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Abstract

A series of 6-substituted-1,3-diphenybyrazolo[3,4b]quinoxalines were prepared using a
new synthetic pathway: reductive cyclization of Eggpiate 5-¢-nitrophenyl)-pyrazoles with
ferrous oxalate or triphenylphosphine. The mainaatlvge of this procedure is that, contrary
to the older protocols of pyrazolo[3Mquinoxaline synthesis, this method allows for a
substituent to be introduced to the carbocyclig nmthout the formation of isomers. The
pyrazole ring can also be modified to some exténirthermore, we propose a new
mechanism for the oldest reported pyrazolofdguinoxaline synthesis, based on the

condensation betweenphenylenediamine and 3,4-pyrazolin-5-diones.
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1. Introduction

In 1903 Sachs and Becherescu synthesized the diainples of the H-pyrazolo[3,4-
blquinoxaline PQX) system by heating-phenylenediamine with 2,5-diphenylpyrazole-3,4-
dione? Since then, this particular class of compoundsnetiines called flavazoles, has
attracted the attention of many scientists. A digaint amount of research has been carried
out in order to determine their biological propesti For example, it has been discovered that
1H-Pyrazolo[3,4b]quinoxalines exhibit antibacterial activityAdditionally, these compounds
have been investigated as possible antifungal hygrdrtensive, antiproliferative or anti-
inflammatory agents.Regardless of their biological activity, the phahigsical properties of
PQX make them quite attractive for practical applisas. Many pyrazoloquinoxalines
exhibit strong fluorescence in solution, as welirasolid-staté’ Kucybataet al. synthesized a
series of pyrazoloquinoxaline dyes and tested taemovel photoinitiators for free radical
polymerization®> Numerous quinoxaline derivatives are applied ie field of organic
electronics, either as electron transporting maleETM, or emissive materials ERT. 1H-
Pyrazolo[3,4b]quinolines substituted witiN,N-dialkylamino groups have been applied as
green emitters in multilayer organic light emittirdjodes OLED?® Quinoxaline-based
oligomers and polymers are used in the fabricatiborganic photovoltaic devic€sNe have
previously synthesized fluorene/1,3-diphenid-fiyrazolo[3,4b]quinoxaline copolymers and
applied them in a bulk heterojunction solar ¢&The most common synthetic procedures for

the production of pyrazolo[3,dlquinoxalines are depicted on Scheme 1.
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Scheme 1. Some of the synthetic approaches tatheyfazolo[3,4b]quinoxaline system.

The procedure applied by Sachs and Becherescu dgsltn the family of quinoxaline
derivatives syntheses, and is based on a condendmtween 1,2-diaminobenzenes and two-
carbonyl-group-carrying molecules, mentioned in teeent reviews by Mamedov and
Zhukova' The method is limited only to unsubstituted 1,2ndinobenzene (R= H) or to
symmetrical 4,5- and 3,6-disubstituted exampleshe@®tise, 1,2-diaminobenzene and
pirazolin-3,4-dione condensation, results in a mixt of isomers?> Sometimes their
separation involves tedious chromatographic proesjuwue to relatively closer Ralues.
The majority of pyrazoloquinoxaline synthetic prdaees described in the literature are based
on pyrazole ring formation. One of the most exglditsynthetic pathways involves the
heating ofo-phenylenediamine, an excess of phenylhydrazind, aaneducing sugar. As a
result, derivatives of 1-phenyHtpyrazolo[3,4b]quinoxaline modified in the 3 position of
the pyrazole ring are formédSardonick and Linker developed an easy syntheticeulure
for flavazole preparation starting from 2-acetyfpialine oxime and hydraziné$.The
pyrazol ring can also be formed by dehydrogenatwrgehydrohalogenation of appropriate
arylhydrazones prepared from 2-acylquinoxaling® Modifications on the carbocyclic ring
of the flavazole system are less common. Credrepgoed M™,N-diethylamine substituted
PQX by reacting N,N-diethylp-phenylenediamine and 4-methyK5-methyl-2-
phenylpyrazol-3-yl)benzenesulfonamide in the preseaf potassium persulfatéDerivatives

of the same type were prepared by Wabh@l, but in that case-nitrosoN,N-dialkylamine
was used instead gEphenylenediamin®® We have developed a new synthetic method for
the synthesis of 6-substitutet-pyrazolo[3,4b]quinoxalines, starting from substituted
nitroiodobenzene and commercially available 3-amynazoles. Moreover, we have revised
the reaction mechanism BQX formation based on the condensatiom-@henylenediamine

with pyrazolin-3,4-diones.



2. Results and discussion

In previous studies, we used-pyrazolo[3,4bJquinolines as effective luminophores in
organic light emitting diodes, either as dopantpaty(9-N-vinylcarbazole), or as vacuum
evaporated films in multilayer devicEsAfterwards we applied a structurally similar syste
of 1H-pyrazolo[3,4b]quinoxalinesPQX, because of its strong emission both in solutioth a
in solid-state® The 1,3-diphenyl-fi-pyrazolo[3,4b]quinoxaline 6) luminophore was
prepared according to the procedure by Sachs amtheBescu, which involves heating
equimolar amounts ob-phenylenediamine 1§ with 2,5-diphenylpyrazole-3,4-dione3)(
(Scheme 25a R*? = Ph, R = H).! The same procedure was applied for other methgthph
substituted pyrazoloquinoxalin&b-d (Table 1).

R2
N
/©/\ NN
/
~ Y
| T
2 R
¢a
2
2 R
o R
NH \ N
s fi N 2_|_ ) \ b 3 YT NN
R—,/ o= N —> R 'N
NH, N NN N
R R’

| 1

1 3 5

Scheme 2. a) ¥80;, ethanol/reflux/2 hrs, b) glacial acetic acidiefl4 hrs.
Table 1.The reaction times and yields of unsubstituteldplrazolo[3,4b]quinoxalines

Entry Product R R° R’ Time % Yield
1 5a Ph Ph H 24 h 70
2 5b Ph Me H 24 h 55
3 5¢c Me Ph H 2-3h 70
4 5d Me Me H 2-3 h 70

Pyrazole-3,4-diones3) were prepared in the reaction of appropriated#ydro-3H-pyrazol-

3-ones withp-nitrosoN,N-dimethylaniline leading to imino compound®).( These imino

compounds Z) have an interesting feature — in the crystallitedesthey form black crystals

(dark red in transmitted light) with a metallic,uadly green, lustre. In our case this feature
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could be explained by analysing the crystal stmectudetermined for @-4-[4-
(dimethylamino)phenyl]limino-5-methyl-2-phenyl-py@Z-one @b). Single crystals oRb
were obtained from an acetone solution by slow esatn at ambient temperature. The
measurement conditions and refinement parametees sarmmarized in Table Sl1
(Supplementary Data). The shape of the molecypeesented in Figure S1. TRe molecule

is almost planar: dihedral angles between the ramsot exceed X0(cf. Table S2). The
conformation is stabilized by intramolecular hydsngbond-like interactions of C-H...O and
C-H...N types (Table S3 and Figure S1). Additionathg “single” bonds: N1-C11, N4-C41,
and C44-N50 are also significantly shortened (cbl& S2), which is caused by strong
conjugation through the 1-phehypyrazol] 4-phenyl] N,N-dimethyl moieties. These
features are responsible for the dark-red colourth&f chromophore in the solid-state

(observed as black by the naked eye), and redumi®®: A,,,,xcuc,) for 2bis 513 nm (green),

which is complementary to redf.The molecules o2b form dimers in solid-state witft...Tt
and N..1tinteractions between the pyrazole rings (Table $8¢ dimers form layers parallel
to (-101) (see Figure S2 in Supplementary Datag ddnformation of the molecule 2b and
the packing in the crystal structure are similarthose found previously for Z3-4-[4-
(diethylamino)phenyl]imino-5-methyl-2-phenyl-pyrdzone.” These two characteristics
(i.e. the specific conformation of the moleculed &émeir packing scheme) found f2b might

be responsible for the metallic lustre of the algstThe effect (metallic lustre of organic
crystals) was observed previously, and it was expthto be caused by the specific relative
position of molecules in the crystalline state, ehform layers consisting of relatively long
molecules with conjugatertsystems?

