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ABSTRACT: The matrix metalloprotease ADAMTS7 has been identified by multiple genome-wide association studies as being
involved in the development of coronary artery disease. Subsequent research revealed the proteolytic function of the enzyme to be
relevant for atherogenesis and restenosis after vessel injury. Based on a publicly known dual ADAMTS4/ADAMTS5 inhibitor, we
have in silico designed an ADAMTS7 inhibitor of the catalytic domain, which served as a starting point for an optimization
campaign. Initially our inhibitors suffered from low selectivity vs MMP12. An X-ray cocrystal structure inspired us to exploit amino
acid differences in the binding site of MMP12 and ADAMTS7 to improve selectivity. Further optimization composed of employing
5-membered heteroaromatic groups as hydantoin substituents to become more potent on ADAMTS7. Finally, fine-tuning of DMPK
properties yielded BAY-9835, the first orally bioavailable ADAMTS7 inhibitor. Further optimization to improve selectivity vs
ADAMTS12 seems possible, and a respective starting point could be identified.

■ INTRODUCTION
Atherosclerosis remains a leading cause of death worldwide1

despite widespread statin use and more recent advances like
PCSK9 targeting.2 Unsurprisingly, much effort is spent to
identify new targets involved in atherogenesis to meet unmet
medical needs.3 Genome-wide association studies to reveal the
genetics of coronary artery disease (CAD) have yielded until
now undrugged targets that might play a role in CAD4,5 and
potentially beyond. Among those targets is ADAMTS7 (a
disintegrin and metalloproteinase with thrombospondin type 1
repeats 7)6 with the leading single nucleotide polymorphism
(SNP) rs38258077,8 resulting in a serine to proline switch in
the prodomain of the enzyme. The wild-type serine containing
ADAMTS7 could be related to higher cardiovascular (CV)
mortality9 and other secondary CV events10,11 compared to
the low-frequency mutant proline variant. Furthermore, high
ADAMTS7 levels in atherosclerotic lesions correlated with an
increased risk for CV outcomes.12 On a cellular level, it was

found that reduced proteolytic function of the proline variant
was associated with less vascular smooth muscle (VSMC) and
endothelial cell (EC) migration.13−17 Because VSMC and EC
migration is an important component of atherogenesis and
neointima generation after vascular injury,18,19 it seems likely
that ADAMTS7 is involved in the formation of lipid as well as
nonlipid derived stenoses. This hypothesis was further
substantiated when it was found that knockout of ADAMTS7
reduced atherosclerosis in mice with a hyperlipidemic
phenotype and neointima proliferation as compared to wild-
type controls.20,21 According to a recent study, loss of the
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catalytic function of ADAMTS7 protects against atherogenesis
via a phenotypic switch of VSMCs, suggesting that the catalytic
domain should be an attractive target for therapeutic
intervention22,23 to treat coronary artery disease as well as
conditions associated with intima hyperplasia. Consequently,
ADAMTS7 antibodies raised against the ADAMTS7 catalytic
domain protected against stent-induced restenosis in a
preclinical swine model.24,25 Furthermore, high ADAMTS7
levels were identified in heart tissue20 and injured vessels,18

which is in line with the CAD protection conferred by the low
risk allele and the intimal thickening induced by the high risk
allele as detailed above. Collectively, the data suggest that
ADAMTS7 inhibition might be a new way to treat CAD and
restenosis.26

ADAMTS7 belongs to a family of 19 secreted zinc
metalloproteases27,28 with proteolytic activity against extrac-
ellular substrates15,29,30 including matrix proteins.31 The basic
ADAMTS structure comprises a pro-domain, a catalytic
domain, and an ancillary domain containing thrombospondin
repeats which determine substrate specificity and local-
ization.32 To the best of our knowledge, selective small
molecule inhibitors targeting the catalytic domain of
ADAMTS7 are unknown to date. According to a pharmaco-
phoric model33 comparing the catalytic site of ADAMTSs,
selectivity against the majority of ADAMTSs should be
possible. However, a recently published hydroxamate-based
ADAMTS7 inhibitor34 still shows strong inhibition of
ADAMTS4 and ADAMTS5 in addition to its activity on
other metalloproteases. We herein report the identification of
BAY-9835, the first dual ADAMTS7/ADAMTS12 antagonist
selective against a broader range of metalloproteases and with
good oral bioavailability.

■ RESULTS AND DISCUSSION
Identification of a Suitable Starting Point. One of our

lead finding strategies consisted of characterizing published
ADAMTS inhibitors in our newly established ADAMTS7
assay35−37 containing the human catalytic domain. To the best
of our knowledge, such an assay was not available elsewhere
until recently.34,38 By using this approach, we hoped to identify
so far undetected ADAMTS7 inhibitors. When we resynthe-
sized and tested a published dual ADAMTS4/ADAMTS5
inhibitor,39,40 we were pleased to see strong potency vs
ADAMTS7 (Figure 1). The structure of the ADAMTS5
inhibitor GLPG197241 was not publicly known during the
project and the same strategy could not be applied in this case.

Because no X-ray structure of ADAMTS7 is currently
available, a homology model based on an ADAMTS4 template
(PDB-ID: 4WKI) was generated and docking of the
hydantoin-based compound revealed potential key interactions
(Figure 2). The imine nitrogen from the hydantoin might bind
to the catalytic zinc. The OH from the 5-membered ring could

make an H-bond to Glu389, while the NH from the hydantoin
presumably employs an H-bond to Gly358. A hydrophobic
contact in the S1 pocket is proposed for the cyclopropyl group
attached to the heterocycle, and the amide NH potentially
interacts with Pro417. Furthermore, docking suggests the
carbonyl from the amide to form H-bonds with Gly358 and
Leu357.
To build on these in silico identified key interactions, the

cyclopropyl-methylamino substituted hydantoin was kept
constant, and a virtual amide library with all acids/acid
chlorides available on stock resulting in 6025 compounds was
enumerated and docked. Taking docking score and visual
examination of the docked poses into account, 62 amides were
synthesized. Only one compound had an ADAMTS7-IC50
below 100 nM, simultaneously showed reasonable selectivity
vs ADAMTS4 and ADAMTS5 (Figure 3), and was thus
characterized in more detail.
Inhibitor 1 revealed a clean profile against 77 off-targets (see

Supporting Information), no activity on several serine
proteases (FIIa, FXa, FXIa, TPA, Trypsin, Plasmin, Kallikrein),
and medium to good selectivity vs MMP2, MMP15, and
ADAM17. However, strong potency on ADAMTS12 and
MMP12 was observed. In pharmacokinetic studies, the
compound showed low clearance (Clbl, rat 0.7 L/kg/h), high
oral bioavailability (Frat 74%), and low protein binding (furat
15%). Reactive metabolites identified on the phenyl ring after
incubation with hepatocytes (see Supporting Information)
were deemed manageable, e.g., by introduction of substituents
in the para position. Taking potency, selectivity, PK, and
physicochemistry (MW 340 g/mol, logD7.5 1.8, HBD 3, HBA
5) into account, 1 was regarded as a good starting point for an
optimization campaign.
Optimization of Selectivity vs MMP12. Given the

strong binding of 1 to ADAMTS12 and MMP12, we first
concentrated on synthesizing more selective ADAMTS7
inhibitors. The sequence identity of the ligand binding site
between ADAMTS7 and ADAMTS12 is high42,43 (83%, 6 Å
around the ligand) while low for ADAMTS7 and MMP12
(31%, 6 Å around the ligand). Therefore, we initially focused
on selectivity vs MMP12 as the supposedly easier goal. As the
docking pose of 1 into ADAMTS7 indicated potential π-
stacking of the phenyltriazole with the enzyme (Figure 4) in
addition to the above-suggested key interactions of the
substituted hydantoin, more aryltriazole carboxamides were
explored (Table 1) thus leaving the already established
contacts with the enzyme potentially untouched.
In a first optimization round, we evaluated substituted 6-

membered aromatic residues attached to the triazole which
should not only provide more information on potency vs
ADAMTS7 and selectivity vs MMP12 but also on how the
respective moiety is metabolized (Table 1).
Compared to 1, p-fluoro (2) substitution improved potency

and in addition also gave a compound that was no longer
reactively metabolized. Further improvement of potency was
achieved with a meta-fluoro (3) instead of a para-fluoro
substituent. An ortho-fluoro substituent (4) significantly
reduced potency by potentially impacting the dihedral angle
between the triazole and the phenyl. To probe spatial and
lipophilicity requirements, compounds 5−7 were synthesized.
5 was equipotent to the para-fluoro derivative 2, while the
meta-chloro compound 6 was slightly less potent than its meta-
fluoro counterpart 3. The sterically more demanding para-tolyl
derivative 7 had a higher IC50 than 5 but was still below 50

Figure 1. Published dual ADAMTS4/ADAMTS5 inhibitor (Com-
pound 7 in J. Med. Chem. 2017, 5933) shows activity vs ADAMTS7.
[a] See Supporting Information for details on IC50 measurements.
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nM. The fluoropyridine 8 was clearly less active than the
fluorophenyl 2 which might again be attributable to changes in
the dihedral angle between the two aromatic rings of our
inhibitors. On one hand, compounds 1−3 and 5−7 made us
confident that it should be possible to identify additional
potent compounds. On the other hand, we were worried that
none of the inhibitors from Table 1 showed any significant
difference in selectivity vs MMP12. An X-ray cocrystal
structure of 3 in MMP12 overlaid with our ADAMTS7
homology model gave us first hints on how to obtain inhibitors
more selective vs MMP12 (Figure 5).
Two amino acid differences between both enzymes were

observed in proximity of two angstrom around the ligand. Near
our 6-membered aromatic groups, Leu419 from ADAMTS7 is
exchanged for Tyr240 in MMP12, while close to the
cyclopropyl, Thr356 (ADAMTS7) is exchanged for Ile180
(MMP12). We first concentrated on exploiting the leucine/
tyrosine exchange. Being encouraged by the overall good
potency seen for the inhibitors from Table 1, we started

making broader variations in the amide portion like allowing
more conformational flexibility or changing the exit vector
between the two aromatic groups to potentially clash with
Tyr240. Table 2 summarizes our most important findings.
Exchanging the phenyl of inhibitor 1 by an isothiazole (9)

led to a drop in potency without impacting selectivity vs
MMP12, as expected. Increasing three-dimensionality by
attaching thiazoles (10, 11) and a pyrazole (12) benzylically
to the triazole further reduced potency but simultaneously
increased selectivity. Changing the triazole of 1 by the pyrazole
of 13 was detrimental to the ADAMTS7-IC50. Attaching a
benzylic group to the pyrazole (14) again further reduced
potency and improved selectivity. Overall, the benzylic
subseries never reached double digit nanomolar potency on
ADAMTS7 and was thus abandoned despite being more
selective than the potent examples from Table 1. To scan
different exit vectors for the terminal phenyl groups typically
present in our inhibitors, we synthesized compounds 15−17.
Compared to 7, exchanging the triazole for a phenyl ring (15)

Figure 2. Binding pose of the compound from Figure 1 in an ADAMTS7 homology model based on the ADAMTS4 template with PDB-ID 4WKI.
The inhibitor is depicted with gray carbon atoms, blue nitrogens, red oxygens, and light green fluorines. Glu-389, Gly-358, Leu-357, Pro-417, and
His-388 are potentially directly interacting with the ligand. Hydrogen bonds are shown as dashed yellow lines. The putative interaction with the
catalytic zinc atom is depicted as dashed purple and the π-stacking as dashed light blue line. The cyclopropyl and the substituted phenyl of the
ligand might be buried within the S1 or the S1′ pocket, respectively. The figure has been prepared with Maestro (Version 13.0.135 Schrödinger,
LLC).

Figure 3. Metalloprotease panel for compound 1, the starting point for the optimization campaign. [a] IC50 vs ADAMTS7 enzyme, see Supporting
Information. [b] Selectivity factors were calculated by dividing the IC50 of a given metalloprotease by the ADAMTS7-IC50, see Supporting
Information for details on IC50 measurements.
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significantly reduced activity vs ADAMTS7 while increasing
activity on MMP12. The meta tolyl substituted derivative 16
was even less potent vs ADAMTS7. However, with the ortho
biphenyl containing hydantoin 17, we had roughly regained
the ADAMTS7-potency of 7 while improving MMP12-
selectivity by a factor of 124 compared to 7. Based on docking
analysis of 17 in ADAMTS7 and MMP12, we hypothesize that
the enhanced selectivity arises from increased negative steric
interactions between the ortho biphenyl and the MMP12
tyrosine residue (Figure 6). Further characterization of 17
revealed that, compared to 1, selectivity had increased not only
vs MMP12 but also vs other metalloproteases (Table 3).
Unfortunately, this significant step forward was accompanied

by a drop in metabolic stability. In vivo PK parameters of 17
(Clbl, rat 1.8 L/kg/h, Frat 54%) were inferior to those of 1
(Clbl, rat 0.7 L/kg/h, Frat 74%) which could be traced back to
quick oxidation of the methyl group. Exchanging the CH3 to
H, F, or CN led to reduced activity vs ADAMTS7 of only 200
to 300 nM. However, the CF3-analogue 18 (Table 4) was only
slightly less potent than 17 while showing very good PK
parameters (Clbl, rat 0.1 L/kg/h, Frat 86%) and thus served as a
starting point to further improve selectivity vs MMP12 by
exploiting the Thr356 (ADAMTS7) Ile180 (MMP12)
exchange mentioned above. In addition, increasing the size
of the P1 substituent might improve the IC50 vs ADAMTS7 by
addressing a subpocket in S1 (Figure 7).
Several aliphatic residues on the hydantoin, including

substituted cyclopropyls, were screened with modest success
regarding potency vs ADAMTS7 (data not shown). From
aromatic groups tested, 6-membered rings lacked potency as
well, while 5-membered heteroaromatic moieties yielded much
better results (Table 4).
Thiazole 19 was more potent vs ADAMTS7 and selective vs

MMP12 than the cyclopropyl derivative 18. The distomer of

19 and all other subsequently tested distomers were inactive vs
ADAMTS7. The absolute stereochemistry of eutomers has not
been elucidated up to this point. However, it can be assumed
that the same stereochemistry is present for the eutomers as for
cyclopropyl substituted hydantoins mentioned above. The α-
methylsubstituted thiazole 20 yielded an ADAMTS7 inhibitor
with further improved potency and selectivity. As reported by
Durham et al.,44,45 for hydantoin-based dual ADAMTS4/
ADAMTS5 inhibitors, the nature, and the substitution pattern
of 5-membered heteroaromatic groups, can impact target
enzyme potency and metalloprotease selectivity. This might be
due to changes in the dihedral angle between the respective
aromatic residue and the hydantoin and/or because of
electronic differences among said moieties. Comparing 19
and 20, we speculate that the methyl group of 20 impacts the
dihedral angle resulting in a more favorable interaction with
ADAMTS7. Strongly enlarging the substituent on the thiazole
α to the attachment point of the hydantoin and simultaneously
changing the electronics as in 21 significantly reduces potency
vs ADAMTS7. The 1,3-dimethylthiazole 22 was slightly less
potent and selective than 20. Inhibitor 20 was abandoned after
reactive metabolites were identified on the thiazole (see
Supporting Information). The methylimidazole in 23 was the
most potent hydantoin substituent that we could identify.
However, suboptimal metabolic stability of 23 in vivo (Clbl, rat
1.5 L/kg/h) and low exposure after oral administration
(AUCn, rat 0.6 kg h/L) prompted us to continue our
exploration. The low exposure seen for 23 might in part be
attributable to polarity (clogD7.5 2.0) and basicity (calculated
pKa 4.4). We therefore focused on less polar and less basic
pyrazoles like 24 (clogD7.5 2.2, calculated pKa 1.0) as a next
step. Compared to 23, pyrazole substituted hydantoin 24 was
slightly less potent vs ADAMTS7 and less selective vs MMP12.
However, in vivo PK (Clbl, rat 1.0 L/kg/h) as well as CYP3A4

Figure 4. Binding pose of 1 in an ADAMTS7 homology model based on the ADAMTS4 template with PDB-ID 4WKI. The inhibitor is depicted
with gray carbon atoms, blue nitrogens, and red oxygens. Glu-389, Gly-358, Leu-357, Pro-417, and His-388 might directly interact with the ligand.
Hydrogen bonds are shown as dashed yellow lines. The potential interaction with the catalytic zinc atom is depicted as dashed purple and the π-
stacking as dashed light blue lines. The cyclopropyl and the substituted phenyl of the ligand are presumably buried within the S1 or the S1′ pocket,
respectively. The figure has been prepared with Maestro (Version 13.0.135 Schrödinger, LLC).
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induction threshold concentration (23: 0.6 μM, 24: 16.6 μM)
had improved. Overall in vivo clearance depending on
hydantoin substituents was increasing as follows: cyclopropyl
< pyrazole < thiazole < imidazole. The pyrazole moiety
therefore offered a good trade-off between potency/selectivity
and PK properties. Enlarging the substituent on the pyrazole
nitrogen from methyl to ethyl (25) decreased potency and

selectivity. As for 21, incorporation of a sterically demanding
CF3-group (26) was detrimental to potency and selectivity.
The 1,5-dimethylpyrazole 27 was synthesized to compare the
impact of two methyl groups adjacent to each other with two
methyl groups being further apart (22) on the SAR. Given the
high IC50 vs ADAMTS7 and the activity on MMP12, 27 was
discarded. Further, α-methyl containing 5-membered hetero-
aromatic groups like isoxazoles, an oxadiazole, regioisomeric
thiazoles, an isothiazole, and a thiadiazole was screened (data
not shown).36 Taking ADAMTS7 potency, MMP12 selectivity,
and DMPK into account, the methylpyrazole of inhibitor 24
was the best P1 substituent. In addition to weak binding to
MMP12, activity of 24 on other metalloprotease off-targets was
low as well (Table 5).
Retrospective docking calculations and WaterMap analysis

of 24 within our ADAMTS7 homology model suggest
placement of the N-methyl from the pyrazole in an S1
subpocket thereby potentially displacing an unstable water
molecule (Figure 8). This interaction with the enzyme is not
present in inhibitor 18 and might explain the improved
potency vs ADAMTS7 of 24. We further hypothesize that the
methyl group binds close to or even clashes with Ile180 in
MMP12, thus contributing to the selectivity of 24 (see
Supporting Information).
Fine-tuning of DMPK Properties. From the o-biphenyl

group, only the CF3-phenyl residue had been optimized to a
certain extent (see above) but not the “lower” phenyl ring.
Furthermore, metabolite identification studies had shown that
the amide substituted phenyl ring can be metabolized
reactively by epoxidation and GSH conjugation (e.g., 18, 23,
see Supporting Information). We therefore experimented with
halogenations of the “lower” phenyl ring to further improve
DMPK while hopefully retaining the already good ADAMTS7
potency and metalloprotease selectivity of 24 (Table 6).
The fluoro derivative 28 showed improved potency and in

vivo PK properties compared to 24. The regioisomers 29, 30,
and 31 were less potent vs ADAMTS7 and were not further
pursued. Unexpectedly, the combination of the two fluorines
from 28 and 29 yielded an ADAMTS7 inhibitor (32, BAY-
9835) that was similarly potent and metabolically stable than
the monofluoro compound 28. Obviously, the fluoro atom
para to the amide in 32 was only having subtle effects on
potency and PK in this case. The positive results of the
additional substituent ortho to the “upper” phenyl ring (28)
prompted us to evaluate more substituents in this position.
However, neither the chloro (33) nor the methoxy (34)
derivative were as potent as 28. As a next step, we therefore
kept the fluoro atom from 28 and evaluated more
combinations analogous to 32. We were first intrigued by
the gain in potency of the fluorochloro derivative 35 and the
almost neutral effect on the ADAMTS7 IC50 of the additional
CF3-group in 36. Unfortunately, the metalloprotease panel for
35 and 36 showed that employing substituents larger than
fluorine para to the amide has led to reduced selectivities (data
not shown). According to Table 6, ADAMTS7 inhibitors 28
and 32 had the best profile. The metalloprotease panel showed
very good results for both compounds as well and could not be
used for differentiation. Furthermore, no reactive metabolites
could be detected from hepatocyte incubations of 28 and 32.
When the slightly lower clearance seen for 32 in rats was also
found in mice and dogs (28: Clbl, mouse 1.29 L/kg/h, Clbl, dog
0.08 L/kg/h; 32: Table 9), we chose 32 (BAY-9835) as our
best compound. According to Table 7, 32 is exceptionally

Table 1. Initial SAR Exploration

aIC50 vs ADAMTS7. bSelectivity factor vs MMP12 obtained by
dividing the MMP12-IC50 by the ADAMTS7-IC50; see Supporting
Information for details on IC50 determination.
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selective vs a range of metalloproteases, except for
ADAMTS12. Thus, 32 (BAY-9835) can be considered being
a dual ADAMTS7/ADAMTS12 inhibitor. For clarity, we
emphasize that all compounds discussed up to this point where
an IC50 vs ADAMTS12 has been measured (1, 2, 19, 20, 22−
25, 27−30, 32−36) showed strong activity on ADAMTS12.
Further below, options will be discussed on how it might be
possible to achieve selectivity vs ADAMTS12 within the lead
series.
Synthesis of BAY-9835. For a detailed characterization,

gram amounts of BAY-9835 (32) were prepared according to
Scheme 2 where hydantoin 41 is one of the starting materials.
The synthesis of 41 is described in Scheme 1 and began with a
3 + 2 cycloaddition46 between ethyl isocyanoacetate and the
commercially available pyrazole carboxylic acid 37 toward 38.
Acidic hydrolysis and decarboxylation converted 38 to the α-
aminoketone 39. BOC-protection yielded 40, the starting
material for the subsequent Bucherer Bergs reaction leading to
41. For us, this sequence proved to be robust and was also
used for other hydantoins like, e.g., those shown in Table 4.
Racemic 41 was separated into its enantiomers by

supercritical fluid chromatography (Scheme 2). The absolute
configuration of the enantiomerically pure hydantoin 42 is
likely as shown and should be identical to the stereo-
configuration of the final product (see below). Removal of
the BOC-group yielded 43, one of the two amide coupling
partners. Acid 46 was prepared by Suzuki reaction of
commercial 44 and 45. Finally, 32 (BAY-9835) was obtained
by amide formation. The synthesis detailed in Schemes 1 and 2

was used to prepare close to 2 g of 32 but was also followed to
prepare 20 g (see Supporting Information).
Recrystallization of 32 from boiling ethanol gave crystalline

material. Single crystal X-ray analysis (see Supporting
Information) proved the structure of 32 to be as depicted in
Scheme 2.
Characterization of BAY-9835 (32). Solubility of

crystalline 32 in buffered water at pH 7 is 135 mg/L (at 25
°C, after 24 h). Solubility in FaSSIF is 297 mg/L and in
FeSSIF 513 mg/L (both at 37 °C, after 24 h). In the aqueous
vehicle Solutol HS 15/ethanol/water 40/10/50 (v/v/v),
solubility was much higher (30 g/L, crystalline material),
enabling high exposures in a repeat-dose toxicological study in
rats (see below). No instabilities of BAY-9835 (32) were
observed in aqueous solutions at pH 1, pH 7, and pH 10 for 24
h at 37 °C. A PEG-based liquid service formulation could be
stabilized by addition of an antioxidant (0.02% BHA) over a
time period of 13 weeks at ambient and accelerated conditions.
No instabilities were observed in a tablet blend after 13 weeks
at two conditions (see Supporting Information). Further
physicochemical characterization placed 32 well within tradi-
tional Rule of Five compliant chemical space (Table 8).
To be prepared for potential animal pharmacodynamic

studies,47−49 we measured potencies of 32 vs mouse (mIC50 8
nM) and rat (rIC50 27 nM) ADAMTS7 enzymes. Further-
more, activity against several cysteine proteases (Calpain 1,
Caspase 3, Cathepsin B, Cathepsin S, MALT1) was evaluated.
As for the metalloprotease panel in Table 7, again high
selectivity factors were recorded (>16666×, see Supporting
Information). Screening 77 off-targets unrelated to proteases

Figure 5. X-ray structure of 3 in cocrystal with MMP12 (atomic coordinates have been deposited under PDB entry 8RIJ) overlaid with an
ADAMTS7 homology model based on the ADAMTS4 template with PDB-ID 4WKI. Amino acid differences between MMP12 and ADAMTS7
two angstrom around the ligand are indicated (other amino acids are hidden). MMP12 amino acids are shown in blue, ADAMTS7 amino acids in
green. The interaction of the catalytic zinc with the ligand is depicted as a dotted line. The figure has been prepared with Maestro (Version
13.0.135 Schrödinger, LLC).
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for activity of 32 (see Supporting Information) showed no hit,
underscoring the selectivity of BAY-9835 for ADAMTS7 and
ADAMTS12.
Investigation of metabolites formed in hepatocytes of rats,

dogs, and humans revealed no reactive pathways and no
species-specific metabolites (see Supporting Information). In
all three species, hydroxylation as well as traces of N-
demethylation on the pyrazole was observed after an
incubation time of 4 h. Blood clearance of BAY-9835 in
hepatocytes was low (mouse/rat/dog/human 0.32/0.17/0.06/
10−4 L/h/kg). Furthermore, high metabolic stability in an
incubation with human microsomes (Clbl 10−4 L/h/kg) was
observed and no degradation was found over 24 h when
stirring our best compound in human plasma. Protein binding
for 32 is low to moderate in several species including humans
(fraction unbound: mouse 11%, rat 5%, dog 5%, human 15%).
No inhibition of CYP1A2, 2C8, 2C9, 2D6, and 3A4 enzymes
was detected up to 20 μM, and no induction of CYP1A2 was
seen up to 61 μM while the CYP3A4 induction threshold was
determined to 18 μM. No indication for genotoxicity (Ames,
micronucleus test in vitro) or cytotoxicity was found for our
best compound (see Supporting Information). Furthermore,
cardiac ion channels (hERG, hNav1.5, hCav1.2) were not
inhibited up to a concentration of 10 μM of 32. The in vivo
pharmacokinetic behavior was evaluated by iv and oral
administration to mice, rats, and dogs. In all three species,
clearance is low, particularly in dogs resulting in long terminal
half-life. Bioavailability is high in all three species (Table 9).
In an exploratory two-week toxicological study in rats, 32

was well tolerated and the NOAEL was 50 mg/kg body weight
administered once daily orally by gavage in Solutol HS 15/
ethanol/water 40/10/50 (v/v/v). A recent publication on
ADAMTS7−/− ADAMTS12−/− double knock out mice
reported heterotopic ossification in tendons after the animals
had reached four months of age.50 We therefore included
histopathological investigations of tendons and ligaments in
our toxicological study. However, no indications for hetero-
topic ossification nor any other changes were observed in these
tissues.
32 has not been tested in in vivo pharmacodynamic studies.

Given potency, selectivity, protein binding, solubility, toler-
ability, and PK, an evaluation of ADAMTS7/ADAMTS12-
mediated pharmacology should be feasible with BAY-9835
(32).
Toward ADAMTS7 Inhibitors with Selectivity vs

ADAMTS12. ADAMTS12 is involved in various pathological
processes including inflammation, cancer, and arthritis.42

Depending on the context, ADAMTS12 can have a protective
or a deleterious role. For example, in a model of colitis,
pancreatitis, and sepsis, knockout of ADAMTS12 resulted in
aggravated inflammation.51 Conversely, elevated ADAMTS12
levels in the synovial fluid of osteoarthritis patients52 paired
with increased COMP degradation53 suggest a protective role
for inhibition of ADAMTS12 in cartilage turnover. A complex
situation is present in cancer where studies have found that
ADAMTS12 can have an anti-54−58 or pro-tumoral59−64 effect.
In conclusion, the consequences of blocking the catalytic
function of ADAMTS12 are not entirely clear. To study
ADAMTS7 mediated biology not overlaid by potential
ADAMTS12 effects, selective ADAMTS7 inhibition is never-
theless desirable.
The high sequence identity of the ligand binding site

between ADAMTS7 and ADAMTS1242,43 (83%, 6 Å around

Table 2. Exploration of Increased Conformational Freedom
and Exit Vectors

aIC50 vs ADAMTS7. bSelectivity factor vs MMP12 obtained by
dividing the MMP12-IC50 by the ADAMTS7-IC50; see Supporting
Information for details on IC50 determination.
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the ligand) makes identification of ADAMTS7 selective
inhibitors challenging. However, potentially exploitable differ-
ences between both enzymes can be found within a flexible
loop region. Docking of 32 in our ADAMTS7 homology
model superimposed with an ADAMTS12 homology model
indicated that amino acid exchanges within the S1 pocket
might be addressable with an additional substituent on the 5-
membered heteroaromatic group (Figure 9).
The project team had the opportunity to briefly evaluate this

idea on thiazoles and pyrazoles. The most important findings
of the incomplete SAR are summarized in Table 10. As we had
been successful with α-methyl substituted 5-membered
heteroaryl moieties regarding metalloprotease selectivity, we
kept this motif and chose a large second substituent to reach
the loop region. We opted for 6-membered aromatic groups
instead of chains to limit conformational freedom in the
respective area of the ligand. This strategy has had some
success. Compared to 32, inhibitors 47−50 showed slightly
improved selectivity factors vs ADAMTS12.
We were pleased to see that the additional substituent had

no negative effect on selectivities vs metalloproteases routinely
tested in the program. For compound 50, the selectivity profile
was for most proteases even better than for 32 (Table 11).

Although we report here with hydantoin 50 to the best of
our knowledge the first small molecule ADAMTS7 inhibitor
with some selectivity vs ADAMTS12, more work is needed to
come to a truly ADAMTS7-selective compound.

■ CONCLUSIONS
Based on docking of a published dual ADAMTS4/ADAMTS5
inhibitor40 into an ADAMTS7 homology model, we have
designed and subsequently synthesized the ADAMTS7
inhibitor 1 as a starting point for an optimization campaign.
Initially our compounds lacked selectivity, e.g., vs MMP12. An
X-ray cocrystal structure of the early lead 3 in MMP12
provided hints on how to become more selective. The ortho-
biphenylamide 17 marked a breakthrough for us as it was the
first ADAMTS7 inhibitor with some selectivity vs MMP12,
potentially due to negative steric interactions imposed by the
biphenyl moiety. A significant improvement of potency vs
ADAMTS7 and thereby selectivity factors was achieved by
exchanging the cyclopropyl substituent of the hydantoin by 5-
membered heteroaromatic residues like in 24. Finally,
substitution patterns on the ortho-biphenyl group were
screened to prevent reactive metabolism. With BAY-9835
(32), we have identified a potent ADAMTS7 inhibitor which is
very selective against a range of off-targets and metal-

Figure 6. Docking of 17 in an ADAMTS7 homology model (based on the ADAMTS4 template with PDB-ID 4WKI) overlaid with the MMP12 X-
ray obtained with 3 (atomic coordinates have been deposited under PDB entry 8RIJ). Relevant amino acid differences between MMP12 and
ADAMTS7 two angstrom around the ligand are indicated (other amino acids are hidden). Tyr240 from MMP12 amino acids is shown in blue,
Leu419 from ADAMTS7 in green. The proposed interaction of the catalytic zinc with the ligand is depicted as a dashed purple line, hydrogen
bonds are shown as dashed yellow lines, and π-stacking as dashed light blue line. Steric repulsions are indicated as dashed red and orange lines. The
figure has been prepared with Maestro (Version 13.0.135 Schrödinger, LLC).

