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Abstract

An efficient synthetic route for the synthesis ¢f-@yrazolo[4,3¢€]pyridines, primarily varying

by the substituents at the 2-, 4- and 6-positiehglescribed here. A Sonogashira-type cross-
coupling reaction was employed to yield 3-alkynid-fayrazole-4-carbaldehydes, ethanones and
propanones from the correspondingl-fiyrazol-3-yl trifluoromethanesulfonates. Subseduen
treatment of the coupling products with dry ammoafforded a versatile library of H
pyrazolo[4,3€]pyridines, which were then evaluated for theirotgkicity against K562 and
MCF-7 cancer cell lines. The most potent of thesmmounds displayed low micromolar £zl
values in both cell lines. Active compounds indudede-dependent cell-cycle arrest in mitosis,
as shown by flow cytometric analysis of DNA contamd phosphorylation of histone H3 at
serine-10. Moreover, biochemical assays revealeiased activities of caspases-3/7 in treated
cells, specific fragmentation of PARP-1, and phasplation of Bcl-2, collectively confirming

apoptosis as the mechanism of cell death.
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1. Introduction

Due to its wide spectrum of biological activitiggjrazole is a common structural unit in many
pharmaceuticals [1] and a central axis of numepngoing studies devoted to the synthesis and
biological evaluation of novel pyrazole moiety-iagrmolecules [2-9]. Among the vast variety
of biologically active annelated pyrazole derivasv[10, 11], synthetically demandingd2
pyrazolo[4,3€]pyridines are relatively understudied. Scarce gdamof such biologically active
compounds (Fig. 1) include 3-amino-2-phenifd-@yrazolo[4,3e]pyridine-4,6-diol, which has
been revealed to act as a p90 ribosomal S6 kingdRSR?2) inhibitor [12], or 2,6-diphenylt2-
pyrazolo[4,3¢€]pyridin-3-amine, N*-(2-methoxyethyl)-6-methyl-2-phenylRpyrazolo[4,3-
c]pyridine-3,4-diamine and 6-methyl-2-phenyl-4-(pikn-1-yl)-2H-pyrazolo[4,3€]pyridin-3-
amine, which have been evaluated as inhibitorsnaga wide range of kinases, revealing their

moderate potency against p3&urora A and CK3, respectively [13].
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Fig. 1. Examples of biologically releva@H-pyrazolo[4,3¢€]pyridines

The synthesis of R2-pyrazolo[4,3¢]pyridines is usually accomplished by the treatmeht-
chloro or 4-iodopyridines possessing a carbonyletyoat the 3-position with various hydrazines
[14-19] at room or elevated temperatures. Similadychloronicotinonitriles react with
hydrazines in the presence of organic bases foriiagbstituted-B-pyrazolo[4,3€]pyridines
[18, 20]. A series of 2-phenylHpyrazolo[4,3¢€]pyridines were also obtained by heating
mixtures of E)-1-(4-azidopyridin-3-yl)N-phenylmethanimines in toluene at 105 °C [21]. & t
other hand, we have recently demonstrated thapyazolo[4,3¢€]pyridines can also be easily
accessed from 3-hydroxy-1-phenybyrazole-4-carbaldehyde and the correspondinghetiea
via intermediate triflates making use of a Sonogastnioas-coupling and dry ammonia induced
cyclization reactions [22]. Therefore, in this stude further examined the applicability of our
synthetic approach and prepared a library of vari@d-pyrazolo[4,3€]pyridines, primarily
varying by the substituents at the 2-, 4- and Gtjoos in order to assess their biological activity

and to formulate possible structure-activity reaships.

2. Results and Discussion

2.1. Synthesis

In a series of recent publications we have dematestrthat pyrazole-4-carbaldehydes carrying
an alkynyl function adjacent to the formyl moietyeavaluable starting materials for the
construction of condensed pyrazole systems, faamte: dipyrazolo[1,%:4,3<]pyridines [23],
2H- and 3H-pyrazolo[4’,3":3,4]pyrido[1,2a]benzimidazoles, B-pyrazolo[4,3€limidazo[l,2-
a:5,4’ldipyridines and 13,13a-dihydroFBpyrazolo[4’,3":3,4]pyrido[1,2a]pyrimidines [24]
and 2,6-diphenyl-2-pyrazolo[4,3¢€]pyridines [25, 26].



In this study, we further elaborated the synthptitential of 1-substitutedH:-pyrazoles carrying
an alkynyl function adjacent to the carbonyl moidiiie synthesis of starting triflat8s 10, 15,
and 16 for the Sonogashira cross-coupling reaction issgméed in Schemes 1 and 2.
Commercially available but otherwise undescribedhy8roxy-1-methyl-H-pyrazole-4-
carbaldehydée, the precursor for the preparation of the triflatevas synthesized following an
analogous approach, which we have previously desdrior its analog 3-hydroxy-1-phenyHi
pyrazole-4-carbaldehyd® [22] (Scheme 1). In short, we applied the Vilsmei@ack reaction
conditions for the synthesis of 4-benzyloxy-1-méthil-pyrazole3, which was obtained by
benzylation of the readily available starting commpad 1 [25] under standard conditions with
benzyl chloride, similarly to the described proaed[27, 28]. Upon heating compouBdwith
DMF/POCE at 70 °C for half an hour the target carbaldeh§deias formed in 60% yield.
Alternatively, the preparation of carbaldehysleean also be achieved by the oxidation of (3-
(benzyloxy)-1-methyl-H-pyrazol-4-yl)methanol with manganese dioxide [I®%benzylation of
compounds was accomplished by treatment with TFA in toluesanditions typically used for
the selective deprotection GFbenzylsalicylaldehydes [30], furnishing the targetbaldehyd&

in 90% vyield. Having precursof in hand, we further treated it with triflic anhydie in the
presence of TEA in DCM [31] to obtain the corresgiog triflate 9 in 85% yield. The same
synthetic pathway was applied to obtain 3-triflyyek-phenyl-H-pyrazole-4-carbaldehyd&0
from 3-hydroxy-1-phenyl-H-pyrazole2, as we have described previously [22].

HO, BnQ, BnQ CHO HO CHO TfO, CHO
7 . 7 ) )j/ H . ;
N;\ Vo N;\ VoY e Yy v N;\ \§
N N N N N
R R R R R
1, R=Me 3, R=Me 5 R=Me 7, R=Me 9, R=Me
2,R=Ph 4,R = Ph [22] 6, R = Ph[22] 8, R =Ph[22] 10, R = Ph [22]

Scheme 1.Reagents and conditions: (i) BnCl, NaH, DMF, argon atmosphere, 0-60 °C, D0%
(for 3), 85% (for4); (ii) POCkL, DMF, 0-60 °C, 0.5 h, 85% (fdb), 81% (for6); (iii) TFA,
toluene, rt, 15 h, 90% (fof), 85% (for8); (iv) Tf,O, TEA, DCM, rt, 1 h, 85% (fo®), 83% (for
10).

Triflates 15 and 16 were synthesized similarly to the previously ddsedi approach [22]
(Scheme 2). Fries rearrangement conditions (AISG) were applied to 1-phenylHtpyrazol-

3-yl acetatell [32] and the corresponding pivalal®?, which were obtained from readily
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available 3-hydroxy-1-phenylH-pyrazole 2 [33] and acetic anhydride or isobutylchloride,
respectively. Triflation of 1-phenylH-pyrazol-3-o0ls13 [34] and 14 afforded 1-phenyl-Hi-
pyrazol-3-yl trifluoromethanesulfonatés and16 in 85% and 96% yield, respectively.

0 0 0
HO, yo HO>—§\R Tf0>—§\R
a i R a ii i iii a
N\\>—> N. \>—> N\\ —_— N\\
N N N
Ph Ph Ph

2 11, R = Me [34] 13, R = Me [34] 15, R = Me [22]
12,R=i-Pr 14,R = i-Pr 16, R = i-Pr

Scheme 2.Reagents and conditions: (i) Ac.O, 100 °C, 0.5 h, 79% (fatl); isobutylchloride,
pyridine, DCM, rt, 1 h, 90% (fot2); (ii) AICl 3, CS, reflux, 3 h, 74% (fol3), 89% (forl4); (iii)
Tf,0, TEA, DCM, rt, 1 h, 85% (fot5), 96% (forl6).

The construction of the target pyrazolopyridinesnir 3-alkynylpyrazole-4-carbaldehydes,
ethanones and propanones is represented in Schefie Prepared triflate8, 10, 15 and 16
were successfully coupled with various alkyl angl @cetylenes under standard Sonogashira
cross-coupling reaction conditions (Pd(BRal,, Cul, TEA, DMF) to give the corresponding 3-
alkynyl-1-phenyl-H-pyrazoles17-34 in good to very good yields, in most cases (Sch&ne
Couplings of 4-acetyl-1-phenylHtpyrazol-3-yl trifluoromethanesulfonatés) with phenyl-, 3-
thienyl- andn-pentylacetylenes gave corresponding products imyfalds of less than 70%.
Notably, 1-phenyl-3-triflyl-H-pyrazole-4-carbaldehydes resulted in better vyielafs the
Sonogashira cross-coupling reaction in comparisibin the corresponding 4-ethanones. Finally,
compoundsl7-34 bearing the alkynyl group moiety adjacent to tagbonyl group were treated
with dry ammonia under elevated temperature andspre, allowing the direct formation of
pyrazolo[4,3€]pyridines35-52 generally in very good to excellent yields.

It is noteworthy that this methodology proved toapplicable for the synthesis of 2-phenid-2
pyrazolo[4,3¢€]pyridine 42 and its 4-methyl and 4-isopropyl derivativdS,and52, respectively.
Synthesis of the aforementiond@ has been accomplished before, employing inconwenie
highly toxic and unstable reactants, i.e., by cgdhlition of 3-pyridyne, which is accessible by
lead tetraacetate oxidation of l-aminotriazolo[dyridine to N-phenylsydnone [35]. In
contrast, our synthetic approach makes use of tmyemient TMS-protected, commercially

available, trimethylsilylacetylene, which efficigntundergoes Sonogashira cross-coupling with



corresponding triflate$0, 15,and 16, furnishing24, 31, and34 in 78-87% vyield. The latter, due
to the convenient lability of TMS protecting grougpon treatment with dry ammonia under
elevated temperature and pressure directly giveesto the target TMS-deprotected 2-phenyl-
2H-pyrazolo[4,3e]pyridines42, 49 and52 in 88-95% yield (Scheme 3).

17, 75%; 35, 79%: R'=Me, R?=H, R®=Ph
18, 81%; 36, 89%: R'=Ph, R?=H, R®=Ph

3
R R N 19, 75%; 37, 94%: R'=Ph, R?=H, R®=3-thienyl
. . R 2, 3,
> \\ > 72N > 20, 86%; 38, 98: R'=Ph, R°=H, R”=cyclopropyl
IO COR COR R® 21, 90%; 39, 84%: R'=Ph, R?%=H, R®n-Bu
Vi \§ i 7\ i 7\ 22, 92%; 40, 89%: R'=Ph, R%H, R®=n-Pent
—_— —_—
N, NN N 23, 90%; 41, 86%: R'=Ph, R%H, R*=C,H,0H
R R’

21 24, 78%: R'=Ph, R?=H, R®=TMS; 42, 95%: R'=Ph, R?=H, R®=H

25, 65%; 43, 91%: R'=Ph, R>=Me, R%=Ph

9,10,15,16 17-34 35-52 26, 66%; 44, 81%: R'=Ph, R?%=Me, R3=3-thienyl
27, 80%; 45, 80%: R'=Ph, R?=Me, R3=cyclopropy!
28, 75%; 46, 88%: R'=Ph, R>=Me, R®=n-Bu
29, 65%; 47, 88%: R'=Ph, R?>=Me, R®=n-Pent
30, 86%; 48, 86%: R'=Ph, R>=Me, R®=C,H,OH
31, 83%: R'=Ph, R>=Me, R®=TMS; 49, 88%: R'=Ph, R?>=Me, R®=H
32, 90%; 50, 92%: R'=Ph, R?=i-Pr, R®=Ph
33, 81%; 51, 84%: R'=Ph, R?=i-Pr, R®=n-Bu
34, 87%: R'=Ph, R?=j-Pr, R®=TMS; 52, 92%: R'=Ph, R%=i-Pr, R®=H

Scheme 3Reagents and conditions: (i) Rs-C=CH, Pd(PP.Cl,, TEA, Cul, DMF, 60 °C, 1-38
h; (ii) NH3, MeOH, 120 °C, 15 h.

