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ABSTRACT Purine nucleotides such as ATP and ADP are impbeatracellular signaling
molecules in almost all tissues activating varisubtypes of purinoreceptors. In the brain, the
P2Y; receptor (P2YR) subtype mediates trophic functions like différ@ion and proliferation,
and modulates fast synaptic transmission, bothesigd to be affected in diseases of the central
nervous system. Research on FRYis limited because suitable brain-penetrating fR2Y
selective tracers are not yet available. Here, egexbe the first efforts to develop Hf-labeled
PET tracer based on the structure of the highlinafand selective, non-nucleotidic P&RY
allosteric modulator 1-(2-[2&rt-butyl)phenoxy]pyridin-3-yl)-3-[4-
(trifluoromethoxy)phenyljurea7j. A small series of fluorinated compounds was tped by
systematic modification of the(trifluoromethoxy)phenyl, the urea and the 2-pytisubunits of
the lead compound. Additionally, thep-(trifluoromethoxy)phenyl subunit was substituteg b
carborane, a boron-rich cluster with potential egafiility in boron neutron capture therapy
(BNCT). By functional assays, the new fluorinatederidative 1-{2-[2-tert-
butyl)phenoxy]pyridin-3-yl}-3-[4-(2-fluoroethyl)pheyllurea (8) was identified with a high
P2YiR antagonistic potency (§¢= 10 nM). Compound*{F]18 was radiosynthesized by using
tetran-butyl ammonium PF]fluoride with high radiochemical purity, radiochial yield and
molar activities. Investigation of brain homogesatausing hydrophilic interaction
chromatography (HILIC) revealed®Ffluoride as major radiometabolite. Althoug’H]18
showed fastn vivo metabolization, the high potency and unique atlostbinding mode makes
this class of compounds interesting for furthermapations and investigation of the theranostic

potential as PET tracer and BNCT agent.
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Keywords Purine P2Y receptors, positron emission tomography, brain PEAcers,
radiometabolites, micellar chromatography, hydrbplmteraction chromatography
Highlights
- A series of fluorinated, non-nucleotidic P&/ ligands was developed
- Derivative 18 was identified with an 18-fold higher antagonistictency than the lead
compound?

- [*®F]18 was obtained in high radiochemical purity, yiefdianolar activities

INTRODUCTION

Purinoreceptors are a family of plasma membran¢éep® found in almost all mammalian
tissues including the braiff The P1 receptors (R) are activated by extracelhdenosine. The
P2R are further classified into the P2XBnd P2YR families. P2XR are ligand-gated ion
channels, preferentially activated by extracelladenosine triphosphate (ATP).P2YR are G
protein-coupled receptors (GPCRjctivated by ATP, adenosine diphosphate (ADP)Jimei
triphosphate (UTP) and/or uridine diphosphate (UB®)nain endogenous ligandependent
on the cellular activity of neurons or glial calisthe brain, ATP is released into the extracetlula
space where the nucleotide or its breakdown preduderact with the corresponding cell
surface purinoreceptors, thereby modulating fabttaesell signaling such as neurotransmitter
release, or long-term trophic processes like abtsig*™*
So far, eight metabotropic P2YR subtypes have heentified, namely P2Y, P2Y,, P2Y,,

P2Ys, P2Y11, P2Y1s P2Yis and P2Y,> ' *%7|n particular, the P2)R subtype, which has
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higher affinity to ADP than to ATP is involved inatious physiological brain functions and
processes related to mental and neurological tiashoes? '

Alterations in P2YR activity or expression are suggested to be gatieopathophysiology of
neurodegeneration, like Alzheimer's dise&%é® of neuroprotection and neuroregeneration in
epilepsy? ?? brain traum& and strok& 2°> and of cellular proliferation of brain tumafs.
Furthermore, behavioral and cognitive dysfunctionpsychiatric diseases is attributed to the
involvement of P2YR in synaptic transmission and plasticéity?’

The present knowledge on PYin the normal and diseased brain is limited amghtjtative data
on its protein density in brain are rare, mainlcdese of lack of highly receptor-selective
compounds that readily pass the blood-brain baemet allowin vivo imaging of this receptor
subtype in the braiff: *°

In chicken and rat brain membranes, a,80r the nucleotidic ligand®*{S]JdATFuS of 37 and
39 pmol/mg membrane protein, respectively, was ntepo Levels of $S]JdATPeS binding in
individual structures (0.047-0.309 pmol/mg wet uegsin chick brain are suggested to be
comparable to those found for other G protein-lthkeceptors such as the muscarinic, dopamine
and a2-adrenergic receptors and corresponded to thepertive local transcripté: * The
distribution of f°S]JdATPuS specific binding sites was widespread througttbet rat brain,
prominent in several regions including piriform o1, ectostriatum, cerebellum and some nuclei
in the telencephalon and mesencephdlorAreas of high binding capacity in this
autoradiographic brain study match to more recatd @¢f mouse and human brain transcripts,
which are available from the Allen Brain Atl3sIn addition, data from human bré&fnand
studies on rat* *tonfirm a high distribution of P2)R at the protein level suggesting that this

protein target is expressed at high enough logateatrations in health or disease for imaging.

The present study aims to explore strategies ®id#velopment of compounds of theranostic
potential combining properties of &fF-labeled PET tracer and of a boron-based neuapture
therapeutic (BNTC) agent based on the structurghef highly affine and selective, non-
nucleotidic P2YR allosteric modulator 1-(2-(2€rt-butyl)phenoxy)pyridin-3-yl)-3-(4-
(trifluoromethoxy)phenyl)urea (BPT, Figure 1)*°

Given the nucleotidic nature of the endogenous;R2gand ADP {, Figure 1), numerous
synthetic ligands with a similar structural skefetand even sub-nanomolar affinity and high

selectivity for the P2YR were developed to date.>" *®Although1 itself is a rather weak and
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non-selective agonist at the PR chemical modifications of this molecule led tndidates
applicable to prove P2R as potential therapeutic target (e.g. compouhds and 4, Figure
1A).3 3 Since nucleotidic ligands are thought to passhibed brain-barrier only to a minor
degree because of their negative charge at phgstalopH and low capacity of the available
transporters, they cannot be considered for dewsdop of PET tracers for brain imagifi*?

Only a few non-nucleotidic P2R ligands with sub-micromolar affinity have beepaged so
far.***° The predominant scaffold, diarylurea, plays a ieumle for binding to the P2)R
(Figure 1). As an example, compouBdK; = 10 nM) was reported by Pfizer laboratorigs.
Similarly, GlaxoSmithKline laboratories identifiedmpounds*® with lower micromolar affinity
(Ki = 0.6 uM)** and Bristol-Myers Squibb (BMS) laboratories idéat compound? (K; = 6
nM, Figure 1)*> * Beside high affinity towards the P2, compound’ and related derivatives
were highly selective, with no affinity towards PR, P2¥%sR, P2Y;;R, P2Y;;,R and P2Y4R
(K; > 1000nM).
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Figure 1. Selected P2)R ligands. A) ADP (1) and the P2¥YR nucleotidic ligand2-4; (B) non-
nucleotidic ligand%-7; (C) and D) the structures of the P2R-3 and P2YR—7 complexes with
their orthosteric and allosteric ligand, respedyivthe P2YR is shown in cartoon representation
and ligand$3 and7 are shown in sphere representation. For furtheildesee ref!®. The picture
is used by courtesy of Springer Nature License Namdi344250476031.
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The functional antagonism and signaling patternsthef novel allosteric modulatof in
combination with orthosteric antagonists was sutjéwvarious studie$’ *® *® 4 *°*Recently, the
binding mode of compound to the P2YR was elucidated by X-ray crystal structure analysi
revealing a unique, allosteric binding pocket, tedaentirely on the outer surface of the GPCR
(Figure 1D). It illustrates that the affinity det@nation using binding assays with orthosteric
radioligands is biased by the indirect rather tlaact competition of allosteric modulators (e.g.
7-9, Figure 2). Furthermore, the reported data hiditlthe potential of targeting the P& via
the allosteric binding pocket, e.g., by the nonkeotidic compound or its analogues.

The low nanomolar P2 affinity, the high selectivity and the non-nudida nature of these
diaryl-urea ligand® qualify this scaffold as a good starting point filee development of afiF-
labeled tracer for brain PET imaging. Analogouslycompounds8 and 9 (Figure 2)* the
introduction of a fluoroethyl or a fluoroethoxy g should be tolerated at the 4-position in
phenyl ring D, enabling a faciley3 radiofluorination at an aliphatic position.

A major challenge in the developmental processEr Racers for brain imaging, beside the
brain permeability of the target radioactive compabuis the requirement of absence of brain
penetrant radiometabolites. Wang et'atlentified the oxidative hydroxylation of thert-butyl
group as one of the major metabolic degradatiomvpaygs for this type of compounds. To
overcome the risk for such metabolites, téw-butyl subunit might be replaced by the metabolic
more stable group like cyclopropy-&MHowever, primarily, the fluorinated derivativelsosild
be synthesized withert-butyl and isopropyl as substituents. Although wlesscribed as a
metabolic labile partial structure for this typeaaimpounds we proposed the replacement of the
urea (subunit C, Figure 2) by a metabolically mstable heterocycle like thiazole Moreover,
the substitution of the fluorine at the 2-positmfithe pyridine ring B facilitates the introduction
of the *®F-label on an aromatic position which is describethe beneficial regarding metabolic
stability>®

Beside the potential of such a PET tracer as dstgntool, it is worthwhile to explore the
therapeutic potential of this scaffold in boron men capture therapy (BNCT). Therefore, we
coupled a carborane, an icosahedral boron clusé&trcan serve as three-dimensional analog of
aromatic hydrocarbons and that has been proposettwson capture moiety for BNCT, in
compound?. Recently, we reported the possibility to replgdeenyl rings with a carborane

moiety in established cyclooxygenase (COX) inhitsitto generate highly potent and selective
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inhibitors>*°® Likewise, our current approach is to replace fh@rifluoromethoxy)phenyl
subunitof compound? (ring D) by anortho-carborane (partial structure IV, Figure 2). The
successful implementation of a carborane at sulbnitithout affecting the binding affinity
towards the P2)R will set the stage for introduction of fluorinethe 2-position of the pyridine
(ring B, Figure 2). As a result, a bifunctional RR¥ligand is designed with the theranostic
potential of being used as bdflf-PET tracer and BNCT agent.

R OCF3 | HF I n v
(=) ™ Oy B
Q o} NG C=CH
NH >_NH n ‘}{l «=BH
4 = Nt

- —>
necessary for
P2Y, affinity

7, R = OCF; (P2Y,K: = 6 nM) [ |ip<:psi|:9ityz _ s < _z_é ]
8, R = CH3 (P2Y4K; = 7 nM) - metabolic stability? F,

9, R = IBu (P2Y,K; = 8 nM)

substitution with
thiazole is tolerated

Figure 2. The structure of compounds8 and9 and proposed fluoro derivatizatich>?

The investigation of the binding affinity of ourwly designed ligands is currently hindered by
the lack of a binding assay for allosteric RRYmodulators, making the in-vitro characterization
of these ligands challenging. Here, we used a cawially available functional assay to assess
the antagonistic potency of PZR ligands as selection criteria for potential us@ET.

The successful development of a PET/BNCT tracel enbble the study of the role and
distribution of the P2¥R in the brain, as well as the involvement of tl2& R in various cancer

types and brain diseases (e.g. neurodegeneration).

RESULTS AND DISCUSSION

Chemistry

The synthesis of the lead compouh(Figure 2 and Scheme 1) was performed as desdoyped
BMS with small modificationg® The coupling of the Zert-butylphenol {0a) with the pyridine
derivativell in the presence of g80; was followed by reduction of the nitro group (WRkl/C,
H,) to the corresponding amiriRa and subsequent treatment with diphosgene in preseh
EtN to give the isocyanate key intermedidf&a in 55% yield over three steps. For several

examples, isopropyl was used instead td@rabutyl group (Scheme 1,;Rin order to investigate
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the influence of this position on the binding patgr metabolic stability. The herein obtained
isocyanate was coupled without further purificatievith various amines to give the
corresponding urea derivatives in high yields (>78%e Experimental Section). The fluoroethyl
compoundd8 and19 were obtained from the alcohdl4 and15, respectively, by tosylation and
subsequent fluorination with TBAF. The mono- aneltroroethoxylated derivativeg2 and23
were obtained starting from the methoxylated intmtrate 20 upon deprotection to phenol
derivative 21 and subsequent fluoroalkylation under basic reactionditions (Scheme 1).
Furthermore, compound®l and25 bearing the fluorine in the 2-position of the pyleing were
synthesized.

With large amounts of compouri@a in our hands, we also prepared the 2-aminothiazode
as previously describéd.Accordingly, compound?2a was treated with benzoyl isothiocyanate,
hydrolyzed in the presence of LIOH and cyclizedm8tbromo-1,1,1-trifluoropropan-2-one in
the presence of a base at elevated temperatureg@gmpound®6. Bromination at the thiazole
5-position of compoun@7 gave the suitable precursor for the subsequeniksepupling. We
also introduced the fluorine atom at the 2-positimha pyridine ring due to the facile
radiofluorination at this position. We chose theflubropyridin-5-boronic acid and 2-

%8 and thus,

fluoropyridin-3-boronic acid as coupling partnerr fthe Suzuki reactioh
compounds28 and 29 were obtained in high yields (>70% vyield, see Eipental Section)

(Scheme 1). Additionally, the 4-fluorophenyl detiva 30 was synthesized.



