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Aln the beginning was thiced, awwbthed, a

Word was fully God. The Word was with God in the beginning. All

things were created by him and apart from him not one thing was

created that has been createdo
(John 1:13)
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Abstract

The present work aimed to study the big potential of chromone derivatives -gd 1
fluorophenyl)prop2-yn-1-ones for the synthesis of puriike fused pyridines and -4
guinolone derivatives. This includes a facile [3+3] domino cleavage of the chromone ring
(that can be considered as masked-dicarbonyl compound) by electraxcessive
aminoheterocycles (which can be considered as an interesting class -GICN,3
binucleoptfies). In this regard, a wide range of substituents and substitution patterns are
tolerated in the reaction. Consequently the synthesis of a wide range of fused pyridines and
their further modifications were successfully performed. In addition a new agdveegy for
synthesis of 4uinolone derivatives and other fused systeri@s domino cycloaddition
reactions of ortho-fluorine-substituted benzoylchromones;(Zfluorophenyl)prop2-yn-1-

ones and aliphatic or aromatic amines were developed. The scope #atioi® of all
reactions were well studied. Some mechanistic explanations of developed transformations, in

addition to detailed spectroscopic characterisation of synthesised compounds are presented.

Kurzbeschreibung

Die vorliegende Arbeit untersuchtasl Potential neuartiger Chromonderivate un¢R-1
Fluorophenyl)prog-in-1-one fur die Synthese purinanaloger polycyclischer Pyridine und 4
Chinolone. Dies beinhaltet formale [3+3] Cyclisierungen mit elektronenreichen
Aminoheterocyclen, einer interessanteklasse von 1,2 CN-Binucleophilen. Die
Umsetzungen verlaufen unter Spaltung des Chromonringes. Das Chromon kann als maskierte
1,3-Dicarbonylverbindung aufgefasst werden. Eine grof3e Bandbreite unterschiedlicher
Substitutionsmuster wurde in der Reaktion riele. Weiterhin wurde eine neue Synthese von
4-Chinolonen und ahnlichen Verbindungen durch Cyclisierungen vortho-
Fluorbenzoylchromonen, -@-Fluorphenyl)prog2-in-1-onen mit aliphatischen oder
aromatischen Aminen entwickelt. Potential und Grenzen Biaktionen wurden im Detail
untersucht. Basierend auf einigen Untersuchungen konnten auch mechanistische Vorschlage

gemacht werden.
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1.1. General Introduction

Heterocyclic chemistry is one of the important areas of natural sciences and an inseparable
part of modern life. Every year the demdaof different representatives of the heterocyclic
compounds (drugs, dyes, fluorescent compounds, macromolecu)as ely life is getting

bigger and the natural sources are not enough to suffice these needs. This became a
motivation for chemists téind new and easy synthetic methods toward wide range of new
synthetic heterocycles which can be used in different aspects of our everyday life.

In family of natural and synthetic heterocycles nitrogen containing representatives stands out.
The simplest ngresentative of this class is pyridine, which is used as a precursor to
agrochemicals, pharmaceuticals and in chemical industry as an important solvent and/or
base' It is noteworthy that pyridine derivativeare widely used in the medigihchemistry.

For instance, niacin, also known aisamin Bs,” being the precursor of nicotinamide adenine
dinucleotide (NAD), and nicotinamide adenine dinucleotide pihextsp(NADP) has a great
impact on livelihood of live cells. Another example is isoniazid, which wathegis about

hundred years ago and is nportant antitubercular dri¢Figure 1.1.1).

O o)
=~ L

Niacin Isoniazid

Figurel.1.1 Biologically active simplepyridine derivatives

Additionally, from nitrogercontaining heterocycles the pyrimidirgerivatives represent
another important class of compounds which can be found in structures of different natural
products, such as antibiotics (bacimethrirsparsomyciri, bleomycid etc), vitamins
(thiamin€), anticancer agents (heteromiheyariolin,' meridianine!’ etc), toxins
(hepatotoxine, ptilocaulin® etc. Moreover, all bases from nucleic acids contain a pyrimidine

core (Figure 1.1.2).
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Figure 1.1.2Biologically active pyrimidine derivatives.