2.2. Anticancer activity in vitro

Prepared compound5-52were evaluated for their cytotoxicity against ttueman cancer cell
lines: K562 (chronic myeloid leukemia cells) and M (breast cancer cells). In general, most
tested compounds exhibited moderate cytotoxicityh slso values in the micromolar range
(Table 1). The most potent derivatives bear a phmoyety at the 2-position, with no substituent
at the 4-position and either an aryl or alkyl & Gyposition (compound36, 37, 39, 40). It is
noteworthy that replacing a phenyl substituenthat 2-position (compound6) with a methyl
group resulted in a complete loss of the activitgnipound35). Increasing the bulkiness of the
substituents at the 4-position reduced cytotoxicitythe derivatives, i.e., introducing methyl
(compoundst3, 47) and isopropyl (compoun®l0) substituents resulted in a gradual decrease in
potency of the compounds compared to unsubstitedvatives (compounds36, 40).
Replacement of the substituents at the 6-positr@bled the fine-tuning of cytotoxicity of the
compounds. Surprisingly, a lack of the substituginthis position or introduction of a polar
ethylhydroxy group resulted in completely inactigerivatives (compounddl, 42, 48, 49),
while various other substituents were relativelylwaerated. The most effective substituents at

6-position were alkyl chains and aromatic ringsrilzaives bearing a phenyl ring at the 7-
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position exhibited good cytotoxic values, withsglalues for compoun86 reaching 3.41M for
K562 and 4.8uM for MCF-7 cells. Unfortunately, attempts to reg@athe phenyl ring with a
slightly less aromatic thiophene or aliphatic cyetapyl rings resulted in less active derivatives;
phenyl derivative86 and43 were twofold more potent than analogous thiophghrivatives
37 and44. Interestingly, replacing a cyclopropyl ring withear aliphatic substituents resulted in
an increased cytotoxicity of the compounds. Thus$,0b the prepared derivatives, compouiix
bearing a pentyl substituent at the 6-position,hangl ring at the 2-position and lacking a
substituent at the 4-position, proved to be thetrog®toxic, reaching a @ value of 2.1uM for
K562 cells.

Table 1.1n vitro cytotoxicity of previously and newly synthesizad-@yrazolo[4,3€]pyridines
35-52

General Glso (UM)*
Compound R R? R® >
structure K562 MCF-7
35 Me H ©\/ >100 >100
36 ©\/ H ©\/ 3.4 4.8
37 ©\/ H S@\/ 8.3 9.8
38 ©\/ H A/ 60.5 69.3
R 5
6/ '\{“ 2
7
o) ) R 39 ©\/ H AN 6.7 13.3
1N \3
2N
R1
4552 40 O\/ H NN 2.1 11.8
41 ©\/ H HO~y >100 >100
42 ©\/ H H >100 >100
43 O\/ Me O\/ 6.3 11.0
44 O\/ Me S@\/ 10.0 22.2




45 ©\/ Me A/ 25.9 63.5
46 O\/ Me N 8.5 11.1
a7 O\/ Me NN 6.9 17.0
48 ©\/ Me HO~y >100 >100
49 O\/ Me H >100 >100
50 O\/ i-Pr O\/ 36.8 91.0
51 ©\/ i-Pr N 12.9 33.3
52 O\/ i-Pr H >100 98.8

* Data are means of at least two independent measants.

2.3. Effect on the cell cycle and apoptosis

All compounds displaying a &llower than 80 uM in at least one cell line underiaeell-cycle
investigation in K562 and MCF-7 cell lines to gameliminary information about their
mechanism of action. The cells were treated withtdsted compounds for 24 hours at 10 uM
concentrations. Tubuline-interfering agent nocotlaamd cyclin-dependent kinase 4 inhibitor
palbociclib were used as positive controls, caudimigiinant mitotic and G1 arrest, respectively.
The majority of compounds exhibited a clear effestthe cell cycle in both cell lines; with
increased cell populations in G2/M phases and sparding decreases in G1 and S phase
populations observed post treatment (Table 2). Aigkest percentages of a G2/M population
were found in cultures treated with compouB@s39, 40, 43 and47, all of which also displayed
the strongest cytotoxicities (Table 1). In additiansubstantial increase of sub-G1 populations
was observed in cultures treated with the mostrpatempound$6, 37, 39, 40, 43, 44, 46 and

51, indicating ongoing apoptosis. Sub-G1 populatiovere usually higher in K562 cells,
probably as a consequence of their higher sertgitiwinovel compounds, which was observed

in the cytotoxicity assays (Table 1).



Table 2.Cell cycle analysis in K562 and MCF-7 cells treateth active 2-phenyl-&-
pyrazolo[4,3€]pyridines at a single dose of uM.

Compound K562 cell cycle phases (%) MCF-7 cell ciecphases (%)

subGl G1 S G2/M subG1 G1 S G2/M
Untreated 15.0 34.6 50.3 15.0 7.1 60.7 34.1 5.3
36 43.0 19.8 55 74.7 14.3 56.8  26.2 17.0
37 34.2 21.7 373 41.1 24.2 395 291 314
38 19.6 323 522 155 7.5 64.7 29.4 5.9
39 37.7 248 128 62.3 31.1 36.0 30.3 33.7
40 35.4 148 3.3 82.0 50.3 181 26.3 55.6
43 46.2 13.7 36.1 50.2 11.9 65.5 205 14.1
44 45.7 26.2 29.2 44.6 22.7 372 312 31.6
45 15.3 347 458 19.6 9.0 63.6 30.2 6.3
46 40.8 28.2 305 41.4 19.3 485 24.0 27.5
47 28.3 21.8 283 49.9 311 50.2 18.1 31.7
50 21.3 35.1 46.6 18.3 6.7 62.6 30.6 6.9
51 47.1 26.7 442 29.0 7.8 66.1 245 9.4
nocodazole (25 ng/mL)  49.4 3.6 26.8 69.7 321 14.419.9 35.7
palbociclib (0.25 uM) 35.0 54.0 30.1 15.9 7.5 90.05.5 4.6

Compound40, with the strongest effect on the cell cycle, wagher assayed at several
concentrations (Fig. 2a). DNA histograms revealedlemr dose-dependent arrest in G2/M
phases. To discriminate between arrest in G2 andvi&l,quantified the phosphorylation of
histone H3 at serine-10, a common mitotic markéwFcytometric analysis revealed a strong

accumulation of cells with phosphorylated histazenfirming arrest in mitosis (Fig. 2b).
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- 332%
imi

Fig. 2. Cell cycle arrest in K562 cells treated with compadd0 for 24 h. (a) DNA histograms of
cells treated with different doses of the compod@d (b) Phosphorylation of histone H3 at
serine-10 in cells treated with 5 uM dose of cormub#0. Nocodazole was used as a positive

control.

Due to the strong cytotoxicity @0 in the K562 cell line, we sought to identify thgé of cell
death that occurs. Caspase activation in treatéslwas measured by an enzymatic assay, using
the fluorescently labeled peptide substrate Ac-DEMIC of caspases 3 and 7 (Fig. 3a) which
revealed a clear dose-dependent responses in themailar range. In parallel, lysates of treated
K562 and MCF-7 cells were subjected to immunobigitthe analysis of which revealed a dose-
dependent increase in the 89 kDa fragment of PAR®R-#nown caspase substrate (Fig. 3b).
Phosphorylation of histone H2AX at Ser-13fHRAX), a modification required for DNA
fragmentation during apoptosis [36], was also detkc Additionally, we observed the
appearance of a slowly migrating, phosphorylatethfof Bcl-2 connected with G2/M arrest of
the cell cycle and apoptosis [37]. In summary,ahalyses performed confirmed that compound

40 can activate apoptotic machinery in a dose-depgndanner.
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Fig. 3. Induction of apoptosis in cells treated with diffet doses of compourtD for 24 h. (a)
Caspase-3/7 activity was measured in lysates prdpaom treated K562 cells using the
fluorogenic substrate Ac-DEVD-AMC and normalizedaengt untreated control cell lysates. (b)
Immunoblotting analysis of apoptosis-related progein treated K562 and MCF-7 cells.
Doxorubucin (DOX, 1uM) was used as a control. Actin levels were detktteverify equal

loading.

To describe the mechanism of antimitotic actiorth&f prepared compounds, we first explored
CDK1/cyclin B, a well-known mitotic regulator, as possible target, especially due to the
structural similarity to 2,3,4,6-substituted pyrkd,3-c]pyridines which have been identified as
kinase inhibitors [12, 13]. The synthesized comuaBb-52 were screened for their inhibitory
activity against CDK1, but the assay did not revaay inhibition (data not shown). Further
profiling of compound40 against other mitotic kinases, including DAPK3, CDOKCHK1,
NIM1, AURKA, NDR1, NEK2/4/6, PIM2, PLK2/3, TTK an®d/EE1, did not point to any of
these kinases as a target of compodd¢data not shown). This finding was expected githext
these compounds lack an H-bond donor-acceptor mdtith is common in most kinase

inhibitors, including the previously mentioned mo#[4,3|pyridines [12, 13].

3. Conclusion

We detail the development of an efficient approfchhe synthesis of variously substituted-2
pyrazolo[4,3€]pyridines, employing Sonogashira cross-coupling ansubsequent substituent-
tolerant annulation reaction in the presence of ama As a result of this, a library oH2
pyrazolo[4,3€]pyridines, varying the substituents at the 2-,af 6-positions, was synthesized.

These compounds were also evaluated for their ayjitoty against K562 and MCF-7 cancer cell

11



lines. The tested compounds exhibited anticand@ritgcin vitro through arresting cell cycle in

mitosis and induction of apoptosis, although, tleelnanism of cellular action remains unclear.

4. Experimental Section

4.1. Chemistry

All starting materials were obtained from commdrcappliers and used without further
purification. Melting points were determined on &cBi M-565 melting point apparatus and
were uncorrected. Mass spectra were obtained dmraa8zu LCMS 2020 Single Quadrupole
Liquid Chromatograph Mass Spectrometer. IR speottBr pellets were recorded on a Bruker
Tensor 27 spectrometer and are reported in wavebersn(cr’). High-resolution ESI-TOF
mass spectra were measured on a Bruker maXis spetter.'H NMR, **C NMR and*N NMR
spectra were recorded from CR@r DMSO4s solutions at 25 °C on a Bruker Avance 11l 700
instrument (700 MHz fottH, 176 MHz for**C) equipped with a 5 mm TCH-*C/**N/D z
gradient cryoprobe. The solvent (residual) signaése used as internal standards and were
related to TMS, witts 7.26 ppm tH) ands 77.00 ppm ¢C) for CDCE and with 2.50 ppm*H)
andd 39.52 ppm éC) for DMSO4ds. *°N NMR spectra were referenced against neat, externa
nitromethane. The full and unambiguous assignmeits, **C and*®N NMR resonances were
achieved using combined applications of standardRN\Bylectroscopic techniques such as APT,
COSY, TOCSY, NOESY, gs-HSQC and gs-HMBC. For chrmmephic separations, silica gel
60 (230—-400 mesh, Merck) was used.