1 Scheme 1. Synthesis of the fluorinated diaryl-urea derivatives 7, 14-25 and 2-
2  aminothiazoles 28-30°
R2
oH 7 N—NH, 7 V—nco 2 NEH
:/< QNC @0 N ©  N= @ ¢
R? + N= 2 o] 0o N=—
: O~ O~ <
T
10a, R'=Bu 11 12a, R'=Bu 7,14-25
10b, R'="Pr 12b, R'="Pr . )
7, R'=18u; RZ= 3 OCF
14, R'='Bu; R?= OH
F3SYR3 3j:w/Br F3C\ 15, R'="Pr; R®= A j(e)
NS NS N\
>\/s >Ls s 16, R'=1Bu; R2= OTs
7 N_NH (k) 7 N NH 7 N—NH 17, R'=/Pr; R?=
N= - N= N= ®
o] 0 18, R'=1Bu; R?= F
<§ < < /> < < /> < 19, R"=/Pr, R?= A
20, R'='Bu; R?= O'V'e
2830 21, R'=Bu; R?= ¢
22 R'='By; R2= 0\/\ \:1
28, R® = 2-F-5-pyridyl 23 R'='Bu: R2_
2, Rz=2'F'3'pV”dy' 24, R'=Bu; R?=2- F4OCF3 phenyl
3 30, R"= 4-F-phenyl 25, R'=/Pr; R2 = 2-F-4-OCFg-phenyl
4 ®Reagents and conditions: (a),C&s, DMF, 70 °C, 14 h; (b) Pd/C, #(c) diphosgene, B,
5 DCM, 0 °C to rt, 2 h; (d) corresponding substitutdline, toluene, 80 °C, 1 h; (e) TsCl,
6 pyridine, DCM, rt, 16 h; (f) TBAF, THF, rt, 16 hg) RX, K;COs;, CHsCN, 80 °C, 16 h; (h) i.
7 benzoyl isothiocyanate, DCM, 40 °C, 2 h; ii. 2M HMeOH, 50 °C, 2 h; (i) 3-bromo-1,1,1-
8 trifluoropropan-2-one, 2,6-lutidine, EtOH, 80 °C4 B; (j) NBS, AcOH/THF, 0 °C, 2 h; (k)
9  Suzuki coupling using [Pd(PBh], NaoCO;3, toluene/EtOH, 95 °C, 16 h; (m) BBIDCM; TsCl =
10 p-toluenesulfonyl chloride; [Pd(PB4 = tetrakis(triphenylphosphine)palladium(0); TBAF
11 tetran-butylammonium fluoride; NBS #-bromosuccinimide.
12 Apart from this series of fluorinated derivativeshown in Scheme 1, thep-
13 (trifluoromethoxy)phenyl subunit of compoundwas replaced with a carborane cluster using
14 amino-carboran81l as coupling partner for the isocyanBa. Carboran&1 was obtained based
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on a literature protocol from the commercially daflie ortho-carborané® The formation of the
urea function in compoun8 was much slower (24 h) compared to the other dezevatives
shown here, probably due to the low nucleophilicifythe amino group of the carborane
derivative31.

Scheme 2. Synthesis of the carborane derivative 32°

&b

0] /C’~CH

NH

O
@  N=
132 + @ — 0 "B
C=CH
HoN
31 32

®Reagents and conditions: a) toluene, 80 °C, 24 h.

In addition, the incorporation of a fluorine at@mnthe 2-position of the pyridine (ring B,
Figure 2) of7 was performed. Compour28 was reacted with rt-butylphenol 10a) in the
presence of a base to give the two regioisordend35. After separation of these regioisomers
by flash chromatography and characterization byNNMIR spectroscopy, the formation of the
urea group was performed as described above (Sclewrmed Scheme 2) to afford the 2-
fluoropyridine derivative36 over three steps. Several further residues (Rewesed to form
analogues 086 including 4'Bu-phenyl 87) and the more hydrophilic 4-hydroxyethanol phenyl
38. Moreover, the non-aromatic adamantyl, cyclohend cyclopentyl rings were implemented
in order to assess the scope and limitation of swilsunit regarding the biological activity
(Scheme 2, compoun@®9-41). The same synthesis sequence (Scheme 2 (b)-é&3d)rarried out
starting from35 to give42, a regioisomer 086. Additionally, the hydrophobic derivativi3 was
synthesized. The molecular structure 3& was unambiguously confirmed by single-crystal
diffraction analysis to prove the molecular confafion shown in Figure 3 (for crystallographic

data and structure refinement parameters see Sueptary Information).

10
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Scheme 3. Synthesis of the 2-fluor opyridine compounds 36-43%
ON  F

7 N\
F NO, 7\
/7 \ @) Q 0
10a + F‘@*N% N .

34 35

33

(b)-(d) Q

(0] R

7 N\ >\’_N,H R—< >—N>H_NH /

FQNH 7\
-

36-41 42-43
36, R = 4-OCF3-phenyl 42, R = 4-OCF3-phenyl
37, R = 4-Bu-phenyl 43, R = 4-hydroxyethanol phenyl

38, R = 4-hydroxyethanol phenyl
39, R = adamantyl
40, R = cyclohexyl
41, R = cyclopentyl

®Reagents and conditior(g) CsCOs;, DMF, 70 °C, 14 h34, 43% and35, 35%); (b) Pd/C, K
(c) diphosgene, BN, DCM, 0 °C to rt, 2 h; (d) corresponding subgétlaniline, toluene, 80 °C,
1h.

A new series of derivatives was developed by cdmgethe two regioisomeric amindd and
50 into the corresponding 2-aminothiazols (Scheme 4) an®&l1 (Scheme 5), respectively.
NBS-promoted bromination at the 5-position of theazole ring gave the precursors for the
subsequent Suzuki coupling reactions to obtain camg@s 46 and 52, which were further
coupled with selected boronic acids to give compeuty-49 and53-54 in moderate to high

yields (see Experimental Section).

11
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Figure 3. ORTEP representation of compourd®. Atomic labeling is shown with 30%
probability displacement ellipsoids (CCDC numbe493865).

Scheme 4. Synthesis of the 2-fluor opyridyl-5-(2-aminothiazoles) 47-49%

CF3 )w/CF CF
@, () FQNH © NG @ N
e Vo — & ¥ TN
< S < 5 o) O
a4 45 46 47-49

47, R = phenyl

48, R = 4-pyridyl

49, R = 3-pyridyl
®Reagents and condition®) i. benzoyl isothiocyanate, DCM, 40 °C, 2ih;2M LiOH/MeOH,
50 °C, 2 h; (b) 3-bromo-1,1,1-trifluoropropan-2-p2¢6-lutidine, EtOH, 80 °C, 24 h; (c) NBS,
ACOH/THF, 0 °C, 2 h; (d) Suzuki coupling using [P&(3)4], N&oCOs;, toluene/EtOH, 95 °C, 16
h.

Scheme 5. Synthesis of the 2-fluor opyridyl-3-(2-aminothiazoles) 53 and 54%

12
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F3C F3C N F3C N
HzN/ \ \[\>—NH I\>—NH I\>—NH
S S S
el @o e N © " Tk N @ N TN
E o) o) o)
50 51 52 53-54

53, R = 4-OCF3-phenyl
54, R = phenyl

®Reagents and condition®) i. benzoyl isothiocyanate, DCM, 40 °C, 2ih;2M LiOH/MeOH,
50 °C, 2 h; (b) 3-bromo-1,1,1-trifluoropropan-2-p¢6-lutidine, EtOH, 80 °C, 24 h; (c) NBS,
ACOH/THF, 0 °C, 2 h; (d) Suzuki coupling using [P&(3)4], N&oCOs;, toluene/EtOH, 95 °C, 16
h.

In vitro biological evaluation

Using a commercially available cellular functioressay, the literature-known compound
together with the herein described new derivativesse studied for both agonistic and
antagonistic effects. The agonistic effect was @tigated using the known PZR agonist55
(MRS2365, {[(IR,2R,3S4R,55)-4-[6-amino-2-(methylthio)-BI-purin-9-yl]-2,3-
dihydroxybicyclo[3.1.0]hex-1-yllmethyl} diphosphari acid monoester trisodium salt) as
reference compound at a single concentration (20 fille antagonistic effect was investigated
using compoun@ as reference compound at two concentrations, 80L.8a nM, respectively?
As expected® these compounds are devoid of any agonistic effecshown in Table 1, at the
given concentrations, the lead compouhldas a low antagonistic effect. At a concentratbn
20 nM, only compound48 and38 had a slight antagonistic effect. However, at acemtration
of 100 nM compound8 strongly inhibited the agonist response, whereaspounds/, 24, and
40 were only weak antagonists. Within the 2-fluorogiyre series, only compourdd showed a
slight antagonism at 100 nM. None of the 2-amiraxtbie derivatives showed any potency. The
regioisomeric derivatived2, 43, 51, 53 and 54 were also ineffective. To reinforce the results
from Table 1, lead compound the fluoroethyl derivativel8, the fluoropyridine38 and the

carborane32 were subject of a detailed study on antagonistcéffity (Figure 4). Among them,

13
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compoundl8 (ICsp = 10 nM) possesses ~18-fold higher antagonisttenmy than the starting
compound? (ICso = 180 nM). The 2-fluoropyridine derivativ@8 is characterized by an 4§

value of 490 nM but the carboraB2 failed to have any antagonistic potency at the /Y

Table 1. Results from cellular functional assays investigating antagonistic and agonistic

effects of selected compounds

Agonism®  Antagonism”

R3

/2 -
-

o R! R? R3 R*

O—m (100
M

(20 nM) (20 nM)

OCF3
7 Bu H H T 12 10 22
H H
F
18  Bu H H p LT aa 26 73
H H
F
9  Pr H H (ST A 14 15
H H
(ONGFN
22 'Bu H H (AT s 5 NA
H H
0._CFs
23 Bu H H 1 ST 14 12 4
H H
F OCF,
24 'BuH H £ I NA 6 16
H H
_ F OCF;
25 PrH H £ I T NA 18 4
HoH
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Figure 4. P2Y;R antagonistic properties of compour48, 32 and38. (N.E. = no effect)

Radiochemistry

As derivative 18 demonstrated the strongest antagonistic respinses selected fot®F-
labeling. The new radioligand®F]18 was prepared by nucleophilic substitution of theytate
group of precursot6 (Scheme 1) using anhydrod8q]TBAF in tert-BuOH (Scheme 6). Under
conventional heating at 90 °C and 10 min reactiow t radiochemical yields (RCY) of 58.0
6.4% (n = 5) were achieved for the labeling procégscording to radio-TLC analysis, two
radioactive by-products were observed in the reaatiixture accounting for about 15% of total
radioactivity. Interestingly, when the classical'#{F-K,carbonate complex system and
acetonitrile (CHCN) at 90 °C were used, a considerably lower RC¥ aehieved (< 9%). The
precursorl6 remained stable under all conditions tested asgordy HPLC.
Scheme 6. *®F-Radiolabeling of compound 16

OTs 8
o) o
— NH — NH
> ['8F]TBAF / tert-BuOH >
\ NH S } \ NH
N 90 °C /10 min N
o 0
16 ['®F118

The isolation of 1¥F]18 was performed by semi-preparative RP-HPLC (Figh#d. The
collected product was purified using solid-phasiagtion on an RP cartridge and formulated in
sterile isotonic saline containing 10% of EtOH hmtter solubility. Analytical radio- and UV-
HPLC of the final product, spiked with the nonladzklreference compound, confirmed the
identity of [*®F]18 (Figure 5B). Finally, the formulated radiotracer svabtained with a
radiochemical purity of 99%, in a radiochemical yield (EOB) of 28.2 + 0.8§f0= 4, decay
corrected), and molar activities (EOS) in the ramjel53-283 GBg/umol using starting
activities of 2-3 GBq. The logD value of®f]18 was experimentally determined by the
shake-flask method to be 3.64 + 0.33 (see Expetah&ection).
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Figure 5. A: Semi-preparative radio- and UV-HPLC chromatograshd*®F]18 (conditions:
Reprosil-Pur C18-AQ, 250 x 10 mm, 62% §HN/20 mM aq NHOAc, 4.0 mL/min). B:

Analytical radio- and UV-HPLC chromatograms of fireal product of {°F]18 spiked with the
nonradioactive referenc#& (conditions: Reprosil-Pur C18-AQ, 250 x 4.6 mmadjent with
eluent mixture of CEHCN/20 mM aq NHOACc, 1.0 mL/min).

Metabolism studies of§F] 18 in vivo

Metabolismof [*°F]18 in vivo was investigated in plasma and brain samples redairom
CD-1 mice (mice lacking the cluster of differentist 1 molecules) in two independent
experiments at 30 min after injection of the raidi@hd. At this time point, the activity in plasma
and brain accounted for 1.7 and 1.7% ID/g respelgtivSample analysis was performed by
micellar chromatography (MLC) and RP-HPLC. MLC alka direct injection of samples into
the HPLC system without eliminating the tissue matwhereas samples for RP-HPLC analysis
need to be treated with a mixture of methanol/wateprecipitate the proteins, resulting in
recoveries of about 70% and 60% of activity forspi@a and brain samples, respectively.

Data obtained with both methods indicated a fastab@ic degradation of the radiotracer.
Radio-MLC and radio-RP-HPLC chromatograms of plasmnd brain samples showed only
negligible amounts of'fF]18 and the formation of a main radiometabolite repnéisg more
than 85% of total activity (Figure 6). Due to thghhamount of activity found in the brain at this
time point (1.7% 1D/g), it can be excluded that thetivity found there is related to
contaminations with residual blood. The very fakttien in both chromatography systems
indicates a high polarity of the radiometaboliteorigbver, the observed low recovery during the

extraction procedure indicates frééffluoride as the main radiometabolite that pali&inds

18



© 00O N O 0o WODN P

N NN B PR R R R R R R
N P O © 00 N O U A W N B O

23
24

25
26

to the precipitated proteins. To verify this asstiomp brain homogenate samples were
investigated for the first time with hydrophilicte@raction chromatography (HILIC). Due to the
use of a polar stationary phase and a mobile piwéea high content of organic solvent, the
retention of analytes is prolonged with their irsimg polarity’® Therefore, the elution order in
HILIC is more or less the opposite of the elutiordey in RP-HPLC as illustrated by
chromatogram (c) in Figure 6C. Accordingly’f]18 elutes at a very short retention time of
about 3 min followed by the much more pol&F]fluoride at about 14 min. The assumption of
defluorination is supported by comparing chromatayi(b) in Figure 6C obtained from a brain
sample spiked with'fF]fluoride and chromatogram (a) representing aesponding non-spiked
brain sample. A potential mechanism for radiodefhation of a fluoroethyl chain bound to an
aromatic ring was already proposed by Lee &é“#l.involving an a-carbon hydroxylation
followed by oxidation and slow-elimination with the formation of the halide. Asidride does
not pass the blood-brain barrier in a considerafitent, the PF]fluoride detected in the brain
may be due to local metabolism or to degradatioindusample preparation. The latter can be
excluded, because the stability of the radiotréiaer been proven under the conditions used for
MLC. Drug metabolism in the brain is a phenomertuat s currently under investigati6hin
particular, the central expression and functiors@feral cytochrome P450 containing enzymes
(CYP) enzymes support this hypothesis. Despite@{# levels in the brain with approximately
0.5-2% of those in the livér, it is conceivable that a CYP-mediated metabolisfiuénces
radiotracer stability because of its negligibleected mass. This is in agreement with Coenen et
al®® who determined a certain level &fffluoride in mouse brain samples. Thereupon Welch

al®” postulated a metabolic process within the braia psssible explanation.
A B C

1W=1x10"cps 1V=1x10"cps 1V;1;10'|:ps _ [FIF
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Figure 6. Representative radio chromatograms of a mousenaland brain sample dff]18 at
30 min p.i.. A: Micellar chromatography (conditions: Reprosil-Roit8-AQ, 250 x 4.6 mm,
gradient: 3-30-3% PrOH/100 mM SRS10 mM NaHPQOy,q flow: 0.75 mL/min).B: Reversed
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phase chromatography (conditions: Reprosil-Pur £08-250 x 4.6 mm, gradient: 10-90-10%
MeCN/20 mM NHOAc,q; flow 1.0 mL/min).C: Hydrophilic interaction chromatography;
radio chromatogram of a mouse brain sampiegadio chromatogram of a mouse brain sample
spiked with {®Ffluoride, c: chromatogram of a mixture of°F]18 and {®F]fluoride (conditions:
Nucleodur HILIC, 250 x 4.6 mm, 74% MeCN/20 mM MBAC,q, flow 1.0 mL/min).