More complex moleules like heteroannulated pyridines and pyrimidines, which can be
classified as purines, and their deaza analogues also have a great importance, as they are lead
structures for drug discovery. They can be found in a variety of medicaments and potential
drugs. Purines and puserisosteres show a wide range of biological activities, for instance
antiarrhythmic, antihistamine, anticancer, fungicidal, antiviral -iaffammatory activities:

inhibition of DNA-dependent proteikinesis etc." Some examples arepresented in Figure

1.1.3. Valacyclovir is an antiviral drug against herpes simplex, herpes zoster and hétrpes B,
abacavir is a nucleoside which is used against HIV and AfD&yother well known
medicament issildenafil citrate with a trade nam¥iagra, which is used to treat erectile
dysfunction and pulmonary arterial hypertensiothiazolo[5,4b]pyridine derivative which

is an anticoagularit This list can be continued.
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Figurel.1.3.Biologically active heterannulated pyridines and pyrimidines

1.2 General methods for the synthesis of fused pyridines

It is obvious that the growing demands of chemical industry dramatically stimulate the
development of new synthetic methods for the synthesis of differerd fuselines and/or
modifications of existing building blocks. These movements in the field continue to be an
urgent area of research that in principle can solve all actual synthetic tasks in the future. My
present work is dedicated to development and stgdpf new and efficient synthetic
methods, that will provide an easy way to a wide range of hetardensed pyridines. So that

for the comparison in the following context some of well known methods for synthesis of
heteroannulated pyridines will be dissed.

The first system of choice are quinoline derivatives. Analysis of chemical literature shows
that from existing methods for quinoline ring construction the oldest and most frequently used
method is the reaction of anilines with digarbonyl compoursl This approach was
developed by Combe in 1888 for the first timie¢hen this method was modified in order to
increase the substrate scopéloteworthy the commercial synthesisabforoquine (synthetic
antimalarial drug) is based on this method (Schemd)?*
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Schemel.2.1.Synthesis of quinolines Inyethod ofcomte.

The next considered heterocyclic systems arazaindole derivatives, also known as
pyrrolo[2,3-b]pyridines. The prominent synthetic methods for ¢amdion of these
heterocycles are mostly based on the chemistry of pyridine derivatives. However several
synthetic pathways starting from pyrrole derivatives are also known. For instance, it was
shown that Zohenyt1H-pyrrolo[2,3-b]pyridines 1.2.1 are eaiy available from 2amino3-
methylpyridine and benzoic anhydride in two steps. On the other hand, the same system can

be prepared from-amino3-(phenylethynyl)pyridinel..2.2in basic medigScheme 1.2.2¥
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Schemel.22. Synthesis gbyrrolo[2,3-b]pyridines1.2.1starting from pyridinederivatives

As was mentioned there are few approaches for the synthesiazaiirtloles starting from
pyrrole derivatives. Though, recently a method based on-tu@@onent cycloconasation
of N-substituted zZaminc4-cyanopyrroles, various aldehydes, and active methylene

compounds in ethanol or acetic®acid at repux

CN
R1/§O
D e
EtOH
H,N N\ reflux, 3h
@) R,

Schemel.2.3 Synthesis gbyrrolo[2,3-b]pyridine starting from5-amingoyroles.



Pyrazol$3,4-b]pyridines are also an object of interest, so in the following schemes some
approaches towards the synthesis of such systems will be presented.fieldhise most
applied methods are based on construction ol core starting from pyrazole derivatives.
For example, the reaction of -d@nino3-methytl-phenylpyrazole with Zyane3-
ethoxyacrylate leads to intermediate ethy{33nethyll-phenyt1H-pyrazots-ylamino)-2-
cyanoacrylatel.2.3 that in the presencd BOCk subsequently turns to desired heterocyclic
system by cyctiation(Scheme 1.2.4)