4.1.1. 3-(Benzyloxy)-1-methyl-H-pyrazole (3)[27, 28]. A solution of 3-hydroxy-1-methylH:
pyrazole 1) [38] (710 mg, 7.2 mmol) in dry DMF (20 mL) was cooled Gc°C under inert
atmosphere and NaH (60% dispersion in mineral8i, mg, 7.2 mmol) was added portion wise.
After stirring mixture for 15 min benzyl chlorid®.82 mL, 7.2 mmol) was added drop wise. The
mixture was stirred at 60 °C for 1 hour, then pdurgo water and extracted with ethyl acetate.
The organic layers were combined, washed with brilieed over NgSO,, filtrated, and the
solvent was evaporated. The residue was purifiecbhymn chromatography (SiCeluent: ethyl
acetatat-hexane, 1:7, v/v) to give puBeas a brown liquid. Yield 90%, 1205 mg. HRq{, cm):
3118, 3089, 3064, 3032, 3008 (&), 2931 (CHipn), 1537, 1491, 1429, 1360, 1223, 1052,
1018 (C=C, C-N), 731, 696, 658, 457 (CH=CH of mamssituted benzenejH NMR (700
MHz, CDCh): & 3.75 (s, 3H, €l3), 5.20 (s, 2H, €,Ph), 5.66 (d2J(4-H,5-H) = 2.4 Hz, 1H, 4-
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H), 7.13 (d,2J(5-H,4-H) = 2.4 Hz, 1H, 5-H), 7.30-7.33 (m, 1H, BiH), 7.36-7.39 (m, 2H, Ph
3,5-H), 7.45-7.48 (m, 2H, Ph 2,6-HjC NMR (176 MHz, CDGJ): 5 39.0 (CH), 70.9 CH.Ph),
90.5 (C-4), 127.8 (Ph C-2,6), 128.0 (Ph C-4), 12®b C-3.5), 131.4 (C-5), 137.3 (Ph C-1),
163.3 (C-3). MS m/z (%): 189 ([M+H] 100). HRMS (ESI) for GiH1:N,ONa ([M+NaJ) calcd
211.0842, found 211.0842.

4.1.2. 3-(Benzyloxy)-1-methyl-H-pyrazole-4-carbaldehyde(5). Phosphorus oxychloride (1.59
mL, 17 mmol) was added dropwise to DMF (1.32 mL,mnol) at —10 °C. TheB (800 mg,
4.25 mmol) was added to the Vilsmeier-Haack compled the reaction mixture was heated at
70 °C for 12 hours. After neutralization with 10% BaHCQ, the preticipate was filtered off
and recrystallized from DCM to give pubeas a white solid. Yield 85%, 775 mg, mp 54-56 °C.
IR (Vimax cmi’): 3121, 3099, 3045 (Clrbn), 2992, 2947 (Chior), 1666 (C=0), 1588, 1577, 1541,
1510, 1315, 1181 (C=C, C-N), 894, 883, 706 (CH=CGthonosubstituted benzenéH NMR
(700 MHz, CDCH): 6 3.77 (s, 3H, Ch), 5.32 (s, 2H, E,Ph), 7.32-7.36 (m, 1H, Ph 4-H), 7.36-
7.40 (m, 2H, Ph 3,5-H), 7.46-7.47 (m, 2H, Ph 2,6-Hp9 (s, 1H, 5-H), 9.76 (s, 1H, CHOC
NMR (176 MHz, CDC)): 6 39.8 (CH), 71.0 CH2Ph), 109.6 (C-4), 128.0 (Ph C-2,6), 128.3 (Ph
C-4), 128.6 (Ph C-3.5), 133.4 (C-5), 136.4 (Ph C1B3.3 (C-3), 183.1 (CHO). MS m/z (%):
217 ([M+HJ", 100).HRMS (ESI) for G;H1:N,ONa ([M+Na]) calcd 239.0791, found 239.0791.
4.1.3. 3-Hydroxy-1-methyl-H-pyrazole-4-carbaldehyde(7). To a solution o6 (570 mg, 2.6
mmol) in toluene (10 mL) TFA (10 mL) was added. Thigture was stirred at room temperature
for 48 hours. Toluene and TFA were evaporated. Témdue was purified by column
chromatography (Si§) eluent: ethyl acetatehexane, 1:1, v/v) to give puré as a colorless
solid. Yield 90%, 295 mg, mp 201-202 °C. IRn{ cm’): 3291 (OH), 3099 (Cllon), 2992,
2947 (CHiipn), 1666 (C=0), 1541, 1510, 1315, 1181 (C=C, C-N)NMR (700 MHz, DMSO-
ds): & 3.67 (s, 3H, CH), 8.04 (s, 1H, 5-H), 9.60 (s, 1H, CHO), 10.901¢d, OH).**C NMR (176
MHz, DMSO-dg): 5 38.9 (CH), 108.4 (C-4), 134.0 (C-5), 161.9 (C-3), 182.6 @MHMS m/z
(%): 127 ([M+H], 100). HRMS (ESI) for GHgN20:Na ([M+Na]) calcd 149.0322, found
149.0321.

4.1.4. 4-Formyl-1-methyl-H-pyrazol-3-yl trifluoromethanesulfonate (9). Pyrazole7 (250
mg, 2 mmol), trifluormethansulfonic anhydride (1 p& mmol) and TEA (1 mL, 7.2 mmol)
were dissolved in DCM (20 mL) and the mixture wisexd at room temperature for 1 hour. The

reaction mixture was poured into water and extchotéth ethyl acetate. Combined organic
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layers were washed with brine and dried oves3@, the solvent was evaporated. The residue
was purified by flash chromatography (Si@luent: ethyl acetatehexane, 1:4, v/v) to giv@ as

a brown solid. Yield 85%, 435 mg, mp 54-55 °C. WRa{ cni'): 3091, 3043, 3017 (Chbn).
2958, 2918 (CHlpr), 1675 (C=0), 1552, 1429, 1205, 1135, 884, 874, 794, 601, 511 (C-C,
C-N, C-F).™H NMR (700 MHz, CDCJ)): 3.93 (s, 3H, Ch), 7.87 (s, 1H, 5-H), 9.80 (s, 1H,
CHO).*C NMR (176 MHz, CDGJ): & 40.7 (CH), 113.6 (C-4), 116.0, 117.8, 119.6, 121.54{CF
1J=321.2 Hz), 134.7 (C-5), 151.2 (C-3), 181.0 (CH@PS m/z (%): 259 ([M+H], 100). HRMS
(ESI) for GHsFsN,0O4SNa ([M+Na]) calcd 280.9814, found 280.9814.

4.1.5. 1-Phenyl-H-pyrazol-3-yl isobutyrate (12). To a solution of 3-hydroxy-1-phenykt
pyrazole @) [33] (470 mg, 2.9 mmol) in DCM (10 mL) pyridin2.8 mL) and isobutyrylchloride
(0.33 mL, 3.2 mmol) were added. The mixture wasexstiat room temperature for 30 min then
poured into water and extracted with DCM. The orgdayers were combined, washed with
brine, dried over N&Q,, filtrated, the solvent was evaporated. The residias purified by
column chromatography (SiOeluent: ethyl acetatehexane, 1:4, v/v) to give purg2 as a
brown liquid. Yield 90%, 601 mg. IR/{ax crmi'): 3134, 3064, 3050 (Cld), 2977, 2938, 2912
(CHaipr), 1761 (C=0), 1599, 1532, 1453, 1391, 1124, 112 (C=C, C-N), 752, 688
(CH=CH of monosubstituted benzen#). NMR (700 MHz, CDC}): 6 1.36 (d,J = 7.1 Hz, 6H,
CH(CHz)), 2.85-2.90 (m, 1H, B(CHs),), 6.41 (d,2)(4-H,5-H) = 2.6 Hz, 1H, 4-H), 7.28-7.30
(m, 1H, Ph 4-H), 7.44-7.46 (m, 2H, Ph 3,5-H), 77686 (m, 2H, Ph 2,6-H), 7.86 (&l(5-H,4-H)

= 2.6 Hz, 1H, 5-H)**C NMR (176 MHz, CDGJ): & 18.8 (CHCHa),), 34.1 CH(CHs),), 98.8 (C-
4), 118.7 (Ph C-2,6), 126.5 (C-5), 127.7 (Ph Ci2p.4 (Ph C-3,5), 139.7 (Ph C-1), 156.8 (C-3),
174.2 (O-C=0). MS m/z (%): 231 ([M+H]100). HRMS (ESI) for GsH1sN,O:Na ([M+Na])
calcd 253.0947, found 253.0947.

4.1.6. 1-(3-Hydroxy-1-phenyl-H-pyrazol-4-yl)-2-methylpropan-1-one(14). To a solution of
AICl3 (2.453 g, 18.4 mmol) in G§8 mL) a solution ofL2 (350 mg, 1.5 mmol) in G§28 mL)
was added drop wise at 0 °C. The mixture was dtiate55 °C for 3 hours. After neutralization
with ice-cold water (33 mL) and 6N HCI (15 mL), theeticipate was filtered off and purified by
flash chromatography (SiQeluent: ethyl acetate/n-hexane, 1:4, v/v) to givee10 as a white
solid. Yield 89%, 310 mg, mp 97-98 °C. IR, cm): 3309 (OH), 3122, 3068, 3052 (G,
2965, 2932 (CHipn), 1656 (C=0), 1559, 1530, 1508, 1459, 1319, 12237 (C=C, C-N), 747,
685, 671 (CH=CH of monosubstituted benzefid)NMR (700 MHz, CDCJ): § 1.07 (d,J = 6.9
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Hz, 6H, CH(M3)2), 3.33-3.36 (m, 1H, B(CHj3)y), 7.29-7.31 (m, 1H, Ph 4-H), 7.47-7.49 (m, 2H,
Ph 3,5-H), 7.80-7.81 (m, 2H, Ph 2,6-H), 8.87 (s, BHH), 11.12 (s, 1H, OH}*C NMR (176
MHz, CDCk): & 18.7 (CHCH3),), 36.9 CH(CHa),), 109.4 (C-4), 118.1 (Ph C-2,6), 126.5 (Ph C-
4), 129.6 (Ph C-3,5), 131.4 (C-5), 138.9 (Ph Ci8).4 (C-3), 198.6 (C=0). MS m/z (%): 231
(IM+H]*, 100).HRMS (ESI) for G3H14N,O-Na ([M+Na]) calcd 253.0947, found 253.0947.
4.1.7. 4-Isobutyryl-1-phenyl-H-pyrazol-3-yltrifluoromethanesulfonate (16) This compound
was synthesized in analogy to compo@fdom pyrazolel4 (252 mg, 2 mmol)16 was obtained
as a white solid. Yield 96%, 495 mg, mp 96-97 °R.({max cmi‘): 3094, 3061 (Cklon), 2980,
2937, 2918 (Chlpn), 1555, 1452, 1427, 1231, 1213, 1201, 1138 (C=aN,QC-F), 973, 881,
760, 740, 607, 599, 505 (CH=CH of monosubstitutedzene)’H NMR (700 MHz, CDC}): &
1.23-1.24 (m, 6H, CH(83),), 3.15-3.18 (m, 1H, B(CHys),), 7.39-7.41 (m, 1H, Ph 4-H), 7.49-
7.51 (m, 2H, Ph 3,5-H), 7.66-7.67 (m, 2H, Ph 2,6-8i85 (s, 1H, 5-H)**C NMR (176 MHz,
CDCl3): 8 18.7 (CH(CHs3),), 38.8 CH(CHs),), 113.6 (C-4), 116.0, 117.8, 119.5 (Ph C-2,6),
119.6, 121.5 (CFJ = 322.1 Hz), 128.5 (Ph C-4), 129.9 (Ph C-3,5), 83C-5), 138.5 (Ph C-1),
151.9 (C-3), 196.6 (C=0). MS m/z (%): 363 ([MFH]L00). HRMS (ESI) for GHsFsN-O4SNa
(IM+Na]") calcd 385.0440, found 385.0440.