Table 3. Metalloprotease Panel for Compound 17

IC50 [nM]a ADAMTS4b ADAMTS5b ADAMTS12b ADAM17b MMP2b MMP12b MMP15b

60 115× 213× n.d. 826× 759× 12× 872×
aIC50 vs ADAMTS7 enzyme, see Supporting Information. bSelectivity factors were calculated by dividing the IC50 of a given metalloprotease by the
ADAMTS7-IC50, see Supporting Information for details on IC50 measurements. n.d. = not determined.
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loproteases except for ADAMTS12. In preclinical species,
BAY-9835 showed low clearance, high oral bioavailability, and
good tolerability in a 2-week toxicology study in rats. To the
best of our knowledge, BAY-9835 represents the first orally
bioavailable ADAMTS7 inhibitor without pan-metalloprotease
activity.
First results on how to achieve selectivity vs ADAMTS12

within the lead series were discussed here as well. The phenyl
substituted pyrazole derivative 50 potentially exploits differ-
ences within a flexible loop region of ADAMTS7 and
ADAMTS12, thus leading to a more selective compound.
Hydantoin 50 might be a starting point toward further
improved ADAMTS7 inhibitors.

■ EXPERIMENTAL SECTION
Chemistry - General. All commercial reagents and catalysts were

used as provided by the commercial supplier without purification.
Solvents for synthesis, extraction, and chromatography were of
reagent grade and used as received. Moisture-sensitive reactions were
carried out under an atmosphere of argon, and anhydrous solvents
were used as provided by the commercial supplier. Reaction progress
was monitored by HPLC, LC−MS, or thin-layer chromatography.
Crude products were immediately purified using preparative reversed-
phase HPLC methodology with UV detection or flash chromatog-
raphy on silica gel (see Supporting Information). The fractions
obtained were concentrated in vacuo to remove organic volatiles.
Unless otherwise indicated, all compounds have greater than 95%
purity. 1H NMR and 13C NMR spectra were recorded in solvents
indicated below at RT with Bruker Avance spectrometers or Bruker
Ultrashield AV300 operating at 300, 400, or 600 MHz for 1H NMR
and at 126 MHz for 13C NMR. Chemical shifts are reported in ppm
relative to tetramethylsilane (TMS) as an internal standard. The
descriptions of the coupling patterns of 1H NMR signals are based on
the optical appearance of the signals and do not necessarily reflect the
physically correct interpretation. In general, the chemical shift
information refers to the center of the signal. In the case of multiplets,
intervals are given. Spin multiplicities are reported as s = singlet, br s =
broad singlet, d = doublet, dd = doublet of doublets, t = triplet, q =
quartet, m = multiplet. The following mass spectrometry methods
were used. LC−MS-Method 1−8: See Supporting Information for
details. Single mass analysis (HRMS): Instrument: Waters Time of
Flight System (ToF), Electrospray Ionization (ESI). Optical rotation
was measured using the device Anton Paar Polarimeter MCP200:
Specific rotation [α] (depending on wavelength, temperature, optical
pathway, solvent, and concentration).

Preparation of 1 and Respective Starting Materials. Ethyl (2E)-3-
oxo-2-(phenylhydrazono)propanoate. Sodium nitrite (12.05 g,
174.6 mmol) dissolved in 200 mL of water was added dropwise to
a cold solution of aniline (15.92 mL, 174.6 mmol) in 40 mL of conc.
HCl and 200 mL of water. The mixture was stirred for 5 min. Then
the mixture was added dropwise to a cold solution of ethyl (2E)-3-
(dimethylamino)acrylate (25 g, 174.8 mmol) and potassium acetate
(25.7 g, 174.6 mmol) in 400 mL of ethanol. The mixture was stirred
at room temperature overnight. The reaction mixture was diluted with
water and extracted with ethyl acetate. The combined organic layers
were dried over magnesium sulfate, filtered, and evaporated. 38.4 g
(100% purity, 99% yield) of the title compound was obtained. LC−
MS (Method 8): Rt = 0.935 min; MS (ESIpos): m/z = 221 [M +
H]+.

Table 4. Toward Improved P1 Substituents Table 4. continued

aIC50 vs ADAMTS7. bSelectivity factor vs MMP12 obtained by
dividing the MMP12 IC50 by the ADAMTS7 IC50.

cBlood clearance
after iv administration to rats; see Supporting Information for details
on IC50 determination; R (abs): absolute stereochemistry R; eut:
eutomer; S (abs): absolute stereochemistry S.
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Ethyl (2E,3E)-3-(hydroxyimino)-2-(phenylhydrazono)-
propanoate. Ethyl (2E)-3-oxo-2-(phenylhydrazono)propanoate
(38.4 g, 174.36 mmol), hydroxylamine hydrochloride (14.54 g,
209.24 mmol), and potassium acetate (42.78 g, 435.91 mmol) were
dissolved in 400 mL of ethanol. The mixture was stirred at 78 °C for
30 min. The precipitated solid was filtered off, washed with water, and
dried in vacuo. 41 g of the title compound was obtained. LC−MS
(Method 8): Rt = 0.834 min; MS (ESIpos): m/z = 236 [M + H]+.

Ethyl 2-phenyl-2H-1,2,3-triazole-4-carboxylate. Ethyl (2E,3E)-3-
(hydroxyimino)-2-(phenylhydrazono)propanoate (41 g, 174.29
mmol) was dissolved in 500 mL of acetic anhydride. The mixture
was stirred at 140 °C for 1 h. The reaction mixture was diluted with
water and extracted with dichloromethane. The combined organic
layers were dried over magnesium sulfate, filtered, and evaporated.
The residue was purified by flash chromatography eluting with
heptane/dichloromethane. 17.44 g (100% purity, 46% yield) of the
title compound was obtained. LC−MS (Method 8): Rt = 1.037 min;
MS (ESIpos): m/z = 218 [M + H]+. 1H NMR (300 MHz, DMSO-d6)
δ [ppm] = 8.59 (s, 1H), 8.06 (d, 2H), 7.62 (t, 2H), 7.54 (t, 1H), 4.38
(q, 2H), 1.35 (t, 3H).

2-Phenyl-2H-1,2,3-triazole-4-carboxylic acid. Lithium hydroxide
monohydrate (2.13 g, 50.64 mmol) was added to a solution of ethyl
2-phenyl-2H-1,2,3-triazole-4-carboxylate (11 g, 50.64 mmol) in 100
mL of THF and 50 mL of water. The mixture was stirred at room

temperature overnight. The reaction mixture was adjusted to pH 4
with 2 N HCl and the solvent was removed under reduced pressure.
The residue was purified by flash chromatography (eluent: from
dichloromethane/methanol 9:1 to dichloromethane/methanol 8:2).
Product containing samples were united and the solvents were
evaporated. 8.46 g (100% purity, 88% yield) of the title compound
was obtained. LC−MS (Method 8): Rt = 2.373 min; MS (ESIpos):
m/z = 190 [M + H]+. 1H NMR (300 MHz, DMSO-d6) δ [ppm] =
8.04−7.99 (m, 3H), 7.56 (t, 2H), 7.40 (t, 1H).

N-{[(4R)-4-Cyclopropyl-2,5-dioxoimidazolidin-4-yl]methyl}-2-
phenyl-2H-1,2,3-triazole-4-carboxamide (1). 2-Phenyl-2H-1,2,3-tri-
azole-4-carboxylic acid (92 mg, 0.49 mmol) was dissolved in 10 mL of
dichloromethane. DIPEA (240 μL, 1.36 mmol), EDC*HCl (121 mg,
0.63 mmol), and 1-hydroxybenzotriazole (97 mg, 0.63 mmol) were
added, and the mixture was stirred at room temperature. After 5 min,
(5R)-5-(aminomethyl)-5-cyclopropylimidazolidine-2,4-dione hydro-
chloride40 (100 mg, 0.49 mmol) was added and the mixture was
stirred at room temperature for 2 d. The solvent was removed on a
rotary evaporator and the residue was taken up in ethyl acetate and
washed with water and brine. The combined organic layers were dried
over sodium sulfate and concentrated. The residue was purified by
column chromatography. Product containing samples were united and
the solvents were evaporated. 51 mg (100% purity, 31% yield) of the
title compound was obtained. LC−MS (Method 2): Rt = 1.25 min;

Figure 7. Docking of 18 in an ADAMTS7 homology model (based on the ADAMTS4 template with PDB-ID 4WKI) and indication of an S1
subpocket with a white arrow. The ligand is depicted with gray carbon atoms, blue nitrogens, red oxygens, and light green fluorines. The catalytic
zinc is shown as a purple ball. Potential hydrogen bonds are depicted as dashed yellow lines and π-stacking as dashed light blue line. The figure has
been prepared with Maestro (Version 13.0.135 Schrödinger, LLC).

Table 5. Metalloprotease Panel for Compound 24

IC50 [nM]a ADAMTS4b ADAMTS5b ADAMTS12b ADAM17b MMP2b MMP12b MMP15b

12 1435× 3223× 1× 303× 8319× 270× 6394×
aIC50 vs ADAMTS7 enzyme, see Supporting Information; bSelectivity factors were calculated by dividing the IC50 of a given metalloprotease by the
ADAMTS7-IC50, see Supporting Information for details on IC50 measurements.
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MS (ESIpos): m/z = 341 [M + H]+. 1H NMR (500 MHz, DMSO-d6)
δ [ppm] = 10.66 (s, 1H), 8.49−8.43 (m, 2H), 8.07 (dd, J = 8.55 Hz,
2H), 7.66−7.59 (m, 3H), 7.53−7.48 (m, 1H), 3.78−3.65 (m, 2H),
1.22−1.14 (m, 1H), 0.49−0.41 (m, 2H), 0.38−0.31 (m, 1H), 0.18−
0.11 (m, 1H).

Preparation of 2 and Respective Starting Materials. Ethyl (2E)-2-
[(4-fluorophenyl)hydrazono]-3-oxopropanoate. 4-Fluoroaniline
(5.12 mL, 54 mmol) was dissolved in 60 mL of water and 12 mL
of conc. hydrochloric acid. The mixture was cooled to 0 °C. At this
temperature, a solution of sodium nitrite (3.73 g, 54 mmol) in 30 mL
of water was added and the mixture was stirred at 0 °C for 5 min. This
solution was added to a solution of ethyl (2E)-3-(dimethylamino)-
acrylate (8.54 mL, 59.4 mmol) and potassium acetate (7.95 g, 81
mmol) in 90 mL of ethanol. The mixture was stirred at room
temperature. After 10 min, the reaction mixture was diluted with
water and extracted with ethyl acetate. The combined organic layers
were dried over sodium sulfate, filtered, and evaporated. The residue
was purified by column chromatography. Product containing samples
were united and the solvents were evaporated. 5.3 g (90% purity, 37%
yield) of the title compound was obtained. LC−MS (Method 2): Rt =
1.82 min; MS (ESIpos): m/z = 239 [M + H]+.

Ethyl (2E,3E)-2-[(4-fluorophenyl)hydrazono]-3-(hydroxyimino)-
propanoate. Ethyl (2E)-2-[(4-fluorophenyl)hydrazono]-3-oxopropa-
noate (5.3 g, 90% purity, 20.02 mmol), hydroxylamine hydrochloride
(1.67 g, 24.03 mmol), and potassium acetate (4.91 g, 50.06 mmol)
were dissolved in 67 mL of ethanol. The mixture was stirred at room
temperature overnight. The reaction mixture was diluted with water
and extracted with ethyl acetate. The combined organic layers were
dried over sodium sulfate, filtered, and evaporated. The residue was
purified by column chromatography. Product containing samples were
united and the solvents were evaporated. 3.7 g (100% purity, 73%
yield) of the title compound was obtained. LC−MS (Method 2): Rt =
1.75 min; MS (ESIpos): m/z = 254 [M + H]+.

Ethyl 2-(4-fluorophenyl)-2H-1,2,3-triazole-4-carboxylate. Ethyl
(2E,3E)-2-[(4-fluorophenyl)hydrazono]-3-(hydroxyimino)-
propanoate (3.7 g, 14.61 mmol) was dissolved in 54 mL of acetic
anhydride. The mixture was stirred at 60 °C for 1.5 h. The reaction
mixture was diluted with water and extracted with ethyl acetate. The
combined organic layers were dried over sodium sulfate, filtered, and
evaporated. The residue was purified by column chromatography.
Product containing samples were united and the solvents were
evaporated. 1.4 g (100% purity, 41% yield) of the title compound was
obtained. LC−MS (Method 2): Rt = 1.94 min; MS (ESIpos): m/z =
236 [M + H]+.

2-(4-Fluorophenyl)-2H-1,2,3-triazole-4-carboxylic acid. Ethyl 2-
(4-fluorophenyl)-2H-1,2,3-triazole-4-carboxylate (1.4 g, 5.95 mmol)
was dissolved in 43 mL of THF. Lithium hydroxide solution (5.95
mL, 1N, 5.95 mmol) was added and the mixture was stirred at room
temperature for 1 h. The THF was removed on a rotary evaporator
and the aqueous residue was acidified with 2 N HCl. The precipitated
solid was filtered off, washed with water, and dried in vacuo. 1.4 g
(100% purity, 114% yield) of the title compound was obtained. LC−
MS (Method 1): Rt = 0.71 min; MS (ESIpos): m/z = 208 [M + H]+.
1H NMR (600 MHz, DMSO-d6) δ [ppm] = 8.21 (s, 1H), 8.08−7.98
(m, 2H), 7.42 (t, J = 8.8 Hz, 2H).

N-{[(4R)-4-Cyclopropyl-2,5-dioxoimidazolidin-4-yl]methyl}-2-(4-
fluorophenyl)-2H-1,2,3-triazole-4-carboxamide (2). 2-(4-Fluoro-
phenyl)-2H-1,2,3-triazole-4-carboxylic acid (1.01 g) was dissolved in
100 mL of dichloromethane. DIPEA (2.37 mL, 13.62 mmol),
EDC*HCl (1.21 g, 6.32 mmol), and 1-hydroxybenzotriazole hydrate
(968 mg, 6.32 mmol) were added and the mixture was stirred at room
temperature. After 5 min (5R)-5-(aminomethyl)-5-cyclopropyl-
imidazolidine-2,4-dione hydrochloride40 (1 g, 4.86 mmol) was
added and the mixture was stirred at room temperature overnight.
The solvent was removed on a rotary evaporator and the residue was
taken up in ethyl acetate and washed with water and brine. The

Figure 8. Docking of 24 in an ADAMTS7 homology model (based on the ADAMTS4 template with PDB-ID 4WKI) and WaterMap analysis. The
ligand is depicted with gray carbon atoms, blue nitrogens, red oxygens, and light green fluorines. Water molecules predicted for the complex are
shown as spheres colored by their predicted free energies (G) (green: favorable G; red: unfavorable G). The figure has been prepared with Maestro
(Version 13.0.135 Schrödinger, LLC).
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combined organic layers were dried over sodium sulfate and
concentrated. The residue was purified by column chromatography.
Product containing samples were united and the solvents were
evaporated. The residue was stirred in acetonitrile. The precipitate
was filtered off, washed with acetonitrile, and dried in vacuo. 374 mg
(100% purity, 21% yield) of the title compound was obtained. LC−
MS (Method 2): Rt = 1.32 min; MS (ESIpos): m/z = 359 [M + H]+.
1H NMR (400 MHz, DMSO-d6) δ [ppm] = 10.66 (s, 1H), 8.52−8.44

(m, 2H), 8.12−8.05 (m, 2H), 7.62 (s, 1H), 7.48 (t, J = 8.80 Hz, 2H),
3.79−3.61 (m, 2H), 1.21−1.13 (m, 1H), 0.48−0.40 (m, 2H), 0.39−
0.30 (m, 1H), 0.18−0.09 (m, 1H).

Preparation of 3 and Respective Starting Materials. Ethyl (2E)-2-
[(3-fluorophenyl)hydrazono]-3-oxopropanoate. Sodium nitrite
(964 mg, 13.97 mmol) dissolved in 5 mL of water was added
dropwise to a cold solution of 3-fluoroaniline (1.35 mL, 13.97 mmol)
in 2 mL of conc. HCl and 15 mL of water and stirred for 5 min. Then
the solution was added dropwise to a cold solution of ethyl (2E)-3-

Table 6. Evaluation of Substituents on “Lower” Phenyl Ring

aIC50 vs ADAMTS7. bBlood clearance after iv administration to rats; see Supporting Information for details on IC50 and clearance determination.

Table 7. Metalloprotease Panel for BAY-9835 (32)

IC50 [nM]a ADAMTS4b ADAMTS5b ADAMTS12b ADAM8b ADAM10b ADAM17b MMP2b MMP12b MMP14b MMP15b

6 1121× 1654× 5× 375× 5467× 962× 17316× 896× >16667× 13079×
aIC50 vs ADAMTS7 enzyme, see Supporting Information. bSelectivity factors were calculated by dividing the IC50 of a given metalloprotease by the
ADAMTS7-IC50, see Supporting Information for details on IC50 measurements.
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(dimethylamino)acrylate (2 g, 13.97 mmol) and potassium acetate
(2.06 g, 20.95 mmol) in 40 mL of ethanol. The mixture was stirred at
room temperature overnight. The reaction mixture was diluted with
water and extracted with ethyl acetate. The combined organic layers

were dried over magnesium sulfate, filtered, and evaporated. 3.2 g
(100% purity, 96% yield) of the title compound was obtained. LC−
MS (Method 8): Rt = 0.92 min; MS (ESIpos): m/z = 239 [M + H]+.

Ethyl (2E,3E)-2-[(3-fluorophenyl)hydrazono]-3-(hydroxyimino)-
propanoate. Ethyl (2E)-2-[(3-fluorophenyl)hydrazono]-3-oxopropa-
noate (3.2 g, 13.43 mmol), hydroxylamine hydrochloride (933 mg,
13.43 mmol), and potassium acetate (3.3 g, 33.58 mmol) were
dissolved in 40 mL of ethanol. The mixture was stirred at 78 °C for 30
min. The reaction mixture was diluted with water and extracted with
ethyl acetate. The combined organic layers were dried over
magnesium sulfate, filtered, and evaporated. 3.39 g of the title
compound was obtained. LC−MS (Method 8): Rt = 0.900 min; MS
(ESIpos): m/z = 254 [M + H]+.

Ethyl 2-(3-fluorophenyl)-2H-1,2,3-triazole-4-carboxylate. Ethyl
(2E,3E)-2-[(3-fluorophenyl)hydrazono]-3-(hydroxyimino)-

Scheme 1. Synthesis of Hydantoin 41 Needed for Preparation of BAY-9835 (32)

Reagents and conditions: (a) CDI, ethyl isocyanoacetate, LiHMDS, THF, 0 °C → r.t., 4 h, 69%; (b) 6 N HCl aq., 100 °C, 2 h, 86%; (c) (BOC)2O,
TEA, DCM, r.t., 1.5 h, 88%; (d) KCN, (NH4)2CO3, MeOH, 80 °C, 2 d, 81%. aq. = aqueous, (BOC)2O = di(tert-butyl)carbonate, CDI = carbonyl
diimidazole, d = days, DCM = dichloromethane, h = hour(s), LiHMDS = lithium bis(trimethylsilyl)amide, MeOH = methanol, N = normal, r.t. =
room temperature, TEA = triethylamine, THF = tetrahydrofuran.

Scheme 2. Synthesis of BAY-9835 (32)

Reagents and conditions: (a) chiral separation, CO2, MeOH, 40 °C, 99.5% ee, 38%; (b) HCl in dioxane 1 M, DCM, r.t., 3 h, quant.; (c)
dichlorobis(triphenylphosphin)palladium(II), XPhos, K3PO4, dioxane, H2O, 80 °C, 3 h, 84%; (d) T3P, DIPEA, ACN, r.t., overnight, 45%. ACN =
acetonitrile, DCM = dichloromethane, DIPEA = diisopropylethylamine, ee = enantiomeric excess, MeOH = methanol, quant. = quantitative
conversion, r.t. = room temperature, T3P = propanephosphonic acid anhydride, XPhos = dicyclohexyl[2′,4′,6′-tris(propan-2-yl)[1,1′-biphenyl]-2-
yl]phosphane.

Table 8. Physicochemical Descriptors for BAY-9835 (32)

MW
[g/mol] log Da HBDb HBAc NROTBd

tPSA
[Å2]e BEIf LLEg

493 2.3 3 4 6 105 19.4 5.9
aMeasured at pH 7.5 (see Supporting Information). bNumber of H-
bond donors. cNumber of H-bond acceptors. dNumber of rotatable
bonds. eTopological polar surface area. fBinding efficiency index −log
(IC50)/MW × 1000. gLipophilic ligand efficiency −log (IC50) − log
D7.5.

Table 9. In Vivo Pharmacokinetic Profile of BAY-9835 (32)a

Species AUCnorm, i.v.
b [kg L−1 h] CLb

c [L h−1 kg−1] VSS
d [L kg−1] t1/2, i.v.e [h] AUCnorm, p.o.

f [kg L−1 h] Tmax, p.o.
g [h] t1/2, p.o.h [h] Fi [%]

Mouse 1.5 1.10 1.6 2.1 2.0 1 2.5 completej

Rat 3.1 0.55 1.2 3.6 3.0 2 3.7 96
Dog 88 0.02 0.4 22 68 5 25 77

aSummary of pharmacokinetic parameters derived with noncompartmental analysis (NCA). For iv studies, 0.3 mg kg−1 dose in either plasma 99%/
DMSO 1% (mouse, rat) or water 50%/PEG400 40%/EtOH 10% (dog) were administered. For p.o. studies, 1.0 mg/kg solutions in water 50%/
PEG400 40%/EtOH 10% were administered. bNormalized area under the curve after i.v. administration. cBlood clearance. dVolume of distribution
at steady state. eTerminal half-life after i.v. administration. fNormalized area under the curve after p.o. administration. gMedian time to reach
maximum concentration after p.o. administration. hTerminal half-life after p.o. administration. iBioavailability after p.o. application; see Supporting
Information for details. jNumerical value of bioavailability estimated with NCA is 132%.
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propanoate (3.3 g, 13.03 mmol) was dissolved in 30 mL of acetic
anhydride. The mixture was stirred at 140 °C for 1 h. The reaction
mixture was diluted with water and extracted with dichloromethane.
The combined organic layers were dried over magnesium sulfate,
filtered, and evaporated. The residue was purified by flash
chromatography eluting with heptane/dichloromethane. 17.44 g
(100% purity, 46% yield) of the title compound was obtained. LC−
MS (Method 8): Rt = 1.004 min; MS (ESIpos): m/z = 236 [M +
H]+. 1H NMR (300 MHz, DMSO-d6) δ [ppm] = 8.63 (s, 1H), 7.93
(d, 1H), 7.86 (d, 1H), 7.67 (q, 1H), 7.41−7.35 (m, 1H), 4.39 (q,
2H), 1.34 (t, 3H).

2-(3-Fluorophenyl)-2H-1,2,3-triazole-4-carboxylic acid. Lithium
hydroxide monohydrate (107 mg, 2.55 mmol) was added to a
solution of ethyl 2-(3-fluorophenyl)-2H-1,2,3-triazole-4-carboxylate
(300 mg, 1.28 mmol) in 4 mL of THF and 2 mL of water. The
mixture was stirred at room temperature for 2 h. The reaction mixture
was adjusted to pH 4 with 2 N HCl and the solvent was removed
under reduced pressure. 260 mg (100% purity, 98% yield) of the title
compound was obtained. LC−MS (Method 8): Rt = 0667 min; MS
(ESIpos): m/z = 208 [M + H]+.

N-{[(4R)-4-Cyclopropyl-2,5-dioxoimidazolidin-4-yl]methyl}-2-(3-
fluorophenyl)-2H-1,2,3-triazole-4-carboxamide (3). 2-(3-Fluoro-
phenyl)-2H-1,2,3-triazole-4-carboxylic acid (92 mg, 0.44 mmol) was
dissolved in 2 mL of DMF. DIPEA (220 μL, 1.24 mmol), EDC*HCl
(110 mg, 0.58 mmol), and 1-hydroxybenzotriazole monohydrate (88
mg, 0.58 mmol) were added and the mixture was stirred at room
temperature. After 5 min (5R)-5-(aminomethyl)-5-cyclopropyl-
imidazolidine-2,4-dione hydrochloride40 (100 mg, 0.49 mmol) was
added and the mixture was stirred at room temperature overnight.
The reaction mixture was taken up in ethyl acetate and washed with 1
N HCl and sodium bicarbonate solution. The combined organic
layers were dried over magnesium sulfate and concentrated. The
residue was precipitated by adding diethyl ether and heptane. The

precipitated solid was filtered off and dried in vacuo. 70 mg (97%
purity, 41% yield) of the title compound was obtained. LC−MS
(Method 7): Rt = 2.496 min; MS (ESIpos): m/z = 359 [M + H]+. 1H
NMR (300 MHz, DMSO-d6) δ [ppm] = 8.55−8.50 (m, 2H), 7.94−
7.86 (m, 2H), 7.71−7.64 (m, 1H), 7.39−7.29 (m, 2H), 3.73−3.58
(m, 2H), 1.18−1.09 (m, 1H), 0.43−0.15 (m, 4H).

Preparation of 4 and Respective Starting Materials. Ethyl (2E)-2-
[(2-fluorophenyl)hydrazono]-3-oxopropanoate. Sodium nitrite
(310 mg, 4.50 mmol) dissolved in 2.5 mL of water was added
dropwise to a cold solution of 2-fluoroaniline (0.43 mL, 4.50 mmol)
in 1 mL of conc. HCl and 7.5 mL of water and stirred for 5 min. Then
the solution was added dropwise to a cold solution of ethyl (2E)-3-
(dimethylamino)acrylate (0.71 mL, 4.95 mmol) and potassium
acetate (662 mg, 6.75 mmol) in 7.5 mL of ethanol. The mixture
was stirred at room temperature. After 10 min the reaction mixture
was diluted with water and extracted with ethyl acetate. The
combined organic layers were dried over sodium sulfate, filtered,
and evaporated. 1.01 g (84% purity, 79% yield) of the title compound
was obtained. LC−MS (Method 2): Rt = 1.92 min; MS (ESIpos): m/
z = 239 [M + H]+.

Ethyl (2E,3E)-2-[(2-fluorophenyl)hydrazono]-3-(hydroxyimino)-
propanoate. Ethyl (2E)-2-[(2-fluorophenyl)hydrazono]-3-oxopropa-
noate (1.01 g, 84%, purity 3.55 mmol), hydroxylamine hydrochloride
(296 mg, 4.26 mmol), and potassium acetate (870 mg, 8.87 mmol)
were dissolved in 10 mL of ethanol. The mixture was stirred at 80 °C
for 30 min. The reaction mixture was diluted with water and extracted
with ethyl acetate. The combined organic layers were dried over
sodium sulfate, filtered, and evaporated. 1.1 g (81% purity, 99% yield)
of the title compound was obtained. LC−MS (Method 2): Rt = 1.79
min; MS (ESIpos): m/z = 254 [M + H]+.

Ethyl 2-(2-fluorophenyl)-2H-1,2,3-triazole-4-carboxylate. Ethyl
(2E,3E)-2-[(2-fluorophenyl)hydrazono]-3-(hydroxyimino)-
propanoate (1.1 g, 3.50 mmol) was dissolved in 11 mL of acetic

Figure 9. Docking of 32 in an ADAMTS7 homology model (based on the ADAMTS4 template with PDB-ID 4WKI) overlaid with an ADAMTS12
homology model (based on the ADAMTS4 template with PDB-ID 4WKI). Amino acid differences between ADAMTS7 and ADAMTS12 within a
flexible loop region of both enzymes are indicated (other amino acids are hidden). Asp311 and Met350 from ADAMTS7 are shown in green,
Glu315 and Phe354 from ADAMTS12 in purple. The catalytic zinc is depicted as a purple ball, putative hydrogen bonds are shown as dashed
yellow lines, and π-stacking as dashed light blue line. The white arrow indicates where to potentially place an additional substituent on 5-membered
heteroaromatic groups. The figure has been prepared with Maestro (Version 13.0.135 Schrödinger, LLC).
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anhydride. The mixture was stirred at 140 °C for 30 min. The
reaction mixture was diluted with water and extracted with ethyl
acetate. The combined organic layers were dried over sodium sulfate,
filtered, and evaporated. The residue was purified by column
chromatography. Product containing samples were united and the
solvents were evaporated. 594 mg (98% purity, 71% yield) of the title
compound was obtained. LC−MS (Method 2): Rt = 1.76 min; MS
(ESIpos): m/z = 236 [M + H]+.

2-(2-Fluorophenyl)-2H-1,2,3-triazole-4-carboxylic acid. Ethyl 2-
(2-fluorophenyl)-2H-1,2,3-triazole-4-carboxylate (594 mg, 98% pu-
rity, 2.48 mmol) was dissolved in 18 mL of THF. Lithium hydroxide
solution (2.53 mL, 1N, 2.53 mmol) was added and the mixture was
stirred at room temperature for 45 min. The reaction mixture was
acidified with 2 N HCl and purified by column chromatography.

Product containing samples were united and the solvents were
evaporated. 383 mg (98% purity, 72% yield) of the title compound
was obtained. LC−MS (Method 2): Rt = 1.25 min; MS (ESIpos): m/
z = 208 [M + H]+.

