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ABSTRACT

Immuno-therapy has become a leading strategy to fight cancer. Over the past few years,
immuno-therapies using checkpoint inhibitor monoclonal antibodies (mAbs) against
programmed death receptor 1 (PD-1) and programmed death ligand 1 (PD-L1) have
demonstrated improved survival compared with chemotherapy. We describe the microwave-
assisted synthesis and the characterization of an innovative series of synthetic compounds
endowed with nanomolar activity against PD-L1. The properties of the compounds were
characterized using several biophysical techniques including microscale thermophoresis
(MST) and fluorescence resonance energy transfer (FRET) measurements. A few small
molecules demonstrated a high affinity for human PD-L1, potently disrupted the PD-L1:PD-1
interaction and inhibited Src homology region 2 domain-containing phosphatase (SHP2)
recruitment to PD-1. More than 30 molecules from the pyrazolone family have been

synthesized and 5 highly potent “PD-L1 silencing compounds” have been identified, based on
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in vitro measurements. Structure-activity relationships have been defined and ADME
properties were evaluated. The phenyl-pyrazolone unit offers novel perspectives to design
PD-L1-targeting agents, potentially useful to combat cancer and other pathologies implicating

the PD-1/PD-L1 checkpoint.
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INTRODUCTION

Before the age of 70, cancer is the first or second leading cause of death in 112 countries
throughout the world. Overall, the cancer incidence is increasing worldwide. A 47% increase
is expected between 2020 and 2040 [1] due to demographic changes accentuated by
urbanization and its associated effects such as pollution, diet pattern and longer life span.
Major progresses in the treatments have been made over the past three decades.
Chemoradiotherapy is currently the most used treatment approach [2] but it has its limitation
with severe side effects and the development of resistant cancer cells which can cause
relapsing, often deadly [3]. Cancer immunotherapy is a more recent successful approach to
eliminate cancer cells by enhancing or modulating the host immune system [4]. The main
targets of this strategy are the immune checkpoints. Normally, they regulate the amplitude of
the immune response and reduce collateral tissue damage. In some cases, cancer cells interact
with immune checkpoints which inhibit the immune response and thus favor the development
of tumors.

PD-1 is one of the main targets of cancer immunotherapy [5]. PD-1 is a transmembrane
receptor expressed on the surface of T cells, B cells, monocytes, natural killer T cells and
dendritic cells. It has two natural ligands: PD-L1 and PD-L2. PD-L1 is overexpressed on the
cell surface of different tumors [6] and allows them to escape T cells lysis [7]. The PD-
L1/PD-1 association induces many inhibitory processes of the immune response. It inhibits
the proliferation of T cells, inhibit cytokines production and induce T cell apoptosis [2]. It
also impairs T-cell antigen recognition [8]. Targeting this interaction could allow the
restoration of T cells activity and recognition of malignant cells by the immune system.
Currently, the only compounds blocking the interaction between PD-1 and PD-L1 approved
or at an advanced stage of development are monoclonal antibodies (mAb, such as nivolumab,
atezolizumab, and several others). They have drastically improved the survival rates of
advanced, aggressive cancers (in particular melanoma and non-small cell lung cancer) [9].

Targeting PD-L1 instead of PD-1 has proven to be a more specific and efficient strategy
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associated to less severe side effects [10,11]. Despite their high affinity, monoclonal
antibodies have several drawbacks such as poor bioavailability, poor tumor penetration,
expensive production and specific mAb-related toxicities [12]. Moreover, the blood-brain
barrier strongly limits the entry of monoclonal antibodies in the normal brain [13]. Small
molecules blocking the interaction between PD-1 and PD-L1 could be orally available,
cheaper to produce than mAb while presenting improved pharmacokinetics with greater
diffusion rate [14]. However, because of the large and relatively flat hydrophobic interaction
surface of the PD-1/PD-L1 complex [15], thus far the development of small molecules has
lagged far behind the development of therapeutic biomolecules.

Today, relatively few small molecules targeting the PD-L1/PD-1 interaction have been
described. Bristol-Myers Squibb (Figure 1) was the first to design and develop PD-L1-

targeted small molecules containing a biphenyl core scaffold [16].
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Figure 1. Example of PD-L1-targeted compounds developed by BMS based on a biphenyl
scaffold

A few other companies and academic groups have reported small molecules directed against
PD-L1. For example, Arbutus Biopharma Inc. described anti-PD-L1 small molecules which
were shown to induce a 60.4% tumor volume reduction in a colorectal cancer model in vivo.
These small molecules could also enhance immune response against the hepatitis B virus [17].
Aurigene Discovery in collaboration with Curis has designed and optimized a 29-mer peptide
based on the structure of APD-1 targeting PD-L1, AUNP-12 (Figure 2), precursor of CA-170,
a peptidomimic. Although its capacity to target only PD-L1 has been questioned [14], CA-
170 is in clinical studies, undergoing phase I clinical trials for the treatment of advanced solid
tumors and lymphomas and phase II clinical trials for the treatment of lung cancer, head and
neck/oral cavity cancer, MSI-H positive cancers and Hodgkin lymphoma in India.[14]. In
recent years, different series of small molecules targeting PD-L1 and/or the PD-L1/PD-1

interface have been described [18-21] and some other compounds are currently in clinical



studies like INCB086550, developed by Incyte (US), actually in phase II clinical trials
(NCT04629339/NCT03762447) or IMMH-010, developed by Tianjin Chasesun (China), in
phase I clinical trials for the treatment of selected solid tumors (NCT04343859) [22-23].
Wang M. et al. have also discovered pyrrole-imidazole polyamides as PD-L1 expression
inhibitors targeting PD-1/PD-L1 interaction [24]. Song Z. et al. have designed biaryl [25]
bearing a unique difluromethyleneoxy linkage (compound A, figure 2) and Wang T. et al have
described a biphenyl pyridine (compound B) [26] and a biphenyl oxadiazol compound
(compound C, figure 2) that promote PD-L1 internalization and degradation [27].
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Figure 2. Description of the advancement of PD-L1 inhibitors. Structures of AUNP-12, a
peptide based on the structure of 4 hPD-1 parts (2 BC loops in red, the D strand in blue, the
FG loop in pink and the G strand in green), CA-170, INCB086550, IMMH-010, compound
A, compound B and compound C.

In an attempt to identify new derivatives, a screening of a small in-house chemical library was

undertaken to identify PD-L1 ligands. Two relevant and complementary methodologies were



used for the screening: (i) a MicroScale Thermophoresis (MST) in vitro assay and (ii) a cell-
based Forster Resonance Energy Transfer (FRET) assay. MST is a powerful method for the
quantitative analysis of protein-ligand interactions with low sample consumption based on the
motion of molecules along local temperature gradients, useful to evaluate compounds affinity
for PD-L1 (Kp) as described previously [28]. FRET assay allowed to evaluate the capacity of
compounds to potently disrupt the PD-L1:PD-1 interaction and to inhibit Src homology
region 2 domain-containing phosphatase (SHP2, the down-stream effector protein)
recruitment to PD-1.

Two hundred molecules were screened which resulted in the identification of multiple hits
with Kp in the submicromolar range. We selected an interesting hit compound including a
phenyl-pyrazolone core structure (compound 2) and then we designed, synthesized and tested
a complete series of bi-substituted pyrazolone derivatives (3-40) with the objective to enhance
activity and affinity for PD-L1 and to establish structure-activity relationships in the series

(Figure 3).

Figure 3. General structure of synthesized pyrazolones (2-40)

RESULTS AND DISCUSSION

Chemistry.

Pyrazolones were synthesized by the Knorr reaction, a condensation between an hydrazine
and a B-keto ester [29]. Multiple protocols have been described using microwaves [30, 31],
sonication [30, 32] in different solvents such as a mix of ethanol and glacial acetic acid [30],
glacial acetic acid only [33] or without any solvents [31, 32]. Here, the reaction was carried
out by sonication in a concentrated acetic acid medium since it induced a precipitation of the
desired product. Therefore, we could observe an improved yield, short reaction times with
easy work-up compared to other protocols. With alkyl B-keto esters, the sonication protocol

resulted in poor yields, therefore microwaves (150W, 130°C) were used (Figure 4).
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Figure 4. Synthesis of the pyrazolones by sonication for aromatic and adamantane
compounds (R> = aromatic or adamantane groups) and microwaves activation for alkyl

compounds (R> = alkyl groups)

The desired B-keto esters were synthesized by various methods depending on the starting
materials availability (Figure 5). Three methods were investigated. Method A consists in a
Claisen condensation between a ketone precursor with diethyl carbonate in presence of

sodium hydride in anhydrous toluene (compounds 1a-c) (Figure 6) [34].
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Figure 5. Synthesis of B-keto esters using the method A

For the method B, ethyl potassium malonate is C-acylated by an acyl chloride precursor in

presence of a magnesium chloride-triethylamine base system (1d-e) (Figure 6) [35].

(0] U Anhydrous ACN, inert atmosphere, 0°C to RT U
Mt RO oK’ Ry OFEt
R~ Cl MgCl, (2.5 eq.), TEA (3.3 eq.) ld-e

2.1 eq.

Figure 6. Synthesis of B-keto esters using the method B

Method C is a two steps reaction. First, the ester is activated with dicyclohexylcarbodiimide
and 4-dimethylaminopyridine as a catalyst in anhydrous dichloromethane. The active ester
acylates Meldrum’s acid to give the corresponding acyl Meldrum’s acid intermediate. Then,
in the presence of ethanol and p-toluenesulfonic acid as a catalyst, this intermediate

decomposes into carbon dioxide, acetone and the desired B-keto ester (1f) (Figure 7) [36].
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Figure 7. Synthesis of B-keto esters using the method C

The three methods (A, B and C) led to the synthesis of the full range of compounds (3-40), all
obtained in a satisfactory yield and fully characterized by 'H-NMR, '*C-NMR, LC-MS and
HRMS. We designed bi-substituted pyrazolone derivatives bearing i) in R an unsubstituted
pyridine (connected via position 2, 3, or 4), a mono- or di-substituted pyridine connected via
the 2-position, a mono- or di-substituted phenyl (halogen, methyl, amino or methoxy) or a
pyrimidine connected via the 2-position and ii) in R2 a mono or polysubstituted phenyl ring
(methoxy, halogen, trifluoromethyl, nitro, methyl), a linear aliphatic chain (methyl, ethyl,
propyl and butyl), a branched aliphatic chain (isopropyl and tert-butyl) or a non-aromatic
group (adamantyl). All compounds were evaluated as potential PD-L1 binders, using the

aforementioned MST and FRET assays.

Structure-activity relationships.

We started from the hit compound 2 identified during the initial screening procedure. This
phenyl-pyrazole-pyridine unfused tricyclic compound is a potent PD-L1 binder, characterized
by a Kp (MST) of 385 nM and an ICso (FRET) of 359 nM. From this compound, we
modulated the phenyl and pyridine rings (Ri, R2) on both side of the pyrazolone core to
establish structure-activity relationships (SAR).

To begin with, the 2-pyridine unit was maintained (R1) as in compound 2 while modifications
on the other side (R2) were carried out. A phenyl substituent was selected for the R group and
the three positions, ortho, meta, and para, were investigated. For the ortho position, the
substitution by a methoxy group (compound 3) significantly increases affinity (17-folds
higher, Kp (MST) = 23 nM) and activity (50-folds higher, ICso (FRET) = 7.0 nM) of the
resulting molecule 3 compared to compound 2. Other ortho substitutions by a Cl or F atom, or
a Me group (compounds 4-6) resulted in a major loss of affinity. For the meta position, the

substitution by a methoxy group, a Cl atom, a Me or CF; group, with diverse steric and
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electronic effects resulted in a total loss of affinity (compounds 7-9) or in a drastic reduction
of potency (compound 10). Similarly, to the ortho position, compound 11 substituted with a
methoxy group at the para position, is more potent than compound 2 (Kp 4-folds higher and
ICs0 21-folds higher) but less potent than compound 3. Substitution by a CF3 group at the para
position (compound 12) also induced an increase of affinity and activity compared to
compound 2 but not as much as the methoxy substitution (compound 11). The other
compounds with a Cl atom, a Me or NO; group, or a F atom at the para position showed a
poor (compounds 13-14) or no (compounds 15-16) affinity for PD-L1. In summary,
modifications on the phenyl ring of the R» group allowed to determine the favorable
substituents for PD-L1 affinity and activity: a methoxy group at the ortho or para positions of
the phenyl give the most potent inhibitors (compounds 3 and 11).