4.1.8. General procedure for the preparation of 44&ynyl-1-phenyl-1H-pyrazole-4-
carbaldehydes, ethanones and propanones by Sonog@altross-coupling reaction.

To a solution of appropriate pyraz&gel0, 150r 16 (0.5 mmol) in dry DMF (1 mL) under argon
atmosphere TEA (4.0 mL, 2.5 mmol), appropriate eae (0.75 mmol), Pd(PBRCI, (35 mg,
0.05 mmol) and Cul (18 mg, 0.1 mmol) were addec fitixture was stirred for the given time
under argon atmosphere at 70 °C, diluted with wated the extraction was done with ethyl
acetate. The combined organic layers were washé#d bvine, dried over N&Oy, and the
solvent was evaporated. The residue was purifiefldsih chromatography (SiOeluent: ethyl
acetate/n-hexane, 1:8, v/v) to yield compouhgs34

4.1.8.1. 1-Methyl-3-(phenylethynyl)-H-pyrazole-4-carbaldehyde(17). The reaction mixture
was stirred for 8 hours. Brown amorphous solidldyi&5%, 105 mg, mp 123-124 °C. IRy
cm™): 3100, 3057, 3042 (Clbn), 2954, 2925 (Chlpr), 2221 (GC), 1681 (CHO), 1598, 1560,
1533, 1497, 1441, 1181 (C=C, C-N), 909, 880, 7Hg, 590 (CH=CH of monosubstituted
benzene)'H NMR (700 MHz, CDCJ): & 3.85 (s, 3H, Ch), 7.24-7.7(m, 3H, Ph 3,4,5-H), 7.46-
7.47 (m, 2H, Ph 2,6-H), 7.90 (s, 1H, 5-H), 9.881(d, CHO).**C NMR (176 MHz, CDGJ): &

15



40.1 (CH), 79.0 C=C-Ph), 94.1 (EC-Ph), 113.6 (C-3), 122.0 (Ph C-1), 125.0 (C-4),.62®h
C-2,6), 134.8 (C-5), 184.3 (CHO). MS m/z (%): 21M+H]*, 100). HRMS (ESI) for
Ci6H10N20OSNa ([M+Na]) calcd 233.0685, found 233.0685.

4.1.8.2. 1-Phenyl-3-(thiophen-3-ylethynyl)Hi-pyrazole-4-carbaldehyde (19). The reaction
mixture was stirred for 8 hours. White solid, yigi6%, 105 mg, mp 123-124 °C. IRy crm’):
3126, 3036 (CHon), 2834, 2788 (Chlpn), 2229 (GC), 1676 (C=0), 1596, 1561, 1462, 1409,
1297, 1125 (C=C, C-N), 909, 873, 815, 621, 598, (&I2=CH of monosubstituted benzeré).
NMR (700 MHz, CDCY): & 7.28 (d,2J(4-H,5-H) = 4.9 Hz, 1H, Th 4-H), 7.34 (dt)(5-H,4-H) =
4.9 Hz,*J)(5-H,2-H) = 2.9 Hz, 1H, Th 5-H), 7.40-7.42 (m, 1Ph 4-H), 7.68 (d*J(2-H,5-H) =
2.9 Hz, 1H, Th 2-H), 7.50-7.52 (m, 2H, Ph 3,5-H){4#7.76 (m, 2H, Ph 2,6-H), 8.44 (s, 1H, 5-
H), 10.09 (s, 1H, CHO)"*C NMR (176 MHz, CDCJ): & 78.6 C=C-Th), 90.3 (&C-Th), 120.0
(Ph C-2,6), 120.9 (Th C-3), 125.91 (C-4), 125.96 {J-5), 128.5 (Ph C-4), 128.7 (C-5), 129.9
(Ph C-3,5), 130.0 (Th C-4), 130.8 (Th C-2), 138C73), 138.9 (Ph C-1), 182.7 (CHO}N
NMR (71 MHz, CDC4): § -158.2 (N-1), —=72.0 (N-2). MS m/z (%): 279 ([M+H]L00). HRMS
(ESI) for GeHioN20SNa ([M+NaJ) calcd 301.0406, found 301.0406.

4.1.8.3. 3-(Cyclopropylethynyl)-1-phenyl-H-pyrazole-4-carbaldehyde (20).The reaction
mixture was stirred for 1 hour. White solid, yie86%, 103 mg, mp 90-91 °C. IRy cmi):
3121, 3065, 3014 (Ckbn), 2881, 2782 (Chipn), 2232 (GC), 1677 (C=0), 1599, 1530, 1504,
1361, 1226 (C=C, C-N), 865, 849, 801, 757, 704, 8% (CH=CH of monosubstituted
benzene)*H NMR (700 MHz, CDC)): § 0.92-0.98 (m, 4H, CH(B,),, 1.52-1.57 (m, 1H,
CH(CHy),), 7.37-7.41 (m, 1H, Ph 4-H), 7.47-7.52 (m, 2H, Ph8)57.70-7.73 (m, 2H, Ph 2,6-
H), 8.37 (s, 1H, 5-H), 9.97 (s, 1H, CH3YC NMR (176 MHz, CDG)): § 0.4 (CHCH,),), 9.1
(CH(CH,),), 65.5 C=C(CH(CH,)2), 100.2 (GC(CH(CH,),), 119.9 (Ph C-2,6), 125.9 (C-4),
128.3 (Ph C-4), 128.4 (C-5), 129.8 (Ph C-3,5), 23&-3), 139.3 (Ph C-1), 184.8 (CHOjN
NMR (71 MHz, CDC}): § —-157.6 (N-1), N-2 was not found. MS m/z (%): 28¥1€H]*, 100).
HRMS (ESI) for GsH12N,ONa ([M+Na]’) calcd 359.0842, found 359.0844.

4.1.8.4. 3-(Hept-1-yn-1-yl)-1-phenyl-#i-pyrazole-4-carbaldehyde (22) The reaction mixture
was stirred for 4 hours. Brown liquid, yield 929281mg. IR {max cM): 3124, 3053 (Cklon),
2956, 2931, 2860 (Ciihn), 2243 (GC), 1684 (C=0), 1599, 1531, 1504, 1464, 1398, 1296
(C=C, C-N), 956, 757, 689, 509 (CH=CH of monosubsiil benzene}H NMR (700 MHz,
CDCl): 5 0.89-0.93 (m, 3H, §HsCHs), 1.34-1.39 (m, 2H, §4sCH,CHs), 1.44-1.48 (m, 2H,
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CoHACH2CoHs), 1.65-1.69 (m, 2H, CHCHLCsH7), 2.48-2.51 (m, 2H, B,C4Hg), 7.36-7.39 (m,
1H, Ph 4-H), 7.46-7.49 (m, 2H, Ph 3,5-H), 7.69-7(# 2H, Ph 2,6-H), 8.38 (s, 1H, 5-H), 9.99
(s, 1H, CHO).**C NMR (176 MHz, CDGJ): & 14.0 (GHgCH3), 19.5 CH.CsHg), 22.2
(CsHsCH2CHgz), 28.0 (CHCH2C3Hy), 31.1 (GH4CH2CzHs), 70.3 (GH11C=C) 97.2 (GH1.C=C),
119.8 (Ph C-2,6), 125.7 (C-4), 128.2 (Ph C-4), 23&-5), 129.7 (Ph C-3,5), 138.8 (Ph C-1),
139.3 (C-3), 184.8 (CHOJ>N NMR (71 MHz, CDCH): § —-158.6 (N-1), =72.4 (N-2). MS m/z
(%): 267 ([M+HT, 100). HRMS (ESI) for G/HigN,ONa ([M+H]") calcd 289.1306, found
289.1311.

4.1.8.5. 3-(4-Hydroxybut-1-yn-1-yl)-1-phenyl-H-pyrazole-4-carbaldehyde (23). The
reaction mixture was stirred for 4 hours. Whiteigsoyield 90%, 108 mg, mp 111-112 °C. IR
(Vimax CMIY): 3454 (OH), 3126, 30965 (Gh), 2929 (CHipn), 2240 (GC), 1679 (C=0), 1598,
1531, 1504, 1462, 1402, 1362, 1315, 1226, 1051 (&=M), 866, 812, 796, 755, 685 (CH=CH
of monosubstituted benzeneYH NMR (700 MHz, CDC)): & 2.74-2.76 (m, 2H,
C=CCH,CH,0OH), 3.87-3.88 (m, 2H, €CCH,CH,0H), 7.35-7.37 (m, 1H, Ph 4-H), 7.44-7.47
(m, 2H, Ph 3,5-H), 7.66-7.68 (m, 2H, Ph 2,6-H),7(8, 1H, 5-H), 9.95 (CHO}3C NMR (176
MHz, CDCh): 8 24.1(G=CCH,CH,0H), 60.8 (ZCCH,CH,0H), 72.4 C=CCH,CH,0H), 94.0
(C=CCH,CH,0H), 119.8 (NPh C-2,6), 125.8 (C-4), 128.4 (Ph C1£0.5 (Ph C-3,5), 129.8 (C-
5), 138.1 (C-3), 138.7 (Ph C-1), 184@H0). MS m/z (%): 241 ([M+H], 100), 263 ([M+Nal],
30).HRMS (ESI) for GsH12N.ONa ([M+Na]) calcd 263.0792, found 263.0791.

4.1.8.6. 1-Phenyl-3-((trimethylsilyl)ethynyl)-H-pyrazole-4-carbaldehyde (24).The reaction
mixture was stirred for 10 hours. White solid, §i§8%, 105 mg, mp 97-98 °C. IR cmi):
3128, 3067 (CHom), 2960, 2854 (Cklpn), 2167 (GC), 1678 (C=0), 1598, 1531, 1503, 1363,
1251, 1223 (C=C, C-N), 956, 838, 751, 726, 683 (CH=of monosubstituted benzenéj
NMR (700 MHz, CDC}): 6 0.30 (s, 9H, TMS), 7.37-7.41 (m, 1H, Ph 4-H), 77431 (m, 2H, Ph
3,5-H), 7.70-7.72 (m, 2H, Ph 2,6-H), 8.39 (s, 1FH)5 10.01 (s, 1H, CHO)**C NMR (176
MHz, CDCk): 4 0.2 (TMS), 93.6 (TME=C), 102.0 (TMSE&C), 120.1 (Ph C-2,6), 126.2 (C-4),
128.3 (C-5), 128.5 (Ph C-4), 129.9 (Ph C-3,5), 13&-3), 138.8 (Ph C-1), 184.7 (CHGjN
NMR (71 MHz, CDC}): § =157 (N-1), N-2 was not found. MS m/z (%): 269 {{N]*, 100).
HRMS (ESI) for GsH1eN2OSiNa ([M+NaJ) calcd 291.0924, found 291.0928.