N-{[(4R)-4-Cyclopropyl-2,5-dioxoimidazolidin-4-yl]methyl}-2-(2-
fluorophenyl)-2H-1,2,3-triazole-4-carboxamide (4). 2-(2-Fluoro-
phenyl)-2H-1,2,3-triazole-4-carboxylic acid (50.3 mg, 0.24 mmol)
was dissolved in 5 mL of dichloromethane. DIPEA (120 μL, 0.68
mmol), EDC*HCl (60.6 mg, 0.32 mmol), and 1-hydroxy-
benzotriazole hydrate (48.4 mg, 0.32 mmol) were added and the
mixture was stirred at room temperature. After 5 min, (5R)-5-
(aminomethyl)-5-cyclopropylimidazolidine-2,4-dione hydrochloride40

(50 mg, 0.24 mmol) was added and the mixture was stirred at room
temperature overnight. The solvent was removed on a rotary
evaporator and the residue was taken up in ethyl acetate and washed
with water and brine. The combined organic layers were dried over
sodium sulfate and concentrated. The residue was purified by column
chromatography. Product containing samples were united and the
solvents were evaporated. The residue was further purified by
preparative HPLC. Product containing samples were united and the
solvents were lyophilized. 25 mg (100% purity, 29% yield) of the title
compound was obtained. LC−MS (Method 2): Rt = 1.16 min; MS
(ESIpos): m/z = 359 [M + H]+. 1H NMR (400 MHz, DMSO-d6) δ
[ppm] = 10.65 (s, 1H), 8.52 (s, 1H), 8.46 (t, J = 6.3 Hz, 1H), 7.88
(td, J = 7.82 Hz, 1H), 7.67−7.54 (m, 3H), 7.46 (td, J = 7.67 Hz, 1H),
3.75−3.65 (m, 2H), 1.19−1.11 (m, 1H), 0.46−0.40 (m, 2H), 0.37−
0.31 (m, 1H), 0.16−0.10 (m, 1H).

Preparation of 5 and Respective Starting Materials. Ethyl (2E)-2-
[(4-Chlorophenyl)hydrazono]-3-oxopropanoate. Sodium nitrite
(482 mg, 6.98 mmol) dissolved in 1.5 mL of water was added
dropwise to a cold solution of 4-chloroaniline (891 mg, 6.98 mmol) in
1.5 mL of conc. HCl and 10 mL of water and stirred for 5 min. Then
the solution was added dropwise to a cold solution of ethyl (2E)-3-
(dimethylamino)acrylate (1.0 g, 6.98 mmol) and potassium acetate
(1.03 g, 10.48 mmol) in 14 mL of ethanol. The mixture was stirred at
room temperature overnight. The reaction mixture was extracted
between water and dichloromethane. The combined organic layers
were dried over magnesium sulfate, filtered, and evaporated. 1.58 g of
the title compound was obtained. LC−MS (Method 8): Rt = 0.914
min; MS (ESIpos): m/z = 255 [M + H]+.

Ethyl (2E,3E)-2-[(4-chlorophenyl)hydrazono]-3-(hydroxyimino)-
propanoate. Ethyl (2E)-2-[(4-chlorophenyl)hydrazono]-3-oxopropa-
noate (1.58 g), hydroxylamine hydrochloride (517 mg, 7.45 mmol),
and potassium acetate (1.52 g, 15.51 mmol) were dissolved in 40 mL
of ethanol. The mixture was stirred at 78 °C for 30 min. The reaction
mixture was diluted with water and extracted with ethyl acetate. The
combined organic layers were dried over sodium sulfate, filtered, and
evaporated. 1.42 g of the title compound was obtained. LC−MS
(Method 8): Rt = 0.889 min; MS (ESIpos): m/z = 270 [M + H]+.

Ethyl 2-(4-chlorophenyl)-2H-1,2,3-triazole-4-carboxylate. Ethyl
(2E,3E)-2-[(4-chlorophenyl)hydrazono]-3-(hydroxyimino)-
propanoate (1.42 g) was dissolved in 15 mL of acetic anhydride. The
mixture was stirred at 140 °C for 1 h. The reaction mixture was
diluted with water and extracted with dichloromethane. The
combined organic layers were dried over magnesium sulfate, filtered,
and evaporated. The residue was purified by flash chromatography
eluting with heptane/dichloromethane. Product containing samples
were united and the solvents were evaporated. 561 mg (91% purity)
of the title compound was obtained. LC−MS (Method 8): Rt = 0.986
min; MS (ESIpos): m/z = 252 [M + H]+. 1H NMR (300 MHz,
DMSO-d6) δ [ppm] = 8.62 (s, 1H), 8.08 (d, 2H), 7.68 (d, 2H), 4.39
(q, 2H), 1.35 (t, 3H).

Table 10. SAR of Disubstituted P1 Substituents

aIC50 vs ADAMTS7. bSelectivity factor vs ADAMTS12 obtained by
dividing the ADAMTS12 IC50 by the ADAMTS7 IC50; see
Supporting Information for details on IC50 determination; eut:
eutomer.

Table 11. Metalloprotease Panel for Compound 50

IC50 [nM]a ADAMTS4b ADAMTS5b ADAMTS12b ADAM17b MMP2b MMP12b MMP15b

2 >20833× 12708× 26× 863× n.d. 1446× 41667×

aIC50 vs ADAMTS7 enzyme, see Supporting Information. bSelectivity factors were calculated by dividing the IC50 of a given metalloprotease by the
ADAMTS7-IC50, see Supporting Information for details on IC50 measurements. n.d. = not determined.
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2-(4-Chlorophenyl)-2H-1,2,3-triazole-4-carboxylic acid. Lithium
hydroxide monohydrate (112 mg, 2.68 mmol) was added to a
solution of ethyl 2-(4-chlorophenyl)-2H-1,2,3-triazole-4-carboxylate
(561 mg, 91% purity, 2.03 mmol) in 6 mL of THF and 3 mL of water.
The mixture was stirred at room temperature for 1 h. The reaction
mixture was adjusted to pH 4 with 2 N HCl and the solvent was
removed under reduced pressure. 490 mg (82% purity, 89% yield) of
the title compound was obtained. LC−MS (Method 8): Rt = 0.704
min; MS (ESIpos): m/z = 224 [M + H]+.

2-(4-Chlorophenyl)-N-{[(4R)-4-cyclopropyl-2,5-dioxoimidazoli-
din-4-yl]methyl}-2H-1,2,3-triazole-4-carboxamide (5). 2-(4-Chlor-
ophenyl)-2H-1,2,3-triazole-4-carboxylic acid (82 mg, 82% purity, 0.30
mmol) was dissolved in 2 mL of DMF. Triethylamine (150 μL, 1.09
mmol), EDC*HCl (105 mg, 0.55 mmol), and 1-hydroxybenzotriazole
monohydrate (74 mg, 0.55 mmol) were added and the mixture was
stirred at room temperature. After 5 min (5R)-5-(aminomethyl)-5-
cyclopropylimidazolidine-2,4-dione hydrochloride40 (75 mg, 0.37
mmol) was added and the mixture was stirred at room temperature
overnight. The solvent was removed on a rotary evaporator and the
residue was taken up in ethyl acetate. The solution was washed with 2
N HCl with sat. aqueous sodium bicarbonate solution. The combined
organic layers were dried over magnesium sulfate and concentrated.
The crude product was taken up in a small amount of dichloro-
methane then heptane was added and the precipitate formed was
collected by filtration and dried in vacuo. 70 mg (99% purity, 62%
yield) of the title compound was obtained. LC−MS (Method 7): Rt =
2.731 min; MS (ESIpos): m/z = 375 [M + H]+. 1H NMR (300 MHz,
DMSO-d6) δ [ppm] = 10.64 (s, 1H), 8.54−8.49 (m, 2H), 8.08 (d,
2H), 7.70 (d, 2H), 7.63 (s, 1H), 3.78−3.62 (m, 2H), 1.19−1.15 (m,
1H), 0.48−0.32 (m, 3H), 0.15−0.12 (m, 1H).

Preparation of 6 and Respective Starting Materials. Ethyl (2E)-2-
[(3-chlorophenyl)hydrazono]-3-oxopropanoate. Sodium nitrite
(482 mg, 6.98 mmol) dissolved in 1.5 mL of water was added
dropwise to a cold solution of 3-chloroaniline (891 mg, 6.98 mmol) in
1.5 mL of conc. HCl and 10 mL of water and stirred for 5 min. Then
the solution was added dropwise to a cold solution of ethyl (2E)-3-
(dimethylamino)acrylate (1.0 g, 6.98 mmol) and potassium acetate
(1.03 g, 10.48 mmol) in 14 mL of ethanol. The mixture was stirred at
room temperature overnight. The reaction mixture was extracted
between water and dichloromethane. The combined organic layers
were dried over magnesium sulfate, filtered, and evaporated. 1.64 g of
the title compound was obtained. LC−MS (Method 8): Rt = 0.919
min; MS (ESIpos): m/z = 255 [M + H]+.

Ethyl (2E,3E)-2-[(3-chlorophenyl)hydrazono]-3-(hydroxyimino)-
propanoate. Ethyl (2E)-2-[(3-chlorophenyl)hydrazono]-3-oxopropa-
noate (1.64 g), hydroxylamine hydrochloride (537 mg, 7.73 mmol),
and potassium acetate (1.58 g, 16.10 mmol) were dissolved in 40 mL
of ethanol. The mixture was stirred at 78 °C for 30 min. The reaction
mixture was diluted with water and extracted with ethyl acetate. The
combined organic layers were dried over magnesium sulfate, filtered,
and evaporated. 1.22 g of the title compound was obtained. LC−MS
(Method 8): Rt = 0.992 min; MS (ESIpos): m/z = 252 [M + H]+.

Ethyl 2-(3-chlorophenyl)-2H-1,2,3-triazole-4-carboxylate. Ethyl
(2E,3E)-2-[(3-chlorophenyl)hydrazono]-3-(hydroxyimino)-
propanoate (1.22 g) was dissolved in 15 mL of acetic anhydride. The
mixture was stirred at 140 °C for 1 h. The reaction mixture was
diluted with water and extracted with dichloromethane. The
combined organic layers were dried over magnesium sulfate, filtered,
and evaporated. The residue was purified by flash chromatography
eluting with heptane/dichloromethane. Product containing samples
were united and the solvents were evaporated. 472 mg (93% purity)
of the title compound was obtained. LC−MS (Method 8): Rt = 0.992
min; MS (ESIpos): m/z = 252 [M + H]+. 1H NMR (300 MHz,
DMSO-d6) δ [ppm] = 8.64 (s, 1H), 8.07−8.04 (m, 2H), 7.69−7.59
(m, 2H), 4.40 (q, 2H), 1.35 (t, 3H).

2-(3-Chlorophenyl)-2H-1,2,3-triazole-4-carboxylic acid. Lithium
hydroxide monohydrate (94 mg, 2.68 mmol) was added to a solution
of ethyl 2-(3-chlorophenyl)-2H-1,2,3-triazole-4-carboxylate (472 mg,
93% purity, 1.75 mmol) in 6 mL of THF and 3 mL of water. The
mixture was stirred at room temperature for 1 h. The reaction mixture

was adjusted to pH 4 with 2 N HCl and the solvent was removed
under reduced pressure. 410 mg (89% purity, 93% yield) of the title
compound was obtained. LC−MS (Method 8): Rt = 0.697 min; MS
(ESIpos): m/z = 224 [M + H]+. 1H NMR (300 MHz, DMSO-d6) δ
[ppm] = 8.56 (s, 1H), 8.06−8.03 (m, 2H), 7.68−7.58 (m, 2H).

2-(3-Chlorophenyl)-N-{[(4R)-4-cyclopropyl-2,5-dioxoimidazoli-
din-4-yl]methyl}-2H-1,2,3-triazole-4-carboxamide (6). 2-(3-Chlor-
ophenyl)-2H-1,2,3-triazole-4-carboxylic acid (82 mg, 89% purity, 0.33
mmol) was dissolved in 2 mL of DMF. Triethylamine (150 μL, 1.09
mmol), EDC*HCl (105 mg, 0.55 mmol), and 1-hydroxybenzotriazole
monohydrate (74 mg, 0.55 mmol) were added and the mixture was
stirred at room temperature. After 5 min, (5R)-5-(aminomethyl)-5-
cyclopropylimidazolidine-2,4-dione hydrochloride40 (75 mg, 0.37
mmol) was added and the mixture was stirred at room temperature
overnight. The solvent was removed on a rotary evaporator and the
residue was taken up in ethyl acetate. The mixture was washed with 2
N HCl and then with sat. aqueous sodium bicarbonate solution. The
combined organic layers were dried over magnesium sulfate and
concentrated. The crude product was taken up in a small amount of
dichloromethane then heptane was added and the precipitate formed
was collected by filtration and dried in vacuo. 90 mg (99% purity, 72%
yield) of the title compound was obtained. LC−MS (Method 7): Rt =
2.756 min; MS (ESIpos): m/z = 375 [M + H]+. 1H NMR (300 MHz,
DMSO-d6) δ [ppm] = 10.66 (s, 1H), 8.57 (t, 1H), 8.51(s, 1H), 8.12
(s, 1H), 8.05 (d, 1H), 7.69−7.56 (m, 3H), 3.79−3.61 (m, 2H), 1.21−
1.12 (m, 1H), 0.48−0.32 (m, 3H), 0.16−0.12 (m, 1H).

Preparation of 7 and Respective Starting Materials. Ethyl (2E)-2-
[(4-methylphenyl)hydrazono]-3-oxopropanoate. Sodium nitrite
(482 mg, 6.98 mmol) dissolved in 10 mL of water was added
dropwise to a cold solution of 4-methylaniline (748 mg, 6.98 mmol)
in 3 mL of conc. HCl and 5 mL of water and stirred for 5 min. Then
the solution was added dropwise to a cold solution of ethyl (2E)-3-
(dimethylamino)acrylate (1.0 g, 6.98 mmol) and potassium acetate
(1.03 g, 10.48 mmol) in 15 mL of ethanol. The mixture was stirred at
room temperature overnight. The reaction mixture was extracted
between water and ethyl acetate. The combined organic layers were
dried over magnesium sulfate, filtered, and evaporated. 1.19 g (100%
purity, 73% yield) of the title compound was obtained. LC−MS
(Method 8): Rt = 0.903 min; MS (ESIpos): m/z = 235 [M + H]+.

Ethyl (2E,3E)-3-(hydroxyimino)-2-[(4-methylphenyl)hydrazono]-
propanoate. Ethyl (2E)-2-[(4-methylphenyl)hydrazono]-3-oxopro-
panoate (1.19 g, 5.08 mmol), hydroxylamine hydrochloride (424 mg,
6.10 mmol), and potassium acetate (1.25 g, 12.70 mmol) were
dissolved in 30 mL of ethanol. The mixture was stirred at 78 °C for 1
h. The reaction mixture was diluted with water and extracted with
ethyl acetate. The combined organic layers were dried over
magnesium sulfate, filtered, and evaporated. 1.19 g of the title
compound was obtained. LC−MS (Method 8): Rt = 0.858 min; MS
(ESIpos): m/z = 250 [M + H]+.

Ethyl 2-(4-methylphenyl)-2H-1,2,3-triazole-4-carboxylate. Ethyl
(2E,3E)-3-(hydroxyimino)-2-[(4-methylphenyl)hydrazono]-
propanoate (1.19 g) was dissolved in 20 mL of acetic anhydride. The
mixture was stirred at 140 °C for 1 h. The reaction mixture was
diluted with water and extracted with dichloromethane. The
combined organic layers were dried over magnesium sulfate, filtered,
and evaporated. The residue was purified by flash chromatography
eluting with heptane/dichloromethane. Product containing samples
were united and the solvents were evaporated. 250 mg (100% purity)
of the title compound was obtained. LC−MS (Method 8): Rt = 0.955
min; MS (ESIpos): m/z = 232 [M + H]+. 1H NMR (300 MHz,
DMSO-d6) δ [ppm] = 8.56 (s, 1H), 7.94 (d, 2H), 7.41(d, 2H), 4.38
(q, 2H), 2.39 (s, 3H), 1.34 (t, 3H).

2-(4-Methylphenyl)-2H-1,2,3-triazole-4-carboxylic acid. Lithium
hydroxide monohydrate (46 mg, 1.09 mmol) was added to a solution
of ethyl 2-(4-methylphenyl)-2H-1,2,3-triazole-4-carboxylate (210 mg,
0.91 mmol) in 4 mL of THF and 2 mL of water. The mixture was
stirred at room temperature for 2 h. The reaction mixture was
adjusted to pH 4 with 2 N HCl and the solvent was removed under
reduced pressure. 180 mg (100% purity, 98% yield) of the title
compound was obtained. LC−MS (Method 8): Rt = 0.670 min; MS
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(ESIpos): m/z = 204 [M + H]+. 1H NMR (300 MHz, DMSO-d6) δ
[ppm] = 8.13 (s, 1H), 7.90 (d, 2H), 7.37(d, 2H), 2.37 (s, 3H).

N-{[(4R)-4-Cyclopropyl-2,5-dioxoimidazolidin-4-yl]methyl}-2-(4-
methylphenyl)-2H-1,2,3-triazole-4-carboxamide (7). 2-(4-Methyl-
phenyl)-2H-1,2,3-triazole-4-carboxylic acid (74 mg, 0.37 mmol) was
dissolved in 2 mL of DMF. Triethylamine (150 μL, 1.09 mmol),
EDC*HCl (105 mg, 0.55 mmol), and 1-hydroxybenzotriazole
monohydrate (74 mg, 0.55 mmol) were added and the mixture was
stirred at room temperature. After 5 min, (5R)-5-(aminomethyl)-5-
cyclopropylimidazolidine-2,4-dione hydrochloride40 (75 mg, 0.37
mmol) was added and the mixture was stirred at room temperature
overnight. The solvent was removed on a rotary evaporator and the
residue was taken up in dichloromethane. The mixture was washed
with 2 N HCl and then with sat. aqueous sodium bicarbonate
solution. The combined organic layers were dried over magnesium
sulfate and concentrated. The crude product was purified by flash
chromatography eluting with dichloromethane/methanol. Product
containing samples were united and the solvents were evaporated. 70
mg (100% purity, 56% yield) of the title compound was obtained.
LC−MS (Method 7): Rt = 2.642 min; MS (ESIpos): m/z = 355 [M +
H]+. 1H NMR (300 MHz, DMSO-d6) δ [ppm] = 10.66 (s, 1H),
8.45−8.43 (m, 2H), 7.95 (d, 2H), 7.63 (s, 1H), 7.42 (d, 2H), 3.77−
3.71 (m, 2H), 3.33 (s, 3H) 1.19−1.14 (m, 1H), 0.48−0.32 (m, 3H),
0.13−0.12 (m, 1H).

Preparation of 8 and Respective Starting Materials. 5-Fluoro-2-
hydrazinopyridine. 2,5-Difluoropyridine (1.0 g, 8.69 mmol) was
dissolved in hydrazine hydrate (4.23 mL, 86.89 mmol). The mixture
was stirred at 120 °C for 1 h. The reaction mixture was diluted with
water and extracted with dichloromethane. The combined organic
layers were dried over sodium sulfate, filtered, and evaporated. The
crude product (984 mg) was used in the next step without further
purification. 1H NMR (600 MHz, DMSO-d6) δ [ppm] = 7.95 (d, J =
3.12 Hz, 1H), 7.44−7.40 (m, 1H), 7.36 (s, 1H), 6.73 (dd, J = 9.17
Hz, 1H), 4.09 (s, 2H).

N-{(1E,2Z)-2-[(5-Fluoropyridin-2-yl)hydrazono]propylidene}-
hydroxylamine. Crude 5-fluoro-2-hydrazinopyridine (984 mg) was
dissolved in 35 mL of ethanol. 1-(Hydroxyimino)acetone (809 mg;
9.29 mmol) was added and the mixture was stirred at 80 °C for 2 h.
The solvent was removed on a rotary evaporator and the residue was
taken up in n-pentane. The precipitate was filtered off, washed with n-
pentane, and dried in vacuo. 1.46 g (76% yield, 79% purity) of the
title compound was obtained. LC−MS (Method 2): Rt = 1.11 min;
MS (ESIpos): m/z = 197 [M + H]+.

5-Fluoro-2-(4-methyl-2H-1,2,3-triazol-2-yl)pyridine. N-{(1E,2Z)-
2-[(5-Fluoropyridin-2-yl)hydrazono]propylidene}hydroxylamine
(1.14 g, 79% purity, 4.59 mmol) was dissolved in 23 mL of acetic
anhydride. The mixture was stirred at 130 °C for 3 h. The solvent was
removed on a rotary evaporator and the crude product (1.45 g) was
used in the next step without further purification. 1H NMR (400
MHz, DMSO-d6) δ [ppm] = 8.53 (m, 1H), 8.03−7.98 (m, 2H), 7.95
(s, 1H), 2.37 (s, 3H).

2-(5-Fluoropyridin-2-yl)-2H-1,2,3-triazole-4-carboxylic acid.
Crude 5-fluoro-2-(4-methyl-2H-1,2,3-triazol-2-yl)pyridine (895 mg)
was dissolved in 30 mL of sulfuric acid (66% in water). Sodium
dichromate dihydrate (7.48 g, 25.12 mmol) was added and the
mixture was stirred at 80 °C 1 h. The reaction mixture was diluted
with ice water and extracted with ethyl acetate. The combined organic
layers were dried over sodium sulfate, filtered, and evaporated. 285 mg
(100% purity) of the title compound was obtained. LC−MS (Method
2): Rt = 0.73 min; MS (ESIpos): m/z = 209 [M + H]+. 1H NMR
(400 MHz, DMSO-d6) δ [ppm] = 8.71−8.51 (m, 2H), 8.20−8.02 (m,
2H).

N-{[(4R)-4-Cyclopropyl-2,5-dioxoimidazolidin-4-yl]methyl}-2-(5-
fluoropyridin-2-yl)-2H-1,2,3-triazole-4-carboxamide (8). 2-(5-Fluo-
ropyridin-2-yl)-2H-1,2,3-triazole-4-carboxylic acid (50.6 mg, 0.24
mmol) was dissolved in 5 mL of dichloromethane. DIPEA (120 μL,
0.68 mmol), EDC*HCl (60.6 mg, 0.32 mmol), and 1-hydroxy-
benzotriazole hydrate (48.4 mg, 0.32 mmol) were added and the
mixture was stirred at room temperature. After 5 min, (5R)-5-
(aminomethyl)-5-cyclopropylimidazolidine-2,4-dione hydrochloride40

(50 mg, 0.24 mmol) was added and the mixture was stirred at room
temperature overnight. The solvent was removed on a rotary
evaporator and the residue was taken up in ethyl acetate and washed
with water and brine. The combined organic layers were dried over
sodium sulfate and concentrated. The residue was purified by column
chromatography. Product containing samples were united and the
solvents were evaporated. 19 mg (95% purity, 21% yield) of the title
compound was obtained. LC−MS (Method 1): Rt = 0.64 min; MS
(ESIpos): m/z = 359 [M + H]+. 1H NMR (600 MHz, DMSO-d6) δ
[ppm] = 10.64 (s, 1H), 8.66 (s, 1H), 8.56 (t, J = 6.24 Hz, 1H), 8.54
(s, 1H), 8.16−8.08 (m, 2H), 7.62 (s, 1H), 3.74−3.68 (m, 2H), 1.19−
1.14 (m, 1H), 0.45−0.42 (m, 2H), 0.36−0.32 (m, 1H), 0.16−0.09
(m, 1H).

Preparation of 9 and Respective Starting Materials. Ethyl (2E)-3-
oxo-2-(1,2-thiazol-4-ylhydrazono)propanoate. Sodium nitrite (126
mg, 1.83 mmol) dissolved in 3 mL of water was added dropwise to a
cold solution of 1,2-thiazol-4-amine hydrochloride (250 mg, 41.83
mmol) in 0.41 mL of conc. HCl and 3 mL of water and the mixture
was stirred for 5 min. Then the solution was added dropwise to a cold
solution of ethyl (2E)-3-(dimethylamino)acrylate (0.29 mL, 2.01
mmol) and potassium acetate (269 mg, 2.75 mmol) in 3 mL of
ethanol. The mixture was stirred at room temperature. After 30 min
the reaction mixture was diluted with water. The precipitated solid
was filtered off, washed with water and dried in vacuo. 170 mg (100%
purity, 41% yield) of the title compound was obtained. LC−MS
(Method 2): Rt = 1.33 min; MS (ESIpos): m/z = 228 [M + H]+.

Ethyl (2E,3E)-3-(hydroxyimino)-2-(1,2-thiazol-4-ylhydrazono)-
propanoate. Ethyl (2E)-3-oxo-2-(1,2-thiazol-4-ylhydrazono)-
propanoate (170 mg, 0.75 mmol), hydroxylamine hydrochloride (62
mg, 0.90 mmol), and potassium acetate (184 mg, 1.87 mmol) were
dissolved in 7 mL of ethanol. The mixture was stirred at room
temperature overnight. The reaction mixture was diluted with water
and the precipitated solid was filtered off, washed with water, and
dried in vacuo. 80 mg (100% purity, 44% yield) of the title compound
was obtained. LC−MS (Method 2): Rt = 1.45 min; MS (ESIpos): m/
z = 243 [M + H]+.

Ethyl 2-(1,2-thiazol-4-yl)-2H-1,2,3-triazole-4-carboxylate. Ethyl
(2E,3E)-3-(hydroxyimino)-2-(1,2-thiazol-4-ylhydrazono)propanoate
(80 mg, 0.33 mmol) was dissolved in 2 mL of acetic anhydride. The
mixture was stirred at 140 °C for 30 min. The crude product was
purified by preparative HPLC. Product containing samples were
united and the solvents were lyophilized. 60 mg (100% purity, 81%
yield) of the title compound was obtained. LC−MS (Method 1): Rt =
0.78 min; MS (ESIpos): m/z = 225 [M + H]+.

2-(1,2-Thiazol-4-yl)-2H-1,2,3-triazole-4-carboxylic acid. Ethyl 2-
(1,2-thiazol-4-yl)-2H-1,2,3-triazole-4-carboxylate (60 mg, 0.27 mmol)
was dissolved in 2.5 mL of THF. Lithium hydroxide solution (0.27
mL, 1 N, 0.27 mmol) was added and the mixture was stirred at room
temperature for 1 h. The reaction mixture was acidified with 2 N HCl
and the precipitated solid was filtered off, washed with water, and
dried in vacuo. 45 mg (100% purity, 86% yield) of the title compound
was obtained. LC−MS (Method 1): Rt = 0.41 min; MS (ESIpos): m/
z = 197 [M + H]+.

N-{[(4R)-4-Cyclopropyl-2,5-dioxoimidazolidin-4-yl]methyl}-2-
(1,2-thiazol-4-yl)-2H-1,2,3-triazole-4-carboxamide (9). 2-(1,2-Thia-
zol-4-yl)-2H-1,2,3-triazole-4-carboxylic acid (45 mg, 0.23 mmol) was
dissolved in 5 mL of dichloromethane. DIPEA (110 μL, 0.64 mmol),
EDC*HCl (57 mg, 0.30 mmol), and 1-hydroxybenzotriazole hydrate
(46 mg, 0.30 mmol) were added and the mixture was stirred at room
temperature. After 5 min, (5R)-5-(aminomethyl)-5-cyclopropyl-
imidazolidine-2,4-dione hydrochloride40 (47 mg, 0.23 mmol) was
added and the mixture was stirred at room temperature overnight.
The solvent was removed on a rotary evaporator and the residue was
purified by preparative HPLC. Product containing samples were
united and the solvents were lyophilized. 54 mg (100% purity, 68%
yield) of the title compound was obtained. LC−MS (Method 2): Rt =
0.96 min; MS (ESIpos): m/z = 348 [M + H]+. 1H NMR (400 MHz,
DMSO-d6) δ [ppm] = 10.65 (s, 1H), 9.44 (s, 1H), 9.10 (s, 1H),
8,52−8,49 (m, 2H), 7.62 (s, 1H), 3.77−3.63 (m, 2H), 1.20−1.13 (m,
1H), 0.45 (q, 2H), 0.38−0.31 (m, 1H), 0.17−0.11 (m, 1H).
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Preparation of 10 and Respective Starting Materials. Ethyl 2-
(1,3-thiazol-2-ylmethyl)-2H-1,2,3-triazole-4-carboxylate. Ethyl 2H-
1,2,3-triazole-4-carboxylate (200 mg, 1.42 mmol) was dissolved in 6
mL of DMF. 2-(Chloromethyl)-1,3-thiazole (208 mg, 1.56 mmol)
and potassium carbonate (490 mg, 3.54 mmol) were added and the
mixture was stirred at room temperature overnight. The reaction
mixture was filtered and the filtrate was purified by preparative HPLC.
Product containing samples were united and the solvents were
lyophilized. 135 mg (97% purity, 39% yield) of the title compound
was obtained. LC−MS (Method 2): Rt = 1.28 min; MS (ESIpos): m/
z = 239 [M + H]+. 1H NMR (500 MHz, DMSO-d6) δ [ppm] = 8.36
(s, 1H), 7.83−7.82 (m, 1H), 7.81−7.79 (m, 1H), 4.33 (q, J = 7.1 Hz,
2H), 1.31 (t, J = 7.1 Hz, 4H).

2-(1,3-Thiazol-2-ylmethyl)-2H-1,2,3-triazole-4-carboxylic acid.
Ethyl 2-(1,3-thiazol-2-ylmethyl)-2H-1,2,3-triazole-4-carboxylate (135
mg, 97% purity, 0.55 mmol) was dissolved in 4 mL of THF. Lithium
hydroxide solution (0.57 mL, 1 N, 0.57 mmol) was added and the
mixture was stirred at room temperature overnight. The reaction
mixture was acidified with 2 N HCl and the solvent was removed at a
rotary evaporator. The crude product was purified by preparative
HPLC. Product containing samples were united and the solvents were
lyophilized. 56 mg (100% purity, 48% yield) of the title compound
was obtained. LC−MS (Method 2): Rt = 0.59 min; MS (ESIpos): m/
z = 211 [M + H]+.

N-{[(4R)-4-Cyclopropyl-2,5-dioxoimidazolidin-4-yl]methyl}-2-
(1,3-thiazol-2-ylmethyl)-2H-1,2,3-triazole-4-carboxamide (10). 2-
(1,3-Thiazol-2-ylmethyl)-2H-1,2,3-triazole-4-carboxylic acid (51 mg,
0.24 mmol) was dissolved in 5 mL of dichloromethane. DIPEA (120
μL, 0.68 mmol), EDC*HCl (61 mg, 0.32 mmol), and 1-hydroxy-
benzotriazole hydrate (48 mg, 0.32 mmol) were added and the
mixture was stirred at room temperature. After 5 min, (5R)-5-
(aminomethyl)-5-cyclopropylimidazolidine-2,4-dione hydrochloride40

(50 mg, 0.24 mmol) was added and the mixture was stirred at room
temperature overnight. The solvent was removed on a rotary
evaporator, and the residue was taken up in ethyl acetate and washed
with water and brine. The combined organic layers were dried over
sodium sulfate and concentrated. The residue was purified by column
chromatography. Product containing samples were united and the
solvents were evaporated. 53 mg (100% purity, 60% yield) of the title
compound was obtained. LC−MS (Method 2): Rt = 0.81 min; MS
(ESIpos): m/z = 362 [M + H]+. 1H NMR (400 MHz, DMSO-d6) δ
[ppm] = 10.61 (s, 1H), 8.28−8.23 (m, 2H), 7.82−7.79 (m, 2H), 7.56
(s, 1H), 6.11 (s, 2H), 3.65 (d, J = 6.48 Hz, 2H), 1.16−1.10 (m, 1H),
0.43−0.38 (m, 2H), 0.35−0.28 (m, 1H), 0.14−0.08 (m, 1H).