Subsequent hydrolysis @fwith dilute SO, produced3 (Scheme 2). Sachs and Becherescu
noticed that a red precipitate was formed in th&t fitage of the reaction betwekeand3." It
was transformed into pyrazoloquinoxalifefter prolonged heating in glacial acetic acid at
reflux. At that time the structure of the red ppe@te was not fully determined. Ohle and
Melkonian after studying Becherescu’s results, tafed that the intermediate product was
2,5-diphenyl-4-phenyliminopyrazol-3-onta (Scheme 3f° Kappeet al. also reached the
same conclusioff On the other hand, Metwally and co-workers suggkst formation of
spiro-compound4b), resulting from the condensation of two @phenylenediamine amino
groups with a carbonyl group at C4 of the pyrazuoig.?®> The proposed structure was based
on elemental analyses atid NMR (DMSO, 90 MHz) spectra.
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Scheme 3. Structures of intermediate proddatdbin PQX synthesis proposed in the literature

To clarify the uncertainties concerning the exaaicture of4, we isolated the red crystalline
intermediate mentioned earlie?> After studying thé*C NMR spectra of the supposed spiro
system4b (R**= Ph, R = H) we discovered the presence of 17 signaleausbf 14. The
presence of the phenyl ring perpendicular to thexgmje should reduce the amount3E
NMR signals (iMda the phenyl ring has six different carbon atomsjhbrthere are only three
as an effect of the symmetry plane perpendiculah&oring).The same situation occurred
when analyzing the intermediate products in the @ds3-methyl-1-phenylH-pyrazolo[3,4-
blquinoxaline synthesis. An analysis of th¢ NMR spectra again suggested quite different
structure of the isolated compounds. In the dovahfiegion of the'H NMR spectra, two
peaks of one-proton singlets at 12.60-12.20 ppm a&tn@.80-9.60 ppm, respectively, were
observed.This fact excludes both of the previously proposgdrmediate structurefa and
4b. It seems that at the beginning of the reactionamao group ob-phenylenediaminelj
reacts first with the keto group at C43)fforming a labile intermediate compou#d which
immediately reacts further (Scheme 8ubsequenthan attack on the second carbonyl group
in the 4a molecule, by the second amino group in that mdée¢ted arrows), leads to an
opening of the pyrazole ring, and the formatioplénylhydrazon® (Scheme 4; path a, red
arrows). From the crystal structure analysis pentd for6a (see below), it can be concluded,
that after the formation 06, it rearranges itself to the more stable, but lessctive 6’

conformer (green arrows, hydrogen bon@&imarked by green dashed line).
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Scheme 4. The proposed mechanism of interme@iatel H-pyrazolo[3,4b]quinoxaline5 formation.

The heating of phenylhydrazonéa,b in boiling glacial acetic acid resulted in therf@tion

of pyrazolo[3,4b]quinoxaline5ab (Scheme 4, path b, blue arrows). THes&bstituent plays
a crucial role in the formation &. If a phenyl group acts as'Rubstituent, it is able to
delocalize a pair of electrons — thereféres more stable (in the form 6f) and the reaction
time is much longer (up to 24 h), than in the aafsalkyl R' substituents. An alkyl substituent
allows for a shorter reaction time, with the reactbeing complete within 2-3 h.

The structure 06 was conclusively confirmed by the crystal struetanalysis performed for
3-[(2)-phenyl(2-phenylhydrazinylidene)methyllquinoxalftH)-one Ga). Single crystals of
6a were obtained from the DMF solution by slow evaion at ambient temperature. The
measurement conditions and refinement parametees saitmmarized in Table Sl1
(Supplementary Data). The shape of Ga&emolecule is presented at Figure la, with the
intramolecular N-H...N hydrogen bond marked by a eédsline. Figure 1b shows the

intermolecular N-H...O hydrogen bonds between twoendles obain the crystalline state.
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Figure 1. a) The shape of molecule éarwith the atom numbering scheme. Displacementsallgs are drawn

at the 50% probability level. The intramoleculatN-N hydrogen bond is marked by dashed line. b) Two

molecules oba with intermolecular N-H...O hydrogen bonds markeddaghed lines.

The energy of these hydrogen bonds was calculatéd BFT methodology using the

Gaussian09 suite of prografisCounterpoise corrected interaction energy wasutzted for

the dimer of6a at the experimental geometry fitted to neutron Xistances using M052X/6-

311+G(2df,2p) functional/basis sét*® The basis set superposition error (BSSE) corrected

energy is equal to -20.94 kcal/mole. For comparismi@raction energy calculated using the

same approach for uracil dimer is: -8.47 kcal/ffoQTAIM charge density analysis

performed for the dimer oba, evaluated the intra- and intermolecular hydrodpemd

energies® It has previously been proven that hydrogen baoretgy can be correlated to the

pressure employed on the electrons around thealrjtbint: E(HB) = ¥ V(rcp§* Taking this

relation into account, the selected interactionsb(& S4 and Figure S3, see Supplementary

Data) can be classified as intermediate betweesedland shared shell. These energy barriers,

stabilizing such conformation @a (Figure 1, and’ on Scheme 4), are responsible for the

relatively low reactivity oféa and 6b. The reaction of these compounds, leading kb 1

pyrazolo[3,4b]jquinoxalines5a and 5b, respectively, needs 24 h of heating under reittux

acetic acid solution, until the reaction is finidhéfhe geometrical parameters @d are
summarized in Table S5, whereas the data for hyardgnds can be found in Table S6 (for

both tables see Supplementary Data). Additionahg, comparison ofH NMR data of the

compoundba obtained by us, with the product obtained by Manwezt al. (they prepareéa

from phenylhydrazine and 3-benzoyuinoxalin-2-one¥ confirms the proposed structure.

Vinot et al. also observed an intermediate product of simiiarcgure, while conducting the

9



reaction between o-phenylenediamine and 4-(2-phenylhydrazinylidend)ehromene-
2,3(4H)-dione

As mentioned earlier, the condensation of substtut-phenylenediamines with 2,5-
disubstituted pyrazolin-3,4-diones leads to isofoemation (Scheme 3; for ®H). In order
to avoid isomer formation in the synthesis &f-fiyrazolo[3,4b]quinoxalines, we applied a

different synthetic pathway, depicted in Schemad® &

NH, 2 R’
3
o,N R R O,N R &3 "
AN
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Scheme 5. a) ¥CO;/DMF or KOH/H,O/Pddbay/(0o-biphenyl)P{-Bu),; b) FeGO,2H,0
/sulfolane/25C0C/10 min.