Me
I N NH, al
N\N Me
\ CN
Ph n POCI3 N/ | AN
+ - COEL reflux N =
o) / N
/ 1.2.3 Ph
EtO CN

Schemel.2.4 Synthesis gbyrazolo[3,4b]pyridine starting from5-aminopyrazole

On the other hand, Abaet al. proposedan gproach that involves pyrazole ring construction
on pyridine core. Namely they have found that the synthesis of pyfazbhjpyridines can
be accomplished by heatingh§drazide4-methyl2-phenyts-pyridinecarbonitrile in acetic
acid or DMF(Scheme 1.2)5”

M
© Me
NH,
CN
N AcOH
| EEE—— | N \ N
7 .
DMF, heating ’
Ph N NH ’ =
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Schemel.2.5 Synthesis of-methyt6-phenyt1H-pyrazolo[3,4b]pyridin-3-amine

Almost all methods known to date for the synthesis of imidazdjp¥ridines are based on
imidazole ring closure on pyridine core. learliest report in th field appeared in 1927,
which represents a reflux of 2gdaminopyridine in acetic acid anhydride that was followed
by the formation of Znethylimidiazolo[4,5b]pyridine system. After the initial report this
methodology was furtliedeveloped using otheanhydrides. As a result, a number of
imidazo[4,5b]pyridine derivatives with different substituents were synthesig@@cheme
1.2.6)°°
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Schemel.26. Synthesis aimidiazolo[4,5b]pyridine starting from2,3-diaminopyridine

Another approach was proposed ®gtoet al. In order to prepare amidazo[4,5b]pyridine
corel.2.5 thay applied the reaction ofdmino1-methylimidazol4-carbaldehyde%.2.4with
malononitrile or ethyl cyanoacetate in etbhat basic media under refl¢®cheme 1.2.7Y

N cHo PN MeOH/MeONa N N R
7
Me—<I + R7 TCN :Me—</|/
/N NH, reflux, 2-4h /N N NH,
Me Me
124
R = CN, CO,Et
125

Schemel.2.7. Synthesis db-aminoimidazo[4,5]pyridine 1.2.5

Aiming to prepare thialerivatives ofimidazo[4,5b]pyridines, Koga et al. showed that the
heating of Samino-1-methylimidazol2(3H)-thion with diethyl ethoxymethylenmalonate in

10% NaOH water solution leads to correspondmiglazo[4,5b]pyridine-2(3H)-thiones1.2.6
(Scheme 1.2.8¥

H
N
s
N H I
H-sN EtO,C
2 Me g, (E0L1CT | N/ES 9, AN
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2 \
Me

O =~ “OEt

0~ TOEt
Schemel.28. Synthesis aimidazo[4,5b]pyridine-2(3H)-thion 1.2.6

Additionally a twastep procedure towards thiazolo[bfpyridines was presented by

Bergmanet al. starting from aminopyridine and appropriate isothiocyanate, following by
6



cyclization in presence of bromine in acetic acid¢iporoform?’

Despite the facthat a number of synthetic approaches for the synthesis of heterocyclic fused
pyridine derivatives appear in the literature, however, the overall interest in the chemistry of
purine isosters is still very high. Moreover, bs& of the literature shows that the synthesis

of fused pyridines bearing a carboxylic, formyl, amino and heteroaryl substituents still
remains an actual synthetic task. Having in mind the deficiency, multiple steps and a number
of other restrictions ofhe methods proposed before, the goal of this work was to design and
develop new and efficient synthetic methods toward the wide range of fused pyridines starting

from simple commercially available building blocks by raemanding synthetic protocols.

2. Synthesis ofstructurally diverse fused pyridines starting from

chromones and electrorexcessiveaminoheterocycles

As it was discussed in the introductiooyr main goal was to develop a new, easyl
universal synthetic pathwawhich will allow us to buildup different purine isosteres starting
from low-cost starting materials. In order to construct the desired systems, different
approaches were used. Specifically, in this part of work the domino reaction was investigated
between chromones and electextessiveaminoheterocycke

In current study the retrosynthetic analysis was based on the pathway that includes an
enaminelike framework as 1:&£CNbinucleophiles and set of different 1CTC
dielectrophiles (Figure 2.1). In following chapters we will usdfelient electrorexcessive
aminoheterocycles as 1C3CN-binucleophils and different chrome#ones as 1;£CGC
dielectrophiles. However, more relevant chemical application of eleekosssive
aminoheterocycles and chromé&mnes will be discussed at adwe.