Preparation of 11 and Respective Starting Materials. Ethyl 2-[(2-
methyl-1,3-thiazol-4-yl)methyl]-2H-1,2,3-triazole-4-carboxylate.
Ethyl 2H-1,2,3-triazole-4-carboxylate (200 mg, 1.42 mmol) was
dissolved in 6 mL of DMF. 4-(Chloromethyl)-2-methyl-1,3-thiazole
hydrochloride (287 mg, 1.56 mmol) and potassium carbonate (490
mg, 3.54 mmol) were added and the mixture was stirred at room
temperature overnight. The reaction mixture was filtered, and the
filtrate was purified by preparative HPLC. Product containing samples
were united and the solvents were lyophilized. 97 mg (85% purity,
23% yield) of the title compound was obtained. LC−MS (Method 2):
Rt = 1.37 min; MS (ESIpos): m/z = 253 [M + H]+. 1H NMR (400
MHz, DMSO-d6) δ [ppm] = 8.28 (s, 1H), 7.53 (s, 1H), 5.76 (s, 2H),
4.28−4.35 (m, 2H), 2.60 (s, 3H), 1.20−1.36 (m, 3H).

2-[(2-Methyl-1,3-thiazol-4-yl)methyl]-2H-1,2,3-triazole-4-car-
boxylic acid. Ethyl 2-[(2-methyl-1,3-thiazol-4-yl)methyl]-2H-1,2,3-
triazole-4-carboxylate (97 mg, 85% purity, 0.32 mmol) was dissolved
in 3 mL of THF. Lithium hydroxide solution (0.38 mL, 1 N, 0.38
mmol) was added and the mixture was stirred at room temperature
for 2 h. The reaction mixture was acidified with 2 N HCl and the
solvent was removed at a rotary evaporator. The crude product was
purified by preparative HPLC. Product containing samples were
united and the solvents were lyophilized. 51 mg (97% purity, 69%
yield) of the title compound was obtained. LC−MS (Method 2): Rt =
0.72 min; MS (ESIpos): m/z = 225 [M + H]+.

N-{[(4R)-4-Cyclopropyl-2,5-dioxoimidazolidin-4-yl]methyl}-2-[(2-
methyl-1,3-thiazol-4-yl)methyl]-2H-1,2,3-triazole-4-carboxamide

(11). 2-[(2-Methyl-1,3-thiazol-4-yl)methyl]-2H-1,2,3-triazole-4-car-
boxylic acid (51 mg, 97% purity, 0.22 mmol) was dissolved in 5
mL of dichloromethane. DIPEA (110 μL, 0.64 mmol), EDC*HCl (57
mg, 0.30 mmol), and 1-hydroxybenzotriazole hydrate (45 mg, 0.30
mmol) were added and the mixture was stirred at room temperature.
After 5 min, (5R)-5-(aminomethyl)-5-cyclopropylimidazolidine-2,4-
dione hydrochloride40 (47 mg, 0.23 mmol) was added and the
mixture was stirred at room temperature overnight. The solvent was
removed on a rotary evaporator and the residue was taken up in ethyl
acetate and washed with water and brine. The combined organic
layers were dried over sodium sulfate and concentrated. The residue
was purified by column chromatography. Product containing samples
were united and the solvents were evaporated. 40 mg (100% purity,
48% yield) of the title compound was obtained. LC−MS (Method 1):
Rt = 0.54 min; MS (ESIpos): m/z = 375 [M + H]+. 1H NMR (400
MHz, DMSO-d6) δ [ppm] = 10.62 (s, 1H), 8.22−8.16 (m, 2H), 7.56
(s, 1H), 7.49 (s, 1H), 5.73 (s, 2H), 3.65 (d, J = 6.36 Hz, 2H), 2.61 (s,
3H), 1.15−1.10 (m, 1H), 0.43−0.38 (m, 2H), 0.34−0.30 (m, 1H),
0.15−0.08 (m, 1H).

Preparation of 12 and Respective Starting Materials. Ethyl 2-[(1-
methyl-1H-pyrazol-4-yl)methyl]-2H-1,2,3-triazole-4-carboxylate.
Ethyl 2H-1,2,3-triazole-4-carboxylate (300 mg, 2.13 mmol) was
dissolved in 9 mL of DMF. 4-(Chloromethyl)-1-methyl-1H-pyrazole
(306 mg, 2.34 mmol) and potassium carbonate (735 mg, 5.31 mmol)
were added, and the mixture was stirred at room temperature
overnight. The reaction mixture was filtered, and the filtrate was
purified by preparative HPLC. Product containing samples were
united and the solvents were lyophilized. 62 mg (79% purity, 10%
yield) of the title compound was obtained. LC−MS (Method 2): Rt =
1.13 min; MS (ESIpos): m/z = 236 [M + H]+.

2-[(1-Methyl-1H-pyrazol-4-yl)methyl]-2H-1,2,3-triazole-4-car-
boxylic acid. Ethyl 2-[(1-methyl-1H-pyrazol-4-yl)methyl]-2H-1,2,3-
triazole-4-carboxylate (60 mg, 77% purity, 0.20 mmol) was dissolved
in 3 mL of THF. Lithium hydroxide solution (0.31 mL, 1 N, 0.31
mmol) was added and the mixture was stirred at room temperature
overnight. The reaction mixture was acidified with 2 N HCl and the
solvent was removed at a rotary evaporator. The crude product was
purified by preparative HPLC. Product containing samples were
united and the solvents were lyophilized. 37 mg (100% purity, 89%
yield) of the title compound was obtained. LC−MS (Method 2): Rt =
0.56 min; MS (ESIpos): m/z = 208 [M + H]+.

N-{[(4R)-4-Cyclopropyl-2,5-dioxoimidazolidin-4-yl]methyl}-2-[(1-
methyl-1H-pyrazol-4-yl)methyl]-2H-1,2,3-triazole-4-carboxamide
(12). 2-[(1-Methyl-1H-pyrazol-4-yl)methyl]-2H-1,2,3-triazole-4-car-
boxylic acid (37 mg, 0.18 mmol) was dissolved in 3.5 mL of
dichloromethane. DIPEA (90 μL, 0.50 mmol), EDC*HCl (45 mg,
0.23 mmol), and 1-hydroxybenzotriazole hydrate (36 mg, 0.23 mmol)
were added and the mixture was stirred at room temperature. After 5
min, (5R)-5-(aminomethyl)-5-cyclopropylimidazolidine-2,4-dione hy-
drochloride40 (37 mg, 0.18 mmol) was added and the mixture was
stirred at room temperature for 1.5 h. The solvent was removed on a
rotary evaporator and the residue was taken up in ethyl acetate and
washed with water and brine. The combined organic layers were dried
over sodium sulfate and concentrated. The residue was purified by
column chromatography. Product containing samples were united and
the solvents were evaporated. 19 mg (100% purity, 30% yield) of the
title compound was obtained. LC−MS (Method 1): Rt = 0.45 min;
MS (ESIpos): m/z = 359 [M + H]+. 1H NMR (400 MHz, DMSO-d6)
δ [ppm] = 10.62 (s, 1H), 8.17−8.12 (m, 2H), 7.75 (s, 1H), 7.55 (s,
1H), 7.45 (s, 1H), 5.54 (s, 2H), 3.80 (s, 3H), 3.65 (d, J = 6.36 Hz,
2H), 1.16−1.09 (m, 1H), 0.43−0.38 (m, 2H), 0.37−0.30 (m, 1H),
0.15−0.08 (m, 1H).

Preparation of 13. N-{[(4R)-4-Cyclopropyl-2,5-dioxoimidazoli-
din-4-yl]methyl}-1-phenyl-1H-pyrazole-4-carboxamide (13). 1-Phe-
nyl-1H-pyrazole-4-carboxylic acid (37 mg, 0.20 mmol) was dissolved
in 1 mL of DMF. DIPEA (95 μL, 0.55 mmol), EDC*HCl (48 mg,
0.25 mmol), and 1-hydroxybenzotriazole hydrate (39 mg, 0.25 mmol)
were added and the mixture was stirred at room temperature. After 5
min, (5R)-5-(aminomethyl)-5-cyclopropylimidazolidine-2,4-dione hy-
drochloride40 (40 mg, 0.20 mmol) was added and the mixture was
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stirred at room temperature overnight. The reaction mixture was
taken up in ethyl acetate and washed with water and brine. The
combined organic layers were dried over magnesium sulfate, filtrated,
and concentrated. 55 mg (100% purity, 81% yield) of the title
compound was obtained. LC−MS (Method 2): Rt = 1.11 min; MS
(ESIpos): m/z = 340 [M + H]+. 1H NMR (600 MHz, DMSO-d6) δ
[ppm] = 10.62 (s, 1H), 8.95 (s, 1H), 8.22 (t, J = 6.33 Hz, 1H), 8.15
(s, 1H), 7.84 (d, J = 7.7 Hz, 2H), 7.55−7.52 (m, 3H), 7.34 (m, 1H),
3.80 (dd, J = 13.85 Hz, 1H), 3.50 (dd, J = 13.85 Hz, 1H), 1.15 (t, J =
8.21 Hz, 1H), 0.51−0.41 (m, 2H), 0.37−0.32 (m, 1H), 0.15−0.11
(m, 1H).

Preparation of 14. 1-(4-Chlorobenzyl)-N-{[(4R)-4-cyclopropyl-
2,5-dioxoimidazolidin-4-yl]methyl}-1H-pyrazole-4-carboxamide
(14). 1-(4-Chlorobenzyl)-1H-pyrazole-4-carboxylic acid (58 mg, 0.24
mmol) was dissolved in 3 mL of DMF. DIPEA (120 μL, 0.68 mmol),
EDC*HCl (61 mg, 0.32 mmol), and 1-hydroxybenzotriazole hydrate
(48 mg, 0.32 mmol) were added and the mixture was stirred at room
temperature. After 5 min (5R)-5-(aminomethyl)-5-cyclopropyl-
imidazolidine-2,4-dione hydrochloride40 (50 mg, 0.24 mmol) was
added and the mixture was stirred at room temperature overnight.
The reaction mixture was purified by preparative HPLC. Product
containing samples were united and the solvents were lyophilized. 58
mg (100% purity, 62% yield) of the title compound was obtained.
LC−MS (Method 2): Rt = 1.25 min; MS (ESIpos): m/z = 388 [M +
H]+. 1H NMR (400 MHz, DMSO-d6) δ [ppm] = 10.55 (s, 1H), 8.26
(s, 1H), 8.04 (t, J = 6.24 Hz, 1H), 7.88 (d, J = 0.61 Hz, 1H), 7.44−
7.41 (m, 3H), 7.28 (d, J = 8.56 Hz, 2H), 5.35 (s, 2H), 3.71 (dd, J =
13.75 Hz, 1H), 3.45 (dd, J = 13.75 Hz, 1H), 1.13−1.07 (m, 1H),
0.47−0.38 (m, 2H), 0.35−0.28 (m, 1H), 0.14−0.09 (m, 1H).

Preparation of 15. N-{[(4R)-4-Cyclopropyl-2,5-dioxoimidazoli-
din-4-yl]methyl}-4′-methyl[biphenyl]-4-carboxamide (15). 4′-
Methyl[biphenyl]-4-carboxylic acid (41 mg, 0.20 mmol) was
dissolved in 1 mL of DMF. DIPEA (95 μL, 0.55 mmol), EDC*HCl
(48 mg, 0.25 mmol), and 1-hydroxybenzotriazole hydrate (39 mg,
0.25 mmol) were added and the mixture was stirred at room
temperature. After 5 min, (5R)-5-(aminomethyl)-5-cyclopropyl-
imidazolidine-2,4-dione hydrochloride40 (40 mg, 0.20 mmol) was
added and the mixture was stirred at room temperature overnight.
The reaction mixture was diluted with water and the precipitated solid
was filtered off, washed with water, and dried in vacuo. 50 mg (100%
purity, 70% yield) of the title compound was obtained. LC−MS
(Method 2): Rt = 1.59 min; MS (ESIpos): m/z = 364 [M + H]+. 1H
NMR (400 MHz, DMSO-d6) δ [ppm] = 10.62 (s, 1H), 8.42 (t, J =
6.24 Hz, 1H), 7.88 (d, J = 8.44 Hz, 2H), 7.74 (d, J = 8.44 Hz, 2H),
7.63 (d, J = 8.19 Hz, 2H), 7.53 (s, 1H), 7.30 (d, J = 7.95 Hz, 2H),
3.83−3.78 (m, 1H), 3.59−3.55 (m, 1H), 2.36 (s, 3H), 1.17−1.14 (m,
1H), 0.49−0.40 (m, 2H), 0.36−0.31 (m, 1H), 0.16−0.10 (m, 1H).

Preparation of 16. N-{[(4R)-4-Cyclopropyl-2,5-dioxoimidazoli-
din-4-yl]methyl}-4′-methyl[biphenyl]-3-carboxamide (16). 4′-
Methyl[biphenyl]-3-carboxylic acid (41 mg, 0.20 mmol) was
dissolved in 1 mL of DMF. DIPEA (95 μL, 0.55 mmol), EDC*HCl
(48 mg, 0.25 mmol), and 1-hydroxybenzotriazole hydrate (39 mg,
0.25 mmol) were added and the mixture was stirred at room
temperature. After 5 min (5R)-5-(aminomethyl)-5-cyclopropyl-
imidazolidine-2,4-dione hydrochloride40 (40 mg, 0.20 mmol) was
added and the mixture was stirred at room temperature overnight.
The reaction mixture was purified by preparative HPLC. Product
containing samples were united and the solvents were lyophilized. 48
mg (100% purity, 68% yield) of the title compound was obtained.
LC−MS (Method 5): Rt = 1.13 min; MS (ESIpos): m/z = 364 [M +
H]+. 1H NMR (400 MHz, DMSO-d6) δ [ppm] = 10.63 (s, 1H), 8.54
(t, J = 6.17 Hz, 1H), 8.05 (s, 1H), 7.78 (dd, J = 15.47 Hz, 2H), 7.62
(d, J = 8.19 Hz, 2H), 7.55−7.52 (m, 2H), 7.31 (d, J = 8.07 Hz, 2H),
3.82 (dd, J = 13.51 Hz, 1H), 3.56 (dd, J = 13.63 Hz, 1H), 2.36 (s,
3H), 1.20−1.13 (m, 1H), 0.52−0.40 (m, 2H), 0.37−0.30 (m, 1H),
0.16−0.10 (m, 1H).

Preparation of 17. N-{[(4R)-4-Cyclopropyl-2,5-dioxoimidazoli-
din-4-yl]methyl}-4′-methyl[biphenyl]-2-carboxamide (17). 4′-
Methyl[biphenyl]-2-carboxylic acid (41 mg, 0.20 mmol) was
dissolved in 1 mL of DMF. DIPEA (95 μL, 0.55 mmol), EDC*HCl

(48 mg, 0.25 mmol), and 1-hydroxybenzotriazole hydrate (39 mg,
0.25 mmol) were added and the mixture was stirred at room
temperature. After 5 min, (5R)-5-(aminomethyl)-5-cyclopropyl-
imidazolidine-2,4-dione hydrochloride40 (40 mg, 0.20 mmol) was
added and the mixture was stirred at room temperature overnight.
The reaction mixture was diluted with water and the precipitated solid
was filtered off, washed with water and dried in vacuo. 44 mg (100%
purity, 62% yield) of the title compound was obtained. LC−MS
(Method 2): Rt = 1.46 min; MS (ESIpos): m/z = 364 [M + H]+. 1H
NMR (400 MHz, DMSO-d6) δ [ppm] = 10.62 (s, 1H), 8.31 (t, J =
6.11 Hz, 1H), 7.50−7.46 (m, 2H), 7.40−7.34 (m, 3H), 7.26 (m, 2H),
7.19 (m, 2H), 3.51−3.45 (m, 2H), 2.32 (s, 3H), 1.09−1.00 (m, 1H),
0.47−0.36 (m, 2H), 0.34−0.28 (m, 1H), 0.15−0.09 (m, 1H).

Preparation of 18 and Respective Starting Materials. Methyl 4′-
(trifluoromethyl)[biphenyl]-2-carboxylate. Under an argon atmos-
phere, methyl 2-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-
benzoate (200 mg, 0.76 mmol) and 1-bromo-4-(trifluoromethyl)-
benzene (214 mg, 0.95 mmol) were suspended in 3.5 mL of DME.
Sodium carbonate solution (1.91 mL, 2 M, 3.82 mmol) and tetrakis
(triphenylphosphine) palladium (0) (44 mg, 0.04 mmol) were added,
and the mixture was stirred at 80 °C overnight. The reaction mixture
was diluted with water and extracted with ethyl acetate. The
combined organic layers were washed with brine, dried over sodium
sulfate, filtered, and concentrated. The residue was purified by
preparative HPLC. Product containing samples were united and the
solvents were lyophilized. 123 mg (100% purity, 57% yield) of the
title compound was obtained. 1H NMR (600 MHz, DMSO-d6) δ
[ppm] = 7.85 (dd, J = 7.79 Hz, 1H), 7.78 (d, J = 8.07 Hz, 2H), 7.68
(td, J = 7.61 Hz, 1H), 7.56 (td, J = 7.61 Hz, 1H), 7.52 (d, J = 8.07 Hz,
2H), 7.47 (dd, J = 7.7 Hz, 1H), 3.61 (s, 3H).

4′-(Trifluoromethyl)[biphenyl]-2-carboxylic acid. Methyl 4′-
(trifluoromethyl)[biphenyl]-2-carboxylate (120 mg, 0.43 mmol) was
dissolved in 1.5 mL of THF and 0.3 mL of methanol. Lithium
hydroxide solution (1.07 mL, 2 N, 2.14 mmol) was added and the
mixture was stirred at 60 °C overnight. The reaction mixture was
acidified with 2 N HCl and extracted with ethyl acetate. The
combined organic layers were dried over sodium sulfate and
concentrated. The residue was purified by column chromatography.
Product containing samples were united and the solvents were
evaporated. 97 mg (100% purity, 85% yield) of the title compound
was obtained. LC−MS (Method 2): Rt = 1.87 min; MS (ESIpos): m/
z = 265 [M-H]+. 1H NMR (500 MHz, DMSO-d6) δ [ppm] = 12.88
(br s, 1H), 7.83 (dd, J = 7.7, 1.2 Hz, 1H), 7.77 (d, J = 8.1 Hz, 2H),
7.60−7.66 (m, 1H), 7.49−7.57 (m, 3H), 7.42 (dd, J = 7.6, 0.9 Hz,
1H).

N-{[(4R)-4-Cyclopropyl-2,5-dioxoimidazolidin-4-yl]methyl}-4′-
( t r ifluoromethy l ) [b ipheny l ] -2 -carboxamide (18 ) . 4 ′ -
(Trifluoromethyl)[biphenyl]-2-carboxylic acid (52 mg, 0.20 mmol)
was dissolved in 2 mL of DMF. DIPEA (95 μL, 0.55 mmol),
EDC*HCl (48 mg, 0.25 mmol), and 1-hydroxybenzotriazole hydrate
(39 mg, 0.25 mmol) were added and the mixture was stirred at room
temperature. After 5 min, (5R)-5-(aminomethyl)-5-cyclopropyl-
imidazolidine-2,4-dione hydrochloride40 (40 mg, 0.20 mmol) was
added and the mixture was stirred at room temperature overnight.
The reaction mixture was diluted with water and extracted with ethyl
acetate. The combined organic layers were dried over sodium sulfate
and concentrated. The residue was purified by column chromatog-
raphy. Product containing samples were united and the solvents were
evaporated. 61 mg (99% purity, 74% yield) of the title compound was
obtained. LC−MS (Method 1): Rt = 0.87 min; MS (ESIpos): m/z =
418 [M + H]+. 1H NMR (400 MHz, DMSO-d6) δ [ppm] = 10.64 (s,
1H), 8.55 (t, J = 6.11 Hz, 1H), 7.76 (d, J = 8.07 Hz, 2H), 7.57−7.53
(m, 4H), 7.47−7.43 (m, 3H), 3.53−3.50 (m, 2H), 1.11−1.04 (m,
1H), 0.50−0.42 (m, 1H), 0.41−0.37 (m, 1H), 0.36−0.30 (m, 1H),
0.17−0.11 (m, 1H).

Preparation of 19 and Respective Starting Materials. Ethyl 5-
(1,3-thiazol-4-yl)-1,3-oxazole-4-carboxylate. 1,3-Thiazole-4-carbox-
ylic acid (5 g, 38.72 mmol) was dissolved in 60 mL of THF. CDI (7.5
g, 46.46 mmol) was added, and the mixture was stirred at room
temperature for 2 h. The reaction mixture was then cooled to 0 °C. At
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this temperature, first a solution of ethyl isocyanoacetate (4.66 mL,
42.59 mmol) in 60 mL THF and finally a LiHMDS solution (38.72
mL, 1 M in THF, 38.72 mmol) was added dropwise. The reaction
mixture was slowly allowed to warm to room temperature and stirred
overnight. The solvent was evaporated. The residue was extracted
between water and ethyl acetate. The combined organic layers were
washed with brine, dried over sodium sulfate, filtered, and
concentrated. The residue was purified by column chromatography.
Product containing samples were united and the solvents were
evaporated. 5.58 g (100% purity, 64% yield) of the title compound
was obtained. LC−MS (Method 2): Rt = 1.10 min; MS (ESIpos): m/
z = 225 [M + H]+. 1H NMR (600 MHz, DMSO-d6) δ [ppm] = 9.27
(d, J = 2.0 Hz, 1H), 8.73 (d, J = 2.0 Hz, 1H), 8.57 (s, 1H), 4.33 (q, J =
7.0 Hz, 2H), 1.30 (t, J = 7.1 Hz, 3H).

2-Amino-1-(1,3-thiazol-4-yl)ethanone hydrochloride. Ethyl 5-
(1,3-thiazol-4-yl)-1,3-oxazole-4-carboxylate (5.58 g, 24.88 mmol)
was stirred at 100 °C in 19 mL of hydrochloric acid (6 N in
water). After 2 h, the solvent was evaporated. The residue was treated
with dichloromethane and a little methanol. The solid was filtered off
and dried in vacuo. 5.9 g (86% purity, 114% yield) of the title
compound was obtained. LC−MS (Method 4): Rt = 0.46 min; MS
(ESIpos): m/z = 143 [M − Cl]+.

tert-Butyl [2-oxo-2-(1,3-thiazol-4-yl)ethyl]carbamate. 2-Amino-
1-(1,3-thiazol-4-yl)ethanone hydrochloride (5.9 g, 86% purity, 28.52
mmol) was dissolved in 113 mL of dichloromethane. Ditert-butyl
dicarbonate (7.21 mL, 31.37 mmol) and triethylamine (11.93 mL,
85.56 mmol) were added, and the mixture was stirred at room
temperature for 1.5 h. The solvent was evaporated, and the residue
was extracted between water and ethyl acetate. The combined organic
layers were dried over sodium sulfate, filtered, and concentrated. 6.95
g (90% purity, 91% yield) of the title compound was obtained. LC−
MS (Method 1): Rt = 0.71 min; MS (ESIpos): m/z = 243 [M + H]+.

Ent-tert-butyl {[2,5-dioxo-4-(1,3-thiazol-4-yl)imidazolidin-4-yl]-
methyl}carbamate. In a microwave vial, tert-butyl [2-oxo-2-(1,3-
thiazol-4-yl)ethyl]carbamate (6.95 g, 90% purity, 25.88 mmol) was
dissolved in 40 mL of methanol. Potassium cyanide (6.7 g, 103.50
mmol) and ammonium carbonate (9.9 g, 103.50 mmol) were added.
The vial was sealed, and the mixture was stirred at 80 °C overnight.
The salts were filtered off and rinsed with methanol. The filtrate was
concentrated. The crude racemate (12 g) was separated on chiral
phase using the following preparative chiral HPLC method: Machine:
THAR SFC-Super Chrom Prep 200; Column: Chiralpak AD-H 5 μm,
250 × 25 mm2; Eluent: CO2/i-propanol 70:30; Flow: 100 mL/min;
Backpressure: 115 bar; Temperature eluent: 38 °C; Temperature
cyclone: 40 °C; Pressure cyclone: 24 bar; UV-detection: 210 nm.
Product containing samples were united, the solvents were evaporated
with a rotary evaporator and the residue was lyophilized. 2.63 g (100%
purity, 32% yield) of the title compound was obtained. Chiral HPLC
(Column: Chiralpak AD-H 3 μm 100 × 4.6 mm2; solvent: 80% CO2/
20% i-propanol; BPR pressure: 130 bar; BPR temperature: 60 °C;
Column temperature: 40 °C; flow: 3 mL/min; UV-detection: 210
nm): Rt = 1.581 min, 100% ee. LC−MS (Method 2): Rt = 0.96 min;
MS (ESIpos): m/z = 311 [M − H]+.

Ent-5-(aminomethyl)-5-(1,3-thiazol-4-yl)imidazolidine-2,4-dione
hydrochloride. Ent-tert-butyl {[2,5-dioxo-4-(1,3-thiazol-4-yl)-
imidazolidin-4-yl]methyl}carbamate (2.62 g, 8.42 mmol) was
dissolved in 50 mL of dichloromethane. Hydrochloric acid in 1,4-
dioxan (10.53 mL, 4 N, 42.10 mmol) was added and the mixture was
stirred at room temperature overnight. The solvents were evaporated.
The residue was dissolved in water/acetonitrile and lyophilized. 2.43 g
(100% purity, 116% yield) of the title compound was obtained. LC−
MS (Method 4): Rt = 0.24 min; MS (ESIpos): m/z = 213 [M − Cl]+.
1H NMR (600 MHz, DMSO-d6) δ [ppm] = 11.17 (s, 1H), 9.18 (d, J
= 1.8 Hz, 1H), 8.59 (s, 1H), 8.49 (br s, 3H), 3.19−3.76 (m, 2H).

Ent-N-{[2,5-dioxo-4-(1,3-thiazol-4-yl)imidazolidin-4-yl]methyl}-
4′-(tr ifluoromethyl)[biphenyl]-2-carboxamide (19) . 4′-
(Trifluoromethyl)[biphenyl]-2-carboxylic acid (107 mg, 0.40 mmol)
was dissolved in 2.5 mL of DMF. DIPEA (0.35 mL, 2.01 mmol),
EDC*HCl (100 mg, 0.52 mmol), and 1-hydroxybenzotriazole hydrate
(80 mg, 0.52 mmol) were added and the mixture was stirred at room

temperature. After 5 min, ent-5-(aminomethyl)-5-(1,3-thiazol-4-
yl)imidazolidine-2,4-dione hydrochloride (100 mg, 0.40 mmol) was
added and the mixture was stirred at room temperature overnight.
The reaction mixture was purified by preparative HPLC. Further
purification by preparative HPLC was needed. Product containing
samples were united and the solvents were evaporated. 82 mg (100%
purity, 44% yield) of the title compound was obtained. LC−MS
(Method 2): Rt = 0.1.54 min; MS (ESIpos): m/z = 461 [M + H]+. 1H
NMR (600 MHz, DMSO-d6) δ [ppm] = 10.85 (br s, 1H), 9.12 (d, J =
1.96 Hz, 1H), 8.66 (t, J = 6.16 Hz, 1H), 8.25 (s, 1H), 7.78−7.75 (m,
3H), 7.57−7.54 (m, 3H), 7.48−7.42 (m, 3H), 4.00−3.89 (m, 2H).

Preparation of 20 and Respective Starting Materials. Ethyl 5-(5-
methyl-1,3-thiazol-4-yl)-1,3-oxazole-4-carboxylate. 5-Methyl-1,3-
thiazole-4-carboxylic acid (940 mg, 6.57 mmol) was dissolved in 10
mL of THF. CDI (1.28 g, 7.88 mmol) was added, and the mixture
was stirred at room temperature for 2 h. The reaction mixture was
then cooled to 0 °C. At this temperature, first a solution of ethyl
isocyanoacetate (0.79 mL, 7.22 mmol) in 10 mL THF and finally a
LiHMDS solution (6.57 mL, 1 M in THF, 6.57 mmol) was added
dropwise. The reaction mixture was slowly allowed to warm to room
temperature and stirred for 2 h. The solvent was evaporated. The
residue was extracted between water and ethyl acetate. The combined
organic layers were washed with brine, dried over sodium sulfate,
filtered, and concentrated. The residue was purified by column
chromatography. Product containing samples were united and the
solvents were evaporated. 1.13 g (100% purity, 72% yield) of the title
compound was obtained. LC−MS (Method 2): Rt = 1.15 min; MS
(ESIpos): m/z = 239 [M + H]+.

2-Amino-1-(5-methyl-1,3-thiazol-4-yl)ethanone hydrochloride.
Ethyl 5-(5-methyl-1,3-thiazol-4-yl)-1,3-oxazole-4-carboxylate (1.13 g,
4.74 mmol) was stirred at 100 °C in 25 mL of hydrochloric acid (6 N
in water). After 2 h, the solvent was evaporated. The residue was
treated with dichloromethane/methanol 20:1. The solid was filtered
off and dried in vacuo. 730 mg (98% purity, 79% yield) of the title
compound was obtained. LC−MS (Method 4): Rt = 0.80 min; MS
(ESIpos): m/z = 156 [M − Cl]+.

tert-Butyl [2-(5-methyl-1,3-thiazol-4-yl)-2-oxoethyl]carbamate.
2-Amino-1-(5-methyl-1,3-thiazol-4-yl)ethanone hydrochloride (730
mg, 98% purity, 3.71 mmol) was dissolved in 15 mL of
dichloromethane. Ditert-butyl dicarbonate (0.96 mL, 4.17 mmol)
and triethylamine (1.58 mL, 11.37 mmol) were added, and the
mixture was stirred at room temperature for 2 h. The solvent was
evaporated, and the residue was extracted between water and ethyl
acetate. The combined organic layers were dried over sodium sulfate,
filtered, and concentrated. 980 mg (100% purity, 100% yield) of the
title compound was obtained. LC−MS (Method 2): Rt = 1.57 min;
MS (ESIpos): m/z = 257 [M + H]+.