Multi-substituted phenyl compounds were also synthesized. Thereby, compound 17,
disubstituted with methoxy groups at the 3- and 4-positions showed a much better potency
(Kp (MST) = 1.19 nM and ICso (FRET) = 7.3 nM) than compound 2 (Figures 8 and 9) and the
monosubstituted compounds 3 and 11. This compound was shown also to bind to mouse PD-

L1 (1,63 0,5 nM).

e
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Figure 8. MST binding assay. Dose response curve between pyrazolones and rhPD-L1
(recombinant human PD-L1). Atezolizumab is used as reference compound, with a Kp value
of 91 £ 7 nM (blue). PD-L1 is labelled with the Monolith His-tag labelling kit (NanoTemper).
MST experiments were carried out at 100 % LED and low MST power. Graphs are
represented as fraction bound against ligand concentration. The calculated Kp values were
1.19 £0.4 nM for compound 17 (green) and 385 +21 nM for compound 2 (orange). Data
represent three independent experiments and were fitted to a Kp-binding model assuming a
1:1 binding stoichiometry.
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Figure 9. FRET inhibition using reporter cell-based assay. Nivolumab is used as reference
(triangle). Various concentrations of pyrazolones were used to monitor FRET inhibition. After
the addition of PD-L1 (10 uM) to the co-transfected PD1-SHP2 cells, dose-response analyses
are performed to determine the ICso of the molecule under study. ICso values were obtained
using Graphpad software. ICsp value of BMS-202 = 124 + 12 nM. Data represent five
independent experiments (n=5).

A trimethoxy molecule (compound 18) was also synthesized but resulted in a total loss of
affinity for PD-L1. Interestingly, despite the absence or poor affinity of chlorinated
compounds 4, 8 and 13, the disubstitution by two Cl atoms at the ortho and para positions
(compound 19) was favorable for the affinity (Kp (MST) = 110 nM) and activity (ICsg
(FRET) = 98 nM). However, compound 20 with two Cl atoms at the meta and para positions
showed the same potency than the hit compound 2. Finally, compound 21 with a mixed
substitution (Cl atom at the meta position and methoxy at the para position) showed no
affinity for PD-L1.

Then, alkyl chains were introduced for the R, group. Substitution by a methyl group
(compound 22) resulted in a good potency for PD-L1 (Kp (MST) = 77 nM and ICso (FRET)
= 92 nM). However, extending the chain to an ethyl (compound 23), propyl (compound 24)
or butyl (compound 25) group resulted in a massive loss of affinity. Similarly, compounds
26-27 with isopropyl and tert-butyl for R, showed no affinity. However, the introduction of
an adamantane (compound 28) resulted in a good affinity for PD-L1 (Kp (MST) = 340 nM)
and a high activity (ICso (FRET) = 4 nM). Finally, we observed no affinity with the
symmetric compound 29 bearing two 2-pyridine groups. Thus, the modification of the R»
substituent allowed the identification of six interesting compounds (3, 11, 17, 19, 22 and 28),
with activity largely better than the hit compound 2 (ICsp (FRET) < 100 nM).



To complete this study, we moved on to modify the R; substituent while fixing the Ro
substituent as the adamantane group due to compound 28 revealing an ICso value in the
nanomolar range. First, the position of the nitrogen of the 2-pyridine was changed and 3-
pyridine (compound 30) and 4-pyridine (compound 31) derivatives were prepared.
Unfortunately, these molecules showed no affinity for PD-L1. Other R; substituents were
investigated as 2,4-diCl-phenyl (compound 32), 2,4-diCH3z-phenyl (compound 33), 2.4-
diNHz-phenyl (compound 34), phenyl (compound 35). Compound 32 with a 2,4-diCl-phenyl
substituent reveled an excellent potency for PD-L1 (Kp (MST) = 19 nM and ICso (FRET) =3
nM). We selected this latter potent compound for the ITC experiments (see below).

Finally, the R> substituent was fixed as a 2-MeO-phenyl group and a series of substituted 2-
pyridines were prepared. Results showed no affinity for the pyrimidine 36 and for the
fluorinated (compounds 37-38) and chlorinated 2-pyridines compounds (compounds 39-40).
It has been concluded that the 2-pyridine group is a pharmacophoric element for our PD-L1

inhibitors.

Table 1: Synthesized pyrazolones, their affinity (MST) and their bioactivity (FRET) for PD-
L1.

Compounds Kp (nM)

ICso
Kp (nM) MST
R, R> (nM)
MST Dimerization
FRET
Assay
2 2-pyridine Phenyl 385+21 - 359
+17
3 2-pyridine 2-MeO-phenyl 23 £5 46 + 11 T+4
4 2-pyridine 2-Cl-phenyl >500 000
5 2-pyridine 2-Me-phenyl >500 000
6 2-pyridine 2-F-phenyl >500 000
7 2-pyridine 3-MeO-phenyl NB
8 2-pyridine 3-Cl-phenyl >500 000
9 2-pyridine 3-Me-phenyl >500 000
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11
12

13

14
15
16
17

18

19

20

21

22
23
24
25
26
27
28
29
30
31
32

33

34

35

36
37

2-pyridine

2-pyridine
2-pyridine

2-pyridine

2-pyridine
2-pyridine
2-pyridine
2-pyridine

2-pyridine

2-pyridine

2-pyridine

2-pyridine

2-pyridine
2-pyridine
2-pyridine
2-pyridine
2-pyridine
2-pyridine
2-pyridine
2-pyridine
3-pyridine
4-pyridine
2,4-diCl-
phenyl
2,4-diCH3-
phenyl
2,4-diNHo-
phenyl
Phenyl
2-pyrimidine
3-F-2-
pyridine

3-CF3-phenyl

4-MeO-phenyl
4-CFs-phenyl

4-Cl-phenyl

4-Me-phenyl
4-NO;-phenyl
4-F-phenyl
3,4-diMeO-
phenyl
3,4,5-triMeO-
phenyl
2,4-diCl-
phenyl
3,4-diCl-
phenyl
2-Cl-4-MeO-
phenyl
Methyl
Ethyl
Propyl
Butyl
Isopropyl
Tert-butyl
Adamantane
2-pyridine
Adamantane
Adamantane

Adamantane

Adamantane

Adamantane

Adamantane

2-MeO-phenyl
2-MeO-phenyl

1200 + 200

83+ 12
156 + 12

27000 +
5000
1090 £ 0,2
NB
NB
1.19+04

NB

110 17

584 +£75

NB

TT+7
>500 000
>500 000
>500 000
>500 000
>500 000
340 +27
>500 000

NB
NB

NB

NB
NB
NB

2+09

0,7+0.2

1100 +
200
17+5
143
+12
33000
+ 7000

98 +12
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38 3,5-diF-2- 2-MeO-phenyl NB

pyridine
39 4-CI-2- 2-MeO-phenyl NB
pyridine
3,5-diCl-2-
40 o 2-MeO-phenyl NB
pyridine
6.7
Nivolumab
+2.7
BMS-202 3749 124
- +
NB 12 = No

binding; Data are mean = SEM of three experiments performed in duplicate.

Isothermal Titration Calorimetry (ITC) assay.

To complete this study and to support the MST results, the affinity of compound 32 for PD-
L1 was evaluated by Isothermal Titration Calorimetry (ITC). We selected compound 32
(obtained in a large quantity) as an example of potent PD-L1 binder (according to the above
MST data) to confirm the PD-L1 interaction with an independent orthogonal method. Every
interaction between two molecules generates or absorbs heat, depending on the
thermodynamic nature of the interaction. This heat change can be measured by ITC. From the
raw heat pulses, binding isotherms are derived that deliver comprehensive informations of the
affinity, stoichiometry, and thermodynamics of molecular interactions.

The raw heat plot (Figure 10A) shows titration peaks with an overall signal spread of 0.3
ucal/s. The enthalpy plot (Figure 10B) indicates an interaction between compound 32 and PD-
L1. The following binding parameters were obtained: a Kp (steady state affinity) = 177 £ 93
nM, N (reaction stoichiometry) = 0.97 + 0.09 (indicating 1:1 interaction), AG (free enthalpy
of binding) = -0.922 kcal/mol (indicating exergonic reaction). These ITC data thus support
and validate the MST data.

A) B)
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Figure 10. Results of the ITC experiments performed with compound 32. (A) The titration of
raw data between differential power (DP, pcal/s) and time (min) after sequential injection of
ligand (12.4 uM) into the protein solution (1.24 uM) was plotted. (B) The integrated heat after
the correlation between enthalpy changes versus the molar ratios of compound 32 to protein
(rhPD-L1 Fc Chimera) was plotted. Data were fitted using a one-site binding model where
the solid lines represented the best-fit results

Binding mode of compound 17.

The crystal structure of compound BMS-202 bound to PD-L1 (PDB code 5J89) has provided
a detailed knowledge of the mode of binding of this reference compound to the dimeric
protein junction. We selected one of our good compounds (17) to perform a docking study to
the PD-L1 dimer (using the procedure outlined in other PD-L1 docking studies [37]). MST
dimerization binding assay (Table 1) and our computational analysis indicated that compound

17 can bind to the PD-L1 dimer interface as observed with BMS-202.

The binding mode of pyrazolone compound is comparable to that of the BMS compounds, at
the junction of two PD-L1 unit. The molecule was stabilized into the interfacial pocket
defined by the key tyrosine residues Y56 (chain A), Y123(A), Y56(B) and Y123(B) (Figure
11). Compound 17 remains solidly anchored to the PD-L1 dimer, establishing numerous
contacts with the two protein subunits. Up to 12 different interactions were observed,
including van der Waals contacts, H-bonds, n-rt stacking, Tralkyl and Tesulfur interactions

(Figure 11).
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Figure 11. Interactions observed between compound 17 (yellow) or BMS-202 (blue) and the
PD-L1 dimer. Compound 17 stabilizes the PD-L1 dimer and fits into a pocket defined by the
key tyrosine residues Y56 (chain A), Y123(A), Y56(B) and Y123(B) of the PD-L1 dimer.

The stability of the receptor-ligand complex was evaluated through the empirical potential
energy of interaction as defined above. The Molecular Mechanics/Generalized Born Surface
Area (MM/GBSA) procedure was used to evaluate free energies of hydration [38] within the
BOSS/MCPRO program, in relation with aqueous solubility [39]. The calculated binding
energy (AE) for the drug bound to the protein dimeric model is -56.45 kcal/mol (and the free
energy of hydration AG is -17.80 kcal/mol) versus -74.90 kcal/mol (and the free energy of
hydration AG is -20.50 kcal/mol) for BMS-202 in the corresponding complex.

PD-L1 ligand-induced reactivation of CTLL-2 cells

To mimic the rescue of a T-cell response, we used CTLL-2 cells expressing CD-80 (B7-1),
and dormant when they were exposed to recombinant #PD-L1. In this cell-based assay, the
proliferation of the cells is investigated by flow cytometry (Figure 12) and CyQuant cell
proliferation kit (Thermofischer). The addition of a PD-L1 inhibitor reactivates CTLL-2 cells

proliferation mimicking a reactivation of the immune system [40-41].
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Figure 12. Results of CTLL-2 cells proliferation test with compound 17. (A) CTLL-2
proliferation by flow cytometry alone (a), with recombinant rAPD-L1 (b) and with
recombinant #APD-L.1 and compound 17 (c). A fluorescent dye (CFSE) was used to monitor
cell proliferation using flow cytometry. In the control (a) the number of fluorescent CTLL-2
cells decreases at each cell generation. With rAPD-L1 (b) the proliferation is delayed and then
restored in the presence of compound 17(c). (B) Effect of two compounds on growth binding
curve: ICsp of compound 17 (4.1 = 1.2 nM) vs nivolumab (58 = 3 nM) using CyQuant cell
proliferation kit on CTLL-2 cells. ICs¢ value of BMS-202 = 53 £ 17 nM.

Our best selected compounds (3, 11, 17, 22 and 32; ICso (FRET) < 100 nM) display 10-100
nM ICso in this proliferation test (4.1 £ 1.2 nM for the best compound, vs. 58 £ 3 nM with
nivolumab, Table 2). They do not present direct cytotoxic properties toward cancer cells (ICso

> 1uM, data not shown).

Solubility, logD and plasma stability on mouse CD-1 plasma measurements.

The best compounds were selected for a preliminary ADME study (Table 2). We have
evaluated solubility, lipophilicity (logD) and stability of compounds on mouse CD-1 plasma.
Results indicated a poor solubility (1.9 pM) and a high lipophilicity (logD = 4,277) for the
adamatane compound 32. For the other compounds the solubility and lipophilicity data were
in agreement with our selection criteria (solubility > 80.9 UM and 0.8 < logD < 2,82).
However, all prepared pyrazolones were found to be unstable in mouse plasma (ti,2 < 30 min).