Finally, the observed strong radiodefluorinatior{'8F]18 was rather unexpected, considering
that a 2-fluoroethyl aryl group is thought to b&lsily more stable than the corresponding 2-
fluoroethoxy aryl analogue (compou8, Scheme 1) which is known to be metabolized quite
fast via CYP-mediatedO-dealkylation. Recently, we reported on the develept of an®F-
labeled radiotracer for imaging the oxytocin reoeft which also contains a fluoroethyl
function and did not demonstrate such a fast métabdegradation. Nevertheless, the metabolic
stability of a particular'®F-bearing functional group considerably depends tlo® entire
molecular structure of the compound. As reviewedKbghmair and co-workers, the prediction
of potential target sites within a compound for abelic degradation is challenging and needs
further research’

These results might support but do not prove trenkpenetrant nature of this class of
compounds, however the fast metabolization'&f][L8 hinders any further investigation of the
P2Y:R in vivo with PET. Several methods to increase the metisitbility of °F-labeled
tracers are described in the literattt@®ne option might be a deuterated fluoroethyl chain
decelerate the defluorination process. Alternagivéthe *®F-label could be introduced at an
aromatic ring, e.g. at the 2-pyridine position.

CONCLUSIONS

In summary, a novel, small series of fluorinatednpounds was synthesized to develop an
18E_PET radiotracer for P2R imaging in the brain by modifying the structuretioe highly
affine and selective P2R ligand7. Additionally, the boron-rich derivativ@2 was designed by
replacing thep-(trifluoromethoxy)phenyl subunit with aortho-carborane as potential tool for
BNCT for cancer treatment. Preliminany vitro investigations revealed a strong antagonistic
effect for the fluorinated compouri8. Therefore,18 was selected fof’F-labeling. A manual
radiosynthesis procedure was developed to gendf&18 with suitable radiochemical

parameters. Firsh vivo experiments performed with CD-1 mice revealedsai@etabolism with
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nearly no intact fF]18 at 30 minutes post injection in plasma and braimes. The main
radiometabolite was identified by HILIC to b&H]fluoride. Future efforts will focus on the
development of an analogue dff]18 with a deuterated fluoroethyl chain or investigatiof
alternative labeling positions (e.g. the 2-pyridpesition) to obtain metabolically more stable

compounds suitable for the vivo mapping of the P2)R.

EXPERIMENTAL SECTION

Chemistry

General methods

Unless otherwise noted, moisture-sensitive reastiare conducted under dry nitrogen or
argon. All chemicals and reagents were purchased éommercially available sources and used
without further purification. Thin layer chromateghy (TLC): Silica gel 60 F254 plates (Merck
KGaA, Darmstadt, Germany). Flash chromatography. (&lica gel 60, 40-64.m (Merck).
Room temperature (rt) was 21 °C. MS: MAT GCQ (TherRinnigan MAT GmbH, Bremen,
Germany).'H, *C and**F NMR spectra were recorded on VARIAN "MERCURY ply800
MHz for 'H NMR, 75 MHz for'*C NMR, 282 MHz for'®F NMR) and VARIAN "MERCURY
plus" and BRUKER DRX-400 (400 MHz fdH NMR, 100 MHz for**C NMR, 377 MHz for*F
NMR); O in ppm related to tetramethylsilane; coupling ¢ants () are given with 0.1 Hz
resolution. Multiplicities of NMR signals are indited as follows: s (singlet), d (doublet), t
(triplet), m (multiplet), dd (doublet of doubletsjf (doublet of triplets). ESl/lon trap mass
spectra (LRMS) were recorded with a Bruker Esq@@®0 plus instrument (Billerica, MA,
USA). High resolution mass spectra were recorded &M-ICR APEX Il spectrometer (Bruker
Daltonics; Bruker Corporation, Billerica, MA, USA)sing electrospray ionization (ESI) in
positive ion mode. The purity of all the tested pannds was$95% as determined by HPLC
[unless otherwise noted: Jasco, MD-2010Plus, L&ADES, DG-2080-54, AS-2055Plus, LC-
Netll/ADC, A = 254 nm, column ReproSil-Pur Basic C18-HD (250.& mm, 5um, Dr. Maisch
GmbH), gradient MeCN/20mM NMDAcC,q from 10/90 to 90/10, (v/v) over 35 min, flowrate 1
mL/Min].

Procedures and compound characterization

General procedure A: 2-Halo-3-nitropyridine (1 eq, 7.3 mmol) in DMF (6Linwas treated
with 2-isopropylphenol (1 eq, 7.3 mmol) and,C6; (1.5 eq, 10.9 mmol) and heated at 70 °C
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for 14 h. Afterwards, the reaction mixture was eabko room temperature, and DMF was
evaporated. The residue was dissolved in ethybée€EA, 20 mL) and washed with 5% LiCl aq
sol. (3 x 7 mL) and brine (3 x 7 mL). Drying (Mg9@nd removal of solvent afforded a brown
solid which was recrystallized from ethanol to affthe corresponding ether as yellow needles.

General procedure B: A solution of nitro compound (1 eq, 7.4 mmol) in ®ld/THF (1:4, 16
mL) was reduced understatmosphere (1 atm) in the presence of Pd/C (10anolernight at
room temperature. The reaction mixture was filteoedr Celite and concentrated to afford a
white solid which was recrystallized from EA to @ff the corresponding amine as a white
powder.

General procedure C: A solution of dichloromethane (DCM, 10 mL) contaigiEgN (3 eq,

13 mmol) was added dropwise to a solution of thenan(il eq, 4.4 mmol) and diphosgene (0.8
eq, 3.5 mmol) in DCM (20 mL) at 0 °C. After the &dth was completed, the resulting mixture
was stirred at 0 °C for 45 min and additional 2 isoat room temperature. The organic phase
was then washed with 0.5 M HCI (3 x 20 mL), 1 N Ma@ x 10 mL), and brine. Drying
(MgSQ,) and removal of solvent afforded the correspondsogyanate as a yellow solid. This
material was used for the subsequent reaction wittusther purification

General procedure D: The substituted aniline (1 eq, 0.2 mmol) was adaded solution of
isocyanate (1 eq, 0.2 mmol) in toluene (1 mL) uratgion. The resulting mixture was stirred at
80 °C for 1.5 h. The solvent was removed by ro&wgporation, and the crude product was
purified by flash chromatography to give the diamga as colorless solid.

General procedure E: To a solution of the corresponding alcohol (1 @85 mmol) in 4 mL
DCM, 4-toluenesulfonyl chloride (60 mg, 1.2 eq,@@mol) and pyridine (1 mL) were added
and the reaction mixture was stirred overnightoatw temperature. The reaction was quenched
by addition of 20 mL 1 M HCI solution. The agueaadution was extracted with DCM (2 x 20
mL) and the combined organic phases were washddNatHCQ (20 mL), brine (10 mL) and
dried over MgSQ@ Evaporation of the solvent under reduced pressafferded the
corresponding tosylate as colorless solid.

General procedure F: A solution of tosylate (1 eq, 0.09 mmol) in THF L) was treated
with a 1M TBAF solution in THF (180 pL, 2 eq, 0.18mol) and stirred overnight at room
temperature. Saturated aqueous NaklC®mL) was added and the mixture was washed with

EA (3 x 5 mL). The combined organic phases weredd(MgSQ) and concentrated by rotary
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evaporation. The remaining residue was purifieccymn chromatography (silica) to give the
fluorinated derivative as colorless solid.

General procedure G: A mixture of amine (e.gl2a, 1 eq, 2.06 mmol) and benzoyl
isothiocyanate (1.1 eq, 2.27 mmol) was refluxedl@hmL DCM for 2 h. Elimination of the
solvent under reduced pressure afforded a thiclowedh oil which was redissolved in a 2M
LiOH/MeOH (3:1, 15 mL) and kept at 50 °C for 2 h,GH(20 mL) and EA (20 mL) were added
with stirring, and the phases were separated ieparatory funnel. The organic phase was
washed with aqueous saturated NaHCénd NaCl solutions, dried over MggCand
concentrated under reduced pressure to give theespunding thiourea (e.g. 1-(2-[&(t-
butyl)phenoxy]pyridin-3-yl)thioure456)) as tan solid, which was used without purificatio
the next step.

To a solution of the thiourea (1 eq, 1.65 mmol)aoked above and 3-bromo-1,1,1-
trifluoropropan-2-one (1.3 eq, 21.5 mmol) in EtOb (mL), 2,6-lutidine (2 eq, 3.3 mmol) was
added and the mixture was refluxed under argor24oh. The solvent was evaporated, 20 mL
2M HCI was added and the mixture was washed with(EA 15 mL). The combined organic
phases were washed 1 x 15 mL NaH@@Ad 1 x 10 mL NaCl aqueous saturated solutiomsd dr
over MgSQ and concentrated under reduced pressure to gpedlav solid which was further
washed with 3 x 10 mln-hexane. Upon solvent evaporation under reducedspre, 2-
aminothiazole (e.g26, 82% over 3 steps) was obtained as a light grig.so

General procedure H: To a solution of 2-aminothiazole (e26, 1 eq, 0.52 mmol) in 10 mL
AcOH/THF (1:5) at 0 °C, NBS (1.1 eq, 0.58 mmol) veakled and the reaction was stirred for 2
h at 0 °C. EA (15 mL) was added and the organictemi was washed with 15 mL ,B,
concentrated aqueous NaH&€énd NaCl solutions dried over Mgs@nd concentrated under
reduced pressure. The resulting solid was purifigccolumn chromatography (silica, EA/IH,
1:18) to give 5-bromo-2-amino-thiazole (€2§, 198 mg, 82%) as colorless solid.

General procedure I: Under argon, 5-bromo-2-amino-thiazole (e2@, 1 eq, 0.11 mmol),
boronic acid (1.5 eqg, 0.17 mmol), [Pd(BRZh (0.1 eq, 0.01 mmol) and MaO; (3 eq, 0.33
mmol) were added to 5 mL toluene/EtOH (2:1) atnd ahe mixture was refluxed (95 °C)
overnight. The solvent was eliminated by rotary pmration, and the resulting residue was
purified by column chromatography on silica. Targetmpounds were obtained as colorless

solids.
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2-[2-(tert-Butyl)phenoxy]pyridin-3-aminel@a): colorless solid, 55% yield over 2 steps; TLC
(silica gel, EA/IH, 2:8)R: = 0.55.

'H NMR (400 MHz, CDCJ): 6= 7.59 (ddJ = 4.9, 1.7 Hz, 1H), 7.44 (dd,= 7.8, 1.8 Hz, 1H),
7.25-7.16 (td, J=7.6, 1.5 Hz, 1H), 7.11 @e, 7.6, 1.5 Hz, 1H), 7.04 (dd,= 7.6, 1.6 Hz, 1H),
6.93 (ddJ=7.9, 1.5 Hz, 1H), 6.83 (dd,= 7.6, 4.9 Hz, 1H), 3.95 (s, 2H), 1.42 (s, 9H).

13C NMR (100 MHz, CDG)): J = 152.9, 152.0, 141.1, 136.2, 132.2, 127.4, 121283,
122.6, 122.0, 119.2, 30.5.

1-{2-[2-(tert-Butyl)phenoxy]pyridin-3-yl}-3-[4-(trifluor omethoxy)phenyljurea (7): General
procedure colorless solid, 95% yield)

HPLC: &k = 26.1 min, >99 %.

M. p. =152 °C.

TLC (silica gel, EA/IH, 3:7)R = 0.50.

'H NMR (400 MHz, CDCJ): 5= 8.53 (dd,J = 8.0, 1.7 Hz, 1H), 7.79 (dd,= 4.9, 1.7 Hz, 1H),
7.49 (s, 1H), 7.46 — 7.37 (m, 1H), 7.32 (s, 1HR07= 7.22 (m, 2H), 7.22 — 7.05 (m, 4H), 6.94
(dd,J=7.9, 4.9 Hz, 1H), 6.87 — 6.76 (m, 1H), 1.299(4).

3C NMR (100 MHz, CDGJ): J = 153.0, 152.9, 152.3, 145.8, 141.5, 140.6, 136278,
127.7,127.3,125.2,124.2, 123.1, 122.7, 122.2,11219.1, 34.75, 30.63.

F NMR (282 MHz, CDGJ): 5= —58.56.

HRFT-MS (ESI+):nmV/z = 446.1686 (calcd. 446.1686 fopd823F3N3sO3 [M+H] ™).

1-{2-[2-(tert-Butyl)phenoxy]pyridin-3-yl}-3-[4-(2-hydr oxyethyl)phenyl]urea (14): General
procedure D (colorless solid, 72% yield)

M. p. =192 °C.

TLC (silica gel, EA/IH, 1:1)R: = 0.38.

'H NMR (400 MHz, CDCJ): 5= 8.54 (dd,J = 8.0, 1.7 Hz, 1H), 7.66 (dd,= 4.9, 1.7 Hz, 1H),
7.39 (dd,J = 7.6, 1.9 Hz, 1H), 7.34 — 7.22 (m, 2H), 7.15 677/(m, 4H), 6.92 (dd] = 8.0, 4.9
Hz, 1H), 6.78 (ddJ = 7.7, 1.7 Hz, 1H), 3.71 (3,= 6.7 Hz, 2H), 2.73 (1] = 6.7 Hz, 2H), 1.30 (s,
9H).

3C NMR (100 MHz, CDG)): J = 153.7, 153.6, 152.7, 141.6, 139.4, 136.8, 13638.9,
129.6, 127.5,127.3, 127.2, 125.1, 124.9, 123.0,3,219.0, 63.3, 38.4, 34.6, 30.5.

HRFT-MS (ESI+):mVz = 406.2125 (calcd. 406.2125 fop82eN303 [M+H] ).
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4-{3-{2-[2-(tert-Butyl)phenoxy] pyridin-3-yl}ureido}phenethyl 4-methylbenzenesulfonate
(16) General Procedure E (colorless solid, quantigtiv

M. p. = 190 °C.

TLC (silica gel, EA/IH, 1:1)R: = 0.80.

'H NMR (400 MHz, CDCY): 6= 8.58 (dd, = 8.0, 1.7 Hz, 1H), 7.78 (dd,= 4.9, 1.7 Hz, 1H),
7.67 (d,J = 8.3 Hz, 2H), 7.41 (ddl = 7.7, 1.9 Hz, 1H), 7.39 (s, 1H) 7.28 (s, 1H),17(d,J = 8.3
Hz, 2H) 7.20 — 7.10 (m, 2H), 7.03 (@~ 8.4 Hz, 2H), 6.96 (dd] = 8.0, 4.9 Hz, 1H), 6.91 (s,
1H), 6.82 (ddJ = 7.8, 1.6 Hz, 1H), 4.15 (f = 7.0 Hz, 2H), 2.88 (t) = 7.0 Hz, 2H), 2.43 (s,
3H), 1.28 (s, 9H).