Rac-tert-butyl {[4-(5-methyl-1,3-thiazol-4-yl)-2,5-dioxoimidazo-
lidin-4-yl]methyl}carbamate. In a microwave vial, tert-butyl [2-(5-
methyl-1,3-thiazol-4-yl)-2-oxoethyl]carbamate (980 mg, 25.88 mmol)
was dissolved in 7 mL of methanol. Potassium cyanide (996 mg, 15.29
mmol) and ammonium carbonate (1.47 g, 15.29 mmol) were added.
The vial was sealed, and the mixture was stirred at 40 °C for 2 d.
More potassium cyanide (996 mg, 15.29 mmol) and ammonium
carbonate (1.47 g, 15.29 mmol) were added, and the reaction mixture
was stirred at 40 °C for 3 d. The reaction mixture was concentrated.
The residue was poured on Isolute and purified by column
chromatography. Product containing samples were united and the
solvents were evaporated. 766 mg (100% purity, 61% yield) of the
title compound was obtained. LC−MS (Method 2): Rt = 1.09 min;
MS (ESIpos): m/z = 325 [M − H]+.

Rac-5- (aminomethy l ) -5 - (5-methy l -1 ,3 - th iazo l -4-y l ) -
imidazolidine-2,4-dione hydrochloride. Rac-tert-butyl {[4-(5-meth-
yl-1,3-thiazol-4-yl)-2,5-dioxoimidazolidin-4-yl]methyl}carbamate
(766 mg, 2.35 mmol) was dissolved in 9 mL of dichloromethane.
Hydrochloric acid in 1,4-dioxan (2.93 mL, 4 N, 11.74 mmol) was
added and the mixture was stirred at room temperature for 30 min.
The precipitated solid was filtered off, washed with dichloromethane,
and dried in vacuo. 640 mg (86% purity, 89% yield) of the title
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compound was obtained. LC−MS (Method 4): Rt = 0.25 min; MS
(ESIpos): m/z = 227 [M − Cl]+.

Rac-N-{[4-(5-methyl-1,3-thiazol-4-yl)-2,5-dioxoimidazolidin-4-
yl]methyl}-4′-(trifluoromethyl)[biphenyl]-2-carboxamide. 4′-
(Trifluoromethyl)[biphenyl]-2-carboxylic acid (129 mg, 0.49 mmol)
was dissolved in 10 mL of dichloromethane. DIPEA (0.24 mL, 1.36
mmol), EDC*HCl (121 mg, 0.63 mmol), and 1-hydroxybenzotriazole
hydrate (97 mg, 0.63 mmol) were added and the mixture was stirred
at room temperature. After 5 min, rac-5-(aminomethyl)-5-(5-methyl-
1,3-thiazol-4-yl)imidazolidine-2,4-dione hydrochloride (150 mg, 86%
purity, 0.49 mmol) was added and the mixture was stirred at room
temperature overnight. The reaction mixture was purified by
preparative HPLC. Product containing samples were united and the
solvents were lyophilized. 56 mg (100% purity, 24% yield) of the title
compound was obtained. LC−MS (Method 2): Rt = 1.63 min; MS
(ESIpos): m/z = 475 [M + H]+. 1H NMR (400 MHz, DMSO-d6) δ
[ppm] = 11.04 (s, 1H), 8.85 (s, 1H), 8.62 (t, J = 6.2 Hz, 1H), 8.26 (s,
1H), 7.77 (d, J = 8.2 Hz, 2H), 7.63−7.51 (m, 3H), 7.50−7.41 (m,
3H), 4.08 (dd, J = 6.2, 2.2 Hz, 2H), 2.36 (s, 3H).

Ent-N-{[4-(5-methyl-1,3-thiazol-4-yl)-2,5-dioxoimidazolidin-4-
yl]methyl}-4′-(trifluoromethyl)[biphenyl]-2-carboxamide (20).
Enantiomeric separation of 52 mg rac-N-{[4-(5-methyl-1,3-thiazol-
4-yl)-2,5-dioxoimidazolidin-4-yl]methyl}-4′-(trifluoromethyl)-
[biphenyl]-2-carboxamide was done using the following preparative
chiral HPLC method: Machine: HPLC-Agilent prep 100; Column:
Diacel Chiralpak ID 5 μm, 20 × 250 mm; Eluent: 30% n-Heptan and
70% i-propanol; Flow: 20 mL/min; UV-detection: 210 nm. Product
containing samples were united, the solvents were evaporated with a
rotary evaporator and the residue was lyophilized. 16 mg (100%
purity, 31% yield) of the title compound was obtained. Chiral HPLC
(Column: Diacel ID 3 μm 50 × 4.6 mm2; solvent: n-heptane/i-
propanol 1:1; flow: 1 mL/min; UV-detection: 220 nm): Rt = 1.581
min, 100% ee. LC−MS (Method 2): Rt = 1.63 min; MS (ESIpos): m/
z = 475 [M + H]+. 1H NMR (400 MHz, DMSO-d6) δ [ppm] = 11.04
(s, 1H), 8.85 (s, 1H), 8.62 (t, J = 6.24 Hz, 1H), 8.26 (s, 1H), 7.77 (d,
J = 8.31 Hz, 2H), 7.59−7.53 (m, 3H), 7.49−7.42 (m, 3H), 4.12−4.04
(m, 2H), 2.36 (s, 3H).

Preparation of 21 and Respective Starting Materials. Ethyl 5-[5-
(trifluoromethyl)-1,3-thiazol-4-yl]-1,3-oxazole-4-carboxylate. 5-
(Trifluoromethyl)-1,3-thiazole-4-carboxylic acid (2.0 g, 10.15 mmol)
was dissolved in 15 mL of THF. CDI (1.97 g, 12.17 mmol) was
added, and the mixture was stirred at room temperature for 1 h. The
reaction mixture was then cooled to 0 °C. At this temperature, first a
solution of ethyl isocyanoacetate (1.22 mL, 11.16 mmol) in 15 mL
THF and finally a LiHMDS solution (10.15 mL, 1 M in THF, 10.15
mmol) was added dropwise. The reaction mixture was slowly allowed
to warm to room temperature and stirred for 2 d. The solvent was
evaporated. The residue was extracted between water and ethyl
acetate. The combined organic layers were washed with brine, dried
over sodium sulfate, filtered, and concentrated. The residue was
purified by column chromatography. Product containing samples were
united and the solvents were evaporated. 1.43 g (100% purity, 48%
yield) of the title compound was obtained. LC−MS (Method 2): Rt =
1.62 min; MS (ESIpos): m/z = 293 [M + H]+. 1H NMR (400 MHz,
DMSO-d6) δ [ppm] = 9.57 (s, 1H), 8.78 (s, 1H), 4.18 (q, J = 7.1 Hz,
2H), 1.10 (t, J = 7.2 Hz, 3H).

2-Amino-1-[5-(trifluoromethyl)-1,3-thiazol-4-yl]ethanone hydro-
chloride. Ethyl 5-[5-(trifluoromethyl)-1,3-thiazol-4-yl]-1,3-oxazole-4-
carboxylate (1.43 g, 4.89 mmol) was stirred at 100 °C in 200 mL of
hydrochloric acid (6 N in water). After 2 h, the solvent was
evaporated, and the residue was dried in vacuo. 1.25 g (95% purity,
98% yield) of the title compound was obtained. LC−MS (Method 4):
Rt = 1.00 min; MS (ESIpos): m/z = 211 [M − Cl]+. 1H NMR (400
MHz, DMSO-d6) δ [ppm] = 9.52 (s, 1H), 8.41 (br s, 3H), 4.57 (s,
2H).

tert-Butyl {2-oxo-2-[5-(trifluoromethyl)-1,3-thiazol-4-yl]ethyl}-
carbamate. 2-Amino-1-[5-(trifluoromethyl)-1,3-thiazol-4-yl]-
ethanone hydrochloride (1.25 g, 98% purity, 4.97 mmol) was
dissolved in 23 mL of dichloromethane. Ditert-butyl dicarbonate
(1.22 g, 5.58 mmol) and triethylamine (3.53 mL, 25.34 mmol) were

added, and the mixture was stirred at room temperature for 2 h. The
reaction mixture was diluted with water and extracted with
dichloromethane. The combined organic layers were dried over
sodium sulfate, filtered, and concentrated. 1.66 g (68% purity, 73%
yield) of the title compound was obtained. LC−MS (Method 4): Rt =
1.58 min; MS (ESIpos): m/z = 309 [M − H]+.

Rac-tert-butyl({2,5-dioxo-4-[5-(trifluoromethyl)-1,3-thiazol-4-yl]-
imidazolidin-4-yl}methyl)carbamate. In a microwave vial, tert-butyl
{2-oxo-2-[5-(trifluoromethyl)-1,3-thiazol-4-yl]ethyl}carbamate (1.6 g,
68% purity, 3.51 mmol) was dissolved in 9.2 mL of water and 3.7 mL
of ethanol. Potassium cyanide (1.34 g, 20.62 mmol) and ammonium
carbonate (1.98 g, 20.62 mmol) were added. The vial was sealed, and
the mixture was stirred at 80 °C overnight. The salts were filtered off
and rinsed with methanol. The filtrate was concentrated. The crude
product was purified by preparative HPLC. Product containing
samples were united, the solvents were evaporated with a rotary
evaporator and the residue was lyophilized. 485 mg (100% purity,
36% yield) of the title compound was obtained. LC−MS (Method 4):
Rt = 0.76 min; MS (ESIpos): m/z = 379 [M − H]+. 1H NMR (400
MHz, DMSO-d6) δ [ppm] = 11.37−10.51 (m, 1H), 9.32 (s, 1H),
7.78−7.13 (m, 1H), 6.71 (br s, 1H), 3.97−3.68 (m, 2H), 1.36 (s,
9H).

Rac-5-(aminomethyl)-5-[5-(trifluoromethyl)-1,3-thiazol-4-yl]-
imidazolidine-2,4-dione hydrochloride. Rac-tert-butyl({2,5-dioxo-4-
[5-(trifluoromethyl)-1,3-thiazol-4-yl]imidazolidin-4-yl}methyl)-
carbamate (485 mg, 1.28 mmol) was dissolved in 20 mL of
dichloromethane. Hydrochloric acid in 1,4-dioxan (1.59 mL, 4 N,
6.38 mmol) was added and the mixture was stirred at room
temperature overnight. The solvents were removed, and the residue
was dried in vacuo. 413 mg (95% purity, 97% yield) of the title
compound was obtained. LC−MS (Method 4): Rt = 0.29 min; MS
(ESIpos): m/z = 281 [M − Cl]+.

Ent-N-({2,5-dioxo-4-[5-(trifluoromethyl)-1,3-thiazol-4-yl]-
imidazolidin-4-yl}methyl)-4′-(trifluoromethyl)[biphenyl]-2-carbox-
amide (21). 4′-(Trifluoromethyl)[biphenyl]-2-carboxylic acid (110
mg, 0.34 mmol) was dissolved in 2.1 mL of DMF. DIPEA (0.3 mL,
1.72 mmol), EDC*HCl (86 mg, 0.45 mmol), and 1-hydroxy-
benzotriazole hydrate (68 mg, 0.45 mmol) were added and the
mixture was stirred at room temperature. After 5 min, rac-5-
(aminomethyl)-5-[5-(trifluoromethyl)-1,3-thiazol-4-yl]imidazolidine-
2,4-dione hydrochloride (109 mg, 0.34 mmol) was added and the
mixture was stirred at room temperature for 2 d. The reaction mixture
was purified by preparative HPLC. Product containing samples were
united and the solvents were evaporated. 108 mg (85% purity) of the
racemate was obtained. Enantiomeric separation of the racemate was
done using the following preparative chiral HPLC method: Machine:
HPLC-Agilent prep 100; Column: Diacel Chiralpak ID 5 μm, 20 ×
250 mm2; Eluent: 50% n-Heptan and 50% i-propanol; Flow: 20 mL/
min; UV-detection: 220 nm. Product containing samples were united,
the solvents were evaporated with a rotary evaporator and the residue
was lyophilized. 31 mg (100% purity, 17% yield) of the title
compound was obtained. Chiral HPLC (Column: Diacel ID 3 μm 50
× 4.6 mm2; solvent: n-heptane/i-propanol 1:1; flow: 1 mL/min; UV-
detection: 220 nm): Rt = 1.633 min, 100% ee. LC−MS (Method 2):
Rt = 1.73 min; MS (ESIpos): m/z = 529 [M + H]+.1H NMR (600
MHz, DMSO-d6) δ [ppm] = 11.13 (s, 1H), 9.83 (s, 1H), 8.65 (t, J =
6.33 Hz, 1H), 8.32 (s, 1H), 7.77 (d, J = 8.07 Hz, 2H), 7.58−7.55 (m,
3H), 7.50−7.42 (m, 3H), 4.26 (dd, J = 13.76 Hz, 1H), 4.03 (dd, J =
13.66 Hz, 1H).

Preparation of 22 and Respective Starting Materials. Ethyl 5-
(2,5-dimethyl-1,3-thiazol-4-yl)-1,3-oxazole-4-carboxylate. 2,5-Di-
methyl-1,3-thiazole-4-carboxylic acid (885 mg, 5.63 mmol) was
dissolved in 10 mL of THF. CDI (1.1 g, 6.76 mmol) was added,
and the mixture was stirred at room temperature for 1 h. The reaction
mixture was then cooled to 0 °C. At this temperature, first a solution
of ethyl isocyanoacetate (0.68 mL, 6.19 mmol) in 10 mL THF and
then a LiHMDS solution (5.63 mL, 1 M in THF, 5.63 mmol) was
added dropwise. The reaction mixture was slowly allowed to warm to
room temperature and stirred overnight. The solvent was evaporated.
The residue was extracted between water and ethyl acetate. The
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combined organic layers were washed with brine, dried over sodium
sulfate, filtered, and concentrated. The residue was purified by column
chromatography. Product containing samples were united and the
solvents were evaporated. 811 mg (100% purity, 57% yield) of the
title compound was obtained. LC−MS (Method 2): Rt = 1.31 min;
MS (ESIpos): m/z = 253 [M + H]+. 1H NMR (600 MHz, DMSO-d6)
δ [ppm] = 8.59 (s, 1H), 4.23 (q, J = 7.0 Hz, 2H), 2.63 (s, 3H), 2.33
(s, 3H), 1.20 (t, J = 7.0 Hz, 3H).

tert-Butyl [2-(2,5-dimethyl-1,3-thiazol-4-yl)-2-oxoethyl]-
carbamate. Ethyl 5-(2,5-dimethyl-1,3-thiazol-4-yl)-1,3-oxazole-4-car-
boxylate (811 mg, 3.22 mmol) was stirred at 100 °C in 17 mL of
hydrochloric acid (6 N in water). After 3 h, the solvent was
evaporated, and the residue was dried in vacuo. The residue was
dissolved in 18 mL of dichloromethane. Ditert-butyl dicarbonate (771
mg, 3.53 mmol) and triethylamine (4.47 mL, 32.10 mmol) were
added, and the mixture was stirred at room temperature for 2 h. The
solvent was evaporated, and the residue was extracted between water
and ethyl acetate. The combined organic layers were dried over
sodium sulfate, filtered, and concentrated. 775 mg (82% purity, 73%
yield) of the title compound was obtained. LC−MS (Method 1): Rt =
0.91 min; MS (ESIpos): m/z = 271 [M + H]+. 1H NMR (600 MHz,
DMSO-d6) δ [ppm] = 6.94 (br t, J = 5.9 Hz, 1H), 4.35 (d, J = 5.9 Hz,
2H), 2.67 (s, 3H), 2.63 (s, 3H), 1.40 (s, 9H).

Rac-tert-butyl{[4-(2,5-dimethyl-1,3-thiazol-4-yl)-2,5-dioxoimida-
zolidin-4-yl]methyl}carbamate. In a microwave vial, tert-butyl [2-
(2,5-dimethyl-1,3-thiazol-4-yl)-2-oxoethyl]carbamate (773 mg, 82%
purity, 2.35 mmol) was dissolved in 5 mL of methanol. Potassium
cyanide (745 mg, 11.44 mmol) and ammonium carbonate (1.65 g,
17.16 mmol) were added. The vial was sealed, and the mixture was
stirred at 60 °C overnight. More ammonium carbonate (550 mg, 5.72
mmol) was added, and the mixture was stirred at 60 °C. After 8 h,
further ammonium carbonate (550 mg, 5.72 mmol) and potassium
cyanide (93 mg, 1.43 mmol) were added, and the mixture was stirred
at 60 °C for 8 h. The salts were filtered off and rinsed with methanol.
The filtrate was concentrated. The crude product was purified by
preparative HPLC. Product containing samples were united and the
solvents were evaporated. 484 mg (100% purity, 60% yield) of the
title compound was obtained. LC−MS (Method 2): Rt = 1.22 min;
MS (ESIpos): m/z = 341 [M + H]+. 1H NMR (400 MHz, DMSO-d6)
δ [ppm] = 10.84 (br s, 1H), 8.06 (s, 1H), 6.74 (br s, 1H), 3.92−3.61
(m, 2H), 2.54 (s, 3H), 2.26 (s, 3H), 1.37 (s, 9H).

Rac-5-(aminomethyl)-5-(2,5-dimethyl-1,3-thiazol-4-yl)-
imidazolidine-2,4-dione hydrochloride. Rac-tert-Butyl{[4-(2,5-di-
methyl-1,3-thiazol-4-yl)-2,5-dioxoimidazolidin-4-yl]methyl}carbamate
(480 mg, 1.41 mmol) was dissolved in 5.5 mL of dichloromethane.
Hydrochloric acid in 1,4-dioxane (1.76 mL, 4 N, 7.05 mmol) was
added and the mixture was stirred at room temperature for 2 h. The
precipitated solid was filtered off, washed with dichloromethane, and
dried in vacuo. 339 mg (100% purity, 87% yield) of the title
compound was obtained. LC−MS (Method 4): Rt = 0.27 min; MS
(ESIpos): m/z = 241 [M − Cl]+. 1H NMR (600 MHz, DMSO-d6) δ
[ppm] = 11.31 (s, 1H), 8.60 (br s, 1H), 8.31 (br s, 3H), 3.66−3.49
(m, 2H), 2.58 (s, 3H), 2.30 (s, 3H).

Ent-N-{[4-(2,5-dimethyl-1,3-thiazol-4-yl)-2,5-dioxoimidazolidin-
4-yl]methyl}-4′(trifluoromethyl)[biphenyl]-2-carboxamide (22). 4′-
(Trifluoromethyl)[biphenyl]-2-carboxylic acid (35 mg, 0.13 mmol)
was dissolved in 0.65 mL of DMF. DIPEA (0.09 mL, 0.54 mmol),
EDC*HCl (27 mg, 0.14 mmol), and 1-hydroxybenzotriazole hydrate
(22 mg, 0.14 mmol) were added and the mixture was stirred at room
temperature. After 5 min, rac-5-(aminomethyl)-5-(2,5-dimethyl-1,3-
thiazol-4-yl)imidazolidine-2,4-dione hydrochloride (30 mg, 0.11
mmol) was added and the mixture was stirred at room temperature
overnight. The reaction mixture was purified by preparative HPLC.
Product containing samples were united and the solvents were
lyophilized. 32 mg (100% purity) of the racemate was obtained.
Enantiomeric separation was done using the following preparative
chiral HPLC method: Column: Diacel Chiralpak IC 5 μm, 20 × 250
mm; Eluent: 60% n-heptane and 40% i-propanol; Flow: 20 mL/min;
UV-detection: 220 nm. Product containing samples were united, the
solvents were evaporated with a rotary evaporator and the residue was

lyophilized. 14 mg (100% purity, 26% yield) of the title compound
was obtained. Chiral HPLC (Column: Diacel Chiralpak IC 5 μm 250
× 4.6 mm2; solvent: 40% i-hexane and 60% i-propanol; flow: 1 mL/
min; UV-detection: 220 nm): Rt = 6.142 min, 100% ee. LC−MS
(Method 2): Rt = 1.73 min; MS (ESIpos): m/z = 489 [M + H]+.1H
NMR (500 MHz, DMSO-d6) δ [ppm] = 10.99 (br s, 1H), 8.60 (t, J =
6.31 Hz, 1H), 8.22 (s, 1H), 7.77 (d, J = 8.28 Hz, 2H), 7.59−7.54 (m,
3H), 7.49−7.41 (m, 3H), 4.09−3.98 (m, 2H), 2.87 (s, 3H).

Preparation of 23 and Respective Starting Materials. tert-Butyl
[2-(1-methyl-1H-imidazol-2-yl)-2-oxoethyl]carbamate. Under an
argon atmosphere, 1-methylimidazole (6.12 g, 74.52 mmol) was
dissolved in 50 mL of THF. The solution was cooled to −78 °C. At
this temperature, an n-BuLi -solution (32.79 mL, 2.5 M in hexane,
81.97 mmol) was slowly added. The mixture was stirred at −78 °C for
30 min. Then a solution of tert-butyl {2-[methoxy(methyl)amino]-2-
oxoethyl}carbamate (17.89 g, 81.97 mmol) in 100 mL of THF was
added slowly. The mixture was stirred at −78 °C for further 2 h and at
room temperature for 10 min. The reaction mixture was quenched
with 60 mL of 1 M HCl, then mixed with 60 mL of brine and 60 mL
saturated sodium carbonate solution, and extracted with ethyl acetate.
The combined organic layers were dried over sodium sulfate, filtered,
and concentrated. The crude product was suspended in water and
refluxed for 10 min. After cooling, the precipitate was filtered off and
dried in vacuo. The residue was purified by column chromatography.
Product containing samples were united and the solvents were
evaporated. 5.44 g (100% purity, 31% yield) of the title compound
was obtained. LC−MS (Method 1): Rt = 0.67 min; MS (ESIpos): m/
z = 283 [M − H]+. 1H NMR (500 MHz, DMSO-d6) δ [ppm] = 7.52
(s, 1H), 7.12 (s, 1H), 6.97 (br t, J = 5.8 Hz, 1H), 4.41 (d, J = 6.0 Hz,
2H), 3.92 (s, 3H), 1.40 (s, 9H).

Ent-tert-butyl{[4-(1-methyl-1H-imidazol-2-yl)-2,5-dioxoimidazo-
lidin-4-yl]methyl}carbamate. In a microwave vial, tert-butyl [2-(1-
methyl-1H-imidazol-2-yl)-2-oxoethyl]carbamate (4.96 g, 20.73
mmol) was dissolved in 12 mL of water and 30 mL of ethanol.
Potassium cyanide (5.4 g, 82.92 mmol) and ammonium carbonate
(7.97 g, 82.92 mmol) were added. The vial was sealed, and the
mixture was stirred at 80 °C for 2 d. Water was added to the reaction
mixture and the ethanol was removed on a rotary evaporator. Then
the solid was filtered off and the filtrate was lyophilized. 7.3 g of the
crude racemate was obtained. Enantiomeric separation was done
using the following preparative chiral HPLC method: Machine:
THAR SFC-Super Chrom Prep 200; Column: Chiralpak AD-H 5 μm,
250 × 25 mm2; Eluent: CO2/i-propanol 78:22; Flow: 125 mL/min;
Backpressure: 135 bar; Temperature eluent: 38 °C; Temperature
cyclone: 40 °C; Pressure cyclone: 24 bar; UV-detection: 210 nm.
Product containing samples were united, the solvents were evaporated
with a rotary evaporator and the residue was lyophilized. 2 g (100%
purity, 31% yield) of the title compound was obtained. Chiral HPLC
(Column: SFC AD; solvent: 80% CO2 and 20% methanol; flow: 3
mL/min; UV-detection: 210 nm): Rt = 1.702 min, 100% ee. LC−MS
(Method 4): Rt = 0.46 min; MS (ESIpos): m/z = 308 [M − H]+. 1H
NMR (600 MHz, DMSO-d6) δ [ppm] = 11.27−10.91 (m, 1H), 8.16
(br s, 1H), 7.20 (s, 1H), 6.85 (d, J = 1.1 Hz, 1H), 6.83−6.75 (m, 1H),
3.83 (br s, 2H), 3.49 (s, 3H), 1.37 (s, 9H).

Ent-5-(aminomethyl ) -5- (1-methyl-1H- imidazol-2-y l ) -
imidazolidine-2,4-dione hydrochloride. Ent-tert-butyl{[4-(1-methyl-
1H-imidazol-2-yl)-2,5-dioxoimidazolidin-4-yl]methyl}carbamate (2 g,
6.46 mmol) was dissolved in 46 mL of methanol. Hydrochloric acid in
1,4-dioxane (1.76 mL, 4 N, 7.05 mmol) was added at 0 °C and the
mixture was stirred at room temperature overnight. The precipitated
solid was filtered off, washed with methanol, and dried in vacuo. 410
mg (89% purity, 23% yield) of the title compound was obtained. The
filtrate was concentrated, and the residue dried in vacuo. 1.23 g (91%
purity, 70% yield of the title compound was obtained. LC−MS
(Method 4): Rt = 0.23 min; MS (ESIpos): m/z = 210 [M − Cl]+. 1H
NMR (600 MHz, DMSO-d6) δ [ppm] = 11.74 (s, 1H), 9.12 (br s,
1H), 8.69 (br s, 3H), 7.55 (br s, 1H), 7.34 (br s, 1H), 3.79 (br s, 3H),
3.74 (br s, 2H).

Ent-N-{[4-(1-methyl-1H-imidazol-2-yl)-2,5-dioxoimidazolidin-4-
yl]methyl}-4′-(trifluoromethyl)[biphenyl]-2-carboxamide (23). 4′-
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(Trifluoromethyl)[biphenyl]-2-carboxylic acid (54 mg, 0.20 mmol)
was dissolved in 4 mL of DMF. DIPEA (0.10 mL, 0.57 mmol),
EDC*HCl (51 mg, 0.26 mmol), and 1-hydroxybenzotriazole hydrate
(41 mg, 0.26 mmol) were added and the mixture was stirred at room
temperature. After 5 min, ent-5-(aminomethyl)-5-(1-methyl-1H-
imidazol-2-yl)imidazolidine-2,4-dione hydrochloride (50 mg, 91%
purity, 0.18 mmol) was added and the mixture was stirred at room
temperature overnight. The reaction mixture was purified by
preparative HPLC. Product containing samples were united and the
solvents were lyophilized. 52 mg (99% purity, 63% yield) of the title
compound was obtained. LC−MS (Method 2): Rt = 1.41 min; MS
(ESIpos): m/z = 458 [M + H]+. 1H NMR (600 MHz, DMSO-d6) δ
[ppm] = 11.23 (br s, 1H), 8.58 (t, J = 6.36 hz, 1H), 8.33 (s, 1H), 7.77
(d, J = 8.19 Hz, 2H), 7.59−7.54 (m, 3H), 7.50−7.44 (m, 3H), 7.21
(d, J = 1.1 Hz, 1H), 6.85 (d, J = 1.22 Hz, 1H), 4.14−3.99 (m, 2H),
3.52 (s, 3H).

Preparation of 24 and Respective Starting Materials. Ethyl 5-(1-
methyl-1H-pyrazol-5-yl)-1,3-oxazole-4-carboxylate (38). Described
below under Preparation of BAY-9835 (32) and Respective Starting
Materials.

tert-Butyl [2-(1-methyl-1H-pyrazol-5-yl)-2-oxoethyl]carbamate
(40). Described below under Preparation of BAY-9835 (32) and
Respective Starting Materials.

Rac-tert-butyl{[4-(1-methyl-1H-pyrazol-5-yl)-2,5-dioxoimidazoli-
din-4-yl]methyl}carbamate (41). Described below under Preparation
of BAY-9835 (32) and Respective Starting Materials.

tert-Butyl{[(4S)-4-(1-methyl-1H-pyrazol-5-yl)-2,5-dioxoimidazoli-
din-4-yl]methyl}carbamate (42). Described below under Preparation
of BAY-9835 (32) and Respective Starting Materials.

(5S) -5- (Aminomethyl ) -5- (1-methyl -1H-pyrazol -5-y l ) -
imidazolidine-2,4-dione hydrochloride (43). Described below under
Preparation of BAY-9835 (32) and Respective Starting Materials.

N-{[(4S)-4-(1-Methyl-1H-pyrazol-5-yl)-2,5-dioxoimidazolidin-4-
yl]methyl}-4′-(trifluoromethyl)[biphenyl]-2-carboxamide (24). 4′-
(Trifluoromethyl)[biphenyl]-2-carboxylic acid (94 mg, 0.35 mmol)
was dissolved in 2 mL of DMF. DIPEA (0.31 mL, 1.77 mmol),
EDC*HCl (88 mg, 0.46 mmol), and 1-hydroxybenzotriazole hydrate
(71 mg, 0.46 mmol) were added and the mixture was stirred at room
temperature. After 5 min, (5S)-5-(aminomethyl)-5-(1-methyl-1H-
pyrazol-5-yl)imidazolidine-2,4-dione hydrochloride (43) (100 mg)
was added and the mixture was stirred at room temperature overnight.
The reaction mixture was purified by preparative HPLC. Product
containing samples were united and the solvents were lyophilized. 63
mg (100% purity, 39% yield) of the title compound was obtained.
LC−MS (Method 2): Rt = 1.56 min; MS (ESIpos): m/z = 458 [M +
H]+. 1H NMR (400 MHz, DMSO-d6) δ [ppm] = 11.23 (br s, 1H),
8.72 (t, J = 6.3 Hz, 1H), 8.37 (s, 1H), 7.76 (d, J = 8.19 Hz, 2H),
7.58−7.43 (m, 6H), 7.38 (d, J = 1.96 Hz, 1H), 6.47 (d, J = 1.96 Hz,
1H), 3.98−3.86 (m, 2H), 3.80 (s, 3H).

Preparation of 25 and Respective Starting Materials. Ethyl 5-(1-
ethyl-1H-pyrazol-5-yl)-1,3-oxazole-4-carboxylate. 1-Ethyl-1H-pyra-
zole-5-carboxylic acid (4 g, 28.54 mmol) was dissolved in 50 mL of
THF. CDI (5.55 g, 34.25 mmol) was added, and the mixture was
stirred at room temperature for 2 h. The reaction mixture was then
cooled to 0 °C. At this temperature, first a solution of ethyl
isocyanoacetate (3.43 mL, 31.40 mmol) in 30 mL THF and then a
LiHMDS solution (28.54 mL, 1 M in THF, 28.54 mmol) was added
dropwise. The reaction mixture was slowly allowed to warm to room
temperature and stirred overnight. The solvent was evaporated. The
residue was extracted between water and ethyl acetate. The combined
organic layers were washed with brine, dried over sodium sulfate,
filtered and concentrated. The residue was purified by column
chromatography. Product containing samples were united and the
solvents were evaporated. 4.4 g (100% purity, 66% yield) of the title
compound was obtained. LC−MS (Method 1): Rt = 0.68 min; MS
(ESIpos): m/z = 236 [M + H]+.