The plasma stability must be improved in future drug design.
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Table 2. Reactivation of CTLL-2 cells proliferation and ADME properties of selected
compounds.

Compounds Ri R ICs0 (nM) ADME properties
solubility,
CyQuant Cell logD,
proliferation ti2 (stability on of male mice
plasma)
3 2-pyridine 2-MeO-phenyl 14+4 solubility = 80.9 uM
logD =2.56
ti2 (plasma) = 10.9 min
11 2-pyridine 4-MeO-phenyl 75 +4 solubility = 199.2 uM
logD =2.82
ti2 (plasma) =12 min
17 2-pyridine 3,4-diMeO- 4112 solubility = 183 uM
phenyl logD =2.19
ti2 (plasma) = 30 min
22 2-pyridine Methyl 102 +8 solubility > 200 uM
logD = 0.85
ti2 (plasma) = 16 min
32 2,4-diCl-phenyl ~ Adamantane 54+3 solubility = 1.9 uM
logD =4.28

ti2 (plasma) =31 min
Nivolumab 58+3

Data (ICsp) are mean + SEM of three experiments performed in duplicate; ND = Not
determined.

CONCLUSION

A series of compounds was designed around the pyrazolone scaffold. Thirty-nine new
molecules have been synthesized, leading to the discovery of 5 original compounds as
immune checkpoint inhibitors blocking PD-1/PD-L1 interactions in the nanomolar range.
Pharmacomodulations were carried out and pointed out to the 2-pyridine group as a
pharmacophoric element for PD-L1 recognition. Our best compounds were able to disrupt the
PD-1/PD-L1 interaction and to reactivate CTLL-2 cells proliferation. These compounds
represent a new promising series for the design of PD-L1 ligands. However, further structural
optimizations will be required to improve the stability of the compounds in murine plasma, a
prerequisite for in vivo testing. Further drug design is on-going in our laboratories. In recent
years, diverse series of small molecules targeting the PD-1/PD-L1 checkpoint have been
reported [19]. Many of these small molecules bears a biphenyl core (as the BMS ligands) or
another biaromatic system. To our knowledge, the phenyl-pyrazolone core is used here for the
first time. This ring system can be found in a few clinically useful compounds (such as

edaravone). Interesting development in this series are anticipated.

EXPERIMENTAL SECTION
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MicroScale Thermophoresis (MST). MST was conducted using a NT.115 Pico MST
instrument (Nano Temper Technologies GmbH) equipped with red and blue filter sets. His-
PD-L1 protein (Biotechne # 9049-B7-100), was diluted to 200 nM in PBS-T buffer (supplied
by vendor) was labeled with Monolith His-Tag Labeling Kit RED-tris-NTA (Nano Temper).
The RED-tris-NTA dye was diluted in PBS-T to 100 nM [42]. The mix was incubated at room
temperature in the dark for 30 min. Ligands (50 uM) were diluted with a serial 1:1 ratio of 16
gradients. Then the labeled protein and ligands were mix with 1:1 ratio and incubated at room
temperature in the dark for 15 min. Capillaries are then filled individually and loaded into
instrument. Data were acquired using medium MST power and 20 % LED. Data were
analyzed using MO Control Software (Nano Temper). MST figures were rendered using MO
Affinity Analysis (Nano Temper).

MST Dimerization Binding Assay. BMS-202 and five of our best compounds have been
tested using a different approach of the MST experiment. A labelled His-PD-L1 protein was
titrated against an unlabeled His-PD-L1 protein with or without compounds of interest. The
concentration of the compound under study (1uM) and the His-labelled PD-L1 protein (10
nM) are kept constant whereas the unlabeled His-PD-L1 (1uM) varies with a serial 1:1 ratio
of 16 gradients. MST was conducted using a NT.115 Pico MST instrument (Nano Temper
Technologies GmbH) equipped with red and blue filter sets. His-PD-L1 protein (Biotechne #
9049-B7-100), was diluted to 200 nM in PBS-T buffer (supplied by vendor) was labeled with
Monolith His-Tag Labeling Kit RED-tris-NTA (Nano Temper). The RED-tris-NTA dye was
diluted in PBS-T to 100 nM. The mix was incubated at room temperature in the dark for 30
min. Capillaries are then filled individually and loaded into instrument. Data were acquired
using medium MST power and 20 % LED. Data were analyzed using MO Control Software
(Nano Temper).

Fluorescence Resonance Energy Transfer (FRET) assay. A model was developed using
CHO-KI1 cells involving overexpression of proteins of interest. It involves the expression of a
PD-1-YFP fluorescent protein and a second fluorescent protein SHP-2-CFP (phosphatase
recruited during the interaction between PD-1 and PD-L1). During excitation at a given length
(ACFP 445-485 nm, AYFP 485-535 nm), an energy transfer takes place when the proximity is

sufficient between the two proteins resulting in a FRET phenomenon. Using a blocking
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compound, the interaction is inhibited. Therefore, the recruitment of phosphatase no longer
intervenes. The FRET phenomenon is therefore no longer observed.

A Spectramax i3 (Molecular Devices) is configured according to the selected fluorochromes
with their excitation and emission spectra. Endpoint reading is performed, at the center of the
well; the reading time is 2 minutes for a 96-well plate. For this testing, a 96-well flat-
bottomed white plate is required. All mixes introduced into the plate are made of triplicate.
The negative control is provided by the CHO transfected by the void plasmid, the positive
control is provided by CHO transfected with a plasmid containing the YFP-CFP fusion
protein making it possible to mimic the FRET phenomenon. To check that the two
fluorochromes do not emit in the FRET channel separately, the PD1-YFP and SHP2-CFP
constructs are checked separately. It is also necessary to remove the background noise, that is
to say the FRET without activation with PD-L1. After the addition of thB7-H1 (10 uM) to our
co-transfected PD1-SHP2 cells, dose-response curved are performed to determine the ICsop of
the molecule under study. The ICso values are obtained using Graphpad and the results are

listed above. Nivolumab was taken as positive control of interaction’s inhibitions.

Isothermal Titration Calorimetry (ITC). ITC was performed by a CRO according to 2bind
protocol (2bind molecular interactions, Regensburg, Germany). All samples were stored at -
80°C prior to experiments. To prepare samples, the stock solution of the test compound (20
mM in DMSO) was diluted to achieve the desired final concentration while maintaining the
required buffer condition (PBS). A stock solution of the protein (20 UM) was prepared using
the same buffer. The final ligand assay solution was filled into the titration syringe of the ITC
device. The experiments were performed on a Malvern PEAQ-ITC device. Data were

analyzed using the corresponding PEAQ-ITC Analysis Software.

In Silico Molecular Docking Procedure. The model used to investigate the docking study of
compounds refers to the crystallographic structure (PDB code 5J89) of a smaller fragment of
PD-L1 stabilized as a dimer by BMS-202 (X-ray diffraction at 2.2 A resolution) [43]. The
drug fits into a narrow cavity at the interface of two PD-L1 molecules [44-45]. Docking
experiments were performed with the GOLD software (GOLD 5.3 release, Cambridge
Crystallographic Data Centre, Cambridge, UK). Before starting the docking procedure, the
structure of the ligand has been optimized using a classical Monte Carlo conformational
searching procedure as described in the BOSS/MCPRO software [46]. Based on shape

complementarity criteria, the only possible binding site has been defined around Y56 and
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Y123 residues of each PD-L1 unit. Shape complementarity and geometry considerations are
in favor of a docking grid centered in the volume defined by Y56 (chain A), Y123 (A), Y56
(B) and Y123 (B). Within the binding site, side chains of following amino acids have been
considered as fully flexible: Y56 (A and B), Y123 (A and B), M115 (A and B), D122 (A and
B), K124 (A) and Q66 (B). The ligand is defined as flexible during the docking procedure. Up
to 100 poses that are energetically reasonable were kept while searching for the correct
binding mode of the ligand. The decision to keep a trial pose is based on ranked poses, using
the PLP fitness scoring function (which is the default in GOLD version 5.3 used here [47]. In
addition, an empirical potential energy of interaction AE for the ranked complexes is
evaluated using the simple expression AE(interaction) = E(complex) - (E(protein) +
E(ligand)). For that purpose, the Spectroscopic Empirical Potential Energy function
SPASIBA and the corresponding parameters were used [48]. Molecular graphics and analysis
were performed using Discovery Studio Visualizer, Biovia 2020 (Dassault Systemes BIOVIA

Discovery Studio Visualizer 2020, San Diego, Dassault Systemes, 2020).

CFSE Cell Proliferation Kit, for flow cytometry and CyQUANT cell proliferation kit
(Thermofischer). CellTrace CFSE (Invitrogen) kit is used to monitor distinct generations of
proliferating cells by dye dilution. CTLL-2 cells (ATCC) are covalently labeled with a very
bright, stable dye. Every generation of cells appears as a different peak on a flow cytometry
histogram. Experiment is performed over three days. CTLL-2 cells [49] are exposed to
exogen thB7-H1 Fc Chimera (R&D). Measurements were performed on individual dilution
series with each compound. A positive control (Nivolumab) and negative control (no rhB7-H1
Fc Chimera) were also evaluated. CyQUANT was used to evaluate the growth of CTTL-2 cell
line. Cells were prepared for the CyQUANT assay by growing them in presence or absence of
rhB7-H1 plus compounds then transferred to microplates for assay according to
manufacturer’s instructions (Molecular Probes C35011). A cell based standard curve was first
performed. Then, since the amount of fluorescence is correlated to the quantity of cells in
wells, we determined and ICsq for the restoration of proliferation with various concentrations
of compounds resulting in a ICso by global fitting with Graphpad using final proliferation

after 72h. Experiments was performed over 3 days and was repeated three times.

LC-MS/MS ADME Methods. Chromatography was performed using a UPLC system, an
Acquity I-Class (Waters). Separation was achieved on a Waters Acquity BEH C18 column

(2.1 mm x 50 mm, 1.7 um). The autosampler and column oven temperatures were 10 and 40
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°C, respectively, and the sample injection volume was 1 pL. The mobile phase consisted of
0.1% formic acid in water as solvent A and 0.1% formic acid in acetonitrile as solvent B at a
flow rate of 600 pL/min. The gradient was as follows: 0-0.2 min (98%A and 2%B), 2-2.5
min (2%A and 98%B), 2.6 min (98%A and 2%B), 4 min (98% A and 2%B). The gradient
step was linear. Mass spectrometry was performed using a Xevo TQD (Waters Corporation)
mass spectrometer. The detection of analytes was achieved by electrospray ionization (ESI) in
the positive mode with the appropriate MRM ftransition. For polydisperse PEGylated
compounds, LC-MS analyses were performed using several transitions of several of the most
abundant species in the mixture. Other mass spectrometer settings were as follows: capillary
voltage and cone voltage were optimized for each compound, desolvation temperature 600 °C
at a gas flow of 1200 L/h and cone gas flow 50 L/h. The LC-MS/MS instrument was

controlled by MassLynx software (Waters).

Solubility Measurements. Ten microliters of a 10 mM solution in DMSO of the compound
was diluted either in 490 pLL of PBS pH 7.4 or in organic solvent MeOH in a PP tube (n = 3
for PBS, n = 6 for MeOH). The tubes were gently shaken for 24 h at room temperature. Then,
PBS tubes and three of the six methanol tubes were centrifuged for 5 min at 4000 rpm and
filtered over 0.45 um filters (Millex-LH Millipore). Then, 10 pL of each sample was diluted
in 490 pL of MeOH before LC-MS analysis. The solubility is determined by the ratio of mass

signal area PBS/organic solvent.

LogD Measurements. Forty microliters of a 10 mM solution in DMSO of the compound was
diluted in 1.960 mL of a 1/1 octanol/PBS at pH 7.4 mixture. The mixture was gently shaken
for 2h at room temperature. Ten microliters of each phase were diluted in 490 uLL of MeOH
and analyzed by LC-MS/MS. Each compound was tested in triplicate. LogD was determined
as the logarithm of the ratio of concentration of product in octanol and PBS, respectively,

determined by mass signals.