In the search for new OLED luminophores we synttessi6N,N-dimethyl-3-methyl-1-
phenyl-H-pyrazolo[3,4b]quinoxaline, in order to investigate its photophgs properties®
The derivatived (R>=NMe,) was cyclised according to a modified procedurepioenazine
synthesis used by Viviaet al* They used ferrous oxalate/lead shot mixture asdaaing
agent in the synthesis of phenazines from 2-nip@alylamines. The exact mechanism of this
reaction is not yet fully established. It seemg thahe first stage ferrous oxalate decomposes
and the resulting products are involved in the ggeration of the nitro group. The resulting
nitrene attacks a neighbouring aromatic ring anénphines are formed. Pyrazolo[3,4-
b]quinoxaline5 (R' = Ph, B = Me, R = NMe,) was prepared via the cyclization ®lsing
ferrous oxalate in boiling sulfolane. However due the harsh reaction conditions, the
resulting product underwent partial decompositiod the final yield o was relatively low
(CR7%).

4-Nitro-5-arylaminoderivative9) can be preparedither by heatingg with aniline8 in the
presence of anhydrous potassium carbonate in DMMyyoa palladium aminoarylation
protocol developed by Surry and Buchwaidhe reductive cyclization & is limited to only
two types of pyrazoloquinoxalings R' = Ph / B = Me and R?= Me. It is linked to the
synthesis of a starting reagent 5-chloro-4-nitraggte ). This compound can be prepared
either by nitration of appropriate 5-chloropyrazoleith fuming HNQ in acetic anhydride
(for R* = Ph, R = Me), or with a mixture of fuming #$$0, and HNQ (R*? = Me)3®
Unfortunately, attempts to prepafavith R“*= Ph or R = Me, R = Ph failed. In both cases,

10



we obtained a mixture of polynitrated compoundsusihiihe pathway according to scheme 5
is limited as far as the modification of pyrazalegris concerned. This inconvenience can be
avoided by applying a slightly different synthepimcedure using aminopyrazoles as starting

materials (Scheme 6).

R 3 R 3
R NO, . NO, , R Ny
+ I\, — /N, — NN
/
| HNT SN2 NH™ N7 N~ N
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10 1 12 5

Scheme 6a) BINAP, Pddba b) FeGO, 2H,O/sulfolane or P{P/o-chlorobenzene.

Certain aminopyrazoledl can be purchased from commercial chemical sugplier
prepared in a reaction of aryl/alkyl hydrazines hwitaroyl/acetylacetonitriles®’
Nitroderivatives 10 were prepared by nitration gd-substituted acetanilides, followed by
removal of the protecting group, and subsequent®ager iodinatior’® The coupling ofL.O
and11 was accomplished via a palladium catalyzed readtiche presence ofc-BINAP.>*
The structure of compount® in the solid state was determined fdta and12b by crystal
structure analysis. Single crystals were obtaingdslbw cooling of hot, saturated toluene
solutions. The details of measurement conditicogether with refinement parameters can be
found in Table S1 (see Supplementary Data). Addlitily, the most important geometrical
parameters for the analyzed structures are list&upplementary Data in Table S7 and Table
S8 contains the geometry of intramolecular N-H...@rbgen bonds and the most important
weak interactions. Figure S4 shows the shape amtileculesl2aand12b. The geometry of
both molecules is comparable with that found eaftie a similar compound, methyl 4-[(1-
acetyl-3tert-butyl-1H-pyrazol-5-yl)amino]-3-nitrobenzoate, with corresgng
intramolecular hydrogen bonds also observed ferstructure’”?

Compound12 was heated with ferrous oxalate dihydrate in bgilisulfolane, yielding
pyrazolo[3,4b]quinoxaline5. The yields varied between 27-70% (Table 2). Awerahtive
strategy for this reaction is the application okttrylphosphite/triphenylphosphine as a
reducing agent. This method was employed in thehsgms of phenazines, indoles, and

carbazoles, starting from the appropriate nitro poumds.*

When we applied
triphenylphosphine in the synthesis of unsubstitysgrazoloquinoxalines from2 (R*=H),

the yields varied between 7-50% for the final prddy(Table 2).

11



Table 2. The reaction conditions for cyclizatiornl@f

Entry Product R R° R°  Reagent Solvent Time % Yield
1 5a Ph Ph H FegD, sulfolane 20 min 68
2 5b Ph Me H Fe@), sulfolane 20 min 50
3 5c Me Ph H Fe@), sulfolane 20 min 44
4 5d Me Me H FeGO, sulfolane 20 min 51
5 5a Ph Ph H P§P DCHE’ 24 h 52
6 5b Ph Me H PBP DMAC® 46 h 16
7 5C Me Ph H PP DCE 43 h
8 5d Me Me H PRP  DMAC® 48h 7
9 5e Ph Ph Cl FegD, sulfolane 20 min 61
10 5f Ph Ph Br FegD, sulfolane 20 min 24
11 5¢ Ph Ph F FegD, sulfolane 20 min 15
12 5h Ph Ph Me FegD, sulfolane 20 min 43
13 5i Ph Ph MeO  FefD, sulfolane 20 min 38

& 1,2-Dichlorobenzene

P N,N-Dimethylacetamide

The reaction conditions were unoptimized. NfN-Diphenylamine-1,3-diphenyl¥i-
pyrazolo[3,4b]quinoxaline §j) (R*? = Ph, R = N,N-Ph) was prepared by the palladium-
catalysed aminoarylation ofe (R*? = Ph, R = CI) with diphenylamine. All of the

pyrazolo[3,4b]quinoxalinesba-j will be tested as potential luminophores for us®LEDSs.

12



3. Conclusions

We have developed a new regiospecific method fersynthesis of pyrazoloquinoxalines
from aminopyrazoles and substitutedodonitrobenzene derivatives. This method is $lgta
for the modification of both the carbocyclic ringdathe pyrazole. It is anticipated that the
application of appropriate-iodonitro derivatives will also allow for a regjmecific synthesis
of 8-, 7- and 5-substituted pyrazoloquinoxalineigdives. Furthermore, we have determined

the specific mechanism of the oldest reportepyrazolo[3,4b]quinoxaline synthesis.

13



4. Experimental
4.1. Materials and methods

All reagents and solvents were purchased from cawialesources (Aldrich and POCh —
Polish chemical company) and were used without&rpurification. Aluminium oxide 90
active neutral 70-230 mesh purchased from Mercls used for column chromatography.
The purity of final compounds was monitored usitlga gel Gksy precoated thin layer
chromatography (TLC) plates (Merck). The compouwese characterized by NMR, *°C
NMR, and elemental analyse$d NMR and'*C NMR spectra were recorded on Bruker
Avance 11l 600. Chemical shift) were reported in ppm, using TMS as internal stathd
Melting points were determined on a Mel-Temp Il Apgtus (capillary), and they were left
uncorrected. Elemental analyses were conducteteateatar Vario MICRO cube. IR spectra
were recorded on a Thermo Nicolet iS5 infrared spateter with ATR. Diffraction datasets
were collected for single crystals either with amilént Technologies SuperNova™
diffractometer,** (low-temperature Cryo-Jet device, Atlas CCD detctusing Mo ki
radiation or Cu K radiation; or with the Nonius KappaCCD diffractdereusing graphite
monochromated Mo & radiation (data collection: COLLECT? cell refinement: HKL
SCALEPACK,* data reduction: HKL DENZO and SCALEPACF)The programs used for
the crystal structure analyses: SIR92 for solvihg structures with direct methods,
SHELXL2013 for the refinement of the structuréSORTEP3 for the preparation of
molecular graphics®® were working under WinGX environmefif. The supplementary

materials were stored at CCOE.