2-Amino-1-(1-ethyl-1H-pyrazol-5-yl)ethanone hydrochloride.
Ethyl 5-(1-ethyl-1H-pyrazol-5-yl)-1,3-oxazole-4-carboxylate (4.4 g,
18.70 mmol) was stirred at 100 °C in 135 mL of hydrochloric acid
(6 N in water). After 2 h, the solvent was evaporated. The crude

product (4.7 g) was used in the next step without purification and
analytics.

tert-Butyl [2-(1-ethyl-1H-pyrazol-5-yl)-2-oxoethyl]carbamate. 2-
Amino-1-(1-ethyl-1H-pyrazol-5-yl)ethanone hydrochloride (4.7 g)
was dissolved in 98 mL of dichloromethane. Ditert-butyl dicarbonate
(5.95 g, 27.26 mmol) and triethylamine (10.36 mL, 74.35 mmol)
were added, and the mixture was stirred at room temperature
overnight. The solvent was removed on a rotary evaporator. The
residue was taken up in ethyl acetate and washed with water and
brine. The combined organic layers were dried over sodium sulfate,
filtered, and concentrated. 5.6 g (76% purity) of the title compound
was obtained. LC−MS (Method 2): Rt = 1.55 min; MS (ESIpos): m/
z = 254 [M + H]+.

Rac-tert-butyl{[4-(1-ethyl-1H-pyrazol-5-yl)-2,5-dioxoimidazoli-
din-4-yl]methyl}carbamate. Divided in three microwave vials: tert-
butyl [2-(1-ethyl-1H-pyrazol-5-yl)-2-oxoethyl]carbamate (5.6 g, 76%
purity, 16.8 mmol) was dissolved in 60 mL of methanol. Potassium
cyanide (5.76 g, 88.43 mmol) and ammonium carbonate (4.73 g,
96.09 mmol) were added. The vials were sealed, and the mixture was
stirred at 60 °C overnight. The salts were filtered off and rinsed with
methanol and the filtrate was concentrated. The residue was purified
by preparative HPLC. Product containing samples were united and
evaporated. 920 mg (80% purity, 14% yield) of the title compound
was obtained. LC−MS (Method 5): Rt = 0.79 min; MS (ESIpos): m/
z = 322 [M − H]+.

Rac-5-(aminomethyl)-5-(1-ethyl-1H-pyrazol-5-yl)imidazolidine-
2,4-dione hydrochloride. Rac-tert-butyl{[4-(1-ethyl-1H-pyrazol-5-
yl)-2,5-dioxoimidazolidin-4-yl]methyl}carbamate (918 mg, 80%
purity, 2.27 mmol) was dissolved in 13.4 mL of dichloromethane.
Hydrochloric acid in 1,4-dioxane (3.55 mL, 4 N, 14.42 mmol) was
added and the mixture was stirred at room temperature overnight.
The solvents were evaporated, and the residue was dried in vacuo.
1.15 g (89% purity) of the title compound was obtained. LC−MS
(Method 4): Rt = 0.23 min; MS (ESIpos): m/z = 224 [M − Cl]+.

Rac-N-{[4-(1-ethyl-1H-pyrazol-5-yl)-2,5-dioxoimidazolidin-4-yl]-
methyl}-4′-(trifluoromethyl)[biphenyl]-2-carboxamide. 4′-
(Trifluoromethyl)[biphenyl]-2-carboxylic acid (1.06 g, 3.99 mmol)
was dissolved in 4 mL of DMF. DIPEA (2.08 mL, 11.96 mmol),
EDC*HCl (993 mg, 5.18 mmol), and 1-hydroxybenzotriazole hydrate
(793 mg, 5.18 mmol) were added and the mixture was stirred at room
temperature. After 5 min, rac-5-(aminomethyl)-5-(1-ethyl-1H-pyr-
azol-5-yl)imidazolidine-2,4-dione hydrochloride (1.15 g, 89% purity,
3.95 mmol) was added and the mixture was stirred at room
temperature overnight. The reaction mixture was purified by
preparative HPLC. Product containing samples were united and the
solvents were lyophilized. 500 mg (100% purity, 27% yield) of the
title compound was obtained. LC−MS (Method 2): Rt = 1.59 min;
MS (ESIpos): m/z = 472 [M + H]+. 1H NMR (400 MHz, DMSO-
d6) δ [ppm] = 11.26 (s, 1H), 8.77 (t, J = 6.2 Hz, 1H), 8.44 (s, 1H),
7.76 (d, J = 8.1 Hz, 2H), 7.38−7.61 (m, 7H), 6.46 (d, J = 2.0 Hz,
1H), 4.04 (dd, J = 7.2, 1.9 Hz, 2H), 3.97−3.85 (m, 2H), 1.30 (t, J =
7.2 Hz, 3H).

Ent-N-{[4-(1-ethyl-1H-pyrazol-5-yl)-2,5-dioxoimidazolidin-4-yl]-
methyl}-4′-(trifluoromethyl)[biphenyl]-2-carboxamide (25). Enan-
tiomeric separation of 500 mg of rac-N-{[4-(1-ethyl-1H-pyrazol-5-yl)-
2,5-dioxoimidazolidin-4-yl]methyl}-4′-(trifluoromethyl)[biphenyl]-2-
carboxamide was done using the following preparative chiral HPLC
method: Machine: ABSYS SFC; Column: Chiralpak AD-H 5 μm, 250
× 25 mm2; Eluent: CO2/Methanol 80%: 20%; Flow: 140 mL/min;
Backpressure: 100 bar; UV-detection: 210 nm. Product containing
samples were united, the solvents were evaporated with a rotary
evaporator, and the residue was lyophilized. 95 mg (100% purity, 19%
yield) of the title compound was obtained. Chiral HPLC (Column:
IC-5 250 × 4.6 mm2; solvent: 70% CO2/30% methanol; flow: 3 mL/
min; UV-detection: 210 nm): Rt = 2.903 min, 98.3% ee. LC−MS
(Method 2): Rt = 1.60 min; MS (ESIpos): m/z = 472 [M + H]+. 1H
NMR (600 MHz, DMSO-d6) δ [ppm] = 11.24 (br s, 1H), 8.74 (t, J =
6.36 Hz, 1H), 8.41 (s, 1H), 7.75 (d, J = 8.22 Hz, 2H), 7.58−7.53 (m,
3H), 7.48 (m, 1H), 7.45−7.43 (m, 3H), 6.45 (d, J = 1.96 Hz, 1H),
4.09−4.02 (m, 2H), 3.95−3.86 (m, 2H), 1.31 (t, J = 7.24 Hz, 3H).
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Preparation of 26 and Respective Starting Materials. Ethyl 5-[1-
(2,2,2-trifluoroethyl)-1H-pyrazol-5-yl]-1,3-oxazole-4-carboxylate.
1-(2,2,2-Trifluoroethyl)-1H-pyrazole-5-carboxylic acid (450 mg, 2.32
mmol) was dissolved in 5 mL of THF. CDI (451 mg, 2.78 mmol) was
added, and the mixture was stirred at room temperature for 2 h. The
reaction mixture was then cooled to 0 °C. At this temperature, first a
solution of ethyl isocyanoacetate (280 μL, 2.55 mmol) in 5 mL of
THF and then a LiHMDS solution (2.32 mL, 1 M in THF, 2.32
mmol) was added dropwise. The reaction mixture was slowly allowed
to warm to room temperature and stirred for 2 h. The solvent was
evaporated. The residue was extracted between water and ethyl
acetate. The combined organic layers were washed with brine, dried
over sodium sulfate, filtered, and concentrated. The residue was
purified by column chromatography. Product containing samples were
united and the solvents were evaporated. 590 mg (98% purity, 87%
yield) of the title compound was obtained. LC−MS (Method 2): Rt =
1.51 min; MS (ESIpos): m/z = 290 [M + H]+.

2-Amino-1-[1-(2,2,2-trifluoroethyl)-1H-pyrazol-5-yl]ethanone
hydrochloride. Ethyl 5-[1-(2,2,2-trifluoroethyl)-1H-pyrazol-5-yl]-1,3-
oxazole-4-carboxylate (590 mg 98% purity, 1.99 mmol) was stirred at
100 °C in 10.75 mL of hydrochloric acid (6 N in water). After 2 h, the
solvent was evaporated. The crude product (511 mg) was used in the
next step without purification and analytics. LC−MS (Method 2): Rt
= 1.78 min; MS (ESIpos): m/z = 308 [M + H]+.

tert-Butyl {2-oxo-2-[1-(2,2,2-trifluoroethyl)-1H-pyrazol-5-yl]-
ethyl}carbamate. 2-Amino-1-[1-(2,2,2-trifluoroethyl)-1H-pyrazol-5-
yl]ethanone hydrochloride (511 mg) was dissolved in 8.3 mL of
dichloromethane. Ditert-butyl dicarbonate (504 mg, 2.31 mmol) and
triethylamine (0.88 mL, 6.29 mmol) were added, and the mixture was
stirred at room temperature for 2 h. The solvent was removed on a
rotary evaporator. The residue was taken up in ethyl acetate and
washed with water and brine. The combined organic layers were dried
over sodium sulfate, filtered, and concentrated. 689 mg (100% purity)
of the title compound was obtained.

Rac-tert-butyl ({2,5-dioxo-4-[1-(2,2,2-trifluoroethyl)-1H-pyrazol-
5-yl]imidazolidin-4-yl}methyl)carbamate. In a microwave vial, tert-
butyl {2-oxo-2-[1-(2,2,2-trifluoroethyl)-1H-pyrazol-5-yl]ethyl}-
carbamate (689 mg, 2.24 mmol) was dissolved in 5 mL of methanol.
Potassium cyanide (730 mg, 11.21 mmol) and ammonium carbonate
(1.08 g, 11.21 mmol) were added. The vial was sealed, and the
mixture was stirred at 50 °C for 48 h. The salts were filtered off and
rinsed with methanol and the filtrate was concentrated. The residue
was purified by preparative HPLC. Product containing samples were
united and and the solvents were evaporated. 195 mg (100% purity,
23% yield) of the title compound was obtained. LC−MS (Method 2):
Rt = 1.21 min; MS (ESIpos): m/z = 378 [M + H]+.

Rac-5-(aminomethyl)-5-[1-(2,2,2-trifluoroethyl)-1H-pyrazol-5-
yl]imidazolidine-2,4-dione hydrochloride. Rac-tert-butyl ({2,5-
dioxo-4-[1-(2,2,2-trifluoroethyl)-1H-pyrazol-5-yl]imidazolidin-4-yl}-
methyl)carbamate (195 mg, 0.52 mmol) was dissolved in 2 mL of
dichloromethane. Hydrochloric acid in 1,4-dioxane (0.65 mL, 4 N,
2.58 mmol) was added and the mixture was stirred at room
temperature for 3 h. The solvents were evaporated, and the residue
was dried in vacuo. 155 mg (96% purity, 92% yield) of the title
compound was obtained. LC−MS (Method 4): Rt = 0.23 min; MS
(ESIpos): m/z = 277 [M − Cl]+.

Rac-N-({2,5-dioxo-4-[1-(2,2,2-trifluoroethyl)-1H-pyrazol-5-yl]-
imidazolidin-4-yl}methyl)-4′-(trifluoromethyl)[biphenyl]-2-carbox-
amide. 4′-(Trifluoromethyl)[biphenyl]-2-carboxylic acid (102 mg,
0.38 mmol) was dissolved in 10 mL of dichloromethane. DIPEA
(0.19 mL, 1.07 mmol), EDC*HCl (95 mg, 0.50 mmol), and 1-
hydroxybenzotriazole hydrate (76 mg, 0.50 mmol) were added and
the mixture was stirred at room temperature. After 5 min, rac-5-
(aminomethyl)-5-[1-(2,2,2-trifluoroethyl)-1H-pyrazol-5-yl]-
imidazolidine-2,4-dione hydrochloride (120 mg, 96% purity, 0.36
mmol) was added and the mixture was stirred at room temperature
overnight. The reaction mixture was purified by preparative HPLC.
Product containing samples were united and the solvents were
lyophilized. 39 mg (100% purity, 20% yield) of the title compound
was obtained. LC−MS (Method 2): Rt = 1.71 min; MS (ESIpos): m/

z = 526 [M + H]+. 1H NMR (400 MHz, DMSO-d6) δ [ppm] = 11.30
(s, 1H), 8.82 (t, J = 6.2 Hz, 1H), 8.47 (s, 1H), 7.76 (d, J = 8.2 Hz,
2H), 7.38−7.64 (m, 7H), 6.59 (d, J = 2.0 Hz, 1H), 5.16 (q, J = 8.8
Hz, 2H), 3.85−3.96 (m, 1H), 3.74−3.84 (m, 1H).

Ent-N-({2,5-dioxo-4-[1-(2,2,2-trifluoroethyl)-1H-pyrazol-5-yl]-
imidazolidin-4-yl}methyl)-4′-(trifluoromethyl)[biphenyl]-2-carbox-
amide (26). Enantiomeric separation of 35 mg of rac-N-({2,5-dioxo-
4-[1-(2,2,2-trifluoroethyl)-1H-pyrazol-5-yl]imidazolidin-4-yl}-
methyl)-4′-(trifluoromethyl)[biphenyl]-2-carboxamide was done
using the following preparative chiral HPLC method: Column:
Daicel Chiralcel OX-H 250 × 20 mm2; Eluent: 50% n-heptane/50% i-
propanol; Flow: 20 mL/min; UV-detection: 220 nm. Product
containing samples were united, the solvents were evaporated with
a rotary evaporator and the residue was lyophilized. 12 mg (100%
purity, 34% yield) of the title compound was obtained. Chiral HPLC
(Column: Diacel OX-3 3 μm, 50 × 4.6 mm2; solvent: 50% n-heptane/
50% i-propanol; flow: 1 mL/min; UV-detection: 220 nm): Rt = 2.483
min, 99.5% ee. LC−MS (Method 2): Rt = 1.71 min; MS (ESIpos):
m/z = 526 [M + H]+. 1H NMR (600 MHz, DMSO-d6) δ [ppm] =
11.28 (s, 1H), 8.82 (t, J = 6.33 Hz, 1H), 8.44 (s, 1H), 7.75 (d, J =
8.25 Hz, 2H), 7.60−7.41 (m, 7H), 6.59 (d, J = 1.83 Hz, 1H), 5.17−
5.13 (m, 2H), 3.9 (dd, J = 13.94 Hz, 1H), 3.79 (dd, J = 13.48 Hz,
1H).

Preparation of 27 and Respective Starting Materials. Ethyl 5-
(1,5-dimethyl-1H-pyrazol-4-yl)-1,3-oxazole-4-carboxylate. 1,5-Di-
methyl-1H-pyrazole-4-carboxylic acid (1.0 g, 7.14 mmol) was
dissolved in 11 mL of THF. CDI (1.39 g, 8.56 mmol) was added,
and the mixture was stirred at room temperature for 2 h. The reaction
mixture was then cooled to 0 °C. At this temperature, first a solution
of ethyl isocyanoacetate (0.86 mL, 7.85 mmol) in 11 mL of THF and
then a LiHMDS solution (7.14 mL, 1 M in THF, 7.14 mmol) was
added dropwise. The reaction mixture was slowly allowed to warm to
room temperature and stirred for 1 h. The solvent was evaporated.
The residue was extracted between water and ethyl acetate. The
combined organic layers were washed with brine, dried over sodium
sulfate, filtered, and concentrated. The residue was purified by column
chromatography. Product containing samples were united and the
solvents were evaporated. 1.53 g (75% purity, 69% yield) of the title
compound was obtained. LC−MS (Method 4): Rt = 1.05 min; MS
(ESIpos): m/z = 236 [M + H]+.

2-Amino-1-(1,5-dimethyl-1H-pyrazol-4-yl)ethanone hydrochlor-
ide. Ethyl 5-(1,5-dimethyl-1H-pyrazol-4-yl)-1,3-oxazole-4-carboxylate
(1.53 g 75% purity, 4.89 mmol) was stirred at 100 °C in 22 mL of
hydrochloric acid (6 N in water). After 1 h, the solvent was
evaporated. The residue was treated with dichloromethane/methanol
20:1. The solid was filtered off and dried in vacuo. 762 mg (97%
purity, 80% yield) of the title compound was obtained. LC−MS
(Method 4): Rt = 0.64 min; MS (ESIpos): m/z = 153 [M − Cl]+.

tert-Butyl [2-(1,5-dimethyl-1H-pyrazol-4-yl)-2-oxoethyl]-
carbamate. 2-Amino-1-(1,5-dimethyl-1H-pyrazol-4-yl)ethanone hy-
drochloride (762 mg, 97% purity, 3.78 mmol) was dissolved in 15 mL
of dichloromethane. Ditert-butyl dicarbonate (965 mg, 4.42 mmol)
and triethylamine (1.68 mL, 12.05 mmol) were added, and the
mixture was stirred at room temperature overnight. The solvent was
removed on a rotary evaporator. The residue was taken up in ethyl
acetate and washed with water and brine. The combined organic
layers were dried over sodium sulfate, filtered, and concentrated. 980
mg (100% purity, 102% yield) of the title compound was obtained.
LC−MS (Method 4): Rt = 1.22 min; MS (ESIpos): m/z = 254 [M +
H]+.

Rac-tert-butyl{[4-(1,5-dimethyl-1H-pyrazol-4-yl)-2,5-dioxoimida-
zolidin-4-yl]methyl}carbamate. In a microwave vial, tert-butyl [2-
(1,5-dimethyl-1H-pyrazol-4-yl)-2-oxoethyl]carbamate (980 mg, 3.87
mmol) was dissolved in 10 mL of methanol. Potassium cyanide (1.26
g, 19.34 mmol) and ammonium carbonate (1.86 g, 19.34 mmol) were
added. The vial was sealed, and the mixture was stirred at 60 °C for 4
d. The salts were filtered off and rinsed with methanol and the filtrate
was concentrated. The residue was purified by column chromatog-
raphy. Product containing samples were united and the solvents were
evaporated. 281 mg (100% purity, 22% yield) of the title compound
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was obtained. LC−MS (Method 1): Rt = 0.54 min; MS (ESIpos): m/
z = 324 [M + H]+.

Rac-5-(aminomethyl)-5-(1,5-dimethyl-1H-pyrazol-4-yl)-
imidazolidine-2,4-dione hydrochloride. Rac-tert-butyl{[4-(1,5-di-
methyl-1H-pyrazol-4-yl)-2,5-dioxoimidazolidin-4-yl]methyl}-
carbamate (281 mg, 0.87 mmol) was dissolved in 4.5 mL of
dichloromethane. Hydrochloric acid in 1,4-dioxane (1.09 mL, 4 N,
4.35 mmol) was added and the mixture was stirred at room
temperature for 4 h. The precipitated solid was filtered off, washed
with dichloromethane, and dried in vacuo. 237 mg (97% purity, 102%
yield) of the title compound was obtained. LC−MS (Method 4): Rt =
0.24 min; MS (ESIpos): m/z = 223 [M − Cl]+.

Rac-N-{[4-(1,5-dimethyl-1H-pyrazol-4-yl)-2,5-dioxoimidazolidin-
4-yl]methyl}-4′-(trifluoromethyl)[biphenyl]-2-carboxamide. 4′-
(Trifluoromethyl)[biphenyl]-2-carboxylic acid (103 mg, 0.39 mmol)
was dissolved in 2.5 mL of DMF. DIPEA (0.20 mL, 1.16 mmol),
EDC*HCl (96 mg, 0.50 mmol), and 1-hydroxybenzotriazole hydrate
(77 mg, 0.50 mmol) were added and the mixture was stirred at room
temperature. After 5 min, rac-5-(aminomethyl)-5-(1,5-dimethyl-1H-
pyrazol-4-yl)imidazolidine-2,4-dione hydrochloride (100 mg, 97%
purity, 0.38 mmol) was added and the mixture was stirred at room
temperature overnight. The reaction mixture was purified by
preparative HPLC. Product containing samples were united and the
solvents were lyophilized. 91 mg (100% purity, 51% yield) of the title
compound was obtained. LC−MS (Method 2): Rt = 1.48 min; MS
(ESIpos): m/z = 472 [M + H]+.

Ent-N-{[4-(1,5-dimethyl-1H-pyrazol-4-yl)-2,5-dioxoimidazolidin-
4-yl]methyl}-4′-(trifluoromethyl)[biphenyl]-2-carboxamide (27).
Enantiomeric separation of 85 mg of rac-N-({2,5-dioxo-4-[1-(2,2,2-
trifluoroethyl)-1H-pyrazol-5-yl]imidazolidin-4-yl}methyl)-4′-
(trifluoromethyl)[biphenyl]-2-carboxamide was done using the
following preparative chiral HPLC method: Column: Daicel Chiralcel
IC 5 μm 250 × 20 mm2; Eluent: 40% n-heptane/60% i-propanol;
Flow: 15 mL/min; UV-detection: 210 nm. Product containing
samples were united, the solvents were evaporated with a rotary
evaporator, and the residue was lyophilized. 16 mg (97% purity, 18%
yield) of the title compound was obtained. Chiral HPLC (Column:
Diacel IC-3 3 μm, 50 × 4.6 mm2; solvent: 50% n-heptane/50% i-
propanol; flow: 1 mL/min; UV-detection: 220 nm): Rt = 1.787 min,
100% ee. LC−MS (Method 2): Rt = 1.48 min; MS (ESIpos): m/z =
472 [M + H]+. 1H NMR (600 MHz, DMSO-d6) δ [ppm] = 10.86 (s,
1H), 8.60 (t, J = 6.24 Hz, 1H), 8.13 (s, 1H), 7.75 (d, J = 8.07 Hz,
2H), 7.56−7.54 (m, 3H), 7.48−7.40 (m, 3H), 7.37 (s, 1H), 3.79−
3.77 (m, 2H), 3.70 (s, 3H), 2.25 (s, 3H).

Preparation of 28 and Respective Starting Materials. 6-Fluoro-
4 ′ - ( t r ifluoromethy l ) [b ipheny l ] -2-carboxy l ic ac id . [4-
(Trifluoromethyl)phenyl]boronic acid (2.0 g, 10.53 mmol) and 2-
bromo-3-fluorobenzoic acid (1.54 g, 7.02 mmol) were treated with 50
mL of 1.4-dioxane. Potassium phosphate solution (14.04 mL, 1.5 M
in water, 21.06 mmol) was added to the mixture and the mixture was
flushed with argon for 20 min. Then dichloropalladium-triphenyl-
phosphine (1:2) (493 mg, 0.70 mmol) and dicyclohexyl(2′,4′,6′-
triisopropyl[biphenyl]-2-yl)phosphine (335 mg, 0.70 mmol) were
added and the mixture was stirred at 80 °C overnight. The reaction
mixture was filtered over Celite and concentrated. The residue was
purified by column chromatography. Product containing samples were
united and the solvents were evaporated. 1.2 g (64% purity, 26%
yield) of the title compound was obtained. LC−MS (Method 1): Rt =
0.97 min; MS (ESIneg): m/z = 283 [M − H]+.

6-Fluoro-N-{[(4S)-4-(1-methyl-1H-pyrazol-5-yl)-2,5-dioxoimida-
zolidin-4-yl]methyl}-4′-(trifluoromethyl)[biphenyl]-2-carboxamide
(28). 6-Fluoro-4′-(trifluoromethyl)[biphenyl]-2-carboxylic acid (463
mg, 64% purity, 1.04 mmol) was dissolved in 5 mL of DMF. DIPEA
(0.71 mL, 4.07 mmol), EDC*HCl (203 mg, 1.06 mmol), and 1-
hydroxybenzotriazole hydrate (162 mg, 1.06 mmol) were added and
the mixture was stirred at room temperature. After 5 min, (5S)-5-
(aminomethyl)-5-(1-methyl-1H-pyrazol-5-yl)imidazolidine-2,4-dione
hydrochloride (43) (200 mg) was added and the mixture was stirred
at room temperature for 4 h. The reaction mixture was purified by
preparative HPLC. Product containing samples were united and the

solvents were lyophilized. Further purification by column chromatog-
raphy was performed. Product containing samples were united, the
solvents were evaporated, and the residue was dissolved in water/
acetonitrile and lyophilized. 80 mg (100% purity, 21% yield) of the
title compound was obtained. LC−MS (Method 2): Rt = 1.52 min;
MS (ESIpos): m/z = 476 [M + H]+. 1H NMR (600 MHz, DMSO-d6)
δ [ppm] = 11.27 (s, 1H), 8.80 (t, J = 6.26 Hz, 1H), 8.40 (s, 1H), 7.78
(d, J = 8.22 Hz, 2H), 7.55 (td, J = 7.87 Hz, 1H), 7.51 (d, J = 8.02 Hz,
2H), 7.45 (m, 1H), 7.37 (d, J = 1.76 Hz, 1H), 7.27 (d, J = 7.43 Hz,
1H), 6.46 (d, J = 1.76 Hz, 1H), 3.90−3.81 (m, 2H), 3.77 (s, 3H).

Preparation of 29. 5-Fluoro-N-{[(4S)-4-(1-methyl-1H-pyrazol-5-
yl)-2,5-dioxoimidazolidin-4-yl]methyl}-4′-(trifluoromethyl)-
[biphenyl]-2-carboxamide (29). 5-Fluoro-4′-(trifluoromethyl)-
[biphenyl]-2-carboxylic acid (116 mg, 0.41 mmol) was dissolved in
2 mL of DMF. DIPEA (0.20 mL, 1.14 mmol), EDC*HCl (101 mg,
0.53 mmol), and 1-hydroxybenzotriazole hydrate (81 mg, 0.53 mmol)
were added and the mixture was stirred at room temperature. After 5
min, (5S)-5-(aminomethyl)-5-(1-methyl-1H-pyrazol-5-yl)-
imidazolidine-2,4-dione hydrochloride (43) (100 mg) was added
and the mixture was stirred at room temperature overnight. The
reaction mixture was purified by preparative HPLC. Product
containing samples were united and the solvents were lyophilized.
61 mg (100% purity, 32% yield) of the title compound was obtained.
LC−MS (Method 4): Rt = 0.85 min; MS (ESIpos): m/z = 476 [M +
H]+. 1H NMR (600 MHz, DMSO-d6) δ [ppm] = 11.23 (s, 1H), 8.77
(t, J = 6.36 Hz, 1H), 8.40 (d, J = 0.98 Hz, 1H), 7.77 (d, J = 8.02 Hz,
2H), 7.55 (d, J = 8.02 Hz, 2H), 7.50−7.47 (m, 1H), 7.38−7.32 (m,
3H), 6.47 (d, J = 1.96 Hz, 1H), 3.98−3.94 (m, 1H), 3.89−3.85 (m,
1H), 3.79 (s, 3H).

Preparation of 30. 4-Fluoro-N-{[(4S)-4-(1-methyl-1H-pyrazol-5-
yl)-2,5-dioxoimidazolidin-4-yl]methyl}-4′-(trifluoromethyl)-
[biphenyl]-2-carboxamide (30). 4-Fluoro-4′-(trifluoromethyl)-
[biphenyl]-2-carboxylic acid (194 mg, 0.68 mmol) was dissolved in
3.5 mL of DMF. DIPEA (0.50 mL, 2.85 mmol), EDC*HCl (142 mg,
0.74 mmol), and 1-hydroxybenzotriazole hydrate (113 mg, 0.74
mmol) were added and the mixture was stirred at room temperature.
After 5 min, (5S)-5-(aminomethyl)-5-(1-methyl-1H-pyrazol-5-yl)-
imidazolidine-2,4-dione hydrochloride (43) (140 mg) was added
and the mixture was stirred at room temperature for 2 d. The reaction
mixture was purified by preparative HPLC. Product containing
samples were united and the solvents were lyophilized. 55 mg (100%
purity, 17% yield) of the title compound was obtained. LC−MS
(Method 2): Rt = 1.60 min; MS (ESIpos): m/z = 476 [M + H]+. 1H
NMR (600 MHz, DMSO-d6) δ [ppm] = 11.18 (s, 1H), 8.88 (t, J =
6.36 Hz, 1H), 8.43 (s, 1H), 7.75 (d, J = 8.22 Hz, 2H), 7.52−7.48 (m,
3H), 7.44−7.41 (m, 1H), 7.39 (d, J = 1.96 Hz, 1H), 7.24 (dd, J = 2.74
Hz, 1H), 6.48 (d, J = 1.96 Hz, 1H), 3.98−3.94 (m, 1H), 3.89−3.86
(m, 1H), 3.79 (s, 3H).

Preparation of 31. 3-Fluoro-N-{[(4S)-4-(1-methyl-1H-pyrazol-5-
yl)-2,5-dioxoimidazolidin-4-yl]methyl}-4′-(trifluoromethyl)-
[biphenyl]-2-carboxamide (31). 3-Fluoro-4′-(trifluoromethyl)-
[biphenyl]-2-carboxylic acid (139 mg, 0.49 mmol) was dissolved in
3 mL of DMF. DIPEA (0.36 mL, 2.03 mmol), EDC*HCl (101 mg,
0.53 mmol), and 1-hydroxybenzotriazole hydrate (81 mg, 0.53 mmol)
were added and the mixture was stirred at room temperature. After 5
min, (5S)-5-(aminomethyl)-5-(1-methyl-1H-pyrazol-5-yl)-
imidazolidine-2,4-dione hydrochloride (43) (100 mg) was added
and the mixture was stirred at room temperature overnight. The
reaction mixture was purified by preparative HPLC. Product
containing samples were united and the solvents were lyophilized.
94 mg (100% purity, 50% yield) of the title compound was obtained.
LC−MS (Method 1): Rt = 0.78 min; MS (ESIpos): m/z = 476 [M +
H]+. 1H NMR (600 MHz, DMSO-d6) δ [ppm] = 11.13−10.81 (m,
1H), 9.00 (t, J = 6.16 Hz, 1H), 8.35 (br s, 1H), 7.79 (d, J = 8.22 Hz,
2H), 7.60 (d, J = 8.02 Hz, 2H), 7.58−7.54 (m, 1H), 7.36−7.32 (m,
2H), 7.28 (dd, J = 7.73 Hz, 1H), 6.43 (d, J = 1.96 Hz, 1H), 4.00−3.96
(m, 1H), 3.87−3.84 (m, 1H), 3.79 (s, 3H).