Plasma stability on Mouse CD-1 Plasma. The products tested and the reference (enalapril)
are incubated in duplicate at 37°C in mouse CD-1 plasma (plasma pre-incubated 10 min
before addition of the compound), at a final concentration of 10 pM (0.1% DMSO). In order
to calculate half-life, aliquots are taken at 0, 15, 30, 60, 130, 240 and 360 min and transferred
to tubes containing ice-cold acetonitrile + internal standard. After being vigorously agitated,

the samples are centrifuged 10 min at 12000 rpm, 4°C; the supernatants are transferred into
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Matrix tubes and maintained at 4°C for immediate analysis (or placed at -80°C if the analysis

is postponed).

Chemistry. Analytical thin-layer chromatography was performed on precoated Kieselgel
60F»s4 plates (Merck); the spots were located by UV (254 nm). Silica gel 60 230-400 mesh
purchased from Merck was used for column chromatography. Preparative thick-layer
chromatography (TLC) was performed using silica gel from Merck. Ultrasound protocols
were carried out in an ultrasonic cleaning bath (Elma, Model: D-78224 Singen/Htw,
Germany; overall dimensions: 340 % 300 x 370 mm; internal dimesions: 240 x 130 x 150 mm)
with temperature and time control. The bath was operated at frequency of 35 kHz. The
microwave reactions were performed using a CEM DiscoverSP, in sealed reaction vials, and
the temperature was monitored using IR temperature sensor. All melting points were
determined with a Biichi 535 capillary apparatus and remained uncorrected. Nuclear magnetic
resonance (‘H and '>C NMR) spectra were recorded at room temperature on a Bruker AC 300
spectrometer. Tetramethylsilane (TMS) was used as an internal standard and CDCl3 or
DMSO-d as the solvents. 'H NMR analyses were obtained at 300 MHz (s: singlet, d: doublet,
t: triplet, q: quadruplet, quint.: quintuplet, sext.: sextuplet, hept.: heptuplet, dd: double
doublet, m: multiplet); whereas '3*C NMR analyses were obtained at 75.4 MHz. The chemical
shifts (0) are given in parts per million (ppm) relative to TMS (& = 0.00). All compounds were
analyzed by LC-MS on a HPLC combined with a Surveyor MSQ (Thermo Electron) equipped
with an APClI-source. All tested compounds showed purity higher than 96% in APCI" mode.
A Micromass (Waters, Manchester, UK) high resolution TOFMS with an ESI source was used
to detect the analytes of interest in positive mode or negative mode. The TOF analyser was

used in V mode at 9000 mass resolution.

General procedure for preparation of p-keto esters (1a-c) from ketone derivatives.

NaH (60% in dispersion in oil, 4 eq.) was mixed in anhydrous toluene (0.8 M) under inert
atmosphere. Diethylcarbonate (3 eq.) was added and the reaction mixture was brought to
reflux for 1h. The corresponding ketone (1 eq.), diluted in anhydrous toluene (1.6 M), was
then added dropwise in the mixture. After the addition, the mixture was kept to reflux until no
dihydrogene gas was generated anymore (30 minutes — 1 hour). The mixture was gradually
cooled to 0°C and then acetic acid (0.3 M) was added dropwise. Ice water was added until the

formed solid was dissolved. The toluene layer was separated and the water layer was
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extracted three times with EtOAc. The combined organic layers were then washed with water,

brine, then dried over MgSQOs. The solvent was evaporated under reduced pressure.

Ethyl 3-(4-chloro-2-methoxyphenyl)-3-oxopropanoate (1a).

The product was purified by flash chromatography (cyclohexane/AcOEt 1:0 - 9:1). A yellow
oil was obtained: yield 40% (560 mg). 'H NMR (CDCl3) 6 7.86 (d, 1H, J = 8.4 Hz); 7.05 (dd,
1H, J=8.4, 1.8 Hz); 6.98 (dd, 1H, J = 1.8 Hz); 4.19 (q, 2H, J = 7.6 Hz); 3.96 (s, 2H); 3.92 (s,
3H); 1.25 (t, 3H, J = 7.6 Hz), LC-MS (ESI) m/z 257 (MH"), t; 2.87 min, Amax 255 nm.

Ethyl 3-0x0-3-(pyridin-2-yl)propanoate (1b).

The product was purified by flash chromatography (cyclohexane/AcOEt 1:0 2 9:1). A red oil
was obtained: yield 33% (1.02 g). '"H NMR (CDCls) 8 8.68 (ddd, 1H, (ddd, 1H, J = 5.1, 1.5,
0.9 Hz); 8.09 (ddd, 1H, J = 8.9, 1.1, 0.9 Hz); 7.86 (ddd, 1H, J = 8.9, 7.3, 1.6 Hz); 7.50 (ddd,
IH, J=7.3, 5.1, 1.1 Hz ): 4.20 (m, 4H) ; 1.37 (t, 3H, J = 7.1 Hz), LC-MS (ESI) m/z 194
(MH"), t: 2.25 min, Amax 235 nm.

Ethyl 3-0x0-3-(p-tolyl)propanoate (1c).

The product was purified by flash chromatography (cyclohexane/AcOEt 1:0 = 9:1). An
orange oil was obtained: yield 66% (2.03 g). 'H NMR (CDCls) 87.88 (d, 2H, J = 8.2 Hz);
7.30 (d, 2H, J = 8.2 Hz); 4.25 (q, 2H, J = 7.3 Hz); 3.98 (s, 2H) ; 2.43 (s, 3H); 1.25 (t, 3H, J =
7.3 Hz), LC-MS (ESI) m/z 207 (MH"), t; 2.74 min, Amax 251 nm.

General procedure for preparation of p-keto esters (1d-e) from acyl chloride derivatives.

Potassium ethyl malonate (2.1 eq.) was mixed in anhydrous acetonitrile (0.8 M) under inert
atmosphere. The mixture was stirred and cooled down to 0°C. EtsN (3 eq.) was added
followed by magnesium chloride (2.5 eq.), and stirring continued for 2.5 hours. The mixture
was cooled down to 0°C and the corresponding acyl chloride (1 eq.) diluted in anhydrous
acetonitrile (0.4 M) was added dropwise. The mixture was then stirred overnight at room
temperature after adding 0.25 eq of EtsN. The solvent was then evaporated under reduced
pressure. Toluene was added and the mixture was cooled to 0°C. Aqueous HCI (13%) was
added dropwise, the organic layer was separated and extracted with aqueous HCI (13%) two
times followed by H>O two times, dried over MgSOs and concentrated under reduced

pressure.
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Ethyl 3-0x0-3-(o-tolyl)propanoate (1d).

The product was purified by flash chromatography (cyclohexane/AcOEt 1:0 = 9:1). An
orange oil was obtained: yield 95% (1.30 g). '"H NMR (CDCl;3) 8 7.68 (m, 1H); 7.43 (m, 1H) ;
7.32 (m, 2H); 4.22 (q, 2H, J = 7.2 Hz); 3.97 (s, 2H); 2.57 (s, 3H); 1.26 (t, 3H, J = 7.2 Hz),
LC-MS (ESI) m/z 207 (MH™), t; 2.75 min, Amax 239 nm.

Ethyl 3-(3-chlorophenyl)-3-oxopropanoate (1e).

The product was purified by flash chromatography (cyclohexane/AcOEt 1:0 = 9:1). An
orange oil was obtained: yield 95% (1.35 g). 'H NMR (CDCls) 8 7.91 (s, 1H); 7.80 (d, 1H, J
=79 Hz); 7.55 (d, 1H, J =7.2 Hz); 7.41 (m, 1H) ; 4.22 (q, 2H, J = 7.2 Hz); 3.97 (s, 2H); 1.26
(t, 3H, J=7.2 Hz), LC-MS (ESI) m/z 227 (MH"), t; 2.81 min, Amax 250 nm.

Ethyl 3-0x0-3-(m-tolyl)propanoate (1f).

Carboxylic acid derivative (1 eq.) was mixed in anhydrous dichloromethane (0.7M) under
inert atmosphere. 4-Dimethylaminopyridine (2 eq.), Meldrum’s acid (1.2 eq.),
dicyclohexylcarbodiimide (1.1 eq.) were then added at 0°C. The reaction was stirred at room
temperature for 2 hours. The obtained solid was filtered and washed with dichloromethane.
The filtrate was concentrated under reduced pressure and the mixture was dissolved in
absolute EtOH (0.15 M). p-TSA (2.5 eq.), diluted in absolute EtOH (2 M), was then added.
The mixture was refluxed for about one hour. The solvent was evaporated under reduced
pressure and dissolved in EtOAc. The organic extract was then washed with H>O, aq. sat.
NaHCO3, aq. HCI (10%), brine and dried over MgSOs. The solvent was evaporated under
reduced pressure. The product was purified by flash chromatography (cyclohexane/AcOEt 1:0
- 9:1). An orange oil was obtained: yield 95% (1.35 g). 'H NMR (CDCls) & 7.78 (m, 2H);
7.39 (m, 2H); 4.22 (q, 2H, J = 7.2 Hz); 3.99 (s, 2H); 2.43 (s, 3H); 1.26 (t, 3H, J = 7.2 Hz),
LC-MS (ESI) m/z 207 (MH"), t; 2.75 min, Amax 252 nm.

General procedure of preparation of non-alkylated pyrazolones (2-21 and 28-40)

The corresponding -keto ester (1 eq.) and hydrazine (1.5 eq.) were dissolved in glacial acetic
acid (6M). The mixture was sonicated until precipitation of the desired product or complete
conversion. The reaction was followed by TLC. The eventual precipitate was then collected

and the acetic acid was evaporated under reduced pressure.

3-Phenyl-1-(pyridin-2-yl)-1H-pyrazol-5-ol (2). The formed precipitate was filtered and

washed with ethanol (Fraction 1: 420 mg). The filtrate was concentrated under reduced
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pressure, diluted with ethyl acetate and purified by flash chromatography
(cyclohexane/AcOEt 1:0 = 8:2) (Fraction 2: 280 mg). Two fractions of light yellow powder
were obtained: yield 85% (700 mg); mp 118 + 1°C; 'H NMR (CDCl3) & 12.79 (br, 1H); 8.29
(ddd, 1H, J = 5.1, 1.5, 0.9 Hz); 8.08 (ddd, 1H, J = 8.3, 1.1, 0.9 Hz); 7.90 (m, 3H); 7.38 (m,
3H); 7.18 (ddd, 1H, J=17.3, 5.1, 1.1) ; 5.86 (s, 1H); >*C NMR (CDCls) § 157 (C"); 154 (CV);
152 (CY); 145 (CH); 139 (CH); 133 (CY); 128.6 (2CH); 128.5 (CH); 125 (2CH); 119 (CH);
112 (CH); 86 (CH); LC-MS (ESI) m/z 238 (MH"), t; 3.10 min, Amax 262 nm; HRMS (ESI-
TOF) m/z [M+H]" calcd for C14H12N30 238.0975, found 238.0976.

3-(2-Methoxyphenyl)-1-(pyridin-2-yl)-1H-pyrazol-5-ol (3). The solvent was removed under
reduced pressure. The solid obtained was purified by flash chromatography
(cyclohexane/AcOEt 1:0 = 5:5). A light yellow powder was obtained: yield 82% (170 mg);
mp 134 + 1°C; 'H NMR (CDCls) 8 12.71 (br, 1H); 8.29 (ddd, 1H, J = 5.1, 1.5, 0.9 Hz); 8.06
(m, 2H); 7.99 (ddd, 1H, J = 8.3, 1.1, 0.9 Hz); 7.36 (ddd, 1H, J = 8.7, 7.7, 0.8 Hz) ; 7.18 (ddd,
IH,J=73,5.1,1.1 Hz); 7.07 (td, 1H, J=7.7, 0.8 Hz) ; 7.00 (dd, 1H, J = 8.7, 0.8) ; 6.22 (s,
1H) ; 3.94 (s, 3H); 3C NMR (CDCls) § 157 (CY); 156 (C™Y); 154 (C"V); 150 (CV); 145 (CH);
140 (CH); 130 (CH); 129 (CH); 121 (CH); 120 (CH): 119 (CY); 112 (CH); 90 (CH); 55
(CH3); LC-MS (ESI) m/z 268 (MH"), t; 2.84 min, Amax 303 nm; HRMS (ESI-TOF) m/z
[M+H]" calcd for C15H14N30; 268.1081, found 268.1079.