3¢ NMR (100 MHz, CDd): J0 = 153.0, 152.7, 152.4, 144.9, 141.5, 140.3, 13638.0,
132.9, 130.0, 129.9, 127.9, 127.6, 127.4, 127.3,112124.5, 123.2, 122.2, 119.1, 77.5, 77.1,
76.8, 70.5, 34.8, 34.7, 30.6, 21.7.

FT-MS (ESI+):m/z = 560.3 (calcd. 560.2 forsgHzsN30sS [M+H]").

1-{2-[2-(tert-Butyl)phenoxy]pyridin-3-yl}-3-[4-(2-fluor oethyl)phenylJurea (18) General
Procedure F (colorless solid, 62% vyield).

HPLC: &z = 40.2 min, purity >99 % (Reprosil-Pur C18-AQ, 26@.6 mm, gradient: 10-90-
10% MeCN/20 mM NHOAC,q flow 1.0 mL/min, 60 min).

M. p. = 135 °C.

TLC (silica gel, EA/IH, 2:8)R; = 0.35.

'H NMR (400 MHz, CDCY): 6= 8.61 (dd, = 7.9, 1.7 Hz, 1H), 7.79 (dd,= 4.9, 1.7 Hz, 1H),
7.42 (dd,J = 7.7, 1.9 Hz, 1H), 7.36 — 7.26 (m, 3H), 7.24 697(m, 4H), 6.99 (dd] = 8.0, 4.9
Hz, 1H), 6.84 (ddJ = 7.8, 1.6 Hz, 1H), 6.59 (s, 1H), 4.58 (@it 47.0, 6.5 Hz, 2H), 2.96 (di,=
23.7, 6.4 Hz, 2H), 1.28 (s, 9H).

3¢ NMR (100 MHz, CDd): J0 = 153.1, 152.6, 152.5, 140.4, 135.9, 134.6, 1304,.7,
127.5,127.3,125.1, 124.6, 123.2, 119.2, 85.19,845.6, 36.4, 30.7

F NMR (282 MHz, CDG): 5= —216.10.

HRFT-MS (ESI+):m/z = 408.2082 (calcd. 408.2082 fop8,7FNsO, [M+H] ).

1-{2-[2-(tert-Butyl)phenoxy]pyridin-3-yl}-3-(4-methoxyphenyl)ur ea (20) General procedure
D (colorless solid, 95%).

TLC (silica gel, EA/IH, 2:8)R: = 0.32.
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'H NMR (400 MHz, CDCJ): 5= 8.63 (ddJ = 8.0, 1.7 Hz, 1H), 7.77 (dd,= 4.9, 1.7 Hz, 1H),
7.40 (dd,J = 7.7, 1.9 Hz, 1H), 7.25 — 7.07 (m, 4H), 6.97 (dd; 8.0, 4.9 Hz, 1H), 6.90 — 6.76
(m, 3H), 6.46 (s, 1H), 3.76 (s, 3H), 1.22 (s, 9H).

1-{2-[2-(tert-Butyl)phenoxy]pyridin-3-yl}-3-(4-hydroxyphenyl)urea (21) A solution of
AICI3 (1.0 g, 6 eq, 7.7 mmol) in EtSH (30 mL) was adsdleavly to a solution o0 (0.5 g, 1 eq,
1.3 mmol) in DCM (20 mL) at 0 °C under argon. Tleaction was stirred for 2 hours at room
temperature, quenched by addition of saturatedaguiaHCQ solution (30 mL) and extracted
with DCM (3 x 20 mL). The combined DCM solutionsneavashed once with saturated aqueous
NacCl solution, dried over MgS(and the solvent was evaporated to di¢eas gray solid (0.4 g,
1.1 mmol, 85%).

M. p. = 213 °C.

TLC (silica gel, EA/IH, 2:8)R: = 0.10.

'H NMR (400 MHz, CDCJ): 5= 8.55 (dd,J = 8.0, 1.7 Hz, 1H), 7.66 (dd,= 4.9, 1.7 Hz, 1H),
7.47 — 7.37 (m, 2H), 7.26 — 7.07 (m, 4H), 6.97 (@, 8.0, 4.9 Hz, 1H), 6.80 (dd,= 7.8, 1.5
Hz, 1H), 6.78 — 6.70 (m, 2H), 1.32 (s, 9H).

3¢ NMR (100 MHz, CD): J = 154.5, 153.0, 152.9, 141.7, 139.2, 127.6, 12¥X4,.2,
125.5, 125.0, 123.1, 119.1, 115.9, 34.7, 30.5.

HRFT-MS (ESI+):m/z = 378.1812 (calcd. 378.1812 fopHl,4N303 [M+H]").

1-{2-[2-(tert-Butyl)phenoxy]pyridin-3-yl}-3-[4-(2,2,2-trifluor oethoxy)phenyllurea  (23):
CRCH,OTs (134 mg, 4 eq, 0.52 mmol) was reacted Wit{50 mg, 1 eq, 0.13 mmol) in the
presence of BCO; (55 mg, 3 eq, 0.40 mmol) in MeCN (5 mL) at 82 °@dar argon for 16
hours. Saturated aqueous NaHG0Olution (10 mL) was added and the mixture washedswith
EA (3 x 10 mL). The combined EA fractions were wadtwith HO (1 x 10 mL), saturated
aqueous NaHC®(1 x 10) mL and dried over MgSOThe solvent was removed by rotary
evaporation and the remaining residue was purlfiieflash chromatography (silica, EA/IH 1:9)
to give23 (29 mg, 0.06 mmol, 48%) as colorless solid.

HPLC: | = 24.4 min, >99 %.

M. p. = 165 °C.

TLC (silica gel, EA/IH, 2:8)R; = 0.55.

'H NMR (400 MHz, CDCJ): = 8.60 (d,J = 7.5 Hz, 1H), 7.79 (s, 1H), 7.41 @ = 7.4 Hz,
1H), 7.37 — 7.07 (m, 5H), 7.06 — 6.54 (m, 4H), 49 = 8.1 Hz, 2H), 1.26 (s, 9H).
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13C NMR (100 MHz, CDGJ): 0 = 155.4, 152.6, 152.4, 141.4, 140.3, 131.5, 127X, .4,
127.3, 125.5, 125.0, 124.6, 124.6 (m, 1C), 123198,2, 116.2, 66.3 (d] = 44.8 Hz, 1C), 34.7,
30.6.

% NMR (282 MHz, CDGCJ): 6= —74.39.

HRFT-MS (ESI+):m/z = 482.1662 (calcd. 482.1662 fopA825FsN303 [M+H] ™).

1-{2-[2-(tert-Butyl)phenoxy]pyridin-3-yl}-3-[4-(2-fluor oethoxy)phenyllurea  (22) was
obtained by the same procedure as comp@3naith Br(CH,),F as alkylating reagent. (colorless
solid, 82% vyield).

HPLC: & = 23.3 min, >99 %.

M. p. = 179 °C.

TLC (silica gel, EA/IH, 2:8)R = 0.13.

'H NMR (400 MHz, CDCJ): 5= 8.60 (dd,J = 8.0, 1.7 Hz, 1H), 7.76 (dd,= 4.9, 1.7 Hz, 1H),
7.41 (d,J = 1.6 Hz, 1H), 7.40 (ddl = 7.7, 1.8 Hz, 1H), 7.21 (d,= 8.9 Hz, 2H), 7.14 (tdd] =
8.9, 6.2, 2.4 Hz, 2H), 6.95 (dd,= 7.9, 4.9 Hz, 2H), 6.83 (d, = 8.8 Hz, 2H), 6.85 — 6.79 (m,
1H), 4.84 — 4.57 (m, 2H), 4.24 — 4.03 (m, 2H), 1(&59H).

¥c NMR (100 MHz, CDGJ): J = 156.5, 153.9, 152.6, 152.5, 141.4, 140.1, 13024,.7,
127.3, 127.1, 125.6, 124.9, 124.7, 123.1, 119.5,7,183.1, 80.8, 81.9 (d,= 171.0 Hz, 1C),
67.5 (d,J = 20.5 Hz, 1C). 34.6, 30.6.

F NMR (282 MHz, CDG): 5= —224.30.

HRFT-MS (ESI+):m/z = 424.2031 (calcd. 424.2031 fops27FN:Os [M+H] ).

1-[4-(2-Hydr oxyethyl)phenyl]-3-[2-(2-isopr opylphenoxy)pyridin-3-ylJurea (15): To a
solution of isocyanatelBb) (50 mg, 1 eq, 0.2 mmol) in toluene (1 mL) undegoa, 2-(4-
aminophenyl)ethanol (27.4 mg, 1 eq, 0.2 mmol) wdded. The resulting mixture was stirred at
80 °C for 1.5 h. The solvent was removed by roewgporation, and the crude product was
purified by column chromatography (silica, EA/IH13) to givel5 (53 mg, 0.13 mmol, 67%) as
colorless solid.

TLC (silica gel, EA/IH, 1:1)R: = 0.38.

'H NMR (400 MHz, CDCJ): = 8.54 (dd,J = 7.9, 1.6 Hz, 1H), 7.75 (s, 1H), 7.68 (dd; 4.9,
1.7 Hz, 1H), 7.57 (s, 1H), 7.38 = 7.29 (m, 1H)47-27.11 (m, 4H), 7.06 (s, 2H), 6.97 — 6.82 (m,
2H), 3.75 (tJ = 6.3 Hz, 2H), 3.21 — 2.87 (m, 1H), 2.73Jt 6.3 Hz, 1H), 1.11 (d] = 6.9 Hz,
6H).
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13C NMR (100 MHz, CDGJ): J = 153.5, 152.8, 150.6, 140.8, 139.6, 136.2, 13428.8,
126.9, 126.9, 125.9, 124.0, 122.2, 121.5, 118.%,&8.5, 27.2, 23.1.

HRFT-MS (ESI+):mVz = 392.1969 (calcd. 392.1969 fop#826N203 [M+H] ).

4-{3-[2-(2-1 sopr opylphenoxy)pyridin-3-yl]ureido}phenethyl 4-methylbenzenesulfonate
(17) was obtained according to general procedure Eo(§®&ld, colorless solid).

M. p. = 128 °C.

TLC (silica gel, EA/IH, 2:8)R = 0.12.

'H NMR (400 MHz, CDCY): = 8.56 (ddJ = 7.9, 1.7 Hz, 1H), 7.68 (m, 4H), 7.53 (s, 1H),
7.33 (ddJ = 7.2, 2.2 Hz, 1H), 7.30 — 7.23 (m, 4H), 7.23 137(m, 2H), 7.01 (d] = 8.4 Hz, 2H),
6.92 (dt,J = 6.9, 3.6 Hz, 2H), 4.21 — 4.07 {= 6.9 Hz, 2H), 3.11 — 2.95 (m, 1H), 2.86)t 6.9
Hz, 2H), 2.42 (s, 3H), 1.10 (d,= 6.9 Hz, 6H).

3¢ NMR (100 MHz, CDd): J0 = 152.9, 150.6, 144.9, 141.0, 139.6, 137.1, 1323,.8,

129.9, 129.7, 127.9, 127.1, 127.0, 126.7, 125.8,01222.3, 120.8, 118.9, 70.7, 34.8, 27.2, 23.1,

21.7.

HRFT-MS (ESI+):m/z = 546.2056 (calcd. 387.9231 fogdB3oNz0sS [M+H]").

1-[4-(2-Fluor oethyl)phenyl]-3-[2-(2-isopr opylphenoxy)pyridin-3-yl]urea (19) was obtained
according to general procedure F as colorless, i yield.

HPLC: & = 23.8 min, >99 %.

M. p. = 124 °C.

TLC (silica gel, EA/IH, 2:8)R; = 0.12.

'H NMR (400 MHz, CDCY): d=8.58 (dd,J = 7.9, 1.7 Hz, 1H), 7.73 (dd,= 4.9, 1.7 Hz, 1H),
7.41 (s, 1H), 7.39 — 7.29 (m, 3H), 7.21 (m, 3HP27- 6.90 (m, 2H), 6.83 (s, 1H), 4.58 (dt=
47.0, 6.5 Hz, 2H), 3.08 — 2.97 (m, 1H), 3.02 —Q@1.J = 15.4, 4.9 Hz, 2H), 1.14 (d,= 6.9 Hz,
2H).

¥C NMR (100 MHz, CDGJ): d = 152.9, 152.7, 150.5, 140.8, 139.9, 136.3, 130271,
127.0, 126.9, 125.9, 123.9, 122.3, 122.1, 119.09,833.2, 36.4 (dJ = 20.3 Hz), 27.3, 23.1,
20.7.

F NMR (282 MHz, CDG): 5= —216.00 (sep).

HRFT-MS (ESI+):m/z = 394.1925 (calcd. 394.1925 fop8,sFN:O, [M+H] ).

1-{2-[2-(tert-Butyl)phenoxy]pyridin-3-yl}-3-[2-fluor 0-4-(trifluor omethoxy)phenyl]urea
(24) was obtained according to general procedure D lasless solid, quantitative yield.

28



© 00 N o o b~ W DN PP

W NN NDNNNDNDNNDNDIERERPRPRR R P P R R
O © ® ~N o 01 N W N R O © N O 0ol W N R O

HPLC: & = 27.2 min, >99 %.

M. p. = 68 °C.

TLC (silica gel, EA/IH, 2:8)R; = 0.50.

'H NMR (400 MHz, CDC}): d= 8.52 (dd,J = 7.9, 1.7 Hz, 1H), 8.05 (d,= 8.8 Hz, 1H), 7.82
(dd,J = 4.9, 1.7 Hz, 1H), 7.49 (s, 1H), 7.47 — 7.40 {id), 7.25 — 7.10 (m, 3H), 7.08 — 6.93 (m,
3H), 6.84 (dd,) = 7.7, 1.7 Hz, 1H), 1.34 (s, 9H).

3¢ NMR (100 MHz, CDd): 0 = 152.9, 152.4, 152.2, 141.5, 140.8, 127.8, 12¥2%.5,
125.3,124.1, 123.2, 122.9, 119.15, 117.5, 1109,4, 109.1, 34.8, 30.7.

F NMR (282 MHz, CDGJ): 5= -58.76 (3F), —126.41 (1F).

HRFT-MS (ESI+):m/z = 464.1592 (calcd. 464.1592 fop8,,F4N3Os [M+H]").

1-[2-Fluor o-4-(trifluor omethoxy)phenyl]-3-[2-(2-isopr opylphenoxy)pyridin-3-ylJurea (25)
was obtained according to general procedure D (esl® solid, quantitative).

HPLC: & = 26.5 min, >99 %.

M. p. = 67 °C.

TLC (silica gel, EA/IH, 1:9)R; = 0.18.