4.1.8.7. 1-(1-Phenyl-3-(thiophen-3-ylethynyl)H-pyrazol-4-yl)ethanone (26).The reaction
mixture was stirred for 8 hours. White solid, yi€6%, 97 mg, mp 116-117 °C. IRy cmi):
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3117, 3054, 3022 (Clbn), 2996, 2955, 2917 (Ciwhr), 2232 (GC), 1655 (C=0), 1597, 1514,
1508, 1351, 1264, 1232, 1058 (C=C, C-N), 872, 7R4, 708, 691, 680, 620, 503 (CH=CH of
monosubstituted benzenéf NMR (700 MHz, CDCY): § 2.73 (s, 3H, Ch), 7.28 (d,2J(4-H,5-

H) = 5.2 Hz, 1H, Th 4-H), 7.35-7.37 (m, 1H, Th 5:H)39-7.42 (m, 1H, Ph 4-H), 7.50-7.52 (m,
2H, Ph 3,5-H), 7.68 (d)(2-H,5-H) = 2.9 Hz, 1H, Th 2-H), 7.75-7.77 (m, 2Ph 2,6-H), 8.47 (s,
1H, 5-H).*C NMR (100 MHz, CDGJ): § 29.1 (CH), 80.8 (ThGC), 90.1 (TIC=C), 119.7 (Ph
C-2,6), 121.1 (Th C-3), 125.8 (Th C-5), 126.9 (C#8.1 (Ph C-4), 129.7 (Th C-4), 129.7 (Ph
C-3,5), 129.9 (C-5), 130.2 (Th C-2), 136.2 (C-338B (Ph C-1), 192.2 (CO¥™N NMR (71
MHz, CDCh): & —-160.4 (N-1), =72.5 (N-2). MS m/z (%): 293 ([M+H]L00). HRMS (ESI) for
C17H12N,0SiNa ([M+NaJ) caled 315.0563, found 315.0561.

4.1.8.8. 1-(3-(Cyclopropylethynyl)-1-phenyl-H-pyrazol-4-yl)ethanone (27). The reaction
mixture was stirred for 1 hour. White solid, yi€f%, 100 mg, mp 127-128 °C. IRy crmi’):
3129, 3078 (CHom), 2993, 2956, 2923 (Cihr), 2233 (GC), 1670 (C=0), 1599, 1521, 1448,
1362, 1260, 1241, 1221 (C=C, C-N), 977, 940, 863, 705, 683 (CH=CH of monosubstituted
benzene)*H NMR (700 MHz, CDC)): & 0.90-0.96 (m, 4H, CH(B,),), 1.53-1.57 (m, 1H,
CH(CH,),), 2.62 (s, 3H, COB5), 7.34-7.36 (m, 1H, Ph 4-H), 7.45-7.47 (m, 2H,35+H), 7.69
(m, 2H, Ph 2,6-H), 8.38 (s, 1H, 5-H'C NMR (176 MHz, CDGJ): 0.4 (CH(CH,),), 8.8
(CH(CHy),), 29.1 (CQGCH3), 67.8 ((CH),CHC=C), 99.9 ((CH).,CHC=C), 119.8 (Ph C-2,6),
126.9 (C-4), 128.0 (Ph C-4), 129.7 (C-5), 129.8 (PB,5), 136.7 (C-3), 139.0 (Ph C-1), 192.6
(C=0). ®™N NMR (71 MHz, CDC§): & —160.2 (N-1), N-2 was not found. MS m/z (%): 251
(IM+H]*, 100).HRMS (ESI) for GeH14N20 ([M+H]") calcd 273.0998, found 273.0998.

4.1.8.9. 1-(3-(Hex-1-yn-1-yl)-1-phenylH-pyrazol-4-yl)ethanone (28).The reaction mixture
was stirred for 1 hour. Yellow liquid, yield 75%0@ mg. IR {max cmi‘): 3130, 3064 (Ckom,
2957, 2928, 2860 (Clihy), 2240 (GC), 1666 (C=0), 1522, 1457, 1362, 1262, 1245, 1217
(C=C, C-N), 751, 706, 685 (CH=CH of monosubstitutedzene)*H NMR (700 MHz, CDC}):

6 094 (t,J = 7.4 Hz, 3H, GHCH3), 1.48-1.51 (m, 2H, &,CH,CHs;), 1.62-1.66 (m, 2H,
CH,CH.C,Hs), 2.49-2.51 (m, 2H, B,C3H>), 2.51 (s, 1H, COHj3), 7.32-7.34 (m, 1H, Ph 4-H),
7.43-7.46 (m, 2H, Ph 3,5-H), 7.69-7.70 (m, 2H, P&-1), 8.38 (s, 1H, 5-H)"*C NMR (176
MHz, CDCk): 6 13.7 (GHgCH3), 19.4 CH.CsH;), 22.2 (GH4CH,CH3), 29.0 (CH), 30.3
(CH,CH,CHs), 72.7 (GHoC=C), 96.9 (GH,C=C), 119.7 (Ph C-2,6), 126.7 (C-4), 128.0 (Ph C-
4), 129.7 (C-5), 129.8 (Ph C-3,5), 136.7 (C-3), .93@Ph C-1), 192.5 (C=0}°N NMR (71
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MHz, CDCk): 6 —160.1 (N-1), —70.8 (N-2). MS m/z (%): 267 ([M+H]*00). HRMS (ESI) for
Ci7H1gN,ONa ([M+NaJ) calcd 289.1311, found 289.1312.

4.1.8.10. 1-(3-(Hept-1-yn-1-yl)-1-phenylH-pyrazol-4-yl)ethanone (29).The reaction mixture
was stirred for 4 hours. Brown liquid, yield 65%, B1g. IR ¢max cm’): 3130, 3064 (Ckom),
2957, 2928, 2860 (Cihn), 2240 (GC), 1666 (C=0), 1522, 1457, 1362, 1262, 1245, 1217
(C=C, C-N), 751, 706, 685 (CH=CH of monosubstititedzene):H NMR (700 MHz, CDC}):

d 0.91 (t,J = 7.3 Hz, 3H, GHgCH3), 1.33-1.38 (m, 2H, §&sCH.CHs), 1.43-1.47 (m, 2H,
CH4CH,CoHs), 1.64-1.69 (m, 2H, CHCH,CsH7), 2.50 (t,J = 7.2 Hz, 2H, E1,C4Hy), 2.63
(CHa), 7.31-7.36 (m, 1H, Ph 4-H), 7.44-7.46 (m, 2H, B-H), 7.69-7.70 (m, 2H, Ph 2,6-H),
8.39 (s, 1H, 5-H)*C NMR (176 MHz, CDG)): & 14.0 (GHgCHa3), 19.7 CH.C4Ho), 22.3
(CsHgCH,CHg), 28.0 (CHCH,C3H), 29.0 (CH), 31.3 (GH4CH.C,Hs), 72.7 (GH1,C=C), 97.0
(CsH1,C=C), 119.7 (Ph C-2,6), 126.7 (C-4), 128.0 (Ph C12B.6 (C-5), 129.7 (Ph C-3,5), 136.7
(C-3), 138.9 (Ph C-1), 192.5 (C=GN NMR (71 MHz, CDC}):  —161.8 (N-1), N-2 was not
found. MS m/z (%): 281 ([M+H] 100). HRMS (ESI) for GgH20N,ONa ([M+Na]) calcd
303.1468, found 303.1468.

4.1.8.11. 1-(3-(4-Hydroxybut-1-yn-1-yl)-1-phenyl-H-pyrazol-4-yl)ethanone (30) The
reaction mixture was stirred for 4 hours. Whiteigsoyield 86%, 109 mg, mp 121-122 °C. IR
(Vmax CNMi%): 3130, 3068, 3026 (Cln), 2995, 2961, 2945 (Ciiht), 2240 (G=C), 1666 (C=0),
1521, 1460, 1350, 1262, 1249, 1217 (C=C, C-N), 7B3l, 685, 577, 468 (CH=CH of
monosubstituted benzened NMR (700 MHz, CDCY): & 2.59 (CH), 2.75-2.77 (m, 2H,
C=CCH,CH,0OH), 3.89-3.91 (m, 2H, &CCH,CH,0OH), 7.36-7.38 (m, 1H, Ph 4-H), 7.47-7.49
(m, 2H, Ph 3,5-H), 7.69-7.71 (m, 2H, Ph 2,6-H),638, 1H, 5-H)*C NMR (176 MHz, CDGJ):

d 24.3(CG=CCH,CH,0H), 28.8(CQCH3), 60.8 (ECCH,CH,OH), 74.7 C=CCH,CH,0OH), 93.7
(C=CCH,CH,0H), 119.7 (NPh C-2,6), 126.4 (C-4), 128.2 (Ph Ci£0.8 (Ph C-3,5), 130.1 (C-
5), 136.3 (C-3), 138.9 (Ph C-1), 192@QCHs). >N NMR (71 MHz, CDC}): § —160.4 (N-1), —
70.5 (N-2). MS m/z (%): 255 ([M+H] 100). HRMS (ESI) for GsH1sN,ONa ([M+NaJ) calcd
277.0947, found 277.0947.

4.1.8.12. 1-(1-Phenyl-3-((trimethylsilyl)ethynyl)-H-pyrazol-4-yl)ethanone (31).The reaction
mixture was stirred for 12 hours. White solid, §i@3%, 117 mg, mp 89-90 °C. IRy cm):
3129, 3065 (CHom), 2959, 2899 (Chklpn), 2167 (GC), 1666 (C=0), 1523, 1507, 1442, 1363,
1261, 1206 (C=C, C-N), 858, 847, 755, 690 (CH=CHnaihosubstituted benzenéd NMR
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(700 MHz, CDC}): 6 0.30 (s, 9H, TMS), 2.66 (s, 3H, GK 7.36-7.38 (m, 1H, Ph 4-H), 7.46-
7.48 (m, 2H, Ph 3,5-H), 7.70-7.71 (m, 2H, Ph 2,6-81%0 (s, 1H, 5-H)**C NMR (176 MHz,
CDCl): 8 0.3 (TMS), 29.1 (Ch), 96.3 (TMSGC), 101.9 (TME=C), 119.9 (Ph C-2,6), 127.5
(C-4), 128.2 (C-5), 129.8 (Ph C-4), 129.9 (Ph C:3E5.9 (C-3), 138.9 (Ph C-1), 192.5
(COCHs). >N NMR (71 MHz, CDCH): & —-158.7 (N-1), N-2 was not found. MS m/z (%): 283
(IM+H]", 100).HRMS (ESI) for GeH1sN2OSiNa ([M+Na]) calcd 305.1081, found 305.1081.
4.1.8.13. 2-Methyl-1-(1-phenyl-3-(phenylethynyl)H-pyrazol-4-yl)propan-1-one (32). The
reaction mixture was stirred for 1 hour. White dplyield 90%, 141 mg, mp 105-106 °C. IR
(Vmax CMi%): 3121, 3061 (Chlon), 2968, 2869 (Chipr), 2265 (C=C), 1664 (C=0), 1521, 1443,
1350, 1227 (C=C, C-N), 989, 875, 751, 685 (CH=CHnahosubstituted benzenéd NMR
(700 MHz, CDC}): 6 1.29 (d,J = 6.9 Hz, 6H, CH(®3),), 3.72-3.76 (m, 1H, B(CHy),, 7.37-
7.40 (m, 4H, NPh 4-H, CPh 3,4,5-H), 7.48-7.50 (M, RIPh 3,5-H), 7.61-7.62 (m, 2H, CPh 2,6-
H), 7.75-7.76 (m, 2H, NPh 2,6-H), 8.47 (s, 1H, 5-c NMR (100 MHz, CDGJ): § 18.9
(CH(CHa),), 38.0 CH(CHs),), 81.3 (Ph&C), 94.0 (PIE=C), 119.9 (NPh C-2,6), 122.2 (CPh C-
1), 125.8 (C-4), 128.1 (NPh C-4), 128.6 (CPh C5312p.3 (CPh C-4), 129.8 (NPh C-3,5), 130.6
(C-5), 131.9 (CPh C-2,6), 135.7 (C-3), 139.0 (NP1)C198.9 (C=0)*N NMR (71 MHz,
CDCl): § —158.6 (N-1), N-2 was not found. MS m/z (%): 31@«H] ", 100). HRMS (ESI) for
C,1H1gN,ONa ([M+Na]) calcd 337.1311, found 337.1311.