4.2. General procedure for synthesis of 4-[4-@linylamino)phenyl]imino-2,5-disubstituted

pyrazol-3-ones3)

Compounds were prepared using modified literatuoegriuré. A 30% solution (3.0 mL) of
Na&CO; was added in portions to a stirred hot (75 °C) tsmiu of 4-nitrosoN,N-
dimethylaniline (3.0 g, 0.02 mol) in ethanol (20 mAfter 5 min, a solution of appropriate
pyrazolone (0.02 mol) in ethanol (50 mL) was addexpwise. The reaction mixture was kept
at 85 °C for 3 h. After the reaction was compléteas refrigerated overnight at’@ and the

resulting precipitate was filtered off and recrfistad from toluene.
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4.2.1. (42)-4-[4-(dimethylamino)phenyl]imino-2,5tenyl-pyrazol-3-one2f)

Black prisms with green metallic lustre, 5.2 g, 708.216-217°C (toluene) (lit. 218.5CY);

'H NMR (600 MHz, CDC}, ppm): 3 = 8.29-8.26 (m, 4H), 8.09-8.07 (m, 2H), 7.48-7(48
5H), 7.22 (tJ = 7.3 Hz, 1H), 6.74-6.71 (m, 2H), 3.15 (s, 6H, Ni); **C NMR (75 MHz,
CDCls, ppm) 6 = 153.7, 153.4, 148.7, 141.6, 138.7, 136.6, 1332,1, 129.4, 128.8, 128.4,
128.2, 125.1, 119.1, 111.1, 40.3; IR (ATR)= 3059, 1679, 1600, 1492, 1372, 1299, 1147,
1109, 932, 821, 761, 691, 669, 504 tmnal. Calcd for GsHaN4O: C, 74.98; H, 5.47; N,
15.21. Found: C, 74.81; H, 5.50; N, 15.13.

4.2.2. (42)-4-[4-(dimethylamino)phenyl]imino-5-mg@tR-phenyl-pyrazol-3-ongb)

Black prisms with green metallic lustre, 2.4 g, 42fp. 190-191 °C (toluene) (1874 *H
NMR (600 MHz, CDC4, ppm): & = 8.29-8.27 (m, 2H), 7.97-7.95 (m, 2H), 7.42-7(89 2H),
7.17 (t.J = 7.4 Hz, 1H), 6.72-6.69 (M, 2H), 3.13 (s, 6H, N), 2.30 (s, 3H):C NMR (75
MHz, CDCk, ppm):d = 153.8, 153.2, 152.0, 142.8, 138.6, 136.4, 1328,7, 124.8, 118.8,
111.1, 40.3, 12.5; IR (ATRW = 3250, 2914, 1666, 1476, 1435, 1369, 1299, 123569,
1100, 992, 818, 751, 688, 656, 517, 457 cnal. Calcd for GsHigN4O: C, 70.57; H, 5.92;
N, 18.29. Found: C, 70.44; H, 5.93; N, 18.12.

4.2.3. (4Z)-4-[4-(dimethylamino)phenyl]imino-2-m@th-phenyl-pyrazol-3-ongc)

Black small needles with green metallic lustre, ¢,5mp. 135-136 °C (toluenedd NMR
(600 MHz, CDC}, ppm):d = 8.30-8.28 (m, 2H), 8.14-8.12 (m, 2H), 7.44-7(88 3H), 6.72-
6.69 (m, 2H), 3.49 (s, 3H), 3.14 (s, 68 NMR (75 MHz, CDCJ, ppm):d = 154.9, 153.2,
147.5, 141.8, 136.7, 133.0, 131.2, 129.1, 128.2,11211.1, 40.3, 32.2; IR (ATRY:= 3053,
1654, 1616, 1499, 1473, 1372, 1337, 1166, 1033, 828, 755, 647, 527, 495, 463 tm
Anal. Calcd for GgH1gN4O: C, 70.57; H, 5.92; N, 18.29. Found: C, 70.45;5H1; N, 18.01.

4.2.4. (4Z)-4-[4-(dimethylamino)phenyl]imino-2,5vthyl-pyrazol-3-oné2d)

Black small prisms with metallic lustre, 2.1 g, 508tp. 174-176 °C (toluene) (lit. 17Z°°).
'H NMR (600 MHz, CDC}, ppm):3 = 8.28-8.26 (m, 2H), 6.69-6.67 (m, 2H), 3.36 ()3

15



3.12 (s, 6H), 2.18 (s, 3H}*C NMR (75 MHz, CDC}, ppm):& = 155.1, 153.0, 150.2, 143.2,
136.4, 132.9, 111.1, 40.2, 31.8, 12.3; IR (ATR)= 2908, 2819, 1644, 1609, 1527, 1486,
1432, 1356, 1318, 1248, 1226, 1160, 1046, 1017, 824, 770, 644, 603, 571, 517, 463tm
Anal. Calcd for GsH16N4O: C, 63.91; H, 6.60; N, 22.93. Found: C, 63.96638; N, 22.39.

4.3. General procedure for 2,5-disubstituted pytaz8,4-dione 8)

The dionesa, 3b and3d were prepared according to literature proceddrés?

4.3.1. 2-methyl-5-phenyl-pyrazole-3,4-didBe)

Compound2c (1.53 g, 5 mmol) was dissolved in ethanol (20 nagd 10 mL of 10% kSO,

was added. The reaction mixture was heated &C86r 3 h. After cooling, the contents were
poured into water (100 mL) and extracted with etgétate (3« 25 mL). The organic phase
was dried over anhydrous Mgs@nd evaporated. The residue was recrystallizech fro

toluene/petrol ether.

Brown powder, 836 mg, 87%, mp. 102-104 *8;NMR (600 MHz, CDC4, ppm):d = 8.05-
8.03 (m, 2H), 7.48-7.44 (m, 3H), 3.49 (s, 3t NMR (75 MHz, CDCY, ppm): 3 = 185.0,
157.1, 150.6, 139.8, 131.3, 129.1, 126.8, 32.8ARR): v = 3240, 2923, 1685, 1087, 1036,
859, 751, 685, 647, 590 ¢mAnal. Calcd for GoHgN,O,: C, 63.82; H, 4.28; N, 14.89.
Found: C, 63.76; H, 4.19; N, 14.56.

4.4. Synthesis of 1,3-disubstituted-1H-pyrazololdduinoxalines %) from 1,2-
phenylenediamine - general procedure

A mixture of 1,2-diphenylamin& (0.34 g, 2 mmol) and corresponding pyrazolin-3ghd 3
(2 mmol) in 5 mL glacial acetic acid was stirredidreated at reflux for 24 h in the caséaf
and5b, or 2-3 h for5c and5d. The reaction was cooled and the resulting pretpiwas
collected by filtration and washed with ethanold aacrystallized from the solvent indicated

in each case.
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4.4.1. 1,3-Diphenyl-1H-pyrazolo[3,4-b]quinoxalif&a)