'H NMR (400 MHz, CDCJ): d= 8.51 (ddJ = 7.9, 1.7 Hz, 1H), 8.11 (§,= 9.0 Hz, 1H), 7.75
(dd,J = 4.9, 1.7 Hz, 1H), 7.62 (s, 1H), 7.36 — 7.31 8iH), 7.24 — 7.13 (m, 2H), 7.06 — 6.85 (m,
4H), 3.15-2.93 (m, 1H), 1.14 (d= 6.9 Hz, 2H).

13C NMR (100 MHz, CDGJ): d = 153.7, 152.9, 152.2, 151.3, 150.4, 140.9, 14027,.3,
127.1, 127.0, 126.1, 125.5 @= 10.4 Hz), 123.5, 122.4, 122.1, 118.9, 117.4,2,0809.0, 27.2,
23.1.

%F NMR (282 MHz, CDGJ): = —58.78 (s), —126.88 (S).

HRFT-MS (ESI+):mVz = 450.1435 (calcd. 450.1435 fop20FsN303 [M+H]™).

1-[1,2-dicar ba-closo-dodecabor an(12)yl]-3[ 2-(2-isopr opylphenoxy)pyridin-3-yljurea (32)
was obtained according to general procedure D wizdi hours (colorless solid, quantitative).

HPLC: &k = 28.7 min, >97 %.

TLC (silica gel, EA/IH, 1:9)R: = 0.22.

'H NMR (400 MHz, CDCJ): 5= 8.38 (ddJ = 7.9, 1.7 Hz, 1H), 7.84 (dd,= 4.9, 1.7 Hz, 1H),
7.47 (m, 1H), 7.32 (s, 1H), 7.24 — 7.18 (m, 2HY96(dd,J = 7.9, 1.7 Hz, 1H), 6.84 (dd,= 4.9,
1.7 Hz, 1H), 6.65 (s, 1H, M), 4.27 (s, 1H, GusieH), 3.5 — 1.25 (m, 10H, 8H10), 1.36 (s, 9H).
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13C NMR (100 MHz, CDGJ): J = 153.0, 152.3, 151.6, 141.5, 141.3, 127.9, 1214,4,
125.4,123.2,119.0, 77.0, 61.4, 34.7, 30.7.

HRFT-MS (ESI+):nVz = 428.3344 (calcd. 428.3336 fogd830B10Nz0, [M+H] ).

N-{2-[2-(tert-Butyl)phenoxy] pyridin-3-yl}-4-(trifluor omethyl)thiazol-2-amine (20):

A mixture of 12 (500 mg, 1 eq, 2.06 mmol) and benzoyl isothioct@fa06 uL, 1.1 eq, 2.27
mmol) was refluxed in 10 mL DCM for 2 h. Eliminatiof the solvent under reduced pressure
afforded a thick yellowish oil which was redissalvin a 2M LIOH/MeOH (3:1, 15 mL) and
kept at 50 °C for 2 h. ¥ (20 mL) and EA (20 mL) were added with stirrimgnd the phases
were separated in a separatory funnel. The orgatmise was washed with aqueous saturated
NaHCQ; and NaCl solutions, dried over Mgsénd concentrated under reduced pressure to give
the corresponding thiourea as tan solid, which wsesl without purification in the next step. 3-
Bromo-1,1,1-trifluoropropan-2-one (221 uL, 1.3 4,5 mmol) and 2,6-lutidine (287 pL, 2 eq,
3.3 mmol) were added to the thiourea intermedi@®® (mg, 1 eq, 1.65 mmol) obtained above in
EtOH (15 mL) and the mixture was refluxed undemarépr 24 h. The solvent was evaporated,
20 mL 2M HCI was added and the mixture was washigd BA (2 x 15 mL). The combined
organic phases were washed with 1 x 15 mL Nagl@@l 1 x 10 mL NaCl agueous saturated
solutions, dried over MgSQOand concentrated under reduced pressure to giel@v solid
which was further washed with 3 x 10 mthexane. Upon solvent evaporation under reduced
pressure20 (650 mg, 82% over 3 steps) was obtained as adigt solid.

M. p. =65 °C.

TLC (silica gel, EA/IH, 1:9)R; = 0.55.

'H NMR (400 MHz, CDCJ): 5= 8.60 (ddJ = 7.9, 1.6 Hz, 1H), 7.83 (dd,= 4.9, 1.7 Hz, 2H),
7.48 (ddJ = 7.7, 1.9 Hz, 1H), 7.33 — 7.14 (m, 3H), 7.07 (@, 7.9, 4.9 Hz, 1H), 6.94 (dd,=
7.8, 1.6 Hz, 1H), 1.40 (s, 9H).

3¢ NMR (100 MHz, CDQ): 0 = 164.2, 152.2, 152.1, 141.6, 140.1, 127.7, 12¥2%.5,
125.3,125.0,123.3, 119.1, 110.9 (dd¢; 7.9, 3.9 Hz), 34.8, 30.8.

F NMR (282 MHz, CDGJ): 5= —65.51.

N-{2-[2-(tert-Butyl)phenoxy]pyridin-3-yl}-5-(6-fluor opyridin-3-yl)-4-
(trifluoromethyl)thiazol-2-amine (21): To a solution 020 (200 mg, 1 eq, 0.52 mmol) in 10 mL
AcOH/THF (1:5) at 0 °C, NBS (103 mg, 1.1 eq, 0.56810h) was added and the reaction was
stirred for 2 h at 0 °C. EA (15 mL) was added amel drganic solution was washed with 15 mL
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H,0, concentrated aqueous NaH{&nhd NaCl solutions, dried over Mgs@nd concentrated
under reduced pressure. The resulting solid wafeniby flash chromatography (silica, EA/IH,
1:18) to give the corresponding 5-bromo-2-aminabi@ intermediate (198 mg, 82%) as
colorless solid. Under argon, the so obtaibdoromo-2-aminothiazole intermediate (50 mg, 1
eq, 0.11 mmol), 2-fluoropyridin-5-boronic acid (88, 1.5 eq, 0.17 mmol), [Pd(PH4} (13 mg,
0.1 eq, 0.01 mmol) and NaO; (34 mg, 3 eq, 0.33 mmol) were added to 5 mL taiietOH
(2:1) at rt and the mixture was refluxed (95 °Cimnght. The solvent was eliminated by rotary
evaporation and the resulting residue was purifigdflash chromatography (EA/IH, 1:39).
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Compound?1 (38 mg, 0.8 mmol, 78%) was obtained as colorleid.s

M. p. = 197 °C.

TLC (silica gel, EA/IH, 1:9)R: = 0.24.

'H NMR (400 MHz, CDCJ): 0= 8.56 (dd,J = 7.9, 1.6 Hz, 1H), 8.32 (d,= 2.3 Hz, 1H), 7.91
— 7.84 (m, 3H), 7.48 (dd] = 7.7, 1.8 Hz, 1H), 7.31 — 7.15 (m, 2H), 7.08 (dd& 7.9, 5.0 Hz,
1H), 7.03 (dd,) = 8.4, 3.0 Hz, 1H), 6.94 (dd,= 7.8, 1.4 Hz, 1H), 1.39 (s, 9H).

3C NMR (100 MHz, CDGJ): 0= 165.1, 162.7, 162.3, 152.3, 152.1, 148.5, 14B42,6 (d,J
=1.4 Hz), 142.5 (d)= 1.4 Hz), 141.6, 140.5, 127.8, 127.3, 125.4,22525.1, 123.3 (d1= 5.9
Hz), 119.1, 109.8, 109.6, 34.8, 30.8.

F NMR (282 MHz, CDGJ): 5= —60.40 (3F), —66.73 (1F).

HRFT-MS (ESI+):m/z = 489.1367 (calcd. 489.1367 fop21FsN4OS [M+H]).

N-{2-[2-(tert-Butyl)phenoxy]pyridin-3-yl}-4-(trifluoromethyl)thiazol-2-amine  (26) was
obtained according to general procedure G in 828 ver two steps.

M. p. =65 °C.

TLC (silica gel, EA/IH, 1:9)R; = 0.55.

'H NMR (400 MHz, CDCJ): 5= 8.60 (ddJ = 7.9, 1.6 Hz, 1H), 7.83 (dd,= 4.9, 1.7 Hz, 2H),
7.48 (ddJ = 7.7, 1.9 Hz, 1H), 7.33 — 7.14 (m, 3H), 7.07 (@d, 7.9, 4.9 Hz, 1H), 6.94 (dd,=
7.8, 1.6 Hz, 1H), 1.40 (s, 9H).

3c NMR (100 MHz, CDGJ): 0 = 164.2, 152.2, 152.1, 141.6, 140.1, 127.7, 127285,
125.3, 125.0, 123.3, 119.1, 110.9 (dd; 7.9, 3.9 Hz), 34.8, 30.8.

F NMR (282 MHz, CDGJ): = —65.51 (s).

FT-MS (ESI+):mVz = 394.1 (calcd. 394.1 fori@H10FsNz0S [M+H]').
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5-Bromo-N-{2-[2-(tert-butyl)phenoxy]pyridin-3-yl}-4-(trifluor omethyl)thiazol-2-amine
(27) was obtained according to general procedure 2% yield.

M. p. = 114 °C.

TLC (silica gel, EA/IH, 1:9)R; = 0.56.

'H NMR (400 MHz, CDCY): 6= 8.44 (dd,) = 7.9, 1.6 Hz, 1H), 7.84 (dd,= 4.9, 1.6 Hz, 1H),
7.74 (s, 1H), 7.48 (ddl = 7.6, 1.9 Hz, 1H), 7.27 — 7.16 (m, 2H), 7.05 (di&; 7.9, 4.9 Hz, 1H),
6.93 (ddJ=7.6, 1.8 Hz, 1H), 1.38 (s, 9H).

3¢ NMR (100 MHz, CDd): 0 = 162.7, 152.3, 152.1, 141.6, 140.6, 127.8, 12¥2%.4,
125.2,124.9,123.3, 119.1, 119.1, 34.8, 30.8.

% NMR (282 MHz, CDGJ): o= —62.57 (s).

FT-MS (ESI+):mVz = 474.1 (calcd. 474.0 forigH1gBrFsNzOS [M+H]).

N-{2-[2-(tert-Butyl)phenoxy]pyridin-3-yl}-5-(6-fluor opyridin-3-yl)-4-
(trifluoromethyl)thiazol-2-amine (28) was obtained according to general procedurelb(less
solid, 78% vyield).

HPLC: k= 27.3 min, >99 %.

M. p. = 197 °C.

TLC (silica gel, EA/IH, 1:9)R; = 0.24.

'H NMR (400 MHz, CDC}): 0= 8.56 (dd,J = 7.9, 1.6 Hz, 1H), 8.32 (d,= 2.3 Hz, 1H), 7.91
— 7.84 (m, 3H), 7.48 (ddl = 7.7, 1.8 Hz, 1H), 7.31 — 7.15 (m, 2H), 7.08 (d& 7.9, 5.0 Hz,
1H), 7.03 (dd,) = 8.4, 3.0 Hz, 1H), 6.94 (dd,= 7.8, 1.4 Hz, 1H), 1.39 (s, 9H).

3C NMR (100 MHz, CDGJ): 0= 165.1, 162.7, 162.3, 152.3, 152.1, 148.5, 14B42,6 (d,J
=1.4 Hz), 142.5 (d) = 1.4 Hz), 141.6, 140.5, 127.8, 127.3, 125.4,22525.1, 123.3 (d1= 5.9
Hz), 119.1, 109.8, 109.6, 34.8, 30.8.

F NMR (282 MHz, CDG)): 5= —60.40 (s), —66.73 (d,= 9.7 Hz).

HRFT-MS (ESI+):m/z = 489.1367 (calcd. 489.1367 fopM1FN,OS [M+H]").

N-{2-[2-(tert-Butyl)phenoxy]pyridin-3-yl}-5-(2-fluor opyridin-3-yl)-4-
(trifluoromethyl)thiazol-2-amine (29) was obtained according to general procedure 11i¥o
yield as colorless solid.

HPLC: &k = 26.6 min, >99 %.

M. p. =169 °C.

TLC (silica gel, EA/IH, 1:9)R: = 0.21.
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'H NMR (400 MHz, CDCJ): d= 8.55 (ddJ = 7.9, 1.6 Hz, 1H), 8.31 (d,= 4.8 Hz, 1H), 7.96
—7.77 (m, 3H), 7.48 (dd} = 7.6, 1.9 Hz, 1H), 7.36 — 7.12 (m, 3H), 7.07 (di&; 7.9, 4.9 Hz,
1H), 6.94 (dd,) = 7.7, 1.7 Hz, 1H), 1.39 (s, 9H).

3C NMR (100 MHz, CD): 0 = 163.2, 152.3, 152.2, 149.1, 148.9, 142.9, 14145,
127.8,127.3,125.4, 125.2, 125.1, 123.3, 121.5,51219.1, 34.8, 30.8.

% NMR (282 MHz, CDCJ): 6= —61.95 (d,) = 2.7 Hz), —66.30 (d] = 8.8 Hz).

HRFT-MS (ESI+):m/z = 489.1366 (calcd. 489.1367 fopM,1FN,OS [M+H]").

N-{2-[2-(tert-Butyl)phenoxy] pyridin-3-yl}-5-(4-fluor ophenyl)-4-(tr ifluor omethyl)thiazol-
2-amine (30) was obtained according to general procedure81Li yield as colorless solid.

HPLC: &k = 30.5 min, >95 %.

M. p. =126 °C.

TLC (silica gel, EA/IH, 1:9)R; = 0.54.

H NMR (400 MHz, CDCY): 6= 8.48 (dd,) = 7.9, 1.3 Hz, 1H), 7.75 (dd,= 4.9, 1.4 Hz, 1H),
7.69 (s, 1H), 7.42 — 7.34 (m, 3H), 7.18 — 7.01 %), 6.86 (ddJ = 7.7, 1.4 Hz, 1H), 1.32 (s,
9H).

3C NMR (100 MHz, CDGJ): 0= 165.0, 161.7, 161.4, 152.2, 141.6, 140.1, 1849 = 1.6
Hz), 131.8 (dJ = 1.6 Hz), 127.8, 127.3, 125.4, 125.4, 124.8,22819.1, 116.0, 115.7, 34.8,
30.8.

F NMR (282 MHz, CDG)): 5= —60.63 (s), —112.16 (sep).

HRFT-MS (ESI+):m/z = 488.1414 (calcd. 488.1414 fopdBl,,F4N3OS [M+H]").

2-[2-(tert-Butyl)phenoxy]-6-fluor o-3-nitropyridine (34) was obtained according to general
procedure A as yellow oil, 43% yield.

TLC (silica gel, EA/IH, 1:18)R: = 0.18.

'H NMR (400 MHz, CDCY): 6= 8.57 (dd,) = 8.6, 6.7 Hz, 1H), 7.47 (dd,= 7.3, 2.3 Hz, 1H),
7.27 — 7.20 (m, 2H), 6.95 (dd= 7.4, 2.0 Hz, 1H), 6.70 (dd,= 8.6, 3.5 Hz, 1H), 1.37 (s, 9H).