Preparation of BAY-9835 (32) and Respective Starting Materials.
Ethyl 5-(1-methyl-1H-pyrazol-5-yl)-1,3-oxazole-4-carboxylate (38).
1-Methyl-1H-pyrazole-5-carboxylic acid (12.6 g, 100.0 mmol) was
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dissolved in 150 mL of THF. CDI (19.5 g, 120.0 mmol) was added,
and the mixture was stirred at room temperature for 2 h. The reaction
mixture was then cooled to 0 °C. At this temperature, first a solution
of ethyl isocyanoacetate (12.02 mL, 110.0 mmol) in 50 mL of THF
and then a LiHMDS solution (100 mL, 1 M in THF, 100.0 mmol)
was added dropwise. The reaction mixture was slowly allowed to
warm to room temperature and stirred for 1 h. The solvent was
evaporated. The residue was extracted between water and ethyl
acetate. The combined organic layers were washed with brine, dried
over sodium sulfate, filtered, and concentrated. The residue was
purified by column chromatography (Machine: Biotage Isolera;
column: Biotage SNAP Ultra 340 g; eluent: Cy/EE: 12% EE →
100% EE; flow: 200 mLmin). Product containing samples were united
and the solvents were evaporated. 15.16 g (100% purity, 69% yield) of
the title compound was obtained. LC−MS (Method 2): Rt = 1.07
min; MS (ESIpos): m/z = 222 [M + H]+. 1H NMR (600 MHz,
DMSO-d6) δ [ppm] = 8.68 (s, 1H), 7.59 (d, J = 2.2 Hz, 1H), 6.87 (d,
J = 2.2 Hz, 1H), 4.26 (q, J = 7.0 Hz, 2H), 3.88 (s, 3H), 1.23 (t, J = 7.1
Hz, 3H).

2-Amino-1-(1-methyl-1H-pyrazol-5-yl)ethanone hydrochloride
(39). Ethyl 5-(1-methyl-1H-pyrazol-5-yl)-1,3-oxazole-4-carboxylate
(38) (8.05 g, 38.85 mmol) was stirred at 100 °C in 135 mL of
hydrochloric acid (6 N in water). After 2 h, the solvent was
evaporated. The residue was treated with dichloromethane/methanol
20:1. The solid was filtered off and dried in vacuo. 8.36 g (71% purity,
86% yield) of the title compound was obtained. LC−MS (Method 4):
Rt = 0.60 min; MS (ESIpos): m/z = 139 [M − Cl]+.

tert-Butyl [2-(1-methyl-1H-pyrazol-5-yl)-2-oxoethyl]carbamate
(40). 2-Amino-1-(1-methyl-1H-pyrazol-5-yl)ethanone hydrochloride
(39) (13.34 g, 71% purity, 53.93 mmol) was dissolved in 200 mL of
dichloromethane. Di-tert-butyl dicarbonate (18.24 g, 83.56 mmol)
and triethylamine (31.76 mL, 227.88 mmol) were added, and the
mixture was stirred at room temperature for 1.5 h. The reaction
mixture was washed with water and brine. The combined organic
layers were dried over sodium sulfate, filtered, and concentrated. The
residue was purified by column chromatography (Machine: Biotage
Isolera; column: Biotage SNAP Ultra 100 g; eluent: Cy/EE: 12% EE
→ 100% EE; flow: 100 mL/min). Product containing samples were
united and the solvents were evaporated. 11.33 g (100% purity, 88%
yield) of the title compound was obtained. LC−MS (Method 2): Rt =
1.38 min; MS (ESIpos): m/z = 240 [M + H]+.

Rac-tert-butyl{[4-(1-methyl-1H-pyrazol-5-yl)-2,5-dioxoimidazoli-
din-4-yl]methyl}carbamate (41). Divided in five microwave vials (30
mL volume vials): tert-butyl [2-(1-methyl-1H-pyrazol-5-yl)-2-
oxoethyl]carbamate (40) (10.0 g, 85% purity, 35.52 mmol) was
dissolved in 60 mL of methanol. Potassium cyanide (10.89 g, 167.17
mmol) and ammonium carbonate (16.06 g, 167.17 mmol) were
added. The vials were sealed, and the mixture was stirred at 80 °C for
2 d. The contents of the vials were pooled, the salts were filtered off
and rinsed with methanol, and the filtrate was concentrated. The
residue was purified by column chromatography (Machine: Biotage
Isolera; column: Biotage SNAP Ultra 100 g; eluent: DCM/MeOH:
5% MeOH → 30% MeOH; flow: 100 mL/min). Product containing
samples were united and the solvents were evaporated. 8.9 g (100%
purity, 81% yield) of the title compound was obtained. LC−MS
(Method 2): Rt = 0.95 min; MS (ESIpos): m/z = 310 [M − H]+.

tert-Butyl{[(4S*)-4-(1-methyl-1H-pyrazol-5-yl)-2,5-dioxoimidazo-
lidin-4-yl]methyl}carbamate (42). Enantiomeric separation of 8.9 g
of rac-tert-butyl{[4-(1-methyl-1H-pyrazol-5-yl)-2,5-dioxoimidazoli-
din-4-yl]methyl}carbamate (41) was done using a preparative chiral
HPLC method (see Supporting Information for details). Product
containing samples were united, the solvents were evaporated with a
rotary evaporator, and the residue was lyophilized. 3.34 g (100%
purity, 38% yield) of the title compound was obtained. Chiral HPLC
(Column: Chiralpak AD-H 3 μm 100 × 4.6 mm2; solvent: 85% CO2/
15% methanol; flow: 3 mL/min; UV-detection: 210 nm): Rt = 1.618
min, 99.5% ee. LC−MS (Method 1): Rt = 0.53 min; MS (ESIpos):
m/z = 310 [M + H]+.

(5S) -5- (Aminomethyl ) -5- (1-methyl -1H-pyrazol -5-y l ) -
imidazolidine-2,4-dione hydrochloride (1:1) (43). tert-Butyl{[(4S*)-

4-(1-methyl-1H-pyrazol-5-yl)-2,5-dioxoimidazolidin-4-yl]methyl}-
carbamate (42) (5.0 g, 16.1 mmol) was dissolved in 75 mL of
dichloromethane. Hydrochloric acid in 1,4-dioxane (20.21 mL, 4 N,
80.82 mmol) was added and the mixture was stirred at room
temperature overnight. The precipitated solid was filtered off, washed
with dichloromethane, and dried in vacuo. 6.56 g (100% purity) of the
crude title compound was obtained and used in the next step without
further purification. LC−MS (Method 4): Rt = 0.23 min; MS
(ESIpos): m/z = 209 [M − Cl]+.

5,6-Difluoro-4′-(trifluoromethyl)[biphenyl]-2-carboxylic acid
(46). [4-(Trifluoromethyl)phenyl]boronic acid (45) (10.82 g, 56.96
mmol) and 2-bromo-3,4-difluorobenzoic acid (44) (9.00 g, 37.97
mmol) were treated with 233.5 mL of 1,4-dioxane. Potassium
phosphate solution (75.95 mL, 1.5 M in water, 113.92 mmol) was
added to the mixture and the mixture was flushed with argon for 10
min. Then dichloropalladium-triphenylphosphine (1:2) (493 mg, 0.70
mmol) and dicyclohexyl(2′,4′,6′-triisopropyl[biphenyl]-2-yl)-
phosphine (2.67 g, 3.80 mmol) were added and the mixture was
stirred at 80 °C for 3 h and at room temperature overnight. The
reaction mixture was filtered over Celite and concentrated. The
residue was dissolved in ethyl acetate and washed with 1 N HCl. The
organic layer was dried over sodium sulfate, filtered, and concentrated.
The residue was purified by column chromatography (Machine:
Biotage Isolera; column: Biotage SNAP Ultra 100 g; eluent: DCM/
MeOH: 1% MeOH → 8% MeOH; flow: 100 mL/min). Product
containing samples were united and the solvents were evaporated. 9.7
g (99% purity, 84% yield) of the title compound was obtained. LC−
MS (Method 2): Rt = 0.97 min; MS (ESIneg): m/z = 301 [M − H]+.
1H NMR (600 MHz, DMSO-d6) δ [ppm] = 12.74−13.37 (m, 1H),
7.77−7.84 (m, 3H), 7.54−7.68 (m, 3H).

5,6-Difluoro-N-{[(4S)-4-(1-methyl-1H-pyrazol-5-yl)-2,5-dioxoimi-
dazolidin-4-yl]methyl}-4′-(trifluoromethyl)[biphenyl]-2-carboxa-
mide (32). 5,6-Difluoro-4′-(trifluoromethyl)[biphenyl]-2-carboxylic
acid (46) (2.44 g, 8.08 mmol) was dissolved in 76 mL of acetonitrile.
2,4,6-Tripropyl-1,3,5,2,4,6-trioxatriphosphinane 2,4,6-trioxide-solu-
tion (6.26 mL, 50% in ethyl acetate, 10.51 mmol) and DIEA (5.63
mL, 32.33 mmol) were added, and the solution was stirred at room
temperature. After 15 min. (5S)-5-(aminomethyl)-5-(1-methyl-1H-
pyrazol-5-yl)imidazolidine-2,4-dione hydrochloride (43) (6.56 g,
crude) was added and the mixture was stirred at room temperature
overnight. The solvent was evaporated. The residue was dissolved in
ethyl acetate and washed with water, saturated sodium bicarbonate-
solution, and brine. The combined organic layers were dried over
sodium sulfate, filtered, and concentrated. The residue was purified by
column chromatography (Machine: Biotage Isolera; column: Biotage
SNAP Ultra 340 g; eluent: DCM/MeOH: 2% MeOH → 20%
MeOH; flow: 200 mL/min). Product containing samples were united
and the solvents were evaporated. The residue was dissolved in
acetonitrile/water and lyophilized. 1.79 g (100% purity, 45% yield) of
the title compound was obtained. LC−MS (Method 1): Rt = 0.87
min; MS (ESIpos): m/z = 494 [M + H]+. 1H NMR (400 MHz,
DMSO-d6) δ [ppm] = 11.26 (s, 1H), 8.82 (t, J = 6.3 Hz, 1H), 8.41 (s,
1H), 7.81 (d, J = 8.07 Hz, 2H), 7.63 (dt, J = 9.87 Hz, 1H), 7.54 (d, J
= 8.19 Hz, 2H), 7.37 (d, J = 1.96 Hz, 1H), 7.31−7.28 (m, 1H), 6.46
(d, J = 1.96 Hz, 1H), 3.91−3.79 (m, 2H), 3.76 (s, 3H). 13C NMR
(126 MHz, DMSO-d6): δ [ppm] = 172.98, 167.06, 156.38, 151.37,
149.39, 147.77, 145.81, 137.24, 136.74, 136.34, 134.00, 130.06,
127.40, 127.36, 125.09, 124.24, 123.04, 116.70, 106.94, 63.39, 43.26,
37.59. HRMS: m/z[M + H]+ calculated for C22H17N5O3F5: 494.1252,
found: 494.1250. [α]D20 = +34.45° (in methanol, 20.0 °C, 589 nm).
Recrystallization from boiling ethanol yielded crystalline material
which was used for X-ray structure elucidation and determination of
solubility (see Supporting Information).

Preparation of 33 and Respective Starting Materials. 6-Chloro-
4 ′ - ( t r ifluoromethy l ) [b ipheny l ] -2-carboxy l ic ac id . [4-
(Trifluoromethyl)phenyl]boronic acid (45) (200 mg, 1.05 mmol)
and 2-bromo-3-chlorobenzoic acid (165 mg, 0.70 mmol) were treated
with 5 mL of 1,4-dioxane. Potassium phosphate solution (1.40 mL,
1.5 M in water, 2.11 mmol) was added to the mixture and the mixture
was flushed with argon for 20 min. Then dichloropalladium-
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triphenylphosphine (1:2) (49 mg, 0.07 mmol) and dicyclohexyl-
(2′,4′,6′-triisopropyl[biphenyl]-2-yl)phosphine (33 mg, 0.07 mmol)
were added and the mixture was stirred at 80 °C overnight. The
reaction mixture was purified by preparative HPLC. Product
containing samples were united and the solvents were lyophilized.
51 mg (63% purity, 10% yield) of the title compound was obtained.
LC−MS (Method 2): Rt = 1.97 min; MS (ESIneg): m/z = 299 [M −
H]+.

6-Chloro-N-{[(4S)-4-(1-methyl-1H-pyrazol-5-yl)-2,5-dioxoimida-
zolidin-4-yl]methyl}-4′-(trifluoromethyl)[biphenyl]-2-carboxamide
(33). 6-Chloro-4′-(trifluoromethyl)[biphenyl]-2-carboxylic acid (51
mg, 63% purity, 0.11 mmol) and (5S)-5-(aminomethyl)-5-(1-methyl-
1H-pyrazol-5-yl)imidazolidine-2,4-dione hydrochloride (43) (42 mg)
were dissolved 1.5 mL of DMF. DIPEA (0.15 mL, 0.85 mmol),
EDC*HCl (42 mg, 0.22 mmol), and 1-hydroxybenzotriazole hydrate
(34 mg, 0.22 mmol) were added and the mixture was stirred at room
temperature for 4 h. The reaction mixture was purified by preparative
HPLC. Product containing samples were united and the solvents were
evaporated. 33 mg (100% purity, 61% yield) of the title compound
was obtained. LC−MS (Method 2): Rt = 1.62 min; MS (ESIpos): m/
z = 492 [M + H]+. 1H NMR (400 MHz, DMSO-d6) δ [ppm] = 11.26
(s, 1H), 8.73 (t, J = 6.3 Hz, 1H), 8.37 (d, J = 0.98 Hz, 1H), 7.77 (d, J
= 8.19 Hz, 2H), 7.69 (dd, J = 8.07 Hzl, 1H), 7.52 (t, J = 7.89 Hz, 1H),
7.44 (d, J = 7.21 Hz 2H), 7.36−7.34 (m, 2H), 6.44 (d, J = 1.96 Hz,
1H), 3.78−3.75 (m, 5H).

Preparation of 34 and Respective Starting Materials. 6-
Methoxy-4′-(trifluoromethyl)[biphenyl]-2-carboxylic acid. [4-
(Trifluoromethyl)phenyl]boronic acid (45) (411 mg, 2.16 mmol)
and 2-bromo-3-methoxybenzoic acid (400 mg, 1.73 mmol) were
treated with 9 mL of 1,2-dimethoxyethane. Sodium carbonate
solution (4.33 mL, 2 M in water, 8.66 mmol) was added to the
mixture and the mixture was flushed with argon for 20 min. Then
Tetrakis(triphenylphosphine)palladium(0) (100 mg, 0.09 mmol) was
added and the mixture was stirred at 80 °C overnight. The reaction
mixture was purified by preparative HPLC. Product containing
samples were united and the solvents were lyophilized. 33 mg (100%
purity, 5% yield) of the title compound was obtained. LC−MS
(Method 2): Rt = 1.80 min; MS (ESIpos): m/z = 297 [M − H]+.

6-Methoxy-N-{[(4S)-4-(1-methyl-1H-pyrazol-5-yl)-2,5-dioxoimi-
dazolidin-4-yl]methyl}-4′-(trifluoromethyl)[biphenyl]-2-carboxa-
mide (34). 6-Methoxy-4′-(trifluoromethyl)[biphenyl]-2-carboxylic
acid (33 mg, 0.11 mmol) and (5S)-5-(aminomethyl)-5-(1-methyl-
1H-pyrazol-5-yl)imidazolidine-2,4-dione hydrochloride (43) (27 mg)
were dissolved 1.0 mL of DMF. DIPEA (0.10 mL, 0.56 mmol),
EDC*HCl (28 mg, 0.14 mmol), and 1-hydroxybenzotriazole hydrate
(22 mg, 0.14 mmol) were added and the mixture was stirred at room
temperature for 4 h. The reaction mixture was purified by preparative
HPLC. Product containing samples were united and the solvents were
evaporated. The residue was further purified by column chromatog-
raphy. Product containing samples were united and the solvents were
evaporated. The residue was dissolved in acetonitrile/water and
lyophilized. 15 mg (100% purity, 28% yield) of the title compound
was obtained. LC−MS (Method 2): Rt = 1.51 min; MS (ESIpos): m/
z = 488 [M + H]+. 1H NMR (600 MHz, DMSO-d6) δ [ppm] = 11.12
(br s, 1H), 8.52 (t, J = 6.26 Hz, 1H), 8.25 (s, 1H), 7.68 (d, J = 8.22
Hz, 2H), 7.44 (t, J = 7.92 Hz, 1H), 7.39 (d, J = 8.02 Hz, 2H), 7.35 (d,
J = 1.96 Hz, 1H), 7.22 (d, J = 8.22 Hz, 1H), 6.99 (d, J = 7.63 Hz, 1H),
6.41 (d, J = 1.96 Hz, 1H), 3.84−3.80 (m, 1H), 3.77−3.73 (m, 4 H),
3.71 (s, 3H).

Preparation of 35 and Respective Starting Materials. 5-Chloro-
6-fluoro-4′-(trifluoromethyl)[biphenyl]-2-carboxylic acid. [4-
(Trifluoromethyl)phenyl]boronic acid (45) (300 mg, 1.58 mmol)
and 2-bromo-4-chloro-3-fluorobenzoic acid (267 mg, 1.05 mmol)
were treated with 7.5 mL of 1,4-dioxane. Potassium phosphate
solution (2.11 mL, 1.5 M in water, 3.16 mmol) was added to the
mixture and the mixture was flushed with argon for 20 min. Then
dichloropalladium-triphenylphosphine (1:2) (74 mg, 0.11 mmol) and
dicyclohexyl(2′,4′,6′-triisopropyl[biphenyl]-2-yl)phosphine (50 mg,
0.11 mmol) were added and the mixture was stirred at 80 °C
overnight. The reaction mixture was purified by column chromatog-

raphy. Product containing samples were united and the solvents were
evaporated. 75 mg (90% purity, 13% yield) of the title compound was
obtained. LC−MS (Method 1): Rt = 1.04 min; MS (ESIneg): m/z =
317 [M − H]+.

5-Chloro-6-fluoro-N-{[(4S)-4-(1-methyl-1H-pyrazol-5-yl)-2,5-di-
oxoimidazolidin-4-yl]methyl}-4′-(trifluoromethyl)[biphenyl]-2-car-
boxamide (35). 5-Chloro-6-fluoro-4′-(trifluoromethyl)[biphenyl]-2-
carboxylic acid (75 mg, 90% purity, 0.21 mmol) and (5S)-5-
(aminomethyl)-5-(1-methyl-1H-pyrazol-5-yl)imidazolidine-2,4-dione
hydrochloride (43) (58 mg) were dissolved 1.5 mL of DMF. DIPEA
(0.21 mL, 1.18 mmol), EDC*HCl (59 mg, 0.31 mmol), and 1-
hydroxybenzotriazole hydrate (47 mg, 0.31 mmol) were added and
the mixture was stirred at room temperature for 4 h. The reaction
mixture was purified by preparative HPLC. Further purification by
preparative HPLC was needed (2 times). Product containing samples
were united and lyophilized. 19 mg (97% purity, 17% yield) of the
title compound was obtained. LC−MS (Method 3): Rt = 2.80 min;
MS (ESIpos): m/z = 510 [M + H]+. 1H NMR (600 MHz, DMSO-d6)
δ [ppm] = 11.24 (s, 1H), 8.80 (t, J = 6.16 Hz, 1H), 8.39 (s, 1H), 7.80
(d, J = 8.22 Hz, 2H), 7.77 (t, J = 7.63 Hz, 1H), 7.53 (d, J = 8.02 Hz,
2H), 7.36 (d, J = 1.96 Hz, 1H), 7.26 (d, J = 8.41 Hz, 1H), 6.44 (d, J =
1.76 Hz, 1H), 3.88−3.80 (m, 2H), 3.77 (s, 3H).

Preparation of 36 and Respective Starting Materials. 6-Fluoro-
4′,5-bis(trifluoromethyl)[biphenyl]-2-carboxylic acid. [4-
(Trifluoromethyl)phenyl]boronic acid (45) (300 mg, 1.58 mmol)
and 2-bromo-3-fluoro-4-(trifluoromethyl)benzoic acid (302 mg, 1.05
mmol) were treated with 7.5 mL of 1,4-dioxane. Potassium phosphate
solution (2.11 mL, 1.5 M in water, 3.16 mmol) was added to the
mixture and the mixture was flushed with argon for 20 min. Then
dichloropalladium-triphenylphosphine (1:2) (74 mg, 0.11 mmol) and
dicyclohexyl(2′,4′,6′-triisopropyl[biphenyl]-2-yl)phosphine (50 mg,
0.11 mmol) were added and the mixture was stirred at 80 °C
overnight. The reaction mixture was purified by column chromatog-
raphy. Product containing samples were united and the solvents were
evaporated. 93 mg (87% purity, 15% yield) of the title compound was
obtained. LC−MS (Method 1): Rt = 1.06 min; MS (ESIneg): m/z =
351 [M − H]+.

6-Fluoro-N-{[(4S)-4-(1-methyl-1H-pyrazol-5-yl)-2,5-dioxoimida-
zolidin-4-yl]methyl}-4′,5-bis(trifluoromethyl)[biphenyl]-2-carboxa-
mide (36). 6-Fluoro-4′,5-bis(trifluoromethyl)[biphenyl]-2-carboxylic
acid (90 mg, 87% purity, 0.23 mmol) and (5S)-5-(aminomethyl)-5-
(1-methyl-1H-pyrazol-5-yl)imidazolidine-2,4-dione hydrochloride
(43) (63 mg) were dissolved 1.5 mL of DMF. DIPEA (0.22 mL,
1.28 mmol), EDC*HCl (64 mg, 0.33 mmol), and 1-hydroxy-
benzotriazole hydrate (51 mg, 0.33 mmol) were added and the
mixture was stirred at room temperature for 4 h. The reaction mixture
was purified by preparative HPLC. Product containing samples were
united and lyophilized. 30 mg (100% purity, 24% yield) of the title
compound was obtained. LC−MS (Method 6): Rt = 0.95 min; MS
(ESIpos): m/z = 544 [M + H]+. 1H NMR (600 MHz, DMSO-d6) δ
[ppm] = 11.19 (br s, 1H), 8.91 (t, J = 6.36 Hz, 1H), 8.43 (s, 1H),
7.97 (t, J = 7.43 Hz, 1H), 7.82 (d, J = 8.22 Hz, 2H), 7.57 (d, J = 8.22
Hz, 2H), 7.42 (d, J = 8.02 Hz, 1H), 7.37 (d, J = 1.96 Hz, 1H), 6.45
(d, J = 1.96 Hz, 1H), 3.85 (d, J = 6.46 Hz, 2H), 3.77 (s, 3H).

Preparation of 47 and Respective Starting Materials. Ethyl 5-(5-
methyl-2-phenyl-1,3-thiazol-4-yl)-1,3-oxazole-4-carboxylate. 5-
Methyl-2-phenyl-1,3-thiazole-4-carboxylic acid (5 g, 22.80 mmol)
was dissolved in 30 mL of THF. CDI (4.4 g, 27.36 mmol) was added,
and the mixture was stirred at room temperature for 2 h. The reaction
mixture was then cooled to 0 °C. At this temperature, first a solution
of ethyl isocyanoacetate (2.74 mL, 25.08 mmol) in 30 mL of THF,
then a LiHMDS solution (22.80 mL, 1 M in THF, 22.80 mmol) was
added dropwise. The reaction mixture was slowly allowed to warm to
room temperature and stirred for 3 h. The solvent was evaporated.
The residue was extracted between water and ethyl acetate. The
combined organic layers were washed with brine, dried over sodium
sulfate, filtered, and concentrated. The residue was purified by column
chromatography. Product containing samples were united and the
solvents were evaporated. 4.61 g (93% purity, 60% yield) of the title
compound was obtained. LC−MS (Method 1): Rt = 0.96 min; MS
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(ESIpos): m/z = 315 [M + H]+. 1H NMR (600 MHz, DMSO-d6) δ
[ppm] = 8.67 (s, 1H), 7.92 (br dd, J = 5.1, 1.3 Hz, 2H), 7.41−7.61
(m, 3H), 4.27 (q, J = 7.0 Hz, 2H), 2.46 (s, 3H), 1.20 (t, J = 7.1 Hz,
3H).

2-Amino-1-(5-methyl-2-phenyl-1,3-thiazol-4-yl)ethanone hydro-
chloride. Ethyl 5-(5-methyl-2-phenyl-1,3-thiazol-4-yl)-1,3-oxazole-4-
carboxylate (4.61 g, 93% purity, 13.63 mmol) was stirred at 100 °C in
50 mL of hydrochloric acid (6 N in water). After 3 h, the solvent was
evaporated. The residue was treated with dichloromethane and
evaporated again. The residue was dried in vacuo. 3.85 g (96% purity,
101% yield) of the title compound was obtained. LC−MS (Method
4): Rt = 1.49 min; MS (ESIpos): m/z = 233 [M − Cl]+. 1H NMR
(600 MHz, DMSO-d6) δ [ppm] = 8.47 (br s, 3H), 7.97 (dd, J = 6.6,
2.9 Hz, 2H), 7.47−7.61 (m, 3H), 4.51 (s, 2H), 2.83 (s, 3H).

tert-Butyl [2-(5-methyl-2-phenyl-1,3-thiazol-4-yl)-2-oxoethyl]-
carbamate. 2-Amino-1-(5-methyl-2-phenyl-1,3-thiazol-4-yl)ethanone
hydrochloride (3.8 g, 96% purity, 14.14 mmol) was dissolved in 50
mL of dichloromethane. Ditert-butyl dicarbonate (4.63 g, 21.21
mmol) and DMAP (864 mg, 7.07 mmol) were added, and the
mixture was stirred at room temperature overnight. Water was added
to the mixture and the precipitated solid was filtered off and dried in
vacuo. 2.86 g (89% purity, 56% yield) of the title compound was
obtained. LC−MS (Method 2): Rt = 2.29 min; MS (ESIpos): m/z =
333 [M + H]+. 1H NMR (600 MHz, DMSO-d6) δ [ppm] = 7.89−
7.98 (m, 2H), 7.49−7.56 (m, 3H), 6.99 (br t, J = 5.8 Hz, 1H), 4.51
(d, J = 5.9 Hz, 2H), 2.77 (s, 3H), 1.42 (s, 9H).

Rac-tert-butyl{[4-(5-methyl-2-phenyl-1,3-thiazol-4-yl)-2,5-diox-
oimidazolidin-4-yl]methyl}carbamate. In a microwave vial, tert-
butyl [2-(5-methyl-2-phenyl-1,3-thiazol-4-yl)-2-oxoethyl]carbamate
(2.86 g, 89% purity, 7.66 mmol) was dissolved in 30 mL of methanol.
Potassium cyanide (2.24 g, 34.41 mmol) and ammonium carbonate
(3.31 g, 34.41 mmol) were added. The vial was sealed, and the
mixture was stirred at 80 °C overnight. The salts were filtered off and
rinsed with methanol. The filtrate was concentrated. The crude
product was purified by preparative HPLC. Product containing
samples were united, the solvents were evaporated with a rotary
evaporator, and the residue was lyophilized. 2.08 g (100% purity, 67%
yield) of the title compound was obtained. LC−MS (Method 2): Rt =
1.74 min; MS (ESIpos): m/z = 403 [M + H]+. 1H NMR (600 MHz,
DMSO-d6) δ [ppm] = 10.93 (br s, 1H), 8.13 (br s, 1H), 7.85−7.90
(m, 2H), 7.42−7.54 (m, 3H), 6.79 (br s, 1H), 3.89−4.02 (m, 2H),
2.38 (s, 3H), 1.38 (s, 9H).

Rac-5-(aminomethyl)-5-(5-methyl-2-phenyl-1,3-thiazol-4-yl)-
imidazolidine-2,4-dione hydrochloride. Rac-tert-butyl{[4-(5-methyl-
2-phenyl-1,3-thiazol-4-yl)-2,5-dioxoimidazolidin-4-yl]methyl}-
carbamate (2.03 g, 5.04 mmol) was dissolved in 40 mL of
dichloromethane. Hydrochloric acid in 1,4-dioxane (12.61 mL, 4 N,
50.44 mmol) was added and the mixture was stirred at room
temperature overnight. The solvents were removed, and the residue
was dried in vacuo. 1.98 g (98% purity) of the title compound was
obtained. LC−MS (Method 2): Rt = 0.85 min; MS (ESIpos): m/z =
303 [M − Cl]+. 1H NMR (600 MHz, DMSO-d6) δ [ppm] = 11.40 (s,
1H), 8.80 (s, 1H), 8.49 (br s, 3H), 7.92 (dd, J = 7.5, 1.7 Hz, 2H),
7.44−7.55 (m, 3H), 3.71 (br s, 2H), 2.42 (s, 3H).

Ent-5,6-difluoro-N-{[4-(5-methyl-2-phenyl-1,3-thiazol-4-yl)-2,5-
dioxoimidazolidin-4-yl]methyl}-4′-(trifluoromethyl)[biphenyl]-2-
carboxamide (47). 5,6-Difluoro-4′-(trifluoromethyl)[biphenyl]-2-
carboxylic acid (46) (107 mg, 0.35 mmol) was dissolved in 2.5 mL
of DMF. DIPEA (0.26 mL, 1.48 mmol), EDC*HCl (74 mg, 0.38
mmol), and 1-hydroxybenzotriazole hydrate (59 mg, 0.38 mmol)
were added and the mixture was stirred at room temperature. After 5
min rac-5-(aminomethyl)-5-(5-methyl-2-phenyl-1,3-thiazol-4-yl)-
imidazolidine-2,4-dione hydrochloride (100 mg) was added and the
mixture was stirred at room temperature overnight. The reaction
mixture was purified by preparative HPLC. Product containing
samples were united and the solvents were evaporated. 59 mg (100%
purity) of the racemate was obtained. Enantiomeric separation of the
racemate was done using the following preparative chiral HPLC
method: Machine: SFC; Column: Diacel IG 5 μm, 20 × 250 mm2;
Eluent: 85% CO2 and 15% ethanol; Flow: 80 mL/min; UV-detection:

210 nm. Product containing samples were united, the solvents were
evaporated with a rotary evaporator and the residue was lyophilized. 8
mg (100% purity, 5% yield) of the title compound was obtained.
Chiral HPLC (Column: Diacel Chiralpak IG-3; 3 μm; 100 × 4.6
mm2; solvent: 85% CO2 and 15% ethanol; flow: 3 mL/min; UV-
detection: 210 nm): Rt = 6.186 min, 100% ee. LC−MS (Method 2):
Rt = 2.12 min; MS (ESIpos): m/z = 587 [M + H]+. 1H NMR (600
MHz, DMSO-d6) δ [ppm] = 10.98 (br s, 1H), 8.68 (t, J = 6.05 Hz,
1H), 8.30 (s, 1H), 7.86 (m, 2H), 7.82 (d, J = 8.25 Hz, 2H), 7.62−
7.56 (m, 3H), 7.51−7.45 (m, 3H), 7.32−7.29 (m, 1H), 4.14−4.06
(m, 2H), 2.38 (s, 3H).