3-(2-Chlorophenyl)-1-(pyridin-2-yl)-1H-pyrazol-5-ol (4). The solvent was removed under
reduced pressure. The solid obtained was purified by flash chromatography
(cyclohexane/AcOEt 1:0 = 5:5). A white yellow powder was obtained: yield 85% (350 mg);
mp 103 + 1°C; '"H NMR (CDCls) & 12.73 (br, 1H) ; 8.30 (ddd, 1H, J = 5.1, 1.5, 0.9 Hz); 8.02
(ddd, 1H, J = 8.3, 1.1, 0.9 Hz); 7.85 (m, 2H); 7.46 (m, 1H); 7.32 (m, 2H); 7.18 (ddd, 1H, J=
7.3,5.1, 1.1 Hz); 6.13 (s, 1H); 3*C NMR (CDCl3) & 157 (C); 154 (CY); 151 (CY); 145 (CH);
140 (CH); 132.7 (CY); 132.3 (CY); 130.5 (CH); 130.4 (CH); 129 (CH); 127 (CH); 120 (CH);
112 (CH); 89 (CH); LC-MS (ESI) m/z 272 (MH"), t; 3.32 min, Amax 210 nm; HRMS (ESI-
TOF) m/z [M-H] caled for C14HoCIN3O 270.0429, found 270.0434.

1-(Pyridin-2-yl)-3-(o-tolyl)-1H-pyrazol-5-ol (5). The solvent was removed under reduced
pressure. The solid obtained was purified by flash chromatography (cyclohexane/AcOEt 1:0
- 5:5). A white yellow powder was obtained: yield 14% (45 mg); mp 154 + 1°C; 'H NMR
(CDClI3) 6 12.64 (br, 1H); 8.30 (ddd, 1H, J = 5.1, 1.5, 0.9 Hz); 8.04 (ddd, 1H, J=8.3, 1.1, 0.9
Hz); 7.89 (ddd, 1H, J = 8.3, 1.1, 0.9 Hz); 7.64 (m, 1H); 7.31 (m, 3H); 7.18 (ddd, 1H, J= 7.3,
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5.1, 1.1 Hz); 5.86 (s, 1H); 2.60 (s, 3H); *C NMR (CDCl3) 157 (CV); 154 (C%Y); 153 (C");
145 (CH); 140 (CH); 136 (C%); 133 (C"); 131 (CH); 129 (CH); 128 (CH); 126 (CH); 119
(CH); 111 (CH); 89 (CH); 21 (CHs); LC-MS (ESI) m/z 252 (MH"), t; 3.22 min, Amax 210 nm;
HRMS (ESI-TOF) m/z [M+H]" caled for C1sH14N30 252.1131, found 252.1131.

3-(2-Fluorophenyl)-1-(pyridin-2-yl)-1H-pyrazol-5-ol (6). The solvent was removed under
reduced pressure. The solid obtained was recrystallized in ethanol and filtered (Fraction 1:
500 mg). The filtrate was concentrated under reduced pressure and purified by flash
chromatography (cyclohexane/AcOEt 1:0 = 5:5) (Fraction 2: 150 mg). Two fractions of light
yellow powder were obtained: yield 85% (650 mg); mp 98 + 1°C; 'H NMR (CDCls) 8 12.79
(br, 1H); 8.29 (ddd, 1H, J = 5.1, 1.5, 0.9 Hz); 8.05 (ddd, 1H, J = 8.9, 1.1, 0.9 Hz); 7.93 (ddd,
1H,J=8.9,7.3, 1.6 Hz); 7.18 (ddd, 1H, J= 7.3, 5.1, 1.1 Hz); 5.99 (s, 1H); 3*C NMR (CDCls)
8 162-159 (d, Jcr = 250 Hz, CV) ; 157 (d, Jcr =2 Hz, CV) ; 154 (CV) ; 148 (CV) ; 145 (CH) ;
140 (CH) ; 130 (d, Jcr = 8 Hz, CH) ; 128 (d, Jcr = 3 Hz, CH) ; 124 (d, Jcr = 3 Hz, CH) ; 121
(d, Jer = 11 Hz, CV) ; 120 (CH) ; 116 (d, Jcr = 22 Hz, CH) ; 112 (CH) ; 89 (d, Jcr = 10 Hz,
CH); LC-MS (ESI) m/z 256 (MH"), t; 3.18 min, Amax 289 nm; HRMS (ESI-TOF) m/z [M+H]*
calcd for C14H11FN30 256.0881, found 256.0884.

3-(3-Methoxyphenyl)-1-(pyridin-2-yl)-1H-pyrazol-5(4H)-one (7). The formed precipitate
was filtered and washed with ethanol (Fraction 1: 400 mg). The filtrate was concentrated
under reduced pressure, recrystallized in ethanol (Fraction 2: 300 mg). Two fractions of light
yellow powder were obtained: yield 95% (700 mg); mp 128 °C + 1°C; 'H NMR (CDCl3)
012.83 (br, 1H); 8.30 (ddd, 1H, J = 5.1, 1.5, 0.8 Hz); 8.07 (ddd, 1H, J = 8.6, 1.1, 0.8 Hz);
7.94 (ddd, 1H, J = 8.6, 7.5, 1.7 Hz); 7.83 (m, 2H) ; 7.18 (ddd, 1H, J=17.5, 5.1, 1.1 Hz); 6.98
(m, 2H) ; 5.91 (s, 1H); 3.88 (s, 3H); *C NMR (CDCls) § 160 (CY) ; 157 (CY) ; 154 (CV) ;
152 (C"Y) ; 145 (CH) ; 140 (CH) ; 127 (CH») ; 119 (CH) ; 114 (CH>) ; 112 (CH) ; 85 (CH) ;
55 (CH3) ; LC-MS (ESI) m/z 268 (MH"), t; 3.01 min, Amax 210 nm; HRMS (ESI-TOF) m/z
[M+H]" calcd for C15H14N30; 268.1081, found 268.1081.

3-(3-Chlorophenyl)-1-(pyridin-2-yl)-1H-pyrazol-5-o0l (8). The formed precipitate was
filtered and washed with ethanol (Fraction 1: 110 mg). The filtrate was concentrated under
reduced pressure, purified by flash chromatography (cyclohexane/AcOEt 1:0 > 8:2)
(Fraction 2: 50 mg). Two fractions of light yellow powder were obtained: yield 77% (160
mg); mp 130 °C * 1°C; '"H NMR (CDCl3) & 8.29 (ddd, 1H, J = 5.1, 1.5, 0.9 Hz); 8.06 (ddd,
IH, J =8.9, 1.1, 0.9 Hz); 7.92 (ddd, 1H, J = 8.9, 7.3, 1.6 Hz); 7.88 (t, 1H, J = 1.7 Hz); 7.71
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(dt, 1H, J = 7.1, 1.7); 7.34 (m, 2H); 7.20 (ddd, 1H, J = 7.3, 5.1, 1.1 Hz); 5.92 (s, 1H); °C
NMR (CDCI3) 157 (C%Y); 154 (CVY); 151 (CV); 145 (CH); 140 (CH); 135 (C%Y); 134 (CV);
130 (CH); 128 (CH); 126 (CH); 124 (CH); 120 (CH); 112 (CH); 86 (CH); LC-MS (ESI) m/z
272 (MHY), t; 3.43 min, Amax 293 nm; HRMS (ESI-TOF) m/z [M-H] calcd for C14HoCIN3O
270.0429, found 270.0436.

1-(Pyridin-2-yl)-3-(m-tolyl)-1H-pyrazol-5-ol (9). The solvent was removed under reduced
pressure. The solid obtained was recrystallized in ethanol and filtered (Fraction 1: 210 mg).
The filtrate was concentrated under reduced pressure and purified by flash chromatography
(cyclohexane/AcOEt 1:0 = 5:5) (Fraction 2: 70 mg). Two fractions of light yellow powder
were obtained: yield 60% (280 mg); mp 196 + 1°C; '"H NMR (CDCls) & 12.83 (br, 1H) ; 8.30
(ddd, 1H, J =5.1, 1.5, 0.9 Hz); 8.09 (ddd, 1H, J = 8.9, 1.1, 0.9 Hz); 7.91 (ddd, 1H, J = 8.9,
7.3, 1.6 Hz); 7.73 (s, 1H); 7.67 (d, 1H, J = 7.6 Hz); 7.34 (t, 1H, J = 7.6 Hz); 7.19 (m, 2H);
5.96 (s, 1H) ; 2.45 (s, 3H); >*C NMR (CDCl3) § 157 (CY) ; 154 (CY) ; 153 (CY) ; 145 (CH) ;
140 (CH) ; 138 (C™); 132 (CY); 129 (CH) ; 128 (CH); 126 (CH); 123 (CH) ; 119 (CH) ;
112 (CH) ; 85 (CH) ; 21 (CH3); LC-MS (ESI) m/z 252 (MH"), t; 3.27 min, Amax 295 nm;
HRMS (ESI-TOF) m/z [M+H]" caled for C1sH14N30 252.1131, found 252.1134.

1-(Pyridin-2-yl)-3-(3-(trifluoromethyl)phenyl)-1H-pyrazol-5-0l  (10). The  formed
precipitate was filtered and washed with ethanol. A light yellow powder was obtained: yield
50% (370 mg); mp 108 + 1°C; 'H NMR (CDCI3) & 12.87 (br, 1H); 8.29 (ddd, 1H, J = 5.1, 1.5,
0.9 Hz); 8.17 (s, 1H); 8.02 (d, 1H, J = 7.7 Hz); 7.95 (ddd, 1H, J = 8.3, 1.1, 0.9 Hz); 7.63 (d,
1H, J=7.7 Hz); 7.56 (t, 1H, J = 7.7 Hz); 7.22 (ddd, 1H, J= 7.3, 5.1, 1.1 Hz); 5.99 (s, 1H); 1*C
NMR (CDCls) § 157 (CV); 154 (CV); 151 (CY); 145 (CH); 140 (CH); 134 (CY); 131 (q, Jcr
=32 Hz, CVY); 129-119 (q, Jcr = 273 Hz, CY); 128 (2CH); 125 (q, Jcr = 4 Hz, CH); 123 (q, J
= 4Hz, CH); 120 (CH); 112 (CH); 86 (CH); LC-MS (ESI) m/z 306 (MH"), t: 3.49 min, Amax
281 nm; HRMS (ESI-TOF) m/z [M+H]" calcd for C15H11F3N30 306.0849, found 306.0849.

3-(4-Methoxyphenyl)-1-(pyridin-2-yl)-1H-pyrazol-5-ol (11). The formed precipitate was
filtered and washed with ethanol (Fraction 1: 140 mg). The filtrate was concentrated under
reduced pressure, purified by flash chromatography (cyclohexane/AcOEt 1:0 > 5:5)
(Fraction 2: 300 mg). Two fractions of light grey powder were obtained: yield 75% (440 mg);
mp 125+ 1 °C; '"H NMR (CDCl;3) & 12.88 (br, 1H); 8.30 (ddd, 1H, J = 5.1, 1.5, 0.9 Hz); 8.08
(ddd, 1H, J =8.9, 1.1, 0.9 Hz); 7.93 (ddd, 1H, J = 8.9, 7.3, 1.6 Hz) ; 7.84 (d, 2H,,J = 8.9 Hz);
7.18 (ddd, 1H, J= 7.3, 5.1, 1.1 Hz); 7.00 (d, 2H, J = 8.9 Hz); 5.90 (s, 1H); 3.87 (s, 3H); *C
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NMR (CDCls) § 160 (CY); 157 (C™); 154 (C); 152 (CY); 145 (CH); 140 (CH); 127 (2CH);
125 (CY); 128 (2CH); 127 (2CH); 114 (2CH); 112 (CH); 86 (CH); 55 (CHs) LC-MS (ESI)
m/z 268 (MHY), t. 2.93 min, Amax 288 nm; HRMS (ESI-TOF) m/z [M+H]* calcd for
Ci15sH14N302 268.1081, found 268.1079.

1-(Pyridin-2-yl)-3-(4-(trifluoromethyl)phenyl)-1H-pyrazol-5-0l  (12). The formed
precipitate was filtered and washed with ethanol. A yellow powder was obtained: yield 48%
(33 mg); mp 142 * 1°C; 'H NMR (CDCl3) & 12.84 (br, 1H); 8.32 (ddd, 1H, J = 5.1, 1.5, 0.9
Hz); 8.08 (ddd, 1H, J = 8.9, 1.1, 0.9 Hz); 8.00 (m, 3H) ; 7.69 (d, 2H, J = 8.2 Hz) ; 7.23 (ddd,
1H, J= 7.3, 5.1, 1.1 Hz); 5.99 (s, 1H); *C NMR (CDCls) § 157 (C%); 154 (CW); 151 (CV);
145 (CH); 140 (CH); 136 (C™); 130 (q, Jcr = 32 Hz, C"V); 126 (2CH); 125 (q, Jcr = 4 Hz,
2CH) ; 122 (q, Jcr = 270 Hz, 2CH) ; 120 (CH); 112 (CH); 86 (CH); LC-MS (ESI) m/z 306
(MH"), t; 3.5 min, Amax 294 nm; HRMS (ESI-TOF) m/z [M+H]" caled for CisHi1F3N3O
306.0849, found 306.0852.