Light orange needles, 456 mg, 70%, mp. 238-Z3%toluene) (lit. 231°C"); *H NMR (600
MHz, CDCk, ppm):3 = 8.77 (dd,J = 8.3, 1.2 Hz, 2H), 8.57 (dd,= 8.6, 1 Hz, 2H), 8.35 (dd,
J=8.5, 0.9 Hz, 1H), 8.22 (dd,= 8.6, 0.8 Hz, 1H), 7.86 (dtd,= 7.5, 1.4, 1.5 Hz, 1H), 7.77
(dtd,J=7.5, 1.3, 1.6 Hz, 1H), 7.62-7.58 (m, 4H), 7.5Q& 7.4 Hz, 1H), 7.35 (] = 7.4 Hz,
1H): °C NMR (150 MHz, CDGJ, ppm):& = 143.4, 143.0, 141.4, 141.3, 139.5, 137.0, 131.2,
131.1, 130.6, 129.4, 129.2, 129.1, 128.8, 128.2,412125.8, 120.1; IR (ATR} = 3056,
1590, 1562, 1459, 1416, 1353, 1252, 1195, 1125, BRB 688, 669, 641, 599, 492, 422tm

4.4.2. 3-Methyl-1-phenyl-1H-pyrazolo[3,4-b]quinoixed (5b)

Deep yellow needles, 286 mg, 55%, mp. 135-AG6toluene) (lit. 133.5-134C%%); *H NMR
(600 MHz, CDC}, ppm):& = 8.45 (ddJ = 8.7, 1.1Hz, 2H), 8.28 (dd,= 8.9, 1.3 Hz, 1H),
8.20 (dd,J = 8.6, 0.8 Hz, 1H), 7.84 (dtd,= 7.5, 1.4, 1.5 Hz, 1H), 7.75 (dtdl= 7.5, 1.4, 1.7
Hz, 1H), 7.58-7.55 (m, 2H), 7.31 @,= 7.4 Hz, 1H), 2.89 (s, 3H)*C NMR (150 MHz,
CDCls, ppm):3 = 144.4, 142.6, 141.6, 140.8, 139.4, 137.8, 13189,2, 129.20, 129.1, 128.0,
125.4, 119.6, 11.8; IR (ATR) = 3063, 1597, 1562, 1499, 1429, 1356, 1233, 11922,
1074, 745, 685, 672, 656, 599, 504, 419'cm

4.4.3. 1-Methyl-3-phenyl-1H-pyrazolo[3,4-b]quinoixed (5¢)

Light orange crystalline powder, 187 mg, 70%, mp5°C (toluene):'H NMR (600 MHz,
CDCls, ppm): & = 8.64 (ddJ = 8.3, 1.2 Hz, 2H), 8.33 (dd,= 8.6, 0.9 Hz, 1H), 8.14 (dd,=
8.6, 0.8 Hz, 1H), 7.82 (dtd,= 7.8, 1.4, 1.5 Hz, 1H), 7.73 (dtdl= 7.8, 1.3, 1.7 Hz, 1H), 7.56
(t, J=7.5 Hz, 2H), 7.45 () = 7.4 Hz, 1H); 4.29 (s, 3H}*C NMR (150 MHz, CDGJ, ppm):
5=143.3, 141.9, 141.4, 141.3, 135.7, 131.6, 130.9,713128.9, 128.8, 128.5, 127.5, 126.9,
34.2; IR (ATR):v = 3053, 1575, 1486, 1464, 1198, 1122, 1084, 929, 855, 742, 691, 675,
656, 631, 599, 504, 422 ¢
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4.4.4. 1,3-Dimethyl-1H-pyrazolo[3,4-b]quinoxalitd)

Yellow flat needles, 277 mg, 70%, mp. 140-T41 (toluene/petrol ether 60-90) (lit. 137-138
°C '9; 'H NMR (600 MHz, CDC}, ppm): 8 = 8.27 (dd,J = 8.6, 0.9 Hz, 1H), 8.14 (dd,=
8.6, 0.8 Hz, 1H); 7.81 (dtd,= 7.5, 1.4, 1.6 Hz, 1H), 7.71 (dtd= 7.5, 1.3, 1.7 Hz, 1H), 4.19
(s, 3H), 2.81 (s, 3H)**C NMR (150 MHz, CDGJ, ppm): d = 143.1, 142.2, 141.8, 140.7,
136.4, 130.7, 130.3, 128.5, 127.3, 33.8, 11.7;ARR): v = 2977, 1581, 1518, 1486, 1400,
1378, 1347, 1309, 1179, 1122, 960, 764, 653, 628, £25 cril.

4.5. Synthesis of 3-acyl-1H-quinoxalin-2-one hydres 6) - general procedure

A mixture of 1,2-diaminobenzerie(108 mg, 1 mmol) and corresponding pyrazolin-3ghd
3 (2 mmol) in 5 mL glacial acetic acid was heatedediiux for 30 min. After cooling, the

resulting precipitate was filtered off.
4.5.1. 3-Benzoyl-1H-quinoxalin-2-one phenylhydra&z@a)

Red needles, 260 mg, 76%, mp. 255-256 °C (Lit. 24D°C"); 'H NMR (600 MHz, CDC},
ppm):d = 12.61 (br. s, 1H), 9.86 (s, 1H), 7.84 (dd; 8.0, 1.2 Hz, 1H), 7.62 (§,= 7.75 Hz,
1H), 7.51-7.50 (m, 2H), 7.41 (dd= 8.2, 1.0 Hz, 1H), 7.36-7.31 (m, 3H), 7.23-7.2Q 8H),
7.17-7.15 (m, 2H), 6.77 (] = 7.2 Hz, 1H):*C NMR (150MHz, CDCJ, ppm):d = 155.9,
154.3, 145.7, 138.0, 137.7, 133.4, 133.0, 131.6,612129.5, 128.9, 128.1, 125.7, 123.7,
119.9, 116.1, 113.1; IR (ATRY. = 3173, 2967, 2884, 2817, 1663, 1592, 1513, 14897,
1248, 1224, 1130, 1092, 777, 756, 738, 688, 574 c3".

4.5.2. 3-Acetyl-1H-quinoxalin-2-one phenylhydraz(6i®

Red crystalline powder, 123 mg, 44%, mp. 234-235(P@. 223°C*); 'H NMR (600 MHz,
CDCls, ppm):d = 12.21 (br.s, 1H), 9.65 (s, 1H), 7.72 Jd 7.9 Hz, 1H), 7.46 (] = 7.4 Hz,
1H), 7.32-7.20 (m, 6H), 6.80 (@,= 7.2 Hz, 1H), 2.28 (s, 3H}*C NMR (150 MHz, CDG],
ppm): 3 = 154.1, 153.9, 145.8, 139.9, 132.5, 132.1, 13p8,3, 128.8, 123.5, 120.4, 115.3,
114.0, 13.7; IR (ATR)v = 3173, 2976, 2881, 2831, 1666, 1592, 1510, 12185, 1130,
1080, 1065, 909, 741, 686, 585, 541tm

18



4.6. Synthesis of 5-(4-R-2-nitrophenyl)-amino-lig+dstituted pyrazoled?) (R = H, Cl, Br,
F, CH;, OCHs) — general procedure

The appropriate 4-substituted-1-iodo-2-nitrobenzeb@ (1 mmol), appropriate 1,3-
disubstituted-5-aminopyrazolkEl (1.3 mmol), and anhydrous potassium carbonate (248
1.8 mmol) were heated in the presenceraaf-BINAP (23 mg, 0.036 mmol, 3.7 mol%),
Pd.dba (23 mg, 0.024 mmol, 2.5 mol%), and 18-crown-6 i@ 0.038 mmoal) in toluene (8
mL, purged with argon) at 100C. The reaction was carried out under argon foh2After
cooling the reaction mixture was filtered and pedf using column chromatography on
aluminium oxide with toluene, or a toluene-ethykt@te mixture (10:1) as an eluent. The

product was recrystallized from toluene.
4.6.1. (2,5-diphenyl-2H-pyrazol-3-yl)-(2-nitrophdéngmine (12a)