3¢ NMR (100 MHz, CDGJ): 0= 164.1, 161.6, 156.0 (d,= 15.4 Hz), 150.8, 141.6, 141.2 (d,
J=10.2 Hz), 127.8, 127.1, 126.1, 123.3, 103.4 & 38.3 Hz), 34.7, 30.3.

F NMR (282 MHz, CDG): 5= —56.75 (s).

FT-MS (ESI+):m/z = 313.1 (calcd. 313.1 forigH:sNoNaO; [M+Na]").

6-[2-(tert-Butyl)phenoxy]-2-fluor o-3-nitropyridine (35) was obtained according to general

procedure A as colorless solid, 35% yield.

33



© 0 N o 0o B~ W N PP

W N N NDNNNDNNDNNERRR R B B B R B
O © © N o O 8B W NP O © 0N O 0o W N B O

M. p. =98 °C.

TLC (silica gel, EA/IH, 1:18)R; = 0.20.

'H NMR (400 MHz, CDCJ): 8= 8.54 (t,J = 8.9 Hz, 1H), 7.48 (dd] = 7.5, 2.2 Hz, 1H), 7.26
(tdt, J = 11.0, 7.4, 3.8 Hz, 2H), 6.98 (dii= 7.5, 1.9 Hz, 1H), 6.88 (d,= 8.7 Hz, 1H), 1.34 (s,
9H).

3¢ NMR (100 MHz, CDd): 0= 165.1 (dJ = 14.0 Hz), 156.6, 154.1, 151.2, 141.6, 140.1,
128.0, 127.5, 126.4, 123.1, 108.7 & 5.5 Hz), 34.7, 30.4.

F NMR (282 MHz, CDGJ): 5= —69.06 (d,) = 8.6 Hz).

FT-MS (ESI+):m/z = 313.1 (calcd. 313.1 for,gH:sNoNaO; [M+Na]").

2-[2-(tert-Butyl)phenoxy]-6-fluor opyridin-3-amine (57) was obtained according to general
procedure B as colorless solid, 92% yield.

M. p. = 135 °C.

TLC (silica gel, EA/IH, 1:9)R; = 0.35.

'H NMR (400 MHz, CDCY): 0= 7.42 (dd,) = 7.8, 1.8 Hz, 1H), 7.25 — 7.06 (m, 3H), 6.94 (dd,
J=7.9, 1.5 Hz, 1H), 6.46 (dd,= 8.1, 3.0 Hz, 1H), 3.36 (s, 2H), 1.40 (s, 9H).

3C NMR (100 MHz, CDGJ): 6= 155.4, 153.1, 152.4, 148.7 (ts 13.0 Hz), 141.0, 129.0 (d,
J=5.2 Hz), 127.2 (d) = 35.5 Hz), 126.9 (d] = 6.9 Hz), 124.7, 122.5, 102.5 @z 37.6 Hz),
34.8, 30.6.

F NMR (282 MHz, CDGJ): 6= -82.53 (d)) = 6.5 Hz).

FT-MS (ESI+):m/z = 283.1 (calcd. 283.1 forigH:;N,NaO [M+Na]).

6-[2-(tert-Butyl)phenoxy]-2-fluor opyridin-3-amine (58) was obtained according to general
procedure B as yellow-brown oil, 92% vyield.

TLC (silica gel, EA/IH, 1:9)R: = 0.30.

'H NMR (400 MHz, CDCJ): d= 7.39 (ddJ = 7.8, 1.8 Hz, 1H), 7.21 — 7.12 (m, 2H), 7.08 (td,
J=17.5, 1.5 Hz, 1H), 6.87 (dd,= 7.8, 1.6 Hz, 1H), 6.54 (d,= 8.2 Hz, 1H), 3.56 (s, 2H), 1.39
(s, 9H).

3¢ NMR (100 MHz, CDGJ): 6= 154.0, 153.2 (d) = 12.0 Hz), 151.6, 149.3, 141.1, 129.1 (d,
J=5.4Hz), 127.3 (d] = 28.1 Hz), 124.4, 124.2, 121.5, 108.81)d, 5.2 Hz), 34.82, 30.33.

F NMR (282 MHz, CDGJ): 5= -86.51 (dJ) = 10.8 Hz).

FT-MS (ESI+):m/z = 283.1 (calcd. 283.1 forigH:;N,NaO [M+Na]).

34



© 00 N o 0o b~ W N P

W W N N NN DN DN DNDDNN NN DNNMNDNN PP PP, PR PR
P O © 0o N oo o1 b WO N P O OO 0N O O D W N P O

1-{2-[2-(tert-Butyl)phenoxy]-6-fluor opyridin-3-yl}-3-[4-(trifluor omethoxy)phenyl]urea
(36) was obtained according to general procedure lorless solid, 91% yield.

HPLC: | = 26.2 min, >99 %.

M. p. = 145 °C.

TLC (silica gel, EA/IH, 1:9)R; = 0.36.

'H NMR (400 MHz, CDCJ): 5= 8.58 (dd,J = 8.5, 7.3 Hz, 1H), 7.41 (dd,= 7.3, 2.3 Hz, 1H),
7.35 — 7.24 (m, 3H), 7.18 (m, 3H), 7.10 Jcs 6.0 Hz, 2H), 6.82 (dd] = 7.5, 2.0 Hz, 1H), 6.57
(dd,J = 8.5, 3.1 Hz, 1H), 1.29 (s, 9H).

3¢ NMR (100 MHz, CDGJ): = 157.9, 155.5, 153.0, 151.9, 150.8 Jd; 13.4 Hz), 145.9,
141.3, 136.1, 133.3 (d,= 7.2 Hz), 127.7, 127.3, 125.5, 122.9 Jds 13.5 Hz), 122.1, 121.8,
121.0 (dJ=5.7 Hz), 119.3, 102.8 (d,= 36.7 Hz), 34.7, 30.6.

F NMR (282 MHz, CDGJ): 5= —58.56 (s), —75.57 (s).

HRFT-MS (ESI+):m/z = 464.1592 (calcd. 464.1592 fops8l,,FsNz05 [M+H] ).

1-{2-[2-(tert-Butyl)phenoxy]-6-fluor opyridin-3-yl}-3-[4-(tert-butyl)phenyllurea (37) was
obtained according to general procedure D as @dsrsolid, quantitative.

HPLC: k= 28.1 min, >97 %.

M. p. = 192 °C.

TLC (silica gel, EA/IH, 1:9)R: = 0.38.

'H NMR (400 MHz, CDCY): 6= 8.66 (dd,) = 8.5, 7.3 Hz, 1H), 7.39 (dd,= 7.6, 2.0 Hz, 1H),
7.36 —7.27 (m, 3H), 7.24 — 7.06 (m, 4H), 6.83 #d,7.7, 1.7 Hz, 1H), 6.77 (s, 1H), 6.57 (dd,
= 8.5, 3.1 Hz, 1H), 1.27(s, 9H), 1.25 (s, 9H)

¥C NMR (100 MHz, CDGJ): J = 158.0, 154.8, 153.5, 152.0, 150.5, 150.3, 14844 2,
134.3, 132.9 (dJ = 7.2 Hz), 127.5, 127.2, 126.7, 125.2, 123.0, 42221.5 (d,J = 5.7 Hz),
102.7 (dJ = 36.7 Hz), 34.6, 34.5, 31.4, 30.6.

F NMR (282 MHz, CDGJ): 5= —76.34 (d)) = 7.3 Hz).

HRFT-MS (ESI+):m/z = 436.2395 (calcd. 436.2395 fopdBl3FN3O, [M+H] ).

1-{2-[2-(tert-Butyl)phenoxy]-6-fluor opyridin-3-yl}-3-[4-(2-hydr oxyethyl)phenyl]urea (38)
was obtained according to general procedure D (esl® solid, 68% yield).

HPLC: & = 22.0 min, >99 %.

M. p. = 160 °C.

TLC (silica gel, EA/IH, 1:1)R: = 0.32.
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H NMR (400 MHz, CDCY): 6= 8.59 (dd,) = 8.5, 7.4 Hz, 1H), 7.38 (dd,= 7.5, 2.1 Hz, 1H),
7.27 (d,J = 8.4 Hz, 2H), 7.21 — 7.01 (m, 4H), 6.79 (dds 7.7, 1.7 Hz, 1H), 6.54 (dd,= 8.5,
3.1 Hz, 1H), 3.72 () = 6.8 Hz, 2H), 2.73 () = 6.7 Hz, 2H), 1.29 (s, 9H).

13C NMR (100 MHz, CDd)): 0= 157.7, 154.5, 153.5, 152.3, 150.5 {ds 13.4 Hz), 141.5,
136.7, 133.9, 132.7, 132.6, 129.6, 127.5, 127.83,11222.9, 121.8 (d} = 5.7 Hz), 120.3, 102.4
(d,J=36.5Hz), 63.3, 38.4, 34.6, 30.5.

F NMR (282 MHz, CDGJ): 5= —77.49 (d)) = 7.3 Hz).

FT-MS (ESI+):m/z = 446.3 (calcd. 446.2 forgH26FNsNaO; [M+Na]™).

1-[(3s,5s,7s)-Adamantan-1-yl]-3-{2-[ 2-(tert-butyl)phenoxy]-6-fluor opyridin-3-yl}urea (39)
was obtained according to general procedure D lasless solid, 82% yield.

HPLC: & = 30.6 min, >97 %.

M. p. = 222 °C.

TLC (silica gel, EA/IH, 1:9)R; = 0.22.

'H NMR (400 MHz, CDCY): 6= 8.56 (dd,) = 8.5, 7.4 Hz, 1H), 7.43 (dd,= 7.6, 2.0 Hz, 1H),
7.25 —7.06 (m, 2H), 6.85 (dd,= 7.7, 1.7 Hz, 1H), 6.66 (s, 1H), 6.56 (dd; 8.5, 3.1 Hz, 1H),
4.55 (s, 1H), 2.06 (s, 3H), 2.01 (s, 6H), 1.68(3), 1.37 (s, 9H).

3¢ NMR (100 MHz, CDQ): 0= 157.6, 154.4, 153.8, 152.3, 150.1 {ds 13.3 Hz), 141.3,
132.5 (d,J = 6.8 Hz), 127.5 (d) = 24.7 Hz), 125.2, 122.9, 122.3 (U7 5.6 Hz), 102.6 (d) =
36.6 Hz), 51.8, 42.4, 36.4, 34.8, 30.7, 29.6.

% NMR (282 MHz, CDGJ): 6= —=77.49 (dd) = 7.3, 3.0 Hz).

HRFT-MS (ESI+):m/z = 438.2551 (calcd. 438.2551 fopdBl3sFN3O, [M+H]Y).

1-{2-[2-(tert-Butyl)phenoxy]-6-fluor opyridin-3-yl}-3-cyclohexylurea (40) was obtained
according to general procedure D as colorless ,solith yield.

HPLC: & = 25.2 min, >99 %.

M. p. = 192 °C.

TLC (silica gel, EA/IH, 1:9)R: = 0.20.

'H NMR (400 MHz, CDCJ): 5= 8.58 (dd,J = 8.5, 7.4 Hz, 1H), 7.43 (dd,= 7.6, 2.0 Hz, 1H),
7.25—-7.10 (m, 2H), 6.86 (dd,= 7.6, 1.8 Hz, 1H), 6.83 (s, 1H), 6.56 (dds 8.5, 3.1 Hz, 1H),
4.79 (d,J = 7.8 Hz), 3.69 — 3.43 (m, 1H), 2.02 — 1.87 (m),2H81 — 1.51 (m, 2H), 1.47 — 1.00
(m, 6H), 1.36 (s, 9H).
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13C NMR (100 MHz, CDGJ): = 157.6, 154.5, 154.4, 152.1, 150.1 Jd; 13.3 Hz), 141.3,
132.6 (d,J = 7.0 Hz), 127.5 (d) = 25.4 Hz), 125.3, 122.9, 122.1 Mz 5.6 Hz), 102.7 (dJ =
36.6 Hz), 49.7, 34.8, 33.7, 30.7, 25.6, 25.0.

% NMR (282 MHz, CDGJ): 6= —77.26 (ddJ = 7.3, 2.9 Hz).

HRFT-MS (ESI+):m/z = 386.2238 (calcd. 386.2238 fopA20FN:O, [M+H] ).

1-{2-[2-(tert-Butyl)phenoxy]-6-fluor opyridin-3-yl}-3-cyclopentylurea (41) was
guantitatively obtained according to general praced as colorless solid,.

HPLC: &k = 24.2 min, >99 %.

M. p. =213 °C.

TLC (silica gel, EA/IH, 2:8)R: = 0.24.

'H NMR (400 MHz, CDCY): o= 8.59 (dt,J = 10.5, 5.2 Hz, 1H), 7.43 (dd,= 7.7, 1.9 Hz,
1H), 7.25 — 7.10 (m, 2H), 6.91 (s, 1H), 6.85 (d¢ 7.8, 1.6 Hz, 1H), 6.56 (dd,= 8.5, 3.1 Hz,
1H), 4.92 (dJ = 6.7 Hz, 1H), 4.02 (dd} = 13.3, 6.6 Hz, 1H), 1.97 (qd= 6.3, 4.8 Hz, 2H), 1.73
—1.49 (m, 4H), 1.47 — 1.32 (m, 2H), 1.36 (s, 9H).

3C NMR (100 MHz, CDGJ): 6= 157.3, 154.9, 152.1, 150.1 (b5 13.3 Hz), 141.3, 132.5 (d,
J=7.1Hz), 127.6, 127.3, 125.3, 122.9, 122.1J4,5.6 Hz), 102.7 (d] = 36.5 Hz), 52.6, 34.8,
33.6, 30.7, 23.7.

F NMR (282 MHz, CDGJ): 6= —77.22 (d)) = 4.8 Hz).

HRFT-MS (ESI+):m/z = 394.1901 (calcd. 394.1901 fop,E6FNaNaO, [M+H] ).

1-{6-[2-(tert-Butyl)phenoxy]-2-fluor opyridin-3-yl}-3-[4-(trifluor omethoxy)phenyl]urea
(42) was quantitatively obtained according to genpratedure D as colorless solid,.

HPLC: &z = 26.7 min, >99 %.

M. p. = 65 °C.

TLC (silica gel, EA/IH, 2:8)R: = 0.30.

'H NMR (400 MHz, CDCJ): d= 8.38 (dd,J = 10.0, 8.6 Hz, 1H), 7.47 (s, 1H), 7.41 (ddk
6.6, 3.0 Hz, 1H), 7.33 (dl = 9.0 Hz, 2H), 7.25 — 7.04 (m, 5H), 6.87 (dds 6.8, 2.7 Hz, 1H),
6.64 (d,J = 8.6 Hz, 1H), 1.32 (s, 9H).