3-(4-Chlorophenyl)-1-(pyridin-2-yl)-1H-pyrazol-5-ol (13). The formed precipitate was
filtered and washed with ethanol (Fraction 1: 270 mg). The filtrate was concentrated under
reduced pressure, purified by flash chromatography (cyclohexane/AcOEt 1:0 > 5:5)
(Fraction 2: 170 mg). Two fractions of light grey powder were obtained: yield 95% (440 mg);
mp 113 + 1°C; 'H NMR (CDCls) 8 12.83 (br, 1H); 8.29 (ddd, 1H, J = 5.1, 1.5, 0.9 Hz); 8.05
(ddd, 1H, J = 8.9, 1.1, 0.9 Hz); 7.93 (ddd, 1H, J = 8.9, 7.3, 1.6 Hz) ; 7.82 (d, 2H,,J = 8.6 Hz);
7.40 (d, 2H, J = 8.6 Hz); 7.18 (ddd, 1H, J= 7.3, 5.1, 1.1 Hz); 5.93 (s, 1H); '3C NMR (CDCls)
5 157 (CY); 154 (CY); 151 (CY); 145 (CH); 140 (CH); 134 (CY); 131 (CY); 128 (2CH); 127
(2CH); 120 (CH); 112 (CH); 86 (CH); LC-MS (ESI) m/z 272 (MH"), t: 3.45 min, Amax 289
nm; HRMS (ESI-TOF) m/z [M-H] calcd for C14HoCIN30O 270.0429, found 270.0437.

1-(Pyridin-2-yl)-3-(p-tolyl)-1H-pyrazol-5-ol (14). The solvent was removed under reduced
pressure and the formed solid was recrystallized with ethanol. A brown powder was obtained:
yield 33% (293 mg); mp 97 + 1°C; '"H NMR (CDCls) & 12.79 (br, 1H); 8.29 (ddd, 1H, J = 5.1,
1.5, 0.9 Hz); 8.08 (ddd, 1H, J=8.9, 1.1, 0.9 Hz); 7.93 (ddd, 1H, J = 8.9, 7.3, 1.6 Hz) ; 7.78 (d,
2H,J=8.1Hz);7.25(d, 2H, J=8.1 Hz) ; 7.18 (ddd, 1H, J=7.3,5.1, 1.1 Hz) ; 5.94 (s, 1H) ;
2.41 (s, 3H); *C NMR (CDCl3) § 157 (CY); 154 (CY); 152 (CY); 145 (CH); 140 (CH); 138
(CY); 130 (CY); 129 (2CH); 127 (2CH); 120 (CH); 112 (CH); 86 (CH); 21(CH3); LC-MS
(ESI) m/z 252 (MH"), t; 3.24 min, Amax 261 nm; HRMS (ESI-TOF) m/z [M+H]* calcd for
Ci5H14N30 252.1131, found 252.1131.
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3-(4-Nitrophenyl)-1-(pyridin-2-yl)-1H-pyrazol-5-ol (15). The formed precipitate was
filtered and washed with ethanol. A yellow powder was obtained: yield 95% (560 mg); mp
204 + 1°C; 3 '"H NMR (CDCls3) & 12.79 (br, 1H); 8.35 (ddd, 1H, J = 5.1, 1.5, 0.9 Hz); 8.29 (m,
2H); 8.08 (ddd, 1H, J = 8.9, 1.1, 0.9 Hz); 8.04 (m, 2H); 7.98 (ddd, 1H, J = 8.9, 7.3, 1.6 Hz);
7.25 (ddd, 1H, J= 7.3, 5.1, 1.1 Hz); 6.04 (s, 1H); *C NMR (CDCls) § 157 (C); 154 (CV);
150 (CY); 147 (CY); 145 (CH); 140 (CH); 139 (C");126 (2CH); 123 (2CH); 120 (CH); 112
(CH); 86 (CH); LC-MS (ESI) m/z 283 (MHY), t; 3.18 min, Amax 327 nm; HRMS (ESI-TOF)
m/z [M-H] calcd for C14HoN4O3 281.0674, found 281.0674.

3-(4-Fluorophenyl)-1-(pyridin-2-yl)-1H-pyrazol-5-ol (16). The formed precipitate was
filtered and washed with ethanol (Fraction 1: 310 mg). The filtrate was concentrated under
reduced pressure, diluted with ethyl acetate and purified by flash chromatography
(cyclohexane/AcOEt 1:0 = 5:5) (Fraction 2: 200 mg). Two fractions of light grey powder
were obtained: yield 84% (510 mg); mp 163 + 1°C; 'H NMR (CDCl3) & 12.81 (br, 1H); 8.29
(ddd, 1H, J =5.1, 1.5, 0.9 Hz); 8.05 (ddd, 1H, J = 8.9, 1.1, 0.9 Hz); 7.93 (ddd, 1H, J = 8.9,
7.3, 1.6 Hz); 7.86 (m, 2H) ; 7.20 (ddd, 1H, J= 7.3, 5.1, 1.1 Hz); 7.12 (m, 2H) ; 5.92 (s, 1H);
3C NMR (CDCls) & 164-161 (d, Jcr = 247 Hz, CV); 157 (CVY); 154 (CVY); 152 (CY); 145
(CH); 140 (CH); 129 (d, Jcr = 3 Hz, CVY); 127 (d, Jcr = 8 Hz, 2CH); 120 (CH); 115 (d, Jor =
21 Hz, 2CH); 112 (CH); 86 (CH); LC-MS (ESI) m/z 256 (MH"), t; 3.15 min, Amax 293 nm;
HRMS (ESI-TOF) m/z [M+H]* caled for C14H11FN30O 256.0881, found 256.0879.

3-(3,4-Dimethoxyphenyl)-1-(pyridine-2-yl)-1H-pyrazol-5-ol (17). The solvent was removed
under reduced pressure. The solid obtained was purified by flash chromatography
(cyclohexane/AcOEt 1:0 = 5:5). A light yellow powder was obtained: yield 76% (180 mg);
mp 165 + 1°C; 'H NMR (CDCls) & 12.85 (br, 1H); 8.29 (ddd, 1H, J = 5.1, 1.5, 0.9 Hz); 8.05
(ddd, 1H, J =8.9, 1.1, 0.9 Hz); 7.93 (ddd, 1H, J =8.9, 7.3, 1.6 Hz); 7.49 (d, 1H, J = 1.8 Hz);
7.37 (dd, 1H, J = 8.3, 1.8 Hz); 7.18 (ddd, 1H, J= 7.3, 5.1, 1.1 Hz); 6.93 (d, 1H, J = 8.3 Hz);
5.99 (s, 1H) ; 3.94 (s, 3H); '*C NMR (CDCls) § 157 (CY); 154 (CY); 152 (C"V); 149.6 (CVY);
149.0 (CY); 145 (CH); 140 (CH); 126 (C%Y); 119 (CH); 118 (CH); 112 (CH); 111 (CV); 85
(CH); 56 (2CH3s); LC-MS (ESI) m/z 298 (MH"), t; 2.67 min, Amax 302 nm; HRMS (ESI-TOF)
m/z [M+H]* caled for C16H16N303 298.1186, found 298.1184.

1-(Pyridin-2-yl)-3-(3,4,5-trimethoxyphenyl)-1H-pyrazol-5-0l (18). The solvent was
removed under reduced pressure. The solid obtained was purified by flash chromatography

(cyclohexane/AcOEt 1:0 = 5:5). A light yellow powder was obtained: yield 85% (490 mg);
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mp 142 £ 1°C; '"H NMR (CDCls3) 8 12.83 (br, 1H) ; 8.29 (ddd, 1H, J =5.1, 1.5, 0.9 Hz) ; 8.07
(ddd, 1H, J = 8.9, 1.1, 0.9 Hz) ; 7.91 (ddd, 1H, J = 8.9, 7.3, 1.6 Hz); 7.18 (ddd, 1H, J= 7.3,
5.1, 1.1 Hz); 7.10 (s, 2H); 5.99 (s, 1H); 3.96 (s, 6H); 3.90 (s, 3H); '*C NMR (CDCl3) § 157
(C™); 155 (CVY); 154 (CY); 152 (CV); 145 (CH); 140 (CH); 139 (C"); 129 (CY); 120 (CH);
112 (CH); 103 (2CH); 86 (CH); 61 (CH3); 56 (2CH3); LC-MS (ESI) m/z 328 (MH"), t: 2.79
min, Amax 298 nm; HRMS (ESI-TOF) m/z [M+H]* calcd for Ci17H1sN304 328.1292, found
328.1289.

3-(2,4-Dichlorophenyl)-1-(pyridin-2-yl)-1H-pyrazol-5-ol (19). The solvent was removed
under reduced pressure. The solid obtained was purified by flash chromatography
(cyclohexane/AcOEt 1:0 = 5:5). An off-white powder was obtained: yield 95% (500 mg);
mp 137+ 1°C; 'H NMR (CDCls) & 12.88 (br, 1H); 8.34 (ddd, 1H, J = 5.1, 1.5, 0.9 Hz); 8.10
(ddd, 1H, J = 8.9, 1.1, 0.9 Hz); 7.96 (ddd, 1H, J = 8.9, 7.3, 1.6 Hz); 7.86 (d, 1H, J = 8.4 Hz);
7.50 (d, 1H, J = 1.8 Hz); 7.35 (dd, 1H, J = 8.4, 1.8 Hz); 7.25 (ddd, 1H, J= 7.3, 5.1, 1.1 Hz);
6.16 (s, 1H); *C NMR (CDCls) § 156 (CY); 154 (CY); 149 (CY); 145 (CH); 140 (CH); 134
(CY); 133 (CY); 131 (CH); 130 (CH); 129 (CY); 127 (CH); 120 (CH); 112 (CH); 90 (CH);
LC-MS (ESI) m/z 306 (MH"), t; 3.68 min, Amax 210 nm; HRMS (ESI-TOF) m/z [M+H]* calcd
for C14H10C1aN30 306.0195, found 306.0203.

3-(3,4-Dichlorophenyl)-1-(pyridin-2-yl)-1H-pyrazol-5-ol (20). The solvent was removed
under reduced pressure and the formed solid was recrystallized with ethanol. A brown powder
was obtained: yield 47% (202 mg); mp 175 + 1°C; 'H NMR (CDCl3) 8 12.79 (br, 1H) ; 8.33
(ddd, 1H,J=5.1,1.5,09 Hz) ; 8.07 (ddd, 1H, J=8.9, 1.1,0.9 Hz) ; 8.00 (d, 1H, J=2.0 Hz) ;
7.96 (ddd, 1H, J =8.9, 7.3, 1.6 Hz) ; 7.68 (dd, 1H,J =8.4,2.0 Hz) ; 7.50 (d, 1H, J= 8.4 Hz) ;
7.20 (ddd, 1H, J=17.3, 5.1, 1.1 Hz) ; 5.93 (s, 1H); 3*C NMR (CDCl3) & 157 (C"V) ; 154 (CY) ;
150 (CV); 145 (CH) ; 140 (CH) ; 133.0 (C") ; 132.7 (C"V) ; 132.2 (C"™); 130 (CH) ; 127
(CH) ; 125 (CH) ; 120 (CH) ; 112 (CH) ; 86 (CH); LC-MS (ESI) m/z 306 (MH"), t; 3.72 min,
Amax 289 nm; HRMS (ESI-TOF) m/z [M-H] calcd for Ci4Hi0ClN3O 304.0048, found
304.0047.

3-(4-Chloro-2-methoxyphenyl)-1-(pyridin-2-yl)-1H-pyrazol-5-ol (21). The solvent was
removed under reduced pressure. The solid obtained was purified by flash chromatography
(cyclohexane/AcOEt 1:0 = 5:5). A light yellow powder was obtained: yield 95% (440 mg);
mp 145 + 1°C; 'H NMR (CDCls) 8 12.79 (br, 1H); 8.29 (ddd, 1H, J = 5.1, 1.5, 0.9 Hz); 8.10
(ddd, 1H, J =8.9, 1.1, 0.9 Hz); 7.98 (d, 1H, J = 8.2 Hz) ; 7.91 (ddd, 1H, J = 8.9, 7.3, 1.6 Hz);
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7.18 (ddd, 1H, J=7.3, 5.1, 1.1 Hz); 7.04 (dd, 1H, J = 8.2, 2.0 Hz); 6.99 (d, 1H, J = 2.0 Hz);
5.99 (s, 1H); 3.94 (s, 3H); *C NMR (CDCl3) § 157 (CY); 154 (CVY); 152 (CY); 145 (CH);
139 (CH); 119 (CH); 112 (CH); 86 (CH); LC-MS (ESI) m/z 302 (MH"), t; 3.30 min, Amax 210
nm; HRMS (ESI-TOF) m/z [M+H]"* calcd for C1sHi3CIN3O2 302.0691, found 302.0689.