Red long plates, 345 mg, 97%, mp. 130-181*H NMR (600 MHz, CDC}, ppm):d = 9.42

(s, 1H), 8.2 (ddJ = 8.5, 1.5 Hz, 1H), 7.9 (d} = 7.1 Hz, 2H), 7.59 (dd] = 8.6, 1.2 Hz, 2H),
7.47-7.34 (m, 5H), 7.37-7.34 (m, 2H), 7.22 (dd; 8.5, 1.0 Hz, 1H), 6.87 (dtd,= 7.8, 1.2,
1.3 Hz, 1H), 6.7 (s 1H)**C NMR (150 MHz, CDQ, ppm): & = 151.7, 141.6, 138.1, 138.0,
136.2, 132.8, 129.4, 128.7, 128.4, 128.3, 128.6,5% 125.56, 124.0, 119.0, 116.3, 98.8; IR
(ATR): v = 3246, 3056, 1609, 1587, 1555, 1506, 1494, 13210, 1238, 1140, 1071, 954,
777, 737, 691, 616, 515, 470 ¢mAnal. Calcd for GiH1¢N4O,: C, 70.77; H, 4.53; N, 15.72.
Found: C, 71.28; H, 4.61; N, 15.25.

4.6.2. (5-methyl-2-phenyl-2H-pyrazol-3-yl)-(2-nipteenyl)-aming12b)

Orange plates, 250 mg, 85%, mp. @ *H NMR (600 MHz, CDCJ, ppm): 9.36 (s, 1H);
8.18 (dd,J = 8.5, 1.5 Hz, 1H), 7.49 (dd,= 8.7, 1.2 Hz, 2H), 7.45-7.39 (m, 3H), 7.31J&

7.4 Hz, 1H), 7.16 (dd) = 8.6, 1.0 Hz, 1H), 6.85 (dtd,= 7.8, 1.2, 1.3 Hz, 1H), 6.18 (s, 1H),
2.38 (s, 3H)*C NMR (150 MHz, CDGJ, ppm):d = 149.5, 141.7, 138.1, 137.2, 136.1, 133.5,
129.3, 127.7, 126.5, 123.8, 118.7, 116.2, 101.2;1R (ATR):v = 3323, 3072, 1606, 1578,
1559, 1498, 1435, 1337, 1270, 1138, 1022, 767,639, 686, 636, 485 cf Anal. Calcd for
C16H14N4O2: C, 65.30; H, 4.79; N, 19.04. Found: C, 65.32411; N, 18.81.
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4.6.3. (2-methyl-5-phenyl-2H-pyrazol-3-yl)-(2-nipteenyl)-aming12c)

Orange prisms, 265 mg, 90%, mp. 1% ‘*H NMR (600 MHz, CDC4, ppm):d = 9.15 (s,
1H), 8.25 (ddJ = 8.8, 1.5 Hz, 1H), 7.79 (dd,= 8.4, 1.3 Hz, 2H), 7.47-7.40 (m, 3H), 7.34-
7.31 (m, 1H), 6.91-6.88 (m, 2H), 6.51 (s, 1H), 3(803H);*C NMR (150 MHz, CDGJ,
ppm): & = 150.6, 142.6, 137.8, 136.4, 133.4, 133.1, 12R27,9, 126.6, 125.3, 118.8, 115.9,
98.9, 35.3; IR (ATR)v = 3320, 3063, 1616, 1575, 1551, 1492, 1333, 12582, 1039, 953,
759, 741, 683, 665, 538, 518, 500 tmhnal. Calcd for GsH1N4O,: C, 65.30; H, 4.79; N,
19.04. Found: C, 65.29; H, 4.81; N, 19.02.

4.6.4. (2,5-dimethyl-2H-pyrazol-3-yl)-(2-nitrophdéngmine (12d)

Yellow flat needels, 208 mg, 90% yield, mp. 126-227 *H NMR (600 MHz,CDC}, ppm):
5=19.08 (s, 1H), 8.23 (dl = 8.5 Hz, 1H), 7.44 (t) = 7.9 Hz, 1H), 6.87 (t) = 7.7 Hz, 1H),
6.83 (d,J = 8.5 Hz, 1H), 5.97 (s, 1H), 3.67 (s, 3H), 2.293(4); :°C NMR (150 MHz, CDGJ,
ppm):d = 148.0, 142.7, 137.0, 136.3, 133.3, 126.5, 11815,9, 101.1, 34.8, 14.1; IR (ATR):
v = 3332, 3098, 1610, 1551, 1507, 1489, 1336, 12822, 1139, 783, 749, 677, 668, 647,
541, 503 crit. Anal. Calcd for GiH1:N4Oz: C, 56.89; H, 5.21; N, 24.12. Found: C, 56.75; H,
5.22; N, 24.05.

4.6.5. (2,5-diphenyl-2H-pyrazo-3-yl)-(4-chloro-2yophenyl)-amind12e)

Dark red crystalline powder, 289 mg, 74%, mp. 98@9'H NMR (600 MHz, CDC}, ppm):
5=9.34 (s, 1H), 8.19 (d] = 2.5 Hz, 1H), 7.89 (d] = 7.1 Hz, 2H), 7.56 (d] = 7.4 Hz, 2H),
7.46-7.43 (m, 4H), 7.39-7.35 (m, 3H), 7.15 Jd 9.1 Hz, 1H), 6.69 (s, 1H}*C NMR (150
MHz, CDCk, ppm): = 151.8, 140.3, 138.0, 137.5, 136.3, 132.6, 129.8,71.2128.4, 128.2,
125.8, 125.6, 123.9, 123.8, 117.6, 99.22, 99.21AIRR): v = 3322, 3058, 1598, 1563, 1495,
1334, 1257, 1124, 1065, 950, 897, 754, 736, 674, 65 cni. Anal. Calcd for
C21H15CIN4O,: C, 64.54; H, 3.87; N, 14.34. Found: C, 64.253F52; N, 14.05.
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4.6.6. (2,5-diphenyl-2H-pyrazo-3-yl)-(4-bromo-2rajthenyl)-aming12f)

Dark red oil, quantitative yieldH NMR (600 MHz, CDCJ, ppm):d = 9.35 (s, 1H), 8.34 (d,

= 2.3 Hz, 1H), 7.87 (d] = 7.2 Hz, 2H), 7.56 (d] = 7.6 Hz, 2H), 7.46-7.43 (m, 4H), 7.39-7.35
(m, 3H), 7.09 (dJ = 9.1 Hz, 1H), 6.69 (s, 1H)*C NMR (150 MHz, CDGJ, ppm):d =
151.78, 140.7, 138.0 137.4, 136.5, 132.6, 129.8,71228.4, 128.2, 125.59, 125.57, 124.1,
123.9, 117.9, 99.27, 99.26; IR (ATR):= 3329, 2917, 2846, 1739, 1607, 1495, 1454, 1330,
1251, 1145, 1071, 1012, 945, 756, 683, 485.cAnal. Calcd for GiH1sBrN,O2: C, 57.95; H,
3.47; N, 12.87. Found: C, 57.75; H, 3.22; N, 12.75.