4.1.8.14. 1-(3-(Hex-1-yn-1-yl)-1-phenylH-pyrazol-4-yl)-2-methylpropan-1-one (33) The
reaction mixture was stirred for 1 hour. Colorldigsid, yield 81%, 119 mg. IRVfax cmib):
3122, 3056 (CHom), 2961, 2929, 2871, 2855 (Glh), 2237 (GC), 1665 (C=0), 1519, 1436,
1352, 1228 (C=C, C-N), 959, 879, 857, 756, 686 (CH=of monosubstituted benzenéj
NMR (700 MHz, CDCJ): 6 0.93-0.95 (m, 3H, €HsCH3), 1.22 (d,J = 7.0 Hz, 6H, CH(El3),),
1.47-1.52 (m, 2H, €H,CH,CH;), 1.62-1.66 (m, 2H, CHCH,C,Hs), 2.49-2.51 (m, 2H,
CH2CsHy7), 3.64-3.70 (m, 1H, B(CHs),, 7.31-7.36 (m, 1H, NPh 4-H), 7.44-7.48 (m, 2H, NPh
3,5-H), 7.68-7.72 (m, 2H, NPh 2,6-H), 8.41 (s, BH). *C NMR (100 MHz, CDGJ): & 13.7
(CsHgCHs), 18.8 (CH(CH),), 19.4 CH,CsH7) 22.2 (GH4CH,CHs), 30.4 (CHCH,CoHs), 37.6
(CH(CHb),), 72.6 (GHeC=C), 96.0 (GHsC=C), 119.7 (NPh C-2,6), 125.3 (C-4), 127.9 (NPh C-
4), 129.6 (NPh C-3,5), 130.3 (C-5), 136.1 (C-3)9.03(NPh C-1), 199.2 (C=0J>N NMR (71
MHz, CDCL): & —160.5 (N-1), =72.2 (N-2). MS m/z (%): 295 ([M+H]JL00). HRMS (ESI) for
CioH24N20-Na ([M+Na+H0]") calcd 335.1730, found 335.1723.
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4.1.8.15. 2-Methyl-1-(1-phenyl-3-((trimethylsilyl)¢éhynyl)-1 H-pyrazol-4-yl)propan-1-one
(34). The reaction mixture was stirred for 12 hours. M/tsiolid, yield 87%, 135 mg, mp 91-92
°C. IR Wmax CMY): 3124, 3060 (Chlor), 2987, 2971, 2933, 2903 (Gk), 2166 (GC), 1665
(C=0), 1518, 1435, 1354, 1247, 1226 (C=C, C-N),,88388, 757, 705 (CH=CH of
monosubstituted benzenéfl NMR (700 MHz, CDCJ): § 0.30 (s, 9H, TMS), 1.20-1.26 (m, 6H,
CH(CH3)y), 3.72-3.76 (m, 1H, B(CHg),, 7.36-7.39 (m, 1H, Ph 4-H), 7.45-7.49 (m, 2H, B 3
H), 7.71-7.72 (m, 2H, Ph 2,6-H), 8.42 (s, 1H, 5-8& NMR (176 MHz, CDGJ): 5 0.32 (TMS),
18.7 (CH(CHY)y), 37.7 (CH(CH),), 96.1 (GHgC=C), 100.9 (GHyC=C), 119.9 (Ph C-2,6), 126.2
(C-4), 128.2 (Ph C-4), 129.7 (Ph C-3,5), 130.5 jC185.3 (C-3), 139.0 (Ph C-1), 199.2 (C=0).
15N NMR (71 MHz, CDC}): § —158.9 (N-1), N-2 was not found. MS m/z (%): 3{W€H] ",
100).HRMS (ESI) for GgH2N,ONa ([M+NaJ) calcd 333.1394, found 333.1394.

4.1.9. General procedure for the cyclization of 3thynyl-1-phenyl-1H-pyrazole-4-
carbaldehydes (17-24), ethanones (25-31) and propares (32-34).

A solution of compound.7-34 (0.5 mmol) in dry ammonia and methanol (}AeOH 2 M, 8
mL) was heated at 120 °C for 15 h in a steel readloe solvent was evaporated and the crude
was purified by flash chromatography (Si@luent: ethyl acetate/n-hexane, 1:4, v/v) todyiel
compounds35-51

4.1.9.1. 2-Methyl-6-phenyl-H-pyrazolo[4,3<]pyridine (35). White solid, yield 79%, 83 mg,
mp 159-160 °C. IRVfnax cmi’): 3106, 3062, 3030 (Cln), 2997, 2943 (Chior), 1615, 1471,
1367, 1240, 1153 (C=C, C-N), 926, 858, 831, 758, 6&7 (CH=CH of monosubstituted
benzene)'H NMR (700 MHz, CDCJ): § 4.27 (s, 3H, Ch), 7.38-7.40 (m, 1H, Ph 4-H), 7.47-
7.50 (m, 2H, Ph 3,5-H), 7.93 (s, 1H, 7-H), 8.0598(th, 2H, Ph 2,6-H), 8.08 (s, 1H, 3-H), 9.28
(s, 1H. 4-H).**C NMR (176 MHz, CDGJ): § 40.9 (CH), 107.0 (C-7), 119.4 (C-3a), 125.1 (C-3),
127.2 (Ph C-2,6), 128.4 (Ph C-4), 128.8 (Ph C-38)).3 (Ph C-1), 146.3 (C-4), 151.1 (C-6),
151.6 (C-7a)®N NMR (71 MHz, CDC}): 8 —160.6 (N-2), —97.6 (N-1), —87.7 (N-5). MS m/z
(%): 210 ([M+HT, 100).HRMS (ESI) for GsH12N3 ([M+H]™) calcd 210.1027, found 210.1026.
4.1.9.2. 2-Phenyl-6-(thiophen-3-yl)a-pyrazolo[4,3-]pyridine (37). White solid, yield 94%,
130 mg, mp 129-130 °C. IRfax cmi’): 3132, 3113, 3064, 3041 (Ghhy), 2920, 2851 (Chiph),
1506, 1362, 1254, 1202, 1039 (C=C, C-N), 862, 8@8p, 750, 687 (CH=CH of
monosubstituted benzenéf NMR (700 MHz, CDCJ): 6 7.42-7.43 (m, 1H, Th 4-H), 7.47-7.49
(m, 1H, Ph 4-H), 7.56-7.59 (m, 2H, Ph 3,5-H), 77701 m, 1H, Th 5-H), 7.91 (s, 1H, 7-H),
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7.92-7.94 (m, 2H, Ph 2,6-H), 8.00-8.01 (m, 1H, FHI)2 8.58 (d;*J(3-H,4-H) = 0.8 Hz, 1H, 3-
H), 9.28 (d,*J(4-H,3-H) = 1.2 Hz 1H, 4-H)**C NMR (176 MHz, CDGCJ): § 106.4 (C-7), 119.8
(C-3a),121.4 (Ph C-2,6), 122.1 (C-3), 123.3 (Th C-2), 226h C-5), 126.4 (Th C-4), 129.0 (Ph
C-4), 130.0 (Ph C-3,5), 140.1 (Ph C-1), 142.7 (FB)C147.4 (C-4), 147.6 (C-6), 151.7 (C-7a).
N NMR (71 MHz, CDCY): § -145.1 (N-2), =99.7 (N-1). MS m/z (%): 278 ([M+H]100).
HRMS (ESI) for GeH12NsS ([M+H]") calcd 278.0746, found 278.0747.

4.1.9.3. 6-Cyclopropyl-2-phenyl-BI-pyrazolo[4,3<]pyridine (38). White solid, yield 98%,
115 mg, mp 143-144 °C. IRifay, cmi’): 3116, 3090, 3036, 3006 (Ghhy, 2923, 2850 (Chiph),
1597, 1497, 1377, 1318, 1201, 1053, 1038 (C=C, C-M9, 761, 691 (CH=CH of
monosubstituted benzené)l NMR (700 MHz, CDCJ): § 0.99-1.01 (m, 2H, CCHCH,), 1.05-
1.07 (m, 2H, ®,CHCHy), 2.14-2.18 (m, 2H, CHCHCHy), 7.40 (s, 1H, 7-H), 7.42-7.45 (m, 1H,
Ph 4-H), 7.52-7.54 (m, 2H, Ph 3,5-H), 7.87-7.89 #H, Ph 2,6-H), 8.52 (s, 1H, 3-H), 9.12 (s,
1H, 4-H).**C NMR (176 MHz, CDG): & 8.9 (CH,CHCHy,), 17.5 (CHCHCH,), 106.6 (C-7),
119.3 (C-3a), 121.4 (Ph C-2,6), 122.0 (C-3), 1288 C-4), 129.8 (Ph C-3,5), 140.1 (Ph C-1),
146.9 (C-4), 151.6 (C-7a), 155.7 (C-6)N NMR (71 MHz, CDC}): § -145.3 (N-2), -91.0 (N-
5), N-1 was not found. MS m/z (%): 236 ([M+H]+, J0BHRMS (ESI) for GsH1N3 ([M+H]")
calcd 236.1182 , found 236.1184.

4.1.9.4. 6-Butyl-2-phenyl-B-pyrazolo[4,3]pyridine (39). Brown amorphous solid, yield
84%, 105 mg. IR Vnax CM'): 3138, 3013 (Chlon), 2949, 2930, 2867 (Clbn), 1507, 1468,
1372, 1320, 1208, 1053, 1037 (C=C, C-N), 763, ™39 (CH=CH of monosubstituted
benzene)’H NMR (700 MHz, CDGCJ): & 0.95-0.97 (m, 3H, €4sCH3), 1.40-1.45 (m, 2H,
(CoH4CH,CHs), 1.76-1.80 (m, 2H, CHCH,C,Hs), 2.88-2.90 (m, 2H, B,CsH-), 7.40 (s, 1H, 7-
H), 7.43-7.45 (m, 1H, Ph 4-H), 7.53-7.55 (m, 2H,¥%5-H), 7.88-7.89 (m, 2H, Ph 2,6-H), 8.52
(s, 1H, 3-H), 9.18 (s, 1H, 4-H*C NMR (176 MHz, CDG): & 14.1 (GHeCHs), 22.6
(CoH4CH2CHg), 32.0 (CHCH,C:Hs), 38.3 CH2(C3H7)), 108.3 (C-7), 119.2 (C-3a), 121.4 (Ph C-
2,6), 121.8 (C-3), 128.8 (Ph C-4), 129.9 (Ph C;3180.2 (Ph C-1), 147.0 (C-4), 151.7 (C-7a),
155.7 (C-6)."®N NMR (71 MHz, CDC}): -145.5 (N-2), -78.9 (N-5), N-1 was not found. MS
m/z (%): 252 ([M+H], 100). HRMS (ESI) for GeHigNs ([M+H]") calcd 252.1495 , found
252.1497.

4.1.9.5. 6-Pentyl-2-phenyl-B-pyrazolo[4,3<]pyridine (40). Brown amorphous solid, yield
89%, 118 mg. IR Vnax, cM’): 3122, 3063, 3040 (Cln), 2949, 2925, 2856 (Clihn), 1466,
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1324, 1206, 1037 (C=C, C-N), 862, 759, 750, 684%CH of monosubstituted benzené&j
NMR (700 MHz, CDC)): & 0.89-0.90 (m, 2H, CHCH,);CHs), 1.37-1.39 (m, 4H,
(CH,)2(CH,),CHa), 1.78-1.81 (m, 2H, CHCH, (CH,),CHs), 2.86-2.89 (m, 2H, B(CH,)sCHs),
7.40 (s, 1H, 7-H), 7.43-7.44 (m, 1H, Ph 4-H), 7535 (m, 2H, Ph 3,5-H), 7.88-7.89 (m, 2H, Ph
2,6-H), 8.52 (s, 1H, 3-H), 9.18 (s, 1H, 4-HJC NMR (176 MHz, CDCJ): 5 14.2 (GHsCHy),
22.7 (GHgCH,CHs), 29.6 (CHCH,C3H7),31.7 (GH4CH2C,Hs), 38.6 CH2C4H11), 108.3 (C-7),
119.1 (C-3a), 121.4 (Ph C-2,6), 121.8 (C-3), 148 C-4), 129.8 (Ph C-3,5), 140.2 (Ph C-1),
146.9 (C-6), 151.7 (C-4), 155.8 (C-7&N NMR (71 MHz, CDC}): § -145.3 (N-2), —79.8 (N-
5), N-1 was not found. MS m/z (%): 266 ([M+H]L00). HRMS (ESI) for G7HxoN3 ([M+H]™)
calcd 266.1652 , found 266.1652.