3-((3r,5r,7r)-adamantan-1-yl)-1-(pyridin-2-yl)-1H-pyrazol-5-ol ~ (28). @ The formed
precipitate was filtered and washed with ethanol. A brown powder was obtained: yield 95%
(460 mg); mp 170 £ 1°C; 8 'H NMR (CDCIl3) 88.25 (ddd, 1H, J = 5.1, 1.5, 0.9 Hz); 8.17
(ddd, 1H, J=8.9, 1.1, 0.9 Hz); 7.90 (ddd, 1H, J=8.9, 7.3, 1.6 Hz); 7.15 (ddd, 1H, /=73, 5.1
Hz, 1.1 Hz); 5.13 (s, 1H); 2.09 (m, 3H); 2.00 (m, 6H); 1.79 (m, 6H); *C NMR (CDCI3) § 157
(C™); 154 (CY); 144 (CH); 138 (CY); 140 (CH); 120 (CH); 112 (CH); 86 (CH); 40 (3CHb);
37 (CY); 37 (3CH»); 28 (3CH); (LC-MS (ESI) m/z 296 (MH"), t; 3.73 min, Amax 250 nm;
HRMS (ESI-TOF) m/z [M+H]" calcd for C1gH22N30 296.1757, found 296.1753.

1,3-di(Pyridin-2-yl)-1H-pyrazol-5-ol (29). The solvent was removed under reduced pressure.
The solid obtained was recrystallized in ethanol and filtered (Fraction 1: 450 mg). The filtrate
was concentrated under reduced pressure and purified by flash chromatography
(Cyclohexane/AcOEt 1:0 = 5:5) (Fraction 2: 260 mg). Two fractions of light yellow powder
were obtained: yield 95% (710 mg); mp 149 + 1°C; & '"H NMR (CDCls) 12.80 (br, 1 H); 8.69
(ddd, 1H, J = 5.1, 1.5, 0.9 Hz); 8.31 (ddd, 1H, J = 5.1, 1.5, 0.9 Hz); 8.11 (ddd, 1H, J = 8.9,
1.1, 0.9 Hz); 8.07 (ddd, 1H, J = 8.9, 1.1, 0.9 Hz); 7.92 (ddd, 1H, J = 8.9, 7.3, 1.6 Hz); 7.76
(ddd, 1H, J = 8.9, 7.3, 1.6 Hz); 7.25 (ddd, 1H, J=7.3, 5.1, 1.1 Hz) ; 7.21 (ddd, 1H, J = 7.3,
5.1, 1.1 Hz); 6.27 (s, 1H); *C NMR (CDCls); LC-MS (ESI) m/z 239 (MH*), *C NMR
(CDCl3) & 157 (CY); 154 (CVY); 153 (CV); 152 (CV) ; 149 (CH) ; 145 (CH) ; 140 (CH);
136 (CH) ; 123 (CH); 120 (2CH) ; 112 (CH) ; 86 (CH); LC-MS (ESI) 239 m/z t; 2.38 min,
Amax 295 nm; HRMS (ESI-TOF) m/z [M+H]" caled for Ci3HiiN4O 239.0927, found
239.0925.

3-((3r,5r,7r)-adamantan-1-yl)-1-(pyridin-3-yl)-1H-pyrazol-5(4H)-one (30). The formed
precipitate was filtered and washed with ethanol. A light brown powder was obtained: yield
95% (465 mg); mp 178 + 1°C; & '"H NMR (CDCl3) 9.21 (d, 1H, J = 0.9 Hz); 8.45 (ddd, 1H, J
=4.6,2.1,0.9 Hz); 8.37 (ddd, 1H, J = 8.4, 2.1, 1.4 Hz); 7.40 (dd, 1H, J = 8.4, 4.6 Hz); 3.46 (s,
2H); 2.13 (m, 3H); 1.91 (m, 6H); 1.78 (m, 6H); '*C NMR (CDCls) & 171 (CV); 168 (CV);
144 (CH); 140 (CH); 135 (C"); 126 (CH); 123 (CH); 86 (CH); 40 (3CH»); 37 (CH?); 37
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(C™); 36 (3CH>) 28 (3CH); (LC-MS (ESI) m/z 296 (MH"), t: 2.98 min, Amax 243 nm; HRMS
(ESI-TOF) m/z [M+H]" calcd for C1g8H22N30 296.1757, found 296.1755.

3-((3r,Sr,7r)-adamantan-1-yl)-1-(pyridin-4-yl)-1H-pyrazol-5(4H)-one (31). The formed
precipitate was filtered and washed with ethanol. A light brown powder was obtained: yield
95% (465 mg); mp 228 + 1°C; & '"H NMR (CDCl3) 9.21 (d, 1H, J = 0.9 Hz); 8.45 (ddd, 1H, J
=4.6,2.1,0.9 Hz); 8.37 (ddd, 1H, J = 8.4, 2.1, 1.4 Hz); 7.40 (dd, 1H, J = 8.4, 4.6 Hz); 3.46 (s,
2H); 2.13 (m, 3H); 1.91 (m, 6H); 1.78 (m, 6H); '*C NMR (CDCls) & 171 (CV); 168 (CV);
144 (CH); 140 (CH); 135 (C"); 126 (CH); 123 (CH); 86 (CH); 40 (3CH>); 38 (CH>); 37
(C™); 36 (3CH>) 28 (3CH); (LC-MS (ESI) m/z 296 (MH"), tr 2.92 min, Amax 257 nm; HRMS
(ESI-TOF) m/z [M+H]" calcd for C1g8H22N30 296.1757, found 296.1752.

3-((3r,5r,7r)-adamantan-1-yl)-1-(2,4-dichlorophenyl)-1H-pyrazol-5-ol (32). The formed
precipitate was filtered and washed with ethanol. A white powder was obtained: yield 86%
(256 mg); mp 218 + 1°C; 'H NMR (DMSO) & 11.11 (br, 1H); 7.79 (d, 1H, J = 2.0 Hz); 7.51
(dd, 1H, J = 8.0, 2.0 Hz); 7.45 (d, 1H, J = 8.0 Hz); 5.35 (s, 1H); 1.99 (m, 3H); 1.85 (m, 6H);
1.71 (m, 6H); >*C NMR (DMSO) & 162 (CY); 154 (CY); 136 (CY); 134 (CY); 132 (C™); 131
(CH); 130 (CH); 128 (CH); 82 (CH); 42 (3CH>); 37 (3CH>); 34 (CY); 28 (3CH) ; LC-MS
(ESI) m/z 363 (MH"), t; 3.52 min, Amax 210 nm; HRMS (ESI-TOF) m/z [M+H]* calcd for
C19H21C12N20 363.1026, found 363.1017.

3-((3r,5r,7r)-adamantan-1-yl)-1-(2,4-dimethylphenyl)-1H-pyrazol-5(4H)-one (33). The
formed precipitate was filtered and washed with ethanol. A light brown solid was obtained:
yield 88% (275 mg); mp 230 + 1°C; 'H NMR (CDCIl3) d 7.22 (d, 1H, J = 8.0 Hz); 7.08 (m,
2H); 3.38 (s, 2H); 2.09 (m, 3H); 1.88 (m, 6H); 1.76 (m, 6H); *C NMR (CDCl3) § 171 (CV);
167 (C™); 138 (C™); 135 (C™); 133 (C"Y); 132 (CH); 127 (CH); 126 (CH); 40 (3CH>); 36.9
(CY); 36.7 (CH>); 36.5 (3CHy>); 28 (3CH); 21 (CH3); 18 (CH3); LC-MS (ESI) m/z 323 (MH™),
tr 3.35 min, Amax 210 nm; HRMS (ESI-TOF) m/z [M+H]* calcd for C21H27N20 323.2118,
found 323.2116.

3-((3r,5r,7r)-adamantan-1-yl)-1-(2,4-diaminophenyl)-1H-pyrazol-5(4H)-one (34). The
formed precipitate was filtered and washed with ethanol. A light brown solid was obtained:
yield 90% (280 mg); 155 + 1°C; 'H NMR (CDCls) 8 8.62 (d, 2H, J = 6.5 Hz); 8.22 (d, 2H, J =
6.5 Hz); 3.56 (s, 2H); 2.13 (m, 3H); 1.88 (m, 6H); 1.76 (m, 6H); '*C NMR (CDCls) § 171
(CY); 169 (CY); 148 (CY); 145 (2CH); 112 (2CH); 40 (3CH>); 38 (CHy); 37 (C™); 36

31



(3CHs); 28 (3CH); LC-MS (ESI) m/z 325 (MHY), t; 2.35 min, Amax 220 nm; HRMS (ESI-TOF)
m/z [M+H]* calced for C19H25N40 325.2023, found 325.2025.

3-((3r,5r,7r)-adamantan-1-yl)-1-phenyl-1H-pyrazol-5(4H)-one (35) The formed precipitate
was filtered and washed with ethanol. A white solid was obtained: yield 85% (287 mg); mp
138 £ 1°C ; '"H NMR (CDCl3) 8 7.93 (m, 2H); 7.42 (m, 2H); 7.21 (m, 1H,); 3.43 (s, 2H); 2.09
(m, 3H); 1.88 (m, 6H); 1.76 (m, 6H); *C NMR (CDCls) & 170 (C™); 166 (C'); 138 (C");
129 (2CH); 125 (CH); 119 (2CH); 40 (3CH2); 38 (CHa); 37 (C"); 36 (3CH>); 28 (3CH); LC-
MS (ESI) m/z 295 (MH"), t; 3.56 min, Amax 243 nm; HRMS (ESI-TOF) m/z [M+H]* calcd for
Ci19H23N>0 295.1805, found 295.1789.

3-(2-Methoxyphenyl)-1-(pyrimidin-2-yl)-1H-pyrazol-5-o0l (36). The solvent was removed
under reduced pressure. The solid obtained was purified by flash chromatography
(cyclohexane/AcOEt 1:0 - 8:2). A purple powder was obtained: yield 83% (200 mg); mp
153 + 1°C; 'H NMR (CDCl3) 8 11.79 (br, 1H); 8.76 (d, 2H, J = 4.9 Hz) ; 8.15 (m, 1H) ; 7.36
(ddd, 1H, J =8.5,7.6, 1.9 Hz) ; 7.21 (t, 1H, J = 4.9 Hz) ; 7.04 (m, 1H) ; 6.98 (dd, 1H, J = 8.5,
0.9 Hz) ; 6.27 (s, 1H) ; 3,91 (s, 3H); '3C NMR (CDCls) § 158.2 (2CH); 157.4 (2CY); 156
(CY); 152 (CY); 130 (CH); 129.4 (CH); 121.5 (CVY); 120.6 (CH); 117 (CH); 111 (CH); 91
(CH); 55 (CH3); LC-MS (ESI) m/z 269 (MHY), t; 2.22 min, Amax 273 nm; HRMS (ESI-TOF)
m/z [M+H]* calcd for C14Hi3N402 269.1033, found 269.1031.

1-(3-Fluoropyridin-2-yl)-3-(2-methoxyphenyl)-1H-pyrazol-5(4H)-one (37). The solvent
was removed under reduced pressure. The solid obtained was purified by flash
chromatography (cyclohexane/AcOEt 1:0 - 8:2). A light yellow powder was obtained: yield
85% (250 mg); mp 179 + 1°C; '"H NMR (CDCl3) 6 8.44 (ddd, 1H, J = 4.7, 1.5, 1.0 Hz); 8.05
(dd, 1H,J=7.6, 1.8 Hz); 7.63 (ddd, 1H, J =10.4, 8.1, 1.5 Hz); 7.42 (ddd, 1H, J=9.0, 7.6, 1.8
Hz); 7.36 (ddd, 1H, J = 8.1, 4.7, 3.0 Hz); 6.99 (td, 1H, J = 7.6, 1.0 Hz); 6.98 (dd, 1H, J = 9.0,
1.0 Hz); 4.08 (s, 2H); 3.94 (s, 3H); '3C NMR (CDCls) § 172 (CY); 158 (CY); 155 (Ci); 154-
151 (d, Jer = 264 Hz, CV); 145 (d, Jcr = 5.5 Hz, CH); 138 (d, Jor = 12.6 Hz, CV); 132 (CH);
128 (CH); 125 (d, Jcr = 18 Hz, CH); 124 (d, Jcr = 4 Hz, CH), CH; 121 (CH); 120 (C™); 111
(CH); 55 (CHs); 42 (CHz); LC-MS (ESI) m/z 286 (MH"), t; 2.22 min, Amax 215 nm; HRMS
(ESI-TOF) m/z [M+H]" calcd for CisHi3FN302 286.0986, found 286.0983.