3C NMR (100 MHz, CDGJ): 0= 157.2 (dJ = 12.8 Hz), 153.9, 153.0 (d,= 27.5 Hz), 150.7,
145.4 (d,J = 2.0 Hz), 141.6, 136.5, 136.0 @7 3.5 Hz), 127.6 (d) = 28.7 Hz), 125.2, 122.3,
122.0, 121.8, 115.9 (d,= 24.5 Hz), 108.3 (d] = 5.1 Hz), 34.8, 30.3

F NMR (282 MHz, CDG)): 5= -58.60 (s), —83.25 (d,= 9.7 Hz).
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HRFT-MS (ESI+):m/z = 464.1592 (calcd. 464.1592f0p482FsN303 [M+H] ).

1-{6-[2-(tert-Butyl)phenoxy]-2-fluor opyridin-3-yl}-3-[4-(2-hydr oxyethyl)phenyl]urea (43)
was obtained according to general procedure D lasless solid, 65% yield.

HPLC: k= 22.7 min, >99 %.

M. p. = 171 °C.

TLC (silica gel, EA/IH, 1:1)R: = 0.38.

'H NMR (400 MHz, CDCY)): J= 8.50 (dd,J = 10.1, 8.6 Hz, 1H), 8.00 (s, 1H), 7.39 (dds
7.7, 1.9 Hz, 1H), 7.26 (d = 8.5 Hz, 2H), 7.21 — 7.03 (m, 4H), 6.87 (dds 7.7, 1.7 Hz, 1H),
6.61 (d,J = 8.6 Hz, 1H), 3.76 (1) = 6.5 Hz, 2H), 2.76 (t] = 6.5 Hz, 2H), 1.34 (s).

3¢ NMR (100 MHz, CDd): 0= 155.9 (dJ = 12.8 Hz), 153.3, 153.1, 153.0, 149.8, 141.4,
136.8, 136.7, 134.5, 134.4 @= 3.6 Hz), 133.7, 129.6, 127.4 @~ 23.6 Hz), 124.8, 122.1,
120.1, 119.9, 117.1 (d,= 24.1 Hz), 63.4, 38.5, 34.7, 30.1.

F NMR (282 MHz, CDGJ): 5= —84.69 (m).

HRFT-MS (ESI+):m/z = 424.2031 (calcd. 424.2031 fog,8,7FN305 [M+H] ).

N-{2-[2-(tert-Butyl)phenoxy]-6-fluor opyridin-3-yl}-4-(trifluor omethyl)thiazol-2-amine
(45) was obtained according to general procedure Golasless solid, 89% vyield.

M. p. = 136 °C.

TLC (silica gel, EA/IH, 1:9)R: = 0.55.

'H NMR (400 MHz, CDCY): d=8.73 (dd, = 8.5, 7.0 Hz, 1H), 7.61 (s, 1H), 7.46 (dd; 7.7,
1.9 Hz, 1H), 7.33 — 7.11 (m, 3H), 6.94 (dd; 7.8, 1.6 Hz, 1H), 6.68 (dd,= 8.5, 3.1 Hz, 1H),
1.37 (s, 9H).

3C NMR (100 MHz, CDGJ): = 164.9, 157.7, 155.3, 151.8, 150.3 Jd; 13.5 Hz), 141.5,
131.2 (dJ=7.3 Hz), 127.8,127.4,125.7,123.1, 122.6)(d 5.6 Hz), 110.9, 103.0, 102.6, 34.9,
30.8.

F NMR (282 MHz, CDG): 5= —65.56 (s), —74.31 (m).

FT-MS (ESI+):mVz = 412.2 (calcd. 421.1 fori@H1gFsN3OS [M+H]').

5-Bromo-N-{2-[2-(tert-butyl)phenoxy]-6-fluor opyridin-3-yl}-4-(trifluor omethyl)thiazol-2-
amine (46) was quantitatively obtained according to generat@dure H, as colorless solid,.

M. p. = 155 °C.

TLC (silica gel, EA/IH, 1:9)R; = 0.66.
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'H NMR (400 MHz, CDC}): = 8.58 (dd,) = 8.5, 7.0 Hz, 1H), 7.54 (s, 1H), 7.48 (dd; 7.7,
1.9 Hz, 1H), 7.29 — 7.12 (m, 2H), 7.07 (dds 7.9, 4.9 Hz, 1H), 6.66 (dd,= 8.5, 3.1 Hz, 1H),
1.35 (s, 9H).

3C NMR (100 MHz, CDG)): J = 163.4, 158.4, 155.3, 151.6, 141.4, 138.6, 13131,.6,
127.8,127.3,125.7,123.1, 121.94¢; 5.7 Hz), 102.8 (d] = 37.0 Hz), 34.7, 30.7.

% NMR (282 MHz, CDGCJ): 6= —62.60 (s), —74.85 (dd,= 6.9, 3.0 Hz).

FT-MS (ESI+):m/z = 492.1 (calcd. 492.0 forigH17/BrFsN4OS [M+H]).

N-{2-[2-(tert-Butyl)phenoxy]-6-fluor opyridin-3-yl}-5-phenyl-4-(trifluor omethyl)thiazol -2-
amine (47) was obtained according to general procedurecbbsless solid, 78% yield.

HPLC: & = 30.4 min, >95 %.

M. p. =151 °C.

TLC (silica gel, EA/IH, 1:9)R; = 0.65.

'H NMR (400 MHz, CDC}): 6= 8.73 (ddJ = 8.5, 7.0 Hz, 1H), 7.55 (s, 1H), 7.74 — 7.36 (m,
6H), 7.36 — 7.12 (m, 2H), 6.95 (ddi~= 7.6, 1.9 Hz, 1H), 6.68 (dd,= 8.5, 3.0 Hz, 1H), 1.38 (s,
9H).

3C NMR (100 MHz, CDGJ): = 161.9, 158.0, 151.8, 141.4, 130.9 Jd5 7.5 Hz), 130.0,
129.9, 129.8, 129.4, 128.8, 128.7, 127.8, 127.8,61223.1, 122.6 (d,= 5.5 Hz), 102.7 (d] =
37.0 Hz), 34.8, 30.8.

F NMR (282 MHz, CDGJ): = —60.25 (s), —76.01 (s).

HRFT-MS (ESI+):mVz = 488.1414 (calcd. 488.1414 fop8l,FsN30S [M+H]").

N-{2-[2-(tert-Butyl)phenoxy]-6-fluor opyridin-3-yl}-5-(pyridin-4-yl)-4-
(trifluoromethyl)thiazol-2-amine (48) was obtained according to general procedure |, as
colorless solid, 83% yield.

HPLC: & = 28.4 min, >99 %.

M. p. =159 °C.

TLC (silica gel, EA/IH, 2:8)R: = 0.11.

'H NMR (400 MHz, CDCJ): 5= 8.72 — 8.66 (m, 3H), 7.83 (s, 1H), 7.47 (d& 7.5, 1.2, Hz,
1H), 7.35 (dJ = 6 Hz, 2H), 7.26 — 7.19 (m, 3H), 6.94 (dd; 7.8, 1.8 Hz, 1H), 6.69 (dd,= 8.4,
3 Hz, 1H), 1.36 (s, 9H)
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13C NMR (100 MHz, CDGJ): 6= 163.1, 158.4, 155.2, 151.7, 150.7 & 13.8 Hz), 150.2,
141.4, 137.1, 131.6 (dy = 7.5 Hz), 127.8, 127.4, 125.7, 124.1, 123.1, 228, J = 5.7 Hz),
102.8 (d,J = 36.9 Hz), 34.8, 30.7.

F NMR (282 MHz, CDGJ): = —60.27 (s), —75.01 (dd= 6.7, 2.8 Hz).

HRFT-MS (ESI+):m/z = 489.1367 (calcd. 489.1367 fop&821FsN4OS [M+H]).

N-{2-[2-(tert-Butyl)phenoxy]-6-fluor opyridin-3-yl}-5-(pyridin-3-yl)-4-

(trifluoromethyl)thiazol-2-amine (49) was obtained according to general procedure | as

colorless solid, 84% yield.

HPLC: & = 27.1 min, >99 %.

M. p. = 234 °C.

TLC (silica gel, EA/IH, 2:8)R = 0.18.

'H NMR (400 MHz, CDCJ): 5= 8.81 — 8.56 (m, 3H), 7.78 (dt,= 7.9, 1.7 Hz, 1H), 7.62 (s,
1H), 7.46 (ddJ = 7.6, 2.0 Hz, 1H), 7.38 (ddd,= 7.9, 4.9, 0.8 Hz, 1H), 7.30 — 7.09 (m, 3H),
6.95 (ddJ = 7.7, 1.7 Hz, 1H), 6.70 (dd,= 8.5, 3.1 Hz, 1H), 1.38 (s, 9H).

3C NMR (100 MHz, CDGJ): o= 162.8, 158.2, 155.0, 151.7, 150.6, 150.3, 150,71 = 1.6
Hz), 141.4, 137.3 (dt) = 3.2, 1.5 Hz), 131.3, 131.3, 127.8, 127.4, 12%2”.4, 123.4, 123.1,
122.3 (dJ=5.6 Hz), 122.3 (d) = 5.6 Hz), 102.8 (d] = 37.0 Hz), 34.8, 30.7.

F NMR (282 MHz, CDGJ): = —60.38 (s), —75.42 (dd= 6.9, 3.1 Hz).

HRFT-MS (ESI+):m/z = 489.1367 (calcd. 489.1367 fopM,1FN,OS [M+H]").

N-{6-[2-(tert-Butyl)phenoxy]-2-fluor opyridin-3-yl}-4-(trifluor omethyl)thiazol-2-amine
(51) was obtained according to general procedure Grawe solid, 67% yield.

M. p. =50 °C.

TLC (silica gel, EA/IH, 1:9)R = 0.12.

'H NMR (400 MHz, CDCJ): 6= 8.61 (ddJ = 10.2, 8.6 Hz, 1H), 7.44 (dd,= 7.6, 1.9 Hz,
1H), 7.32 (s, 1H), 7.23 — 7.10 (m, 3H), 6.96 — G193 1H), 6.75 (dJ = 8.6 Hz, 1H), 1.38 (9H).

3C NMR (100 MHz, CDG)): J = 152.9, 141.6, 133.6, 129.3, 127.7, 127.3, 1252D.6,
122.4,110.7 (d) = 18.5 Hz), 108.4 (d] = 5.3 Hz), 34.8, 30.4.

F NMR (282 MHz, CDGJ): 5= —66.60 (s).

FT-MS (ESI+):mVz = 412.2 (calcd. 421.1 fori@H15FsNz0S [M+H]').

5-Bromo-N-{6-[2-(tert-butyl)phenoxy]-2-fluor opyridin-3-yl}-4-(trifluor omethyl)thiazol-2-
amine (52) was quantitatively obtained according to generat@dure H, as an thick oil,.
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TLC (silica gel, EA/IH, 1:9)R; = 0.22.

'H NMR (400 MHz, CDCJ): d= 8.60 (dd,JJ = 10.2, 8.7 Hz, 1H), 7.43 (dd,= 7.5, 1.8 Hz,
1H), 7.26 (s, 1H), 7.21 — 7.15 (m, 3H), 6.95 (d&; 7.8, 1.8 Hz, 1H), 6.75 (d,= 8.4 Hz, 1H),
1.37 (s, 9H).

3C NMR (100 MHz, CDGJ): 0= 165.2 (s), 156.9 (d,= 12.7 Hz), 153.1, 152.9, 149.9, 141.6,
133.7 (d,J = 2.4 Hz), 127.7, 127.3, 125.1, 122.5, 122.0, 11d,J = 24.7 Hz), 110.8 (dd] =
8.1, 4.0 Hz), 108.4 (d) = 5.2 Hz), 34.8, 30.4.

F NMR (282 MHz, CDGJ): = —65.57 (s), —82.63 (5).

FT-MS (ESI+):m/z = 492.1 (calcd. 492.0 forigH17/BrFsN4OS [M+H]).

N-{6-[2-(tert-Butyl)phenoxy]-2-fluor opyridin-3-yl}-5-[4-(trifluor omethoxy)phenyl]-4-
(trifluoromethyl)thiazol-2-amine (53) was obtained according to general procedure | as
colorless solid, 45% yield.

HPLC: | = 26.6 min, >99 %.

M. p. = 159 °C.

TLC (silica gel, EA/IH, 1:9)R; = 0.18.

'H NMR (400 MHz, CDCY): d= 8.59 (ddJ = 10.2, 8.6 Hz, 1H), 7.48 — 7.42 (m, 3H), 7.32 —
7.23 (m, 1H), 7.23 — 7.12 (m, 2H), 7.08 (s, 1H¥56(dd,J = 7.7, 1.7 Hz, 1H), 6.76 (d,= 8.6
Hz, 1H), 1.38 (s, 9H).

13C NMR (100 MHz, CDGJ): d = 162.4, 152.9, 141.6, 135.9, 133.5, 133.5, 131%,7,
127.4,127.3,125.1, 122.4, 121.0, 108.5, 34.81.30.

F NMR (282 MHz, CDGJ): 5= —58.20 (s), —60.39 (s), —82.58 (dd; 10.3, 4.9 Hz).

HRFT-MS (ESI+):m/z = 594.1057 (calcd. 594.1057 fopdB0FN3sNaO,S [M+NaJ).

N-{6-[2-(tert-Butyl)phenoxy]-2-fluor opyridin-3-yl}-5-phenyl-4-(trifluor omethyl)thiazol -2-
amine (54) was obtained according to general procedureahalorless solid, 31% vyield.

HPLC: & = 23.3 min, >99 %.

M. p. = 165 °C.

TLC (silica gel, EA/IH, 1:9)R; = 0.15.

'H NMR (400 MHz, CDCJ): o= 8.60 (dd,J = 10.2, 8.6 Hz, 1H), 7.60 — 7.36 (m, 6H), 7.25 —
7.11 (m, 2H), 7.08 (s, 1H), 6.95 (db= 7.8, 1.6 Hz, 1H), 6.76 (d,= 8.5 Hz, 1H), 1.38 (s, 9H).

3C NMR (100 MHz, CDG)): J = 162.2, 156.9, 152.9, 133.3, 133.3, 130.0, 12928.8,
128.7, 127.7, 127.4, 127.3, 125.1, 122.4, 108.3 €5.3 Hz), 34.8, 30.4.
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F NMR (282 MHz, CDG): 6= —60.32 (s), —82.78 (d,= 10.2 Hz).
HRFT-MS (ESI+):m/z = 488.1414 (calcd. 488.1414 fopsHl,5FsN30S [M+H]').

In vitro Pharmacology

Cellular and nuclear receptor functional RRYassay was performed by Cerep (France, Iltem
4293 and 4294 respectively) with human recombid&2IN1 cells using 2MeSATP (1 nM) as
stimulus at room temperature. Intracellular {Javas detected by fluorimetry. The agonistic
effect was investigated using the RRYagonists5 (MRS2365, [[(R,2R,3S4R,59)-4-[6-amino-
2-(methylthio)-$H-purin-9-yl]-2,3-dihydroxybicyclo[3.1.0]hex-1-yl|ntbyl] diphosphoric acid
mono-ester trisodium salt) as reference compournd dntagonistic effect was investigated

using compoun@ as reference antagonist (G 11 nM).