4.1.9.6. 2-(2-phenyl-BI-pyrazolo[4,3<]pyridin-6-yl)ethanol (41). Brown solid, yield 86%,
103 mg, mp 215-216 °C. IR/fax cMi’): 3187 (OH), 3108, 3067, 3022 (Ghh), 2961, 2935,
2916 (CHijpr), 1503, 1325, 1227, 1213, 1056 (C=C, C-N), 7652, 7677 (CH=CH of
monosubstituted benzenéj NMR (700 MHz, CDCJ):  3.11-3.12 (m, 2H, B,CH,OH), 4.05-
4.06 (m, 2H, CRCH,0H),), 7.45-7.48 (m, 2H, H-7, Ph 4-H), 7.55-7.58 @Hl, Ph 3,5-H), 7.89-
7.90 (m, 2H, Ph 2,6-H), 8.58 (s, 1H, 3-H), 9.161(, 4-H).**C NMR (176 MHz, CDCJ): &
39.6 CH,CH,OH) 62.7 (CHCH,0H), 109.5 (C-7), 119.4 (C-3a), 121.5 (Ph C-2,@R.3 (C-3),
129.1 (Ph C-4), 129.9 (Ph C-3,5), 140.0 (Ph C-3)..3 (C-4), 153.6 (C-7a)°N NMR (71 MHz,
CDCl): § —144.3 (N2), —100.5 {-1), —88.3 (N5). MS m/z (%): 240 ([M+H], 100). HRMS
(ESI) for G4H14N3O ([M+H]") caled 240.1131, found 240.1131.

4.1.9.7. 2-Phenyl-Bi-pyrazolo[4,3<]pyridine (42). White solid, yield 95%, 193 mg, mp 132
°C (lit mp 132-133 °C [35]). IRV{nax, CMiY): 3129, 3094, 3064 (Cldn), 1614, 1490, 1466, 1365,
1349, 1315, 1210, 1178 (C=C, C-N), 916, 827, 76, ©84, 587, 508, 431 (CH=CH of
monosubstituted benzenél)-l NMR (700 MHz, CDCJ): 6 7.45-7.48 (m, 1H, Ph 4-H), 7.54-7.56
(m, 2H, Ph 3,5-H), 7.62-7.64 (m, 1H, 7-H), 7.9047(f, 2H, Ph 2,6-H), 8.31-8.32 (m, 1H, 6-H),
8.63 (s, 1H, 3-H), 9.27 (4-H}*C NMR (176 MHz, CDGJ): § 111.8 (C-7), 120.5 (C-3a),21.6
(Ph C-2,6), 122.4 (C-3), 129.1 (Ph C-4), 129.9 (®8,5), 140.0 (Ph C-1), 142.1 (C-6), 147.5
(C-4), 150.4 (C-7a)">N NMR (71 MHz, CDC}):  —147.4 (N-2), —99.6 (N-1), —89.8 (N-5). MS
m/z (%): 196 ([M+H], 100). HRMS (ESI) for GoHioNs ([M+H]") calcd 196.0869, found
196.0869.
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4.1.9.8. 4-Methyl-2-phenyl-6-(thiophen-3-yl)-Bi-pyrazolo[4,3<]pyridine (44). White solid,
yield 81%, 118 mg, mp 92-93 °C. IR le)i 3129, 3104, 3072 (Cln), 2982, 2948, 2911
(CHaipr), 1546, 1507, 1374, 1202, 1045 (C=C, C-N), 84%, 783, 744, 690 (CH=CH of
monosubstituted benzené NMR (700 MHz, CDCJ):  2.86 (s, 3H, Ch), 7.39-7.40 (m, 1H,
Th 4-H), 7.43-7.45 (m, 1H, Ph 4-H), 7.53-7.55 (rh, Ph 3,5-H), 7.67-7.68 (m, 1H, Th 5-H),
7.72 (s, 1H, 7-H), 7.90-7.91 (m, 2H, Ph 2,6-H),188002 (m, 1H, Th 2-H), 8.49 (s, 1H, 3-H).
3C NMR (176 MHz, CDGJ): 5 23.3 (CH), 104.3 (C-7), 119.7 (C-3a),21.2 (Ph C-2,6), 121.9
(C-3), 123.2 (Th C-2), 126.2 (Th C-4,5), 128.7 (4), 129.8 (Ph C-3,5), 140.1 (Ph C-1), 142.8
(Th C-3), 147.3 (C-4), 152.0 (C-7a), 156.2 (C*8N NMR (71 MHz, CDC}): 5 —147.4 (N2), —
99.6 (N-1), —89.8 (N-5). MS m/z (%): 292 ([M+H]L00). HRMS (ESI) for G/H1aNzS ([M+H]")
calcd 292.0903, found 292.0903.

4.1.9.9. 6-Cyclopropyl-4-methyl-2-phenyl-Bi-pyrazolo[4,3<]pyridine (45). White solid,
yield 80%, 99 mg, mp 85-86 °C. IRy cmi'): 3129, 3078, 3044 (Cfbn), 2996, 2911, 2850
(CHaiipn), 1500, 1401, 1300, 1202, 1071, 1041 (C=C, C-R}, 60, 750, 685, 538 (CH=CH of
monosubstituted benzend NMR (700 MHz, CDCJ): 6 0.95-0.98 (m, 2H, CKCHCH,), 0.99-
1.01 (m, 2H, GI2CHCH), 2.14-2.16 (m, 2H, CHCHCH,), 2.75 (s, 3H, Ch), 7.16 (s, 1H, 7-H),
7.40-7.42 (m, 1H, Ph 4-H), 7.50-7.53 (m, 2H, Ph13)57.86-7.87 (m, 2H, Ph 2,6-H), 8.44 (s,
1H, 3-H).®*C NMR (176 MHz, CDCJ): & 8.7 (CH,CHCH,), 17.6 (CHCHCH,), 23.0 (CH),
103.6 (C-7), 119.4 (C-3a), 121.2 (Ph C-2,6), 12C73), 128.5 (Ph C-4), 129.8 (Ph C-3,5),
140.2 (Ph C-1), 152.0 (C-7a), 155.6 (C-4), 155.%JC°N NMR (71 MHz, CDC}):  -147.9
(N-2), -90.4 (N-5), N-1 was not found. MS m/z (%260 ([M+H]", 100). HRMS (ESI) for
CieH16N3 ((M+H] ™) caled 250.1339, found 250.1337.

4.1.9.10. 6-Butyl-4-methyl-2-phenyl-B-pyrazolo[4,3<]pyridine (46). Brown liquid, yield
88%, 116 mg. IR V(nax, cM’): 3070 (CHion), 2955, 2928, 2870 (Clibn), 1618, 1597, 1544,
1510, 1374, 1165, 1043 (C=C, C-N), 758, 688 (CH=aEIrhonosubstituted benzenéjf NMR
(700 MHz, CDC}): 6 0.94-0.97 (m, 3H, &4sCH3), 1.40-1.45 (m, 2H, (8H4CH>CH3), 1.71-1.79
(m, 2H, CHCH,C;Hs), 2.81 (s, 3H, Ch) 2.81-2.86 (m, 2H, B,CsH;), 7.24 (s, 1H, 7-H), 7.42-
7.44 (m, 1H, H-4), 7.52-7.54 (m, 2H, Ph 3,5-H),82889 (m, 2H, Ph 2,6-H), 8.49 (s, 1H, 3-H).
¥C NMR (176 MHz, CDGJ): & 14.2 (GHeCHs), 22.6 (GH4CH,CHs), 23.1 (CH), 32.1
(CH,CH,C,Hs), 38.3 CH2(CsH;), 106.0 (C-7), 119.2 (C-3a), 121.3 (Ph C-2,6),.82(C-3),
128.6 (Ph C-4), 129.8 (Ph C-3,5), 140.2 (Ph C-5.Q (C-7a), 155.5 (C-4), 155.6 (C-8jN
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NMR (71 MHz, CDC}): & -147.6 (N-2), —85.2 (N-5), N-1 was not found. M$zn{%o): 266
([M+H]™, 100).HRMS (ESI) for G7H2oN3 ((M+H] ™) calcd 266.1652, found 266.1654.

4.1.9.11. 4-Methyl-6-pentyl-2-phenyl-B-pyrazolo[4,3]pyridine (47). Brown liquid, yield
88%, 123 mg. IR V(nax cM’): 3100, 3071 (CHor), 2954, 2928, 2870, 2857 (Git), 1619,
1597, 1544, 1510, 1374, 1309, 1043 (C=C, C-N), &8 (CH=CH of monosubstituted
benzene)!H NMR (700 MHz, CDCJ): § 0.82-0.91 (m, 2H, ¢1:CH3), 1.35-1.41 (m, 4H,
C,H4(CH2).CH3), 1.76-1.80 (m, 2H, C¥H,C3H;), 2.82 (CH), 2.84-2.86 (m, 2H, B,C4Hy),
7.24 (s, 1H, H-7), 7.42-7.45 (m, 1H, Ph 4-H), 7585 (m, 2H, Ph 3,5-H), 7.88-7.89 (m, 2H, Ph
2,6-H), 8.50 (s, 1H, 3-H}*C NMR (176 MHz, CDGJ): & 14.2 (GHgCHz), 22.8 (GHsCH2CHy),
23.0 (CH), 29.6 (CHCH,C3H), 31.7 (GH4CH,C,Hs), 38.4 CH,C4H13), 106.1 (C-7), 119.2 (C-
3a), 121.3 (Ph C-2,6), 121.9 (C-3), 128.7 (Ph C129.8 (Ph C-3,5), 140.2 (Ph C-1), 152.0 (C-
7a), 155.4 (C-4), 155.6 (C-6)°N NMR (71 MHz, CDC}): & -148.9 (N-2), -85.0 (N-5), N-1
was not found. MS m/z (%): 280 ([M+H]100). HRMS (ESI) for GgH2:N3 ([M+H]™) calcd
280.1808, found 280.1808.

4.1.9.12. 2-(4-Methyl-2-phenyl-B-pyrazolo[4,3<]pyridin-6-yl)ethanol (48). White solid,
yield 86%, 109 mg, mp 126-127 °C. IRnf, cmi’): 3227 (OH), 3149, 3072, 3018 (Ghh),
2945, 2919, 2870 (Cihr), 1622, 1501, 1389, 1374, 1306, 1212, 1164, 1a53( C-N), 844,
756, 741, 682, 571 (CH=CH of monosubstituted beagéh NMR (700 MHz, CDCJ): § 2.74
(s, 3H, CH), 3.03 (t,J=5.5 Hz, 2H, ®I,CH,0OH), 4.00-4.02 (m, 2H, C¥H,0OH), 7.22 (s, 1H,
7-H), 7.40-7.42 (m, 2H, H-7, Ph 4-H), 7.49-7.51 @i, Ph 3,5-H), 7.84-7.85 (m, 2H, Ph 2,6-
H), 8.48 (s, 1H, 3-H)C NMR (176 MHz, CDGJ): & 23.0 (CH), 39.4 CH.CH,OH) 62.7
(CH,CH,0OH), 107.0 (C-7), 119.2 (C-3a), 121.2 (Ph C-2,@2.0 (C-3), 128.7 (Ph C-4), 129.8
(Ph C-3,5), 140.0 (Ph C-1), 151.5 (C-7a), 153.6)CL55.7 (C-4)"™°N NMR (71 MHz, CDC}):

5 —146.8 (N2),-92.3 (N5), N-1 was not found. MS m/z (%): 254 ([M+H]L00). HRMS (ESI)
for CisH16N3O ([M+H]™) calcd 254.1288, found 254.1287.