Preparation of 48 and Respective Starting Materials. Ethyl 5-[5-
methyl-2-(pyridin-3-yl)-1,3-thiazol-4-yl]-1,3-oxazole-4-carboxylate.
5-Methyl-2-(pyridin-3-yl)-1,3-thiazole-4-carboxylic acid (1.9 g, 8.63
mmol) was dissolved in 30 mL of THF. CDI (1.68 g, 10.35 mmol)
was added, and the mixture was stirred at room temperature for 2 h.
The reaction mixture was then cooled to 0 °C. At this temperature,
first a solution of ethyl isocyanoacetate (1.04 mL, 9.49 mmol) in 10
mL THF, then a LiHMDS solution (8.63 mL, 1 M in THF, 8.63
mmol) was added dropwise. The reaction mixture was slowly allowed
to warm to room temperature and stirred overnight. The solvent was
evaporated. The residue was extracted between water and ethyl
acetate. The combined organic layers were washed with brine, dried
over sodium sulfate, filtered, and concentrated. The residue was
purified by column chromatography. Product containing samples were
united and the solvents were evaporated. 1.91 g (92% purity, 65%
yield) of the title compound was obtained. LC−MS (Method 2): Rt =
1.35 min; MS (ESIpos): m/z = 316 [M + H]+. 1H NMR (600 MHz,
DMSO-d6) δ [ppm] = 9.09−9.12 (m, 1H), 8.69 (dd, J = 4.8, 1.5 Hz,
1H), 8.66 (s, 1H), 8.26−8.30 (m, 1H), 7.56 (ddd, J = 7.9, 4.8, 0.6 Hz,
1H), 4.25 (q, J = 7.0 Hz, 2H), 2.49 (s, 3H), 1.19 (t, J = 7.1 Hz, 3H).

2-Amino-1-[5-methyl-2-(pyridin-3-yl)-1,3-thiazol-4-yl]ethanone
hydrochloride. Ethyl 5-[5-methyl-2-(pyridin-3-yl)-1,3-thiazol-4-yl]-
1,3-oxazole-4-carboxylate (1.91 g, 92% purity, 5.58 mmol) was stirred
at 100 °C in 40 mL of hydrochloric acid (6 N in water). After 2 h, the
solvent was evaporated. The residue was treated with dichloro-
methane and evaporated again. The residue was dried in vacuo. 2.08 g
(100% purity) of the title compound was obtained. LC−MS (Method
4): Rt = 1.06 min; MS (ESIpos): m/z = 234 [M − Cl]+. 1H NMR
(600 MHz, DMSO-d6) δ [ppm] = 9.35 (s, 1H), 8.89 (dt, J = 3.4, 1.7
Hz, 1H), 8.75 (br dd, J = 6.9, 5.6 Hz, 1H), 8.60 (br s, 3H), 7.88−7.98
(m, 1H), 4.53 (q, J = 5.5 Hz, 2H), 2.87 (s, 3H).

tert-Butyl {2-[5-methyl-2-(pyridin-3-yl)-1,3-thiazol-4-yl]-2-
oxoethyl}carbamate. 2-Amino-1-[5-methyl-2-(pyridin-3-yl)-1,3-thia-
zol-4-yl]ethanone hydrochloride (2.08 g) was dissolved in 25 mL of
dichloromethane. Ditert-butyl dicarbonate (1.85 g, 8.48 mmol) and
triethylamine (4.30 mL, 30.84 mmol) were added, and the mixture
was stirred at 0 °C for 1 h. The solvent was removed, and the residue
was dried in vacuo. 4.29 g (100% purity) of the title compound was
obtained. LC−MS (Method 2): Rt = 1.77 min; MS (ESIpos): m/z =
334 [M + H]+.

Rac-tert-butyl({4-[5-methyl-2-(pyridin-3-yl)-1,3-thiazol-4-yl]-2,5-
dioxoimidazolidin-4-yl}methyl)carbamate. In a microwave vial, tert-
butyl {2-[5-methyl-2-(pyridin-3-yl)-1,3-thiazol-4-yl]-2-oxoethyl}-
carbamate (4.29 g, 12.87 mmol) was dissolved in 30 mL of methanol.
Potassium cyanide (3.35 g, 51.47 mmol) and ammonium carbonate
(4.95 g, 51.47 mmol) were added. The vial was sealed, and the
mixture was stirred at 80 °C overnight. The salts were filtered off and
rinsed with methanol. The filtrate was concentrated. The crude
product was purified by preparative HPLC. Product containing
samples were united, the solvents were evaporated with a rotary
evaporator and the residue was lyophilized. 1.97 g (100% purity, 38%
yield) of the title compound was obtained. LC−MS (Method 2): Rt =
1.21 min; MS (ESIpos): m/z = 404 [M + H]+.

Rac-5-(aminomethyl)-5-[5-methyl-2-(pyridin-3-yl)-1,3-thiazol-4-
yl]imidazolidine-2,4-dione hydrochloride. Rac-tert-butyl({4-[5-
methyl-2-(pyridin-3-yl)-1,3-thiazol-4-yl]-2,5-dioxoimidazolidin-4-yl}-
methyl)carbamate (1.97 g, 4.88 mmol) was dissolved in 25 mL of
dichloromethane. Hydrochloric acid in 1,4-dioxane (6.10 mL, 4 N,
24.41 mmol) was added and the mixture was stirred at room
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temperature for 2 d. The solvents were removed, and the residue was
dried in vacuo. 1.96 g (99% purity) of the title compound was
obtained. LC−MS (Method 2): Rt = 0.47 min; MS (ESIpos): m/z =
304 [M − Cl]+. 1H NMR (600 MHz, DMSO-d6) δ [ppm] = 11.45 (s,
1H), 9.32 (s, 1H), 8.89 (s, 1H), 8.86−8.91 (m, 1H), 8.63 (br d, J =
7.2 Hz, 1H), 8.50 (br s, 3H), 7.76−7.88 (m, 1H), 3.63−3.83 (m, 2H),
2.47 (s, 3H).

Ent-5,6-difluoro-N-({4-[5-methyl-2-(pyridin-3-yl)-1,3-thiazol-4-
yl]-2,5-dioxoimidazolidin-4-yl}methyl)-4′-(trifluoromethyl)-
[biphenyl]-2-carboxamide (48). 5,6-Difluoro-4′-(trifluoromethyl)-
[biphenyl]-2-carboxylic acid (46) (107 mg, 0.35 mmol) was dissolved
in 2.5 mL of DMF. DIPEA (0.26 mL, 1.48 mmol), EDC*HCl (74 mg,
0.38 mmol), and 1-hydroxybenzotriazole hydrate (59 mg, 0.38 mmol)
were added and the mixture was stirred at room temperature. After 5
min, rac-5-(aminomethyl)-5-[5-methyl-2-(pyridin-3-yl)-1,3-thiazol-4-
yl]imidazolidine-2,4-dione hydrochloride (100 mg) was added and
the mixture was stirred at room temperature overnight. The reaction
mixture was purified by preparative HPLC. Product containing
samples were united and the solvents were evaporated. 127 mg (100%
purity) of the racemate was obtained. Enantiomeric separation of the
racemate was done using the following preparative chiral HPLC
method: Column: Daicel Chiralpak IF 5 μm, 20 × 250 mm; Eluent:
50% n-heptane and 50% ethanol; Flow: 20 mL/min; UV-detection:
220 nm. Product containing samples were united, the solvents were
evaporated with a rotary evaporator and the residue was lyophilized.
54 mg (100% purity, 31% yield) of the title compound was obtained.
Chiral HPLC (Column: Daicel Chiralpak IF-3; 3 μm; 100 × 4.6 mm2;
solvent: 50% n-heptane and 50% ethanol; flow: 1 mL/min; UV-
detection: 220 nm): Rt = 2.538 min, 100% ee. LC−MS (Method 2):
Rt = 1.77 min; MS (ESIpos): m/z = 588 [M + H]+. 1H NMR (600
MHz, DMSO-d6) δ [ppm] = 10.95 (br s, 1H), 9.06 (d, J = 2.02 Hz,
1H), 8.68 (t, J = 6.33 Hz, 1H), 8.65 (dd, J = 4.77 Hz, 1H), 8.34 (s,
1H), 8.23 (dt, J = 7.93 Hz, 1H), 7.82 (d, J = 8.25 Hz, 2H), 7.62−7.58
(m, 3H), 7.53−7.51 (m, 1H), 7.32−7.30 (m, 1H), 4.13−4.07 (m,
2H), 2.41 (s, 3H).

Preparation of 49 and Respective Starting Materials. Ethyl 5-(4-
methyl-1-phenyl-1H-pyrazol-3-yl)-1,3-oxazole-4-carboxylate. 4-
Methyl-1-phenyl-1H-pyrazole-3-carboxylic acid (2.5 g, 12.36 mmol)
was dissolved in 25 mL of THF. CDI (2.41 g, 14.84 mmol) was
added, and the mixture was stirred at room temperature for 2 h. The
reaction mixture was then cooled to 0 °C. At this temperature, first a
solution of ethyl isocyanoacetate (1.49 mL, 13.60 mmol) in 5 mL
THF, then a LiHMDS solution (12.36 mL, 1 M in THF, 12.36 mmol)
was added dropwise. The reaction mixture was slowly allowed to
warm to room temperature and stirred for 3 h. The solvent was
evaporated. The residue was extracted between water and ethyl
acetate. The combined organic layers were washed with brine, dried
over sodium sulfate, filtered, and concentrated. The residue was
purified by column chromatography. Product containing samples were
united and the solvents were evaporated. 2.14 g (100% purity, 58%
yield) of the title compound was obtained. LC−MS (Method 2): Rt =
1.78 min; MS (ESIpos): m/z = 298 [M + H]+. 1H NMR (600 MHz,
DMSO-d6) δ [ppm] = 8.63 (s, 1H), 8.49 (s, 1H), 7.85 (d, J = 7.7 Hz,
2H), 7.53 (t, J = 8.0 Hz, 2H), 7.35 (t, J = 7.3 Hz, 1H), 4.26 (q, J = 7.0
Hz, 2H), 2.10 (s, 3H), 1.21 (t, J = 7.2 Hz, 3H).

2-Amino-1-(4-methyl-1-phenyl-1H-pyrazol-3-yl)ethanone hy-
drochloride. Ethyl 5-(4-methyl-1-phenyl-1H-pyrazol-3-yl)-1,3-oxa-
zole-4-carboxylate (2.14 g, 7.20 mmol) was stirred at 100 °C in 20
mL of hydrochloric acid (6 N in water). After 2 h, the solvent was
evaporated. The residue was treated with dichloromethane and
evaporated again. The residue was dried in vacuo. 1.85 g (94% purity,
96% yield) of the title compound was obtained. LC−MS (Method 4):
Rt = 1.33 min; MS (ESIpos): m/z = 216 [M − Cl]+. 1H NMR (600
MHz, DMSO-d6) δ [ppm] = 8.61 (br d, J = 3.5 Hz, 3H), 8.57 (s, 1H),
7.92 (d, J = 7.9 Hz, 2H), 7.57 (br t, J = 7.6 Hz, 2H), 7.36−7.46 (m,
1H), 4.46 (br s, 2H), 2.33 (s, 3H).

tert-Butyl [2-(4-methyl-1-phenyl-1H-pyrazol-3-yl)-2-oxoethyl]-
carbamate. 2-Amino-1-(4-methyl-1-phenyl-1H-pyrazol-3-yl)-
ethanone hydrochloride (1.75 g, 94% purity, 6.53 mmol) was
dissolved in 8 mL of dichloromethane. Ditert-butyl dicarbonate

(2.28 g, 10.43 mmol) and DMAP (425 mg, 3.48 mmol) were added,
and the mixture was stirred at room temperature overnight. The
reaction mixture was purified by preparative HPLC. Product
containing samples were united and the solvents were lyophilized.
1.18 g (84% purity, 48% yield) of the title compound was obtained.
LC−MS (Method 2): Rt = 2.14 min; MS (ESIpos): m/z = 316 [M +
H]+. 1H NMR (600 MHz, DMSO-d6) δ [ppm] = 8.45 (s, 1H), 7.89
(d, J = 8.1 Hz, 2H), 7.55 (t, J = 8.0 Hz, 2H), 7.36−7.42 (m, 1H), 6.98
(br t, J = 5.7 Hz, 1H), 4.45 (br d, J = 5.7 Hz, 2H), 2.29 (s, 3H), 1.41
(s, 9H).

Rac-tert-butyl{[4-(4-methyl-1-phenyl-1H-pyrazol-3-yl)-2,5-diox-
oimidazolidin-4-yl]methyl}carbamate. In a microwave vial, tert-
butyl [2-(4-methyl-1-phenyl-1H-pyrazol-3-yl)-2-oxoethyl]carbamate
(1.18 g, 84% purity, 3.14 mmol) was dissolved in 15 mL of methanol.
Potassium cyanide (1.46 g, 22.45 mmol) and ammonium carbonate
(2.16 g, 22.45 mmol) were added. The vial was sealed, and the
mixture was stirred at 80 °C overnight. The salts were filtered off and
rinsed with methanol. The filtrate was concentrated. The crude
product was purified by preparative HPLC. Product containing
samples were united, the solvents were evaporated with a rotary
evaporator and the residue was lyophilized. 730 mg (100% purity,
60% yield) of the title compound was obtained. LC−MS (Method 2):
Rt = 1.61 min; MS (ESIpos): m/z = 386 [M + H]+. 1H NMR (600
MHz, DMSO-d6) δ [ppm] = 10.28−11.41 (m, 1H), 8.26 (s, 1H),
7.77 (d, J = 8.1 Hz, 1H), 7.75 (br s, 1H), 7.47 (t, J = 7.9 Hz, 2H),
7.27 (t, J = 7.3 Hz, 1H), 6.61 (br s, 1H), 3.71−3.90 (m, 2H), 1.98 (s,
3H), 1.38 (s, 9H).

Rac-5-(aminomethyl)-5-(4-methyl-1-phenyl-1H-pyrazol-3-yl)-
imidazolidine-2,4-dione hydrochloride. Rac-tert-butyl{[4-(4-methyl-
1-phenyl-1H-pyrazol-3-yl)-2,5-dioxoimidazolidin-4-yl]methyl}-
carbamate (730 mg, 1.89 mmol) was dissolved in 15 mL of
dichloromethane. Hydrochloric acid in 1,4-dioxane (2.37 mL, 4 N,
9.47 mmol) was added and the mixture was stirred at room
temperature overnight. The solvents were removed, and the residue
was dried in vacuo. 629 mg (100% purity, 103% yield) of the title
compound was obtained. LC−MS (Method 4): Rt = 0.49 min; MS
(ESIpos): m/z = 285 [M − Cl]+. 1H NMR (600 MHz, DMSO-d6) δ
[ppm] = 11.39 (s, 1H), 8.69 (s, 1H), 8.47 (br s, 3H), 8.38 (s, 1H),
7.84 (d, J = 8.3 Hz, 2H), 7.50 (t, J = 7.8 Hz, 2H), 7.32 (t, J = 7.3 Hz,
1H), 3.64 (br s, 2H), 2.01 (s, 3H).

Ent-5,6-difluoro-N-{[4-(4-methyl-1-phenyl-1H-pyrazol-3-yl)-2,5-
dioxoimidazolidin-4-yl]methyl}-4′-(trifluoromethyl)[biphenyl]-2-
carboxamide (49). 5,6-Difluoro-4′-(trifluoromethyl)[biphenyl]-2-
carboxylic acid (46) (94 mg, 0.31 mmol) was dissolved in 2 mL of
DMF. DIPEA (0.27 mL, 1.55 mmol), EDC*HCl (77 mg, 0.40
mmol), and 1-hydroxybenzotriazole hydrate (62 mg, 0.40 mmol)
were added and the mixture was stirred at room temperature. After 5
min, rac-5-(aminomethyl)-5-(4-methyl-1-phenyl-1H-pyrazol-3-yl)-
imidazolidine-2,4-dione hydrochloride (100 mg) was added and the
mixture was stirred at room temperature overnight. The reaction
mixture was purified by preparative HPLC. Product containing
samples were united and the solvents were evaporated. 91 mg (100%
purity) of the racemate was obtained. Enantiomeric separation of the
racemate was done using the following preparative chiral HPLC
method: Machine: SFC; Column: Maisch Diacel OJ-H 5 μm, 25 ×
250 mm2; Eluent: 90% CO2 and 10% methanol; Flow: 80 mL/min;
UV-detection: 210 nm. Product containing samples were united, the
solvents were evaporated with a rotary evaporator and the residue was
lyophilized. 40 mg (100% purity, 22% yield) of the title compound
was obtained. Chiral HPLC (Column: Diacel Chiralcel OJ-3; 3 μm;
100 × 4.6 mm2; solvent: 90% CO2 and 10% methanol; flow: 3 mL/
min; UV-detection: 210 nm): Rt = 1.812 min, 100% ee. LC−MS
(Method 6): Rt = 1.06 min; MS (ESIpos): m/z = 570 [M + H]+. 1H
NMR (600 MHz, DMSO-d6) δ [ppm] = 11.00 (br s, 1H), 8.65 (t, J =
5.87 Hz, 1H), 8.30 (s, 1H), 8.23 (s, 1H), 7.82 (d, J = 8.07 Hz, 2H),
7.76 (d, J = 8.25 Hz, 2H), 7.62−7.58 (m, 3H), 7.48 (t, J = 7.7 Hz,
2H), 7.31−7.27 (m, 2H), 4.08−3.98 (m, 2H), 1.99 (s, 3H).

Preparation of 50 and Respective Starting Materials. Ethyl 5-(1-
methyl-3-phenyl-1H-pyrazol-5-yl)-1,3-oxazole-4-carboxylate. 1-
Methyl-3-phenyl-1H-pyrazole-5-carboxylic acid (5.0 g, 24.73 mmol)
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was dissolved in 30 mL of THF. CDI (4.81 g, 29.67 mmol) was
added, and the mixture was stirred at room temperature for 2 h. The
reaction mixture was then cooled to 0 °C. At this temperature, first a
solution of ethyl isocyanoacetate (2.97 mL, 27.20 mmol) in 10 mL of
THF, then a LiHMDS solution (24.73 mL, 1 M in THF, 24.73 mmol)
was added dropwise. The reaction mixture was slowly allowed to
warm to room temperature and stirred for 3 h. The solvent was
evaporated. The residue was extracted between water and ethyl
acetate. The combined organic layers were washed with brine, dried
over sodium sulfate, filtered, and concentrated. The residue was
purified by column chromatography. Product containing samples were
united and the solvents were evaporated. 4.53 g (95% purity, 59%
yield) of the title compound was obtained. LC−MS (Method 2): Rt =
1.78 min; MS (ESIpos): m/z = 298 [M + H]+. 1H NMR (600 MHz,
DMSO-d6) δ [ppm] = 8.71 (d, J = 0.5 Hz, 1H), 7.83 (d, J = 8.1 Hz,
2H), 7.44 (t, J = 7.6 Hz, 2H), 7.32−7.36 (m, 1H), 7.30 (s, 1H), 4.29
(q, J = 7.2 Hz, 2H), 3.93 (s, 3H), 1.24 (t, J = 7.1 Hz, 3H).

2-Amino-1-(1-methyl-3-phenyl-1H-pyrazol-5-yl)ethanone hy-
drochloride. Ethyl 5-(1-methyl-3-phenyl-1H-pyrazol-5-yl)-1,3-oxa-
zole-4-carboxylate (4.53 g, 95% purity, 14.48 mmol) was stirred at
100 °C in 30 mL of hydrochloric acid (6 N in water). After 2 h, the
solvent was evaporated. The residue was treated with dichloro-
methane and evaporated again. The residue was dried in vacuo. 4.2 g
(60% purity, 69% yield) of the title compound was obtained. LC−MS
(Method 4): Rt = 1.24 min; MS (ESIpos): m/z = 215 [M − Cl]+.

tert-Butyl [2-(1-methyl-3-phenyl-1H-pyrazol-5-yl)-2-oxoethyl]-
carbamate. 2-Amino-1-(1-methyl-3-phenyl-1H-pyrazol-5-yl)-
ethanone hydrochloride (3.9 g, 60% purity, 9.29 mmol) was dissolved
in 18 mL of DMF. Ditert-butyl dicarbonate (5.07 g, 23.24 mmol) and
DMAP (946 mg, 7.75 mmol) were added, and the mixture was stirred
at room temperature overnight. Further ditert-butyl dicarbonate (5.07
g, 23.24 mmol) and DMAP (946 mg, 7.75 mmol) were added, and
the mixture was stirred at room temperature overnight. The reaction
mixture was purified by preparative HPLC. Product containing
samples were united, the solvents were evaporated with a rotary
evaporator and the residue was lyophilized. 255 mg (93% purity, 8%
yield) of the title compound was obtained. LC−MS (Method 2): Rt =
2.01 min; MS (ESIpos): m/z = 316 [M + H]+. 1H NMR (600 MHz,
DMSO-d6) δ [ppm] = 7.81−7.89 (m, 2H), 7.71 (s, 1H), 7.44 (t, J =
7.7 Hz, 2H), 7.30−7.39 (m, 1H), 7.15 (br t, J = 5.8 Hz, 1H), 4.34 (d,
J = 5.9 Hz, 2H), 4.11 (s, 3H), 1.41 (s, 9H).

Rac-tert-butyl{[4-(1-methyl-3-phenyl-1H-pyrazol-5-yl)-2,5-diox-
oimidazolidin-4-yl]methyl}carbamate. In a microwave vial, tert-
butyl [2-(1-methyl-3-phenyl-1H-pyrazol-5-yl)-2-oxoethyl]carbamate
(255 mg, 93% purity, 0.75 mmol) was dissolved in 3 mL of
methanol. Potassium cyanide (316 mg, 4.85 mmol) and ammonium
carbonate (466 mg, 4.85 mmol) were added. The vial was sealed, and
the mixture was stirred at 80 °C overnight. The salts were filtered off
and rinsed with methanol. The filtrate was concentrated. The crude
product was purified by preparative HPLC. Product containing
samples were united, the solvents were evaporated with a rotary
evaporator and the residue was lyophilized. 112 mg (100% purity,
39% yield) of the title compound was obtained. LC−MS (Method 2):
Rt = 1.51 min; MS (ESIpos): m/z = 386 [M + H]+. 1H NMR (600
MHz, DMSO-d6) δ [ppm] = 11.07−11.18 (m, 1H), 8.21 (br s, 1H),
7.76 (br d, J = 7.5 Hz, 2H), 7.40 (t, J = 7.6 Hz, 2H), 7.25−7.32 (m,
1H), 7.09 (br s, 1H), 6.94 (s, 1H), 3.81 (s, 3H), 3.69−3.78 (m, 2H),
1.38 (s, 9H).

Rac-5-(aminomethyl)-5-(1-methyl-3-phenyl-1H-pyrazol-5-yl)-
imidazolidine-2,4-dione hydrochloride. Rac-tert-butyl{[4-(1-methyl-
3-phenyl-1H-pyrazol-5-yl)-2,5-dioxoimidazolidin-4-yl]methyl}-
carbamate (112 mg, 0.29 mmol) was dissolved in 2.5 mL of
dichloromethane. Hydrochloric acid in 1,4-dioxane (0.36 mL, 4 N,
1.45 mmol) was added and the mixture was stirred at room
temperature overnight. The solvents were removed, and the residue
was dried in vacuo. 110 mg (100% purity) of the title compound was
obtained. LC−MS (Method 2): Rt = 0.73 min; MS (ESIpos): m/z =
285 [M − Cl]+. 1H NMR (600 MHz, DMSO-d6) δ [ppm] = 11.56 (s,
1H), 8.80 (s, 1H), 8.51 (br s, 3H), 7.78 (d, J = 7.5 Hz, 2H), 7.41 (t, J

= 7.6 Hz, 2H), 7.28−7.34 (m, 1H), 7.03 (s, 1H), 3.88 (s, 2H), 3.57
(s, 3H).

Ent-5,6-difluoro-N-{[4-(1-methyl-3-phenyl-1H-pyrazol-5-yl)-2,5-
dioxoimidazolidin-4-yl]methyl}-4′-(trifluoromethyl)[biphenyl]-2-
carboxamide (50). 5,6-Difluoro-4′-(trifluoromethyl)[biphenyl]-2-
carboxylic acid (46) (62 mg, 0.21 mmol) was dissolved in 1.5 mL
of DMF. DIPEA (0.15 mL, 0.86 mmol), EDC*HCl (43 mg, 0.22
mmol), and 1-hydroxybenzotriazole hydrate (34 mg, 0.22 mmol)
were added and the mixture was stirred at room temperature. After 5
min, rac-5-(aminomethyl)-5-(1-methyl-3-phenyl-1H-pyrazol-5-yl)-
imidazolidine-2,4-dione hydrochloride (55 mg) was added and the
mixture was stirred at room temperature overnight. The reaction
mixture was purified by preparative HPLC. Product containing
samples were united and the solvents were evaporated. 37 mg (100%
purity) of the racemate was obtained. Enantiomeric separation of the
racemate was done using the following preparative chiral HPLC
method: Machine: SFC; Column: Lux C2 (21.2 mm × 250 mm2, 5
μm); Eluent: 50% CO2 and 50% methanol (0.2% NH3); Flow: 50
mL/min; Backpressure: 100 bar; Column temperature: 40 °C; UV-
detection: 210 nm. Product containing samples were united, the
solvents were evaporated with a rotary evaporator and the residue was
lyophilized. 11 mg (100% purity, 11% yield) of the title compound
was obtained. Chiral HPLC (Lux C4 4.6 mm × 250 mm2, 5 μm;
solvent: 75% CO2 and 25% methanol (0.2% NH3); flow: 4 mL/min;
UV-detection: 210−400 nm): Rt = 2.328 min, 99.3% ee. LC−MS
(Method 2): Rt = 1.92 min; MS (ESIpos): m/z = 570 [M + H]+. 1H
NMR (400 MHz, DMSO-d6) δ [ppm] = 11.27 (br s, 1H), 8.95−8.83
(m, 1H), 8.50−8.25 (m, 1H), 7.79 (dd, J = 17.61 Hz, 4H), 7.67−7.59
(m, 1H), 7.55 (d, J = 8.19 Hz, 2H), 7.41−7.37 (m, 2H), 7.34−7.28
(m, 2H), 7.00 (s, 1H), 3.98−3.87 (m, 2H), 3.80 (s, 3H).
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■ ABBREVIATIONS
Å, angstrom; abs, absolute stereochemistry; ACN, acetonitrile;
ADAM8, a disintegrin and metalloproteinase domain-contain-
ing protein 8; ADAM10, a disintegrin and metalloproteinase
domain-containing protein 10; ADAM17, tumor necrosis
factor-α-converting enzyme; ADAMTS4, a disintegrin and
metalloproteinase with thrombospondin type 1 repeats 4;
ADAMTS5, a disintegrin and metalloproteinase with throm-
bospondin type 1 repeats 5; ADAMTS7, a disintegrin and
metalloproteinase with thrombospondin type 1 repeats 7;
ADAMTS12, a disintegrin and metalloproteinase with
thrombospondin type 1 repeats 12; AG, Aktiengesellschaft;
aq., aqueous; Asp, aspartate; AUC, area under the curve; BAH,
butylated hydroxyanisole; BEI, binding efficiency index; BOC,
tert-butoxycarbonyl protecting group; (BOC)2O, di(tert-
butyl)carbonate; br, broad (in NMR); CAD, coronary artery
disease; CDI, carbonyl diimidazole; Cl, clearance; c log D,
calculated descriptor for lipophilicity; CV, cardiovascular; Cy,
cyclohexane; CYP, cytochrome P enzyme; d, doublet (in
NMR); d, days (in reactions); DCM, dichloromethane; dd,
doublet of doublets (in NMR); DIPEA, N,N-diisopropyl-
ethylamine; DMPK, drug metabolism pharmacokinetic;
DMSO, dimethyl sulfoxide; EC, endothelial cell; ee, enantio-
meric excess; EE, ethyl acetate; ESI, electrospray ionization;
EtOH, ethanol; eut, eutomer; F, bioavailability; FaSSIF, fasted
state simulated intestinal fluid; FeSSIF, fed state simulated
intestinal fluid; FIIa, thrombin; fu, fraction unbound; FXa,
factor Xa; g, gram (in units or reactions); g, gram; G, free
energy; Glu, glutamate; Gly, glycine; h, hour (in unites or
reactions); GSH, glutathione; HBA, number of H-bond
acceptors; HBD, number of H-bond donors; hCav1.2, human
L-type Ca channel; hERG, human Ether-a-go-go channel; His,
histidine; hNav1.5, human voltage-gated sodium channel
subunit; HPLC, high-performance liquid chromatography;
HRMS, high resolution mass spectrometry; IC50, concen-
tration leading to 50% inhibition; Ile, isoleucine; iv, intra-
venous; kg, kilogram; L, liter; LC, liquid chromatography; Leu,
leucine; LiHMDS, lithium bis(trimethylsilyl)amide; LLC,
limited liability company; LLE, lipophilic ligand efficiency;
log D, measured descriptor for lipophilicity; m, multiplet (in
NMR); m, mouse; M, mass; M, molar (concentration);
MeOH, methanol; Met, methionine; mg, milligram (in unites);
MHz, megahertz; min, minute(s); mL, milliliters (in units);
mm, millimeter; μM, micromolar; MMP2, matrix metal-
loproteinase-2; MMP12, Matrix metalloproteinase-12;
MMP14, Matrix metalloproteinase-14; MMP15, Matrix metal-
loproteinase-15; MS, mass spectrometry; MW, molecular
weight; m/z, mass-to-charge ratio; N, normal; NCA, non-
compartmental analysis; n.d., not determined; nm, nanometer;
nM, nanomolar; NMR, nuclear magnetic resonance spectrom-
etry; NOAEL, no observed adverse effect level; NROTB,
number of rotatable bonds; PCSK9, proprotein convertase
subtilisin/kexin type 9; PDB, Protein Data Bank; PEG,
polyethylene glycol; Phe, phenylalanine; PK, pharmacokinetic;
po, per os; ppm, parts per million (in NMR); Pro, proline; q,
quartet (in NMR); quant., quantitative conversion; r, rat; Rt,
retention time; r.t., room temperature; s, singlet (in NMR);
SAR, structure activity relationship; SNP, single nucleotide
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polymorphism; t, triplett (in NMR); t1/2, terminal half-life;
T3P, propanephosphonic acid anhydride; TEA, triethylamine;
THF, tetrahydrofuran; Thr, threonine; Tmax, median time to
reach maximum concentration; TMS, tetramethylsilane; ToF,
time-of-flight; TPA, tissue plasminogen activator; tPSA,
topological polar surface area; Tyr, tyrosine; UV, ultraviolet;
v, volume fraction; vs, versus; VSMC, vascular smooth muscle
cell; VSS, volume of distribution; XPhos, dicyclohexyl[2′,4′,6′-
tris(propan-2-yl)[1,1′-biphenyl]-2-yl]phosphane.
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