Radiochemistry

General

No-carrier-added ‘fF]fluoride was producedvia the F°O(p,n)®F] nuclear reaction by
irradiation of an POJH,0 target (Hyox 18 enriched water, Rotem Industtitss Israel) on a
Cyclone 18/9 (iba RadioPharma Solutions, Belgiunthfixed energy proton beam using Nirta
[*®F]fluoride XL target.

Radio thin-layer chromatography (radio-TLC) wasfpened on silica gel (Polygram® SIL
G/UVasy) pre-coated plates with a mixture of BAiexane 1:1 (v/v) as eluent. The plates were
exposed to storage phosphor screens (BAS-TR2028HAWM Co., Tokyo, Japan) and recorded
using a bio-imaging analyzer system (BAS-1800 UJFILM). Images were evaluated with the
BASReader and AIDA 2.31 software (raytest Isotopessgerdte GmbH, Straubenhardt,
Germany).

Analytical chromatographic separations were perémimon a JASCO LC-2000 system,
incorporating a PU-2088us pump, AS-205Blus auto injector (10QuL sample loop), and a
UV-2070Plus detector coupled with a gamma radioactivity HPL&edtor (Gabi Star, raytest
Isotopenmessgerate GmbH). Data analysis was pextbrwith the Galaxie chromatography
software (Agilent Technologies) using the chromedots obtained at 254 nm. A Reprosil-Pur
C18-AQ column (250 x 4.6 mm; 5 um; Dr. Maisch HPBInbH; Germany) with MeCN/20
mM NH4OAc,q (pH 6.8) as eluent mixture and a flow of 1.0 mldmias used (gradient: eluent
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A 10% MeCN/20 mM NHOAC,q eluent B 90% MeCN/20 mM NMDAC,g; 0-10' 100% A, 10—
40' up to 100% B, 40-50' 100% B , 50-51 up to 1@Q%1-60' 100% A).

Semi-preparative HPLC separations were performed aonJASCO LC-2000 system,
incorporating a PU-2080-20 pump, an UV/VIS-2075 ed#&dr coupled with a gamma
radioactivity HPLC detector whose measurement gégymeas slightly modified (Gabi Star,
raytest Isotopenmessgerate GmbH) and a fractidaatot (Advantec CHF-122SC). A Reprosil-
Pur C18-AQ column (150 x 10 mm) coupled with a ptemn (50 x 10 mm; 10 um; Dr. Maisch
HPLC GmbH; Germany) with 62% MeCN/20 mM NBIAc,q (pH 6.8) as eluent at a flow of 4.0
mL/min were used.

The ammonium acetate and the SDS concentratiotesisdia 20 mM NEDACc,q and 100 mM
SDSq respectively, correspond to the concentratiorthin aqueous component of an eluent
mixture.

Radiosynthesis

No carrier added*{F]fluoride (100 - 500 pL) was transferred into anmt V vial and
TBAHCO; (20 pL of a 0.075 M aqueous solution from ABX adleed biochemical compounds,
Radeberg, Germany) in 1 mL GEN was added. The aqueod&]fluoride was azeotropically
dried under vacuum and nitrogen flow within 7-1rasing a single mode microwave (75 W, at
50-60 °C, power cycling mode). Two aliquots of asftopis CHCN (2 x 1.0 mL) were added
during the drying procedure and the findF|TBAF was dissolved in 500 pL of anhydraest-
BuOH ready for labeling. Thereafter, a solution 108-2.0 mg of precursor in 300 pL of
anhydrougtert-BuOH was added, and tHér-labeling was performed under thermal heating at
90 °C for 10 min. To analyze the reaction mixtunel &0 determine radiochemical yields of the
labeling, samples were taken for radio-HPLC andorddC. Moreover, the stability of the
tosylate precursor was investigated under the ildpebnditions by using UV-HPLC analysis.

After cooling, 2.0 mL of a mixture of GJ&N /water (35/75 v/v) was added and the solution
was applied to an isocratic semi-preparative RP-EiRlystem for isolation of'{F]18. The
collected radiotracer fraction (25-29 min) was @hth with 40 mL of HO to perform final
purification by sorption on a preconditioned SepP@18 light cartridge (Waters, Milford, MA,
USA) and successive elution with 0.75 mL of ethafitle solvent was reduced under a gentle
argon stream at 70 °C and the desired radiotracerulated in sterile isotonic saline containing
10% EtOH (v/v). The identity and radiochemical purof [*°F]18 was confirmed by radio-
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HPLC and radio-TLC. Molar activity was determined the basis of a UV/mass calibration
curve carried out under isocratic HPLC conditio% CHCN /20 mM NHOACc,, pH 6.8)
using chromatograms obtained at 260 nm.

Determination of the logD value

The partition coefficient of 'fF]18 was experimentally determined for tmeoctanol/PBS
system by the shake-flask method. Small tracer atsqt+ 800 kBq) were added to a mixture of
3.0 mL of n-octanol and 3.0 mL of PBS. After shaking for 20nnait room temperature, the
samples were centrifuged (10,000 rpm, 5 min) amdL1aliquots of the organic as well as the
agueous layer were taken and measured incaunter (PerkinElmer Wallac Wizard 1480
Gamma Counter, manufactured by WALLAC, Turku, Frda Another 1 mL aliquote of the
organic layer was mixed with 2.0 mi-octanol and 3.0 mL of PBS and subjected to theesam
procedure until constant partition coefficient \edlhad been obtained. All measurements were
done in quadruplicate.

Metabolism studies

Experiments followed the international guidelinésanimal care and the study protocols were
approved by the Landesdirektion Leipzig, the lomathority for animal care (Reg.-Nr.: TVV
08/13; Reference number: 24-9168.11/18/8).

Mouse blood samples were taken at 30 min afteavetmous injection of ~65 MBq of*F]18
(n = 2). Plasma was obtained by centrifugationlobth at 12,000 rpm at room temperature for 1
minute.

MLC: For preparation of the MLC injection samplesuse plasma (20 — 50 uL, 30 min p.i.)
was dissolved in 100 — 300 pL of 100 mM aqueous.SiBnogenized brain material (200 pL,
30 min p.i.) was dissolved in 400 pL of 200 mM aoue SDS, stirred at 75 °C for 5 min and
injected into the MLC system after cooling to roe@mperature. To proof the integrity of the
radiotracer under this conditions, 50 kBq of théioracer were stirred at 75 °C for 5 min in 500
pl of 200 mM aqueous SDS and analyzedlMLC. The MLC system was built up of a JASCO
PU-980 pump, an AS-20B%us auto injector with a 200QL sample loop, and a UV-1575
detector coupled with a gamma radioactivity HPLCtedwmr (Gabi Star, raytest
Isotopenmessgerate GmbH). Data analysis was pextbrwith the Galaxie chromatography
software (Agilent Technologies). A Reprosil-Pur €GAQ column (250 x 4.6 mm, particle size:

10 pum) coupled with a pre-column of 10 mm lengtrs waed. Separations were performed by
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using an eluent mixture of 1-PrOH/100 mM aqueou$8DmM NaHPOs.qin gradient mode (0
— 15’ at 3% 1-PrOH, 15 — 30’ up to 30% 1-PrOH, 3@5-at 30% 1-PrOH, 45 — 50’ up to 3% 1-
PrOH; 50 — 60’ at 3% 1-PrOH/ 100 mM SRS10 mM NaHPO,,) at a flow rate of 0.75
mL/min.

RP-HPLC: For protein precipitation and extractioro tdifferent solvent systems were tested
by adding an ice-cold mixture of (i) acetone/wd#t; v/v) and (i) MeOH/water (9/1; v/v) in a
ratio of 4 : 1 of solvent to plasma or brain homuage, respectively. The samples were vortexed
for 2 min, equilibrated on ice for 15 min, and c¢daged for 5 min at 10,000 rpm. The
precipitates were washed with 200 pL of the solvemtture and subjected to the same
procedure. The combined supernatants (total voloeteeen 1.0 —1.5 mL) were concentrated at
65 °C under nitrogen flow to a final volume of apgmately 100 pL and analyzed by analytical
radio-HPLC. To determine the percentage of radivi&gtin the supernatants compared to total
activity, aliquots of each step as well as the ipitates were quantified bycounting. Using the
acetone/water system, the obtained recoveries e with 44% for plasma and 26% for the
brain homogenate compared to the MeOH/water systegm 70% and 57%, respectively. To
analyze the worked-up samples, the same HPLC metiasl used as described in the
radiochemistry part.

HILIC: For HILIC chromatography the brain samplegre prepared as described for RP-
HPLC using MeOH/water as extraction solvent. Theasations were performed with a
NUCLEODURPHILIC column (250 x 4.6 mm, particle size: 5 pumprfr Macherey-Nagel
(Duren, Germany) under isocratic conditions (7@%8CHCN/20 mM NHOAC,) at a flow of
1 mL/min.
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Highlights

- A series of fluorinated, non-nucleotidic P2Y ;R ligands was devel oped

- Derivative 18 was identified with an 18-fold higher antagonistic potency than the lead
compound 7

['8F] 18 was obtained in high radiochemical purity, yield and molar activities
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X-Ray Diffraction

OCF,

Experimental

The single crystal X-ray data collection was carried out on a Bruker AXS SMART
diffractometer at room temperature using Mo Ko radiation (A=0.71073 A) monochromatised
by a graphite crystal. Data reduction was performed by using the Bruker AXS SAINT and
SADABS packages. The structures were solved by direct methods and refined by full-matrix
least squares calculation using SHELX.! Anisotropic thermal parameters were employed for
non-hydrogen atoms. The hydrogen atoms were treated isotropically with Uiso = 1.2 times the
Ueq value of the parent atom. The hydrogen atoms included were introduced in ideal positions.
Crystal data and structure refinement details are summarized in Table 1. The crystallographic
data for the structures have been deposited with the Cambridge Crystallographic Data Centre.
The CCDC number listed in Table 2. Copies of the data can be obtained, free of charge, on
application to CCDC, 12 Union Road, Cambridge CB2 1EZ, UK, fax: +44 1223 336033 or e-

mail: deposit@ccdc.cam.ac.uk.

X-ray structure analysis

The molecular structure of 36 is determined by single-crystal diffraction analysis. The
molecular configuration is shown in Figure 1. Selected crystallographic data and structure
refinement parameters are listed in Table 1.

Compound 36 crystallizes in the monoclinic space group P2;/n with two molecules in the

asymmetric unit and eight molecules in the unit cell. The two molecules of the asymmetric unit
S15



have different conformations, see Figure 1. Significant differences between the two
conformations are the opposite direction (position) of the z-butylbenzene group and the dihedral
between the two aromatic rings (phenyl and pyridine) alongside the carbamide (urea) group
with 11.4°, respectively 65.5° (Figure 2).

These two molecules connected via a hydrogen bond in the crystal lattice with a distance of
dni-05=2.873 A. Additional interactions are two m-7 interactions between the phenyl ring from
the t-butylbenzene of the first molecule to the pyridine ring of the second molecule and vice
versa, with a plane-to-plane distance of 3.80 A and a dihedral angle of 12.07° between the
planes, respectively 3.95 A and 14.35° (Figure 3).

The crystal lattice contains no solvent accessible voids.

Table 1. Selected crystallographic data and structure refinement parameters of 36

Compound reference
Chemical formula
Formula Mass

Crystal system

alA
b/A
c/A

a/®

ple
y/°

Unit cell volume/A3
Temperature/K
Space group

No. of formula units per unit cell, Z

Radiation type

wk120 RM135
C23H21F4N303
463.43
Monoclinic
15.2900(12)
17.4129(14)
17.5994(14)
90.00
101.163(4)
90.00
4597.1(6)
296(2)

P2y/n

8

Mo-K,

S16



Absorption coefficient, 4/mm’!
No. of reflections measured
No. of independent reflections
Rint

Final R; values (I > 20([))
Final wR(F?) values (I > 20(1))
Final R; values (all data)

Final wR(F?) values (all data)
Goodness of fit on F?

CCDC number

C17,

F8

0.111
74587
11301
0.0904
0.0655
0.1889
0.1755
0.2342
0.895
1849365

M\F3
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Figure 1. Ortep representation of the two different conformations of the molecules in the

asymmetric unit of 36. Atomic labelling shown with 30% probability displacement ellipsoids.

Figure 2. Overlay of the two different conformations.

Figure 3. View of the unit cell of compound 36. Hydrogen bonds are drawn as dashed red lines

and -7 interactions as blue dashed lines. Hydrogen atoms omitted for clarity.
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HPLC Chromatogram cpd. 23
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HPLC Chromatogram cpd. 24
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HPLC Chromatogram cpd. 25
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HPLC Chromatogram cpd. 28
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HPLC Chromatogram cpd. 29
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HPLC Chromatogram cpd. 30
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550 HPLC Chromatogram cpd. 32
Index | Time [ Quantity [ Height Area| Area%| K'|Res. USP | Res. HW | Selectivity [ As. 10% L’?Q
500 [Min] | [% Area] | [mV] | [mV.Min] [%] Y
2 [1986] 258] 321 23] 2.583[0.00 0.00 0.00 0.00 |
450——Jese] ordelseeal e7sl o7ai7locol 47750 4878 1.44
[ Total 100.00] 57651 90.11100.000 ‘\
400
350 @ |
300 o>_ /CQEH M
NH
2
50 7\ NH
200 N , - i
150 ::f E ‘
[
100 1 I
®
50 A
|
O | A — |
| N\ |
-50 ‘,' |
0123456 7 8 910111213141516 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35

HPLC Chromatogram cpd. 36
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ACCEPTED MANUSCRIPT

HPLC Chromatogram cpd. 37

1.000| [Wndex| Time | Guantity | Height| _ Area| Area%| K | Res. USP|Res. AW | Selectivity | As. 10%| ” Ky

g uin) |50 Areal | [mV] m¥ Min)| _[%]
1 12815 9791] 9994 217.6] 97.91010.00 0,00

900 2 [3072 209| 248 46| 2090/000] 896
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450
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50 _w 3 n L,
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HPLC Chromatogram cpd. 38
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ACCEPTED MANUSCRIPT

HPLC Chromatogram cpd. 39

Area| Area%| K Res.USP|Res. HW Selectivity | As. 10%
7.9 10} 21800,00] 000 000 - 73,07 5‘3‘;’
217.0 ég‘i;_s_r,gz_o_ 0,00 17.76 111}"102
| 224.8) 44,7 1 100,000 o
Iy
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HPLC Chromatogram cpd. 40
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HPLC Chromatogram cpd. 41
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HPLC Chromatogram cpd. 42
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HPLC Chromatogram cpd. 43
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HPLC Chromatogram cpd. 47
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HPLC Chromatogram cpd. 48
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HPLC Chromatogram cpd. 49
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HPLC Chromatogram cpd. 53
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HPLC Chromatogram cpd. 54
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