4.1.9.13. 4-Methyl-2-phenyl-Bi-pyrazolo[4,3]pyridine (49). Brown amorphous solid, yield
88%, 92 mg. IR\(nax cM™): 3066 (CHyom), 2995 (CHiip), 1596, 1498, 1416, 1370, 1345, 1237,
1190, 1031 (C=C, C-N), 807, 756, 746, 687, 638,(823=CH of monosubstituted benzen®).
NMR (700 MHz, CDCY¥): 4 2.85 (s, 3H, €l3), 7.46-7.48 (m, 2H, 7-H, Ph 4-H), 7.55-7.58 (m,
2H, Ph 3,5-H), 7.91-7.93 (m, 2H, Ph 2,6-H), 8.20%0@6-H,7-H) = 6.4 Hz, 1H, 6-H), 8.58 (s,
1H, 3-H).*C NMR (176 MHz, CDG): 5 23.0 (CH) 109.5 (C-7), 120.6 (C-3a), 121.5 (Ph C-
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2,6), 122.0 (C-3), 128.9 (Ph C-4), 129.9 (Ph C53180.1 (Ph C-1), 142.1 (C-6), 150.9 (C-4),
156.4 (C-7a)®N NMR (71 MHz, CDC}): § -146.9 (N-2), —98.48 (N-1), =91.0 (N-5). MS m/z
(%): 210 ([M+HJ", 100).HRMS (ESI) for GsH13N3 ([M+H]") calcd 210.1026, found 210.1026.
4.1.9.14. 4-Isopropyl-2,6-diphenyl-R-pyrazolo[4,3<c]pyridine (50). White solid, yield 92%,
143 mg, mp 97-98 °C. IRvfax cM’): 3126, 3064, 3023 (Clbn), 2960, 2924, 2898 (Clih),
1600, 1510, 1466, 1399, 1314, 1277, 1203, 1046 (G=aN), 767, 760, 756, 696, 684, 635
(CH=CH of monosubstituted benzené$).NMR (700 MHz, CDC}J): § 1.54 (d,J = 7.0 Hz, 6H,
CH(CHs),), 3.52-3.56 (m, 1H, B(CHs),), 7.38-7.40 (m, 1H, CPh 4-H), 7.44-7.47 (m, 1HhNP
4-H), 7.48-7.52 (m, 2H, CPh 3,5-H), 7.55-7.58 (i, RPh 3,5-H), 7.89 (s, 1H, 7-H), 7.93-7.96
(m, 2H, NPh 2,6-H), 8.18-8.19 (m, 2H, CPh 2,6-HB(s, 1H, 3-H)*C NMR (176 MHz,
CDCl): 8 21.9 (CHCHs)2), 35.8 CH(CHs),), 104.5 (C-7), 118.0 (C-3), 121.2 (NPh C-2,6),
127.0 (CPh C-2,6), 128.2 (CPh C-4), 128.56 (CPh&8}-328.62 (NPh C-4), 129.7 (NPh C-3,5),
140.1 (CPh C-1), 140.4 (NPh C-1), 150.5 (C-6), 83&-7a), 164.1 (C-4)°N NMR (71 MHz,
CDCl): § —148.9 (N2), —-86.5 (N-1),-90.8 (N5). MS m/z (%): 314 ([M+H], 100). HRMS
(ESI) for GiHaoN3 ([M+H] ) calcd 314.1652, found 314.1652.

4.1.9.15. 6-Butyl-4-isopropyl-2-phenyl-BI-pyrazolo[4,3<]pyridine (51). Brown liquid, yield
84%, 123 mg. IR Vnax, cM'): 3111, 3065, 3047 (Cln), 2959, 2929 (Chhor), 1615, 1598,
1541, 1510, 1467, 1376, 1306, 1275, 1211, 1196]1,11644 (C=C, C-N), 848, 757, 688
(CH=CH of monosubstituted benzenéld NMR (700 MHz, CDC)): § 0.95-0.97 (m, 3H,
CsHeCHg), 1.40-1.44 (m, 2H, (§1.CH.CHs), 1.44-1.47 (m, 6H, CH(B5),), 1.75-1.80 (m, 2H,
CH,CH,CoHs), 2.85-2.90 (m, 2H, B,CsH7), 3.41-3.45 (s, 1H, B(CHa)), 7.23 (s, 1H, 7-H),
7.42-7.46 (m, 1H, H-7), 7.53-7.54 (m, 2H, Ph 3,5-HB9-7.90 (m, 2H, Ph 2,6-H), 8.53 (s, 1H,
3-H). *C NMR (176 MHz, CDGJ): § 14.2 (GHeCH3), 22.1 (CHCHS3),), 22.6 (GH4CH.CHb),
31.8 (CHCH,C;Hs), 36.3 CH(CHs),), 38.3 CH»(CsH7), 105.8 (C-7), 116.9 (C-3a), 121.3 (C-3),
121.4 (Ph C-2,6), 128.5 (Ph C-4), 129.8 (Ph C-3.80.3 (Ph C-1), 152.8 (C-7a), 155.4 (C-6),
164.1 (C-4)."®N NMR (71 MHz, CDC}): 5 -147.4 (N-2), —99.6 (N-1), —90.8 (N-5). MS m/z
(%): 294 ([M+HJ, 100). HRMS (ESI) for GH24N3 ((M+H] ") calcd 294.1965 , found 294.1965.
4.1.9.16. 4-lIsopropyl-2-phenyl-BI-pyrazolo[4,3<]pyridine (52). Brown liquid, yield 92%,
109 mg. IR {max cmi‘): 3061 (CHion), 2966, 2927, 2869 (Gid), 1609, 1510, 1498, 1369, 1276,
1238, 1193, 1026 (C=C, C-N), 806, 757, 688 (CH=Cthonosubstituted benzenéH NMR
(700 MHz, CDC}): & 1.47 (d,J = 7.1 Hz, 6H, CH(El3)), 3.46-3.50 (m, 1H, B(CHz)y), 7.44-
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7.47 (M, 2H, 7-H, Ph 4-H,), 7.54-7.56 (m, 2H, P5-8), 7.90-7.92 (m, 2H, Ph 2,6-H), 8.25 (d,
3)(6-H,7-H) = 6.4 Hz, 1H, 6-H), 8.60 (s, 1H, 3-HJC NMR (176 MHz, CDGJ): & 21.8
(CH(CH3)2, 35.4 CH(CHs),), 109.4 (C-7), 118.7 (C-3a), 121.4 (Ph C-2,6),.5C-3), 128.7
(Ph C-4), 129.7 (Ph C-3,5), 140.0 (C-6), 142.1 (R), 151.2 (C-7a), 165.0 (C-4FN NMR
(71 MHz, CDC}): § —147.4 (N-2), —100.6 (N-1), —95.3 (N-5). MS m/z)(%838 ([M+H]’, 100).
HRMS (ESI) for GsHi1eN3 ((M+H] ") caled 238.1339 , found 238.1339.

4.2. Cancer cell lines and cytotoxicity assay

Human cancer cell lines were obtained from the Acaer Type Culture Collection and were
cultivated according to the provider’s instructiomis brief, MCF-7 and K562 cell lines were
maintained in DMEM medium supplemented with 10%alfdtovine serum, penicillin (100
U/mL), and streptomycin (100 pg/mL) at 37 °C in E@,. For the cytotoxicity assays, cells
were treated in triplicate with six different doses each compound for 72 hours. After
treatment, Calcein AM solution was added for 1 haumd thefluorescence from live cells was
measured at 485 nm/538 nm (excitation/emissiomguai Fluoroskan Ascent microplate reader
(Labsystems). The &l value, the drug concentration lethal to 50% of ¢bls, was calculated

from the dose-response curves that resulted frenassays.

4.3. Flow cytometry

Asynchronous cells were seeded into a 96 well peiteé then, after a preincubation period,
treated with the tested compounds for 24 hourssatgle dose of 10 uM. MCF-7 cells were first
washed with PBS, trypsinized, and finally treateithva solution of trypsin inhibitor (0.1 %).
After incubation, 5x staining solution (17vntrisodium citrate dihydrate, 0.5% IGEPAL® CA-
630, 7.5 nm spermine tetrahydrochloride, 2.5unTris; pH 7.6 containing 50 pg/mL propidium
iodide) was added. K-562 cells were stained diyeeith the 5x staining solution (i.e. without
trypsinization). The cells’ DNA content was analgzay flow cytometry using a 488 nm laser
(BD FACS Verse with software BD FACSUité version 1.0.6.). Cell cycle distribution was
analyzed using ModFit LT (Verity Software Housersien 4.1.7).

For quantification of histone H3 phosphorylatiohe tcells were harvested by trypsinization,
washed in PBS, fixed with ice-cold 90% methanatuimated on ice for 30 min and washed with

PBS/BSA containing 0.5% Tween-20. Then, the cellsenncubated with the primary antibody
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raised against histone H3 phosphorylated at Seviiipore) for 1 hour at room temperature,
washed with PBS containing 1% BSA and incubatedh hie secondary antibody (goat-anti-
rabbit-Alexa Fluor 488, Invitrogen) for 1 hour ihet dark. After washing with PBS/BSA, each
sample was incubated with propidium iodide (finehcentration 10 pg/mL) and RNAse A (final
concentration 200 pg/mL) for 30 minutes at roomgerature in the dark. The cells were then
analyzed by flow cytometry using a 488 nm laser (BBCS Verse with software BD
FACSuité", version 1.0.6.).

4.4, Caspase-3/7 assay

Cellular caspase-3/7 activity was measured accgrtbnpreviously published procedure [39].
K562 cells were cultivated in a 96-well plate ought. Next day, the cells were treated with
increasing concentrations of compoubdor next 24 hours. After incubation, 3x caspaseé-3/
assay buffer (150 mM HEPES pH 7.4, 450 mM NaCl, &8@ KCIl, 30 mM MgC}, 1.2 mM
EGTA, 1.5% Nonidet P40, 0.3% CHAPS, 30% sucrosen80DTT, 3 mM PMSF) containing
150 uM peptide substrate Ac-DEVD-AMC (Enzo Life Sutes) was added and after 2 hours
incubation, the caspase-3/7 activity was measusatguFluoroskan Ascent microplate reader
(Labsystems) at 346 nm/442 nm (excitation/emissidifje activity was normalized to an
untreated control.

4.5. Immunoblotting

Immunoblotting was performed as described eardéf.[In brief, cellular lysates were prepared
by harvesting cells in Laemmli sample buffer. Piridevere separated on SDS-polyacrylamide
gels and electroblotted onto nitrocellulose memésarAfter blocking, the membranes were
incubated with specific primary antibodies overnjghvashed and then incubated with
peroxidase-conjugated secondary antibodies. Finaléroxidase activity was detected with
ECL+ reagents (AP Biotech) using a CCD camera LA8&4(Fujifilm). Specific antibodies
were purchased from Santa Cruz Biotechnology (PARBgtin), Cell Signaling (Ser-139
phosphorylated H2AX, Bcl-2) and Sigma Aldrich (pddase-labeled secondary antibodies).
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