4.6.7. (2,5-diphenyl-2H-pyrazo-3-yl)-(4-fluoro-2toiphenyl)-aming12g)

Dark red crystalline powder, 299 mg, 80%, mp°89*H NMR (600 MHz, CDCJ, ppm):& =
9.27 (s, 1H), 7.92-7.88 (m, 3H), 7.57 (b 7.7 Hz, 2H), 7.46-7.43 (m, 4H), 7.37-7.35 (m,
2H), 7.24-7.18 (m, 2H), 6.68 (s, 1HJC NMR (150 MHz, CDGJ, ppm):5 = 154.4 (dJc.r =
242.8 Hz), 151.8, 138.4, 138.1, 138.0, 132.9J(%; = 8.2 Hz), 132.7, 129.5, 128.7, 128.4,
128.2, 125.6, 124.6 (dc.r= 23.5 Hz), 124.0, 117.8 (dec.r= 7.2 Hz), 112.1 (dJc.r= 26.7
Hz), 98.8; IR (ATR)v = 3319, 3063, 1578, 1556, 1511, 1495, 1410, 12730, 1125, 1059,
941, 751, 675, 533, 489 ¢mAnal. Calcd for GiH1sFN4O2: C, 67.37; H, 4.04; N, 14.97.
Found: C, 67.75; H, 4.22; N, 14.85.

4.6.8. (2,5-diphenyl-2H-pyrazo-3-yl)-(4-methyl-2rophenyl)-aming12h)

Yellow crystalline powder, 277 mg, 75%, mp. 109-1°10 ‘H NMR (600 MHz, CDC},
ppm): & = 9.31 (s, 1H), 8.00 (s, 1H), 7.89 (t= 7.6 Hz, 2H), 7.59 (d] = 7.8 Hz, 2H), 7.46-
7.42 (m, 4H), 7.37-7.34 (m, 2H), 7.28 (tiz 8.3 Hz, 1H), 7.15 (d) = 8.6 Hz, 1H), 6.67 (s,
1H), 2.31 (s, 3H);°C NMR (150 MHz, CDGJ, ppm):& = 151.6, 139.4, 138.5, 138.2, 137.5,
132.8, 129.4, 128.9, 128.7, 128.3, 128.0, 125.9,6,2124.0, 116.3, 98.43, 98.41, 20.1; IR
(ATR): v = 3360, 3060, 1628, 1565, 1518, 1496, 1337, 12887, 1150, 799, 767, 685, 644,
476, 435 crit. Anal. Calcd for GH1gN4Oy: C, 71.34; H, 4.90; N, 15.13. Found: C, 71.55; H,
4.72; N, 15.05.
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4.6.9. (2,5-diphenyl-2H-pyrazo-3-yl)-(4-methoxyiaphenyl)-amine 12i)

Dark red crystalline powder, 247 mg, 64%, mp. 7980'H NMR (600 MHz, CDC}, ppm):
5=9.27 (s, 1H), 7.89 (dl = 7.1 Hz, 2H), 7.64 (d] = 3.0 Hz, 1H), 7.60-7.59 (m, 2H), 7.46-
7.42 (m, 4H), 7.37-7.34 (m, 2H), 7.11 (b 9.3 Hz, 1H), 7.13 (dd] = 9.3, 3.0 Hz, 1H), 6.65
(s, 1H), 3.82 (s, 3H)**C NMR (150 MHz, CDGJ, ppm): & = 152.1, 151.6, 138.7, 138.2,
136.2, 133.3, 132.8; 129.4, 128.7, 128.3, 128.06.112125.6, 124.0, 117.9, 107.4, 98.0,
55.9; IR (ATR):v = 3281, 3056, 1584, 1553, 1515, 1451, 1315, 12824, 1125, 1059,
1030, 761, 694, 666, 653, 542, 451 trmnal. Calcd for GH1gN4Os: C, 68.38; H, 4.70; N,
14.50. Found: C, 68.00; H, 4.52; N, 14.35.

4.7. Reductive cyclization &2 with ferrous oxalate — general procedure: method A

Equimolar amounts of (2,5-disubstituteH-pyrazol-3-ylo)-(4-substituted-2-nitrophenyl)-
aminel2a-i (1 mmol), and iron(ll) oxalate dihydrate (179 mgminol) in sulfolane (5 mL)

were heated at 25 for 20 min. After cooling, the reaction mixtur@svadded to a saturated
sodium chloride solution (20 mL) and stirred for 3. The precipitate was filtered off and
dried. After drying, the compounds were purified dglumn chromatography on aluminium

oxide 90 with chloroform as an eluent. The produas crystallized from toluene.

4.8. Reductive cyclization &2 with triphenylphosphine — general procedure: mdtBo
(2,5-disubstituteda-pyrazo-3-yl)-(2-nitrophenyl)-amine 12a-d (0.5 mmol) and
triphenylphosphine (459 mg, 1.75 mmol) in dimetlcgtamide or 1,2-dichlorobenzene (4

mL) were heated at reflux for 24 — 48 h. After éonglthe reaction mixture was purified by

column chromatography on aluminium oxide with toleeas an eluent.

4.7.1. and 4.8.1. 1,3-Diphenyl-1H-pyrazolo[3,4-bjpxaline(5a)

Light orange needles, method A: 218 mg, 68%, meBid83.7 mg, 52%'H/*C NMR, m.p.

and R (toluene/SiQ) corresponds to the data recorded3ain section 4.4.1.

22



4.7.2. and 4.8.2. 3-Methyl-1-phenyl-1H-pyrazolofB]4uinoxaline(5b)

Deep yellow needles, method A: 130 mg, 50%, meBio20.8 mg, 16%H/*°C NMR, m.p.

and R (toluene/SiQ) corresponds to the data recorded3oiin section 4.4.2.
4.7.3. and 4.8.3. 1-Methyl-3-phenyl-1H-pyrazolofB]4uinoxaline(5c)

Light orange crystalline powder, method A: 114 4%, method B: 9.7 mg, 7.5%/*°C
NMR, m.p. and R(toluene/SiQ) corresponds to the data recordedSom section 4.4.3.

4.7.4. and 4.8.4. 1,3-Dimethyl-1H-pyrazolo[3,4-hjtpxaline(5d)

Yellow flat needles, method A: 101 mg, 51%, metBo®.9 mg, 7%*H/**C NMR, m.p. and

Rs (toluene/SiQ) corresponds to the data recorded3din section 4.4.4.
4.7.5. 6-chloro-1,3-diphenyl-1H-pyrazolo[3,4-b]qoixaline (5€)

Orange crystalline mass, method A: 217 mg, 61%,280.°C; 'H NMR (600 MHz, CDC},
ppm): & = 8.70 (dJ = 7.7 Hz, 2H), 8.50 (d] = 7.7 Hz, 2H), 8.31 (d] = 2.2 Hz, 1H), 8.11 (d,
J=9.1 Hz, 1H), 7.75 (dd] = 9.1, 2.3 Hz, 1H), 7.59-7.55 (m, 4H), 7.48)t 7.4 Hz, 1H),
7.34 (t,J = 7.4 Hz, 1H);*C NMR (150 MHz, CDGJ, ppm):& = 143.2, 142.8, 141.2, 139.6,
139.2, 137.4, 133.9, 132.2, 130.9, 130.2, 129.9,212129.1, 128.8, 127.3, 125.9, 120.0; IR
(ATR): v = 3063, 1594, 1496, 1486, 1420, 1391, 1340, 125@3, 1125, 1062, 831, 748, 739,
685, 666, 647, 495, 419 émAnal. Calcd for GH:CIN,: C, 70.69; H, 3.67; N, 15.70.
Found: C, 70.96; H, 3.72; N, 15.35.

