 1000
900
800
700
600
500
400
300
200
100
170 160 150 140 130 120 110 100 9 8 70 60 50 40 30 20 10 0
f1 (ppm)
500-MF068 #51 [modified by Administrator] MF072 T97 UV_VIS 5
U WVL:280 nmy
HPLC (Method K) - HNJ\ )\NH
5c Hoj) K_L\\OH
400
1 [0) N=N H N=N )
| X3TFA
300+
200+
100+
sl T, .
1 g
b % P L ST LR T LT IR S S B ITY (T S TR S I (R —
0.0 50 10,0 150 20,0 25,0 30,0
No. | Ret.Time Peak Name Height Area Rel.Area Amount Resolution(EP)
min mAU  mAU*min %
1 11,23 na. 412,750 31,797 100.00 na. n.a.
Total: 412,750 31,797 100,00 0,000
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>_\ ~< r 10000
HN NH H NMR, 400 MHz, CDClI,
HO ?--OH 5d ( 9000
o NN T 5 .
N Xb | | | 8000
b
) / / X3TFA [ | o
/
J ! J) Il - 7000
- 6000
5000
4000
3000
r 2000
L1000
e e Lo
O ooy e T
2 g 8 % =8 3% 5 g
@ g% g 3= g g s
100 95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 10 05 00 -05
f1 (ppm)
k850
HN>\ F‘(NH 13C NMR, 100 MHz, CDClI, [0
5d F750
HO 0OH
S N e =700
o N H/\‘/‘\,N o
NN N=N F650
X3TFA 600
k550
1500
450
F400
350
300
F250
200
150
100
k50
ro
F-50
F-100
: ‘ - : ‘ - ‘ - . ; ‘ - : - . ‘ - ; ‘
70180 150 w0 1% 120 f0 f0 %0 80 60 50 40 30 2 10 0 -0
ppm

S59



EM28 #17 EM19R2 wv_Vis 5
1.000 04U WVL:280 nm)
] HPLC (Method K
87%] g HN>\ (5d : ‘<NH
] HO! %-HOH
™ d NN
625-]
1 \‘ X3TFA
500 ’
375 ‘
250 ‘
1 \
1254 \
|83
] S N & —
-100-] : ; ; . : min)
00 50 10.0 15.0 20,0 250 30,0
No. | Ret.Time Peak Name Height Area Rel.Area Amount Resolution(EP)
min mAU__ mAU*min %
1 12,09 n.a. 814,120 107,241 97,16 n.a. 3,07
2 12,65 n.a. 12,121 1,375 1,25 n.a. 4,59
3 13,60 n.a. 11,269 1,757 1.59 n.a. n.a.
Total: 837,510 110,372 100,00 0,000
Chiral HPLC chromatograms of rac-9, (S)-9 and (R)-9 showing that the stereochemical

information has been retained during construction of the

propanolamine motif.

5,00 BG3-001 #32 BG3-009/010chiral-3 UV_VIS_4
N mAU WVL:280 nm
7,420
5,680
7,00 J\
HN
HO.
6,00
O
5,00 =
4,
00 rac-9
3,00
2,00
1,00+
0,00 . -
-1,00 T T . T : min|
0,0 5,0 10,0 15,0 20,0 250 30,0
No. | Ret.Time Peak Name Height Area Rel.Area Amount Type
min mAU __ mAU*min %
1 5,68 n.a. 7,176 3,220 4742 n.a. BMB
2 7,42 n.a. 7.425 3,571 52,58 n.a. BMB
Total: 14,601 6,791 100,00 0,000
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70,0-BG3-001 #39 BG3-010chiral-2 Uv_VIS_4
™ jmAU WVL:280 nm
60,0+ 7,393 /]\
j HN
50.0- HO
] o)
40,0 =
30,0 (510
20,0—_
10,0
] 5,62
o,o—_ =
‘10-0‘ BN L S 7 % & T & 1 T -7 B % Tl % & min
0,0 5,0 10,0 15,0 20,0 25,0 30,0
No. | Ret.Time Peak Name Height Area Rel.Area Amount Type
min mAU _ mAU*min %
1 5,62 n.a. 4,365 1,634 5,02 n.a. BMB
2 7,39 n.a. 58,404 30,929 9498 n.a. BMB
Total: 62,769 32,563 100,00 0,000
30.0-EG3-001 #36 [modified by PREPHPLC] BG3-009chiral UV_VIS 4
' ImAU 5 610 WVL:280 nm

25,0 J\
N

HO,/H
20,0+

0
%
9

10,0+ (R)-
5,0+
0,0

-5,0+

J 7.447
I S ——min|

-10,0 LIB R B L ' T u LI LI — d
0,0 5,0 10,0 15,0 20,0 25,0 30,0
No. | Ret.Time Peak Name Height Area Rel.Area Amount Type
min mAU _ mAU*min %
1 5,61 na. 36,609 16,441 99,14 n.a. BMB
2 7.45 n.a. 0.296 0,143 0,86 na. _BMB*
Total: 36,906 16,583 100,00 0,000
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