1-(3,5-Difluoropyridin-2-yl)-3-(2-methoxyphenyl)-1H-pyrazol-5(4H)-one (38). The

solvent was removed under reduced pressure. The solid obtained was purified by flash
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chromatography (cyclohexane/AcOEt 1:0 = 5:5). A light yellow powder was obtained: yield
73% (200 mg); mp 174 + 1°C; 'H-{'°F} NMR (CDCls) & 8.36 (dd, 1H, J = 2.5, 0.6 Hz) ; 8.02
(dd, 1H, J=7.6, 1.8 Hz) ; 7.42 (m, 2H) ; 7.03 (td, 1H, J =7.6, 1.0 Hz) ; 6.99 (dd, 1H, J = 9.0,
1.0 Hz) ; 4.06 (1H, s) ; 3.91 (s, 3H); '*C NMR (CDCls) § 171 (CV); 157 (CY); 156 (dd, Jcr=
450 Hz, 5 Hz, CY); 155 (CY); 153 (dd, Jcr= 450 Hz, 5 Hz, C"V); 135 (dd, Jcr= 24 Hz, 5 Hz,
CH); 133 (CH); 128 (CH); 121 (CH); 119 (CY); 113 (dd, Jcr= 22 Hz, 21 Hz, CH); 111 (CH);
55 (CHs); 44 (CH») ; LC-MS (ESI) m/z 304 (MH"), t: 2.33 min, Amax 210 nm; HRMS (ESI-
TOF) m/z [M+H]" calcd for CisHi2F2N302 304.0892, found 304.0888.

1-(4-Chloropyridin-2-yl)-3-(2-methoxyphenyl)-1H-pyrazol-5(4H)-one (39). The formed
precipitate was filtered and washed with ethanol (Fraction 1: 150 mg). The filtrate was
concentrated under reduced pressure, recrystallized in ethanol (Fraction 2: 110 mg). Two
fractions of light yellow powder were obtained: yield 95% (260 mg); mp 209 + 1°C; '"H NMR
(CDCI3) 68.35 (d, 1H,J = 5.7 Hz); 8.06 (dd, 1H, J = 7.8, 1,7 Hz); 8.02 (d, 1H, J = 1.7 Hz);
7.98 (dd, 1H, J = 5.7, 1.7 Hz); 7.46 (dd, 1H, J = 8.5, 7.5, 1.7 Hz); 7.05 (td, 1H, J = 7.5, 0.9
Hz); 6.98 (dd, 1H, J = 8.5, 0.9 Hz); '3C NMR (CDCI3) § 172 (CY); 158 (CY); 155 (CY); 152
(C™); 150 (CH); 146 (CY); 132 (CH); 128 (CH); 121 (CH); 119 (C"); 111.9 (CH); 111.6 (C);
110 (CH); 55 (CHz3); 44 (CH»2); LC-MS (ESI) m/z 302 (MH"), t; 2.87 min, Amax 210 nm;
HRMS (ESI-TOF) m/z [M-H] calcd for CisH11CIN302 300.0534, found 304.0539.

1-(3,5-Dichloropyridin-2-yl)-3-(2-methoxyphenyl)-1H-pyrazol-S(4H)-one =~ (40).  The
solvent was removed under reduced pressure. The solid obtained was purified by flash
chromatography (cyclohexane/AcOEt 1:0 - 5:5). A light yellow powder was obtained: yield
95% (320 mg); mp 133 + 1°C; "H NMR (CDCl3) 8 8.50 (d, 1H, J = 2.3 Hz); 8.00 (dd, 1H, J =
7.8,1.7Hz); 7.93 (d, 1H, J =2.3 Hz); 7.44 (ddd, 1H, J = 8.5, 7.5, 1.7 Hz); 6.99 (m, 2H); 4.06
(s, 2H); 3.92 (s, 3H); 1*C NMR (CDCl3) § 171 (C%Y); 158 (CY); 155 (CY); 146 (CH); 145
(C™); 139 (CH); 132 (CH); 131 (CY); 129 (C"W); 128 (CH); 121 (CH); 120 (C"); 111 (CH);
55 (CHs); 42 (CHz); LC-MS (ESI) m/z 336 (MHY), t; 2.60 min, Amax 210 nm; HRMS (ESI-
TOF) m/z [M+H]* calcd for Ci5H12C12N302 336.0301, found 336.0289.

General procedure for preparation of alkylated pyrazolones (22-27)

The corresponding B-keto ester (1 eq.) and hydrazine (1.5 eq.) were dissolved in glacial acetic
acid (6M). The mixture was subjected to microwave irradiations for 2.5-5 minutes at 130 °C
and 150W. The reaction of followed by TLC. The acetic acid was then evaporated under

reduced pressure.
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3-Methyl-1-(pyridin-2-yl)-1H-pyrazol-5-ol (22). The solvent was removed under reduced
pressure. The solid obtained was purified by flash chromatography (cyclohexane/AcOEt 1:0
- 8:2). A light yellow powder was obtained: yield 95% (450 mg); mp 110 + 1°C 'H NMR
(CDClI3) 6 12.57 (br, 1H); 7.87 (ddd, 1H, J = 5.1, 1.6, 0.9 Hz); 7.85 (ddd, 1H, J=8.9, 1.1, 0.9
Hz); 7.83 (ddd, 1H, J = 8.9, 7.3, 1.6 Hz); 7.10 (ddd, 1H, J= 7.3, 5.1, 1.1 Hz); 5,42 (s, 1H);
2.55 (s, 3H); 1*C NMR (CDCl3) § 157 (CW); 154 (CY); 151 (CY); 145 (CH); 139 (CH); 119
(CH); 112 (CH); 89 (CH); 14 (CH3); LC-MS (ESI) 176 (MH"), t 1.72 min, Amax 243 nm;
HRMS (ESI-TOF) m/z [M+H]" calcd for CoHioN3O 176.0818, found 176.0814.

3-Ethyl-1-(pyridin-2-yl)-1H-pyrazol-5-ol (23). The solvent was removed under reduced
pressure. The solid obtained was purified by flash chromatography (cyclohexane/AcOEt 1:0
- 8:2). A light yellow powder was obtained: yield 95% (600 mg); mp 88 + 1°C; 'H NMR
(CDClI3) 0 12.66 (br, 1H); 8.18 (ddd, 1H, J = 5.1, 1.6, 0.9 Hz); 7.80 (m, 2H); 7.08 (m, 1H);
5,43 (s, 1H); 2.58 (q, 2H, J = 7.6 Hz); 1.25 (t, 3H, J = 7.6 Hz); 1*C NMR (CDCls) § 157 (CY);
154 (CY); 148 (CY); 145 (CH); 139 (CH); 119 (CH); 112 (CH); 87 (CH); 22 (CHy); 13
(CH3); LC-MS (ESI) m/z 190 (MH*), t- 1.98 min, Amax 275 nm; HRMS (ESI-TOF) m/z
[M+H]" calcd for C10H12N30 190.0975, found 190.0971.

3-Propyl-1-(pyridin-2-yl)-1H-pyrazol-5-o0l (24). The solvent was removed under reduced
pressure. The solid obtained was purified by flash chromatography (cyclohexane/AcOEt 1:0
- 8:2). A light yellow powder was obtained: yield 95% (660 mg); mp 84 + 1°C; 'H NMR
(CDCI3) 0 12.74 (br, 1H); 8.24 (ddd, 1H, J = 5.1, 1.6, 0.9 Hz); 7.85 (m, 2H); 7.08 (m, 1H);
5,44 (s, 1H); 2.55 (t, 2H, J = 8.0 Hz); 1.65 (sext, 2H, J = 8,0 Hz); 1,00 (t, 3H, J = 8,0 Hz); '*C
NMR (CDCls) & 157 (CY); 154 (CVY); 150 (CY); 145 (CH); 139 (CH); 119 (CH); 112 (CH);
87 (CH); 31 (CH»); 22 (CHy); 14 (CHs); LC-MS (ESI) m/z 204 (MH"), t; 2.36 min, Amax 248
nm; HRMS (ESI-TOF) m/z [M+H]* calcd for C11H14N30 204.1131, found 204.1134.

3-Butyl-1-(pyridin-2-yl)-1H-pyrazol-5-ol (25). The solvent was removed under reduced
pressure. The solid obtained was purified by flash chromatography (cyclohexane/AcOEt 1:0
- 8:2). A light yellow powder was obtained: yield 95% (260 mg); mp 69 + 1°C; 'H NMR
(CDCI3) 8 12.70 (s, 1H); 8.25 (ddd, 1H, J = 5.1, 1.6, 0.9 Hz); 8.00 (ddd, 1H, J = 8.9, 1.1, 0.9
Hz); 7.86 (ddd, 1H, J= 8,9, 7.3, 1.6 Hz); 7.12 (ddd, 1H, J = 7.3, 5.1, 1.1 Hz); 5.47 (s, 1H);
2.93 (hept, 1H, J = 7,0 Hz); 1,30 (d, 1H, J = 7,0 Hz); >*C NMR (CDCls) 157 (CV); 154 (CY);
150 (C"V); 145 (CH); 139 (CH); 119 (CH); 112 (CH); 87 (CH); 31 (CHz); 29 (CHz); 23 (CH>);
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14 (CH3); LC-MS (ESI) m/z 218 (MH"), t; 2.67 min, Amax 272 nm; HRMS (ESI-TOF) m/z
[M+H]* calcd for C12H16N30 218.1288, found 218.1288.

3-Isopropyl-1-(pyridin-2-yl)-1H-pyrazol-5-ol (26). The solvent was removed under reduced
pressure. The solid obtained was purified by flash chromatography (cyclohexane/AcOEt 1:0
- 8:2). A light yellow powder was obtained: yield 95% (660 mg); mp 33 + 1°C; 'H NMR
(CDCI3) 6 12.79 (br, 1H); 8.29 (ddd, 1H, J = 5.1, 1.5, 0.9 Hz); 8.05 (ddd, 1H, J=8.9, 1.1, 0.9
Hz); 7.93 (ddd, 1H, J = 8.9, 7.3, 1.6 Hz); 7.18 (ddd, 1H, J= 7.3, 5.1, 1.1 Hz); 5.47 (s, 1H);
2.97 (hept, 1H, J = 6.9 Hz) ; 1.29 (d, 6H, J = 6.9 Hz); >*C NMR (CDCls) § 161 (CY); 156
(CY); 154 (CY); 145 (CH); 140 (CH); 119 (CH); 112 (CH); 86 (CH); 29 (CH); 22 (2CHa);
LC-MS (ESI) m/z 204 (MH"), t; 2.34 min, Amax 248 nm; HRMS (ESI-TOF) m/z [M+H]* calcd
for C11H14N30 204.1131, found 204.1129.

3-(tert-Butyl)-1-(pyridin-2-yl)-1H-pyrazol-5-ol (27). The solvent was removed under
reduced pressure. The solid obtained was purified by flash chromatography
(cyclohexane/AcOEt 1:0 & 8:2). A light yellow powder was obtained: yield 91% (481 mg);
mp 75 + 1°C; 'H NMR (CDCl3) & 12.60 (br, 1H); 8.22 (ddd, 1H, J = 5.1, 1.6, 0.9 Hz); 7.89
(m, 1H); 7.82 (ddd, 1H, J = 8.9, 7.3, 1.6 Hz); 7.09 (ddd, 1H, J = 7.3, 5.1, 1.1 Hz); 5.48 (s,
1H); 1.30 (s, 9H); '3C NMR (CDCl3) § 163 (CV); 157 (CV); 154 (CY); 145 (CH); 139 (CH);
119 (CH); 112 (CH); 86 (CH); 31 (C"); 30 (3CH3); LC-MS (ESI) m/z 218 (MH"), t; 2.78 min,
Amax 250 nm; HRMS (ESI-TOF) m/z [M+H]" caled for Ci2HisN3O 218.1288, found
218.1289.
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