4.7.6. 6-bromo-1,3-diphenyl-1H-pyrazolo[3,4-b]qukadine (5f)

Orange crystalline powder, method A: 94 mg, 24%, &6-207°C; *H NMR (600 MHz,
CDCl;, ppm):d=8.70 (dJ = 7.7 Hz, 2H), 8.51 (d] = 2.2 Hz, 1H), 8.50 (d] = 8.1 Hz, 2H),
8.05 (d,J = 9.1 Hz, 1H), 7.88 (dd] = 9.1, 2.2 Hz, 1H), 7.59-7.56 (m, 4H), 7.49)(& 7.4 Hz,
1H), 7.34 (t,J = 7.4 Hz, 1H):**C NMR (150 MHz, CDG, ppm): 3 = 143.3, 142.8, 141.6,
139.9, 139.2, 137.3, 134.6, 132.5, 130.9, 130.2.6,2129.2, 128.8, 127.3, 125.9, 122.0,
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120.0; IR (ATR):v = 3063, 1594, 1496, 1480, 1420, 1340, 1252, 11669, 989, 929, 821,
748, 745, 688, 669, 644, 489, 422 tmhnal. Calcd for GiH13BrNg: C, 62.86; H, 3.27; N,
13.96. Found: C, 62.99; H, 3.43; N, 13.68.

4.7.7. 6-fluoro-1,3-diphenyl-1H-pyrazolo[3,4-b]qoixaline (59)

Orange needles, method A: 51 mg, 15%, mp.Z35H NMR (600 MHz, CDCJ, ppm): =
8.72 (d,J=7.2 Hz, 2H), 8.52 (d] = 7.7 Hz, 2H), 8.20 (dd} = 9.3, 5.7 Hz, 1H), 7.94 (dd,=
9.3, 2.7 Hz, 1H), 7.67-7.63 (m, 1H), 7.60-7.57 @&H)), 7.49 (tJ = 7.4 Hz, 1H), 7.34 (t) =
7,4 Hz, 1H);"*C NMR (150 MHz, CDGJ, ppm):5 = 161.6 (dJcr= 251.4 Hz), 142.9, 142.8
(d, Jo.r= 2.2 Hz), 141.6 (dJcr= 13.2 Hz), 139.3, 138.4, 137.3, 131.0, 130.93d= 9.8
Hz), 129.5, 129.2, 128.8, 127.3, 125.9, 122.3){d¢;= 27.3 Hz), 120.0, 113.1 (dc.r= 21.5
Hz); IR (ATR): v = 3066, 1625, 1590, 1496, 1404, 1340, 1201, 11203, 979, 824, 748,
729, 682, 669, 653, 647, 606, 536, 489, 428 cAnal. Calcd for GH1sFN,: C, 74.11; H,
3.85; N, 16.46. Found: C, 74.49; H, 3.99; N, 16.06.

4.7.8. 6-methyl-1,3-diphenyl-1H-pyrazolo[3,4-b] qoxaline (5h)

Yellow crystalline mass, method A: 144 mg, 43%, rAp9-230°C; *H NMR (600 MHz,
CDCls, ppm):3 = 8.75 (d,J = 7.1 Hz, 2H), 8.55 (ddl = 8.6, 1.0 Hz, 2H), 8.06 (d,= 8.9 Hz,
2H), 7.65 (ddJ = 8.7, 1.8 Hz, 1H), 7.60-7.57 (m, 4H), 7.48)& 7.4 Hz, 1H), 7.33 (tJ =

7,4 Hz, 1H), 2.61 (s, 3H}*C NMR (150 MHz, CDGJ, ppm):d = 143.1, 142.9, 141.5, 139.7,
139.5, 138.6, 136.7, 133.8, 131.3, 129.3, 129.9,014128.7, 128.5, 127.3, 125.6, 120.0, 21.7,
IR (ATR): v = 3060, 1597, 1489, 1407, 1344, 1255, 1188, 1928, 818, 751, 694, 666, 641,
495, 419 crit. Anal. Calcd. for GHigN4: C, 78.55; H, 4.79; N, 16.66. Found: C, 78.71; H,
4.89; N, 16.25.

4.7.9. 6-methoxy-1,3-diphenyl-1H-pyrazolo[3,4-bltpxaline(5i)

Yellow crystalline powder, method A: 133 mg, 38%).r203-204°C; *H NMR (CDClk, 600
MHz, ppm):6 = 8.73 (dd,J = 8.3, 1.2 Hz, 2H), 8.53 (dd,= 8.6, 1.0 Hz, 2H), 8.04 (d,= 9.3
Hz, 1H), 7.59-7.57 (m, 4H), 7.52 (d= 2.7 Hz, 1H), 7.50-7.46 (m, 2H), 7.33 Jt= 7.4 Hz,
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1H), 4.00 (s, 3H)*C NMR (150 MHz, CDGQ, ppm):& = 159.6, 142.9, 142.6, 142.5, 139.6,
137.6, 136.3, 131.5, 129.8, 129.2, 129.1, 128.7,312125.8, 125.6, 120.0, 106.5, 55.8; IR
(ATR): v = 3060, 1625, 1600, 1492, 1404, 1356, 1217, 11094, 983, 827, 767, 748, 736,
694, 688, 669, 653, 609, 530, 495, 425'crnal. Calcd. for GHigN4O: C, 74.98; H, 4.58;
N, 15.90. Found: C, 74.81; H, 4.92; N, 15.66.

4.9. 6-N,N-diphenylamino-1,3-diphenyl-1H-pyrazoldi®]quinoxaline(5j)

6-chloro-1,3-diphenyl-#-pyrazolo[3,4b]Jquinoxaline 5e (114 mg, 0.32 mmol),
diphenylamine (65 mg, 0.38 mmol), soditent-butoxide (44 mg, 0.45 mmol), Ribg (2.92
mg, 0.0032 mmol, 1mol%),o{biphenyl)P{-Bu), (1.9 mg, 0.0064 mmol, 2 mol%), and
toluene (2 mL) were added to a Schlenk flask, dedntixture was then purged with argon.
The reaction was carried out under argon at°@0for 20 h. After cooling, the reaction
mixture was filtered and purified using column anhatography on aluminium oxide with

toluene or mixture toluene: ether (3:1) as an eluBme product was crystallized from toluene.

Red crystalline powder, 81 mg, 52%, mp. 209-2C0'"H NMR (600 MHz, CDCJ, ppm):d =
8.68 (d, J= 7.1 Hz, 2H), 8.54 (dJ = 7.7 Hz, 2H), 8.01 (d] = 9.3 Hz, 1H); 7.73 (dJ= 2.5
Hz, 1H), 7.67 (ddJ = 9.3, 2.5 Hz, 1H), 7.59-7.57 (m, 2H), 7.55-7.53 ), 7.44 (tJ=7.4
Hz, 1H), 7.37-7.31 (m, 5H), 7.24 @@= 7.5 Hz, 4H), 7.17 (t) = 7.4 Hz, 2H):*C NMR (150
MHz, CDCk, ppm):d = 147.9, 146.9, 143.0, 142.8, 142.6, 139.6, 13838,7, 131.4, 129.7,
129.20, 129.18, 129.11, 129.06, 128.7, 127.3, B289.85.55; 124.4, 120.0, 117.8; IR (ATR):
v = 3060, 1600, 1483, 1404, 1255, 1122, 989, 823, 746, 685, 672, 656, 647, 492, 416 cm
' Anal. Calcd. for GsHoaNs: C, 80.96; H, 4.74; N, 14.31. Found: C, 80.854185; N, 13.99.
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