Purine isosteres Electron-excessive

. 1,3-dielectrophile
aminoheterocycles

Figure2.1. Retrosynthetic analysis of fusegridines



2.1 Chemistry of electron-excessive aminoheterocycles

Electronexcessive aminoheterocyclean be considered to act as enamines. Due to some
contributionof enamine resonance structure, these systems usually hav&€muooéeophile
rather thanN-nucleophile characterF{gure 2.1.1) Consequently these systems are an
interesting class ol,3-CCN-binucleophiles which initially react with electrophilesia b-

carbon atom.

:|‘\

NH,

Electron-excessive
aminoheterocycles

Figure 2.1.1Electronexcessive aminoheterocyckesenamines

1,3 CCN-binucleophiles are widely used in organic chemistry for construction of simple
heterocyclic systems, such as pyridines, quinolipesines and their isosters. In current
chapter we would like to summarise previously known methods of the pyridine/pyrimidine
syntheses,via enamine functionalization by the means of -CGCG and 1,3CNG
bielectrophiles. Simple systems, like pyridine datives, can be formed from igscarbonyl
compounds and-a@8minoacylate. This approach with its variations is one of the most useful
procedures towards the synthesis of unsymmetrically substituted pyridine deriVafiees.
instance, aminocrotonoethylatcaaminoacrylonitriles were applied for the construction-of 4
CFRs-pyridines. The reaction was carried out in ethanol under reflux, after 2 hours the desired

products were isolated with moderate yields (Scheme 2%.1).

CF,
R
l S
EtOH reflux _
Me N R,
R =CN, COOEt
R1 CH3Y Ar

Scheme2.11. Synthesis of€€F3-pyridines

Pushpull enamines appeared to be out of any general regularity: it was shown by authors, that

the reaction of 1,1,1,55/exafluoroacetylacetone with puphll enamines (AN =



pyrrolidino, piperidino, morphaio) having anethylgroup at théposition, is sensitive both
to the structure of enamines and to reaction conditions. As a result, a set of
bis(trifluoromethyl)dialkylanilines and ethyl bis(trifluoromethyl)salicylate were prepared

(Scheme 2.1.2)"

NAIk, NAIk,
EWG
e X EWG F4C CFs  FsC CF4
benzene
+ —_—
r.t. or reflux 2h + OH

CF; O EWG
)\/U\
HO CF3

FsC CF3

Scheme2.1.2.Synthesis of bis(trifluoromethyl)dialkylanilines and ethyl
bis(trifluoromethyl)salicylate

Kirollos et al. presented the synthesis ofCE;-quinolines starting from TFAinyls or TFA
acetylene. The latter weneacted with electreexcessive anilines in neat trifluoroacetic
acid® This method was suitable for synthesis 6 R:-benzop]quinolines 2.1.1° and

dihydrobenzof]acridine” using various enaminoketones (Scheme 2.1.3).

0 CF,
EtOMCF -
or anilines | X | CF;  H3PO4 X
é,o TFA Yo 165 °C 3h P
R1 _— N R1 N R1
H
2.1.1

R = Alk, Ph
Scheme.13. Synthesis of-£Fs;-benzo[h]quinolinex.1.1

In this context, electreexcessive anilines, possessing an electron donating group (EDG) in
the aromatic ring can behave as enamines and react under mild conditions forming the 4
trifluoromethylquinolines in good vyields. Using this concept some androgen receptor

modulators and a row of antitumor drugs were synthesised (Figure2.1.2).



Tos/ Tos

Figure2.12. Some examples of antitumor drugs wittiluoromethylquirlines moiety.

Afterwards, it was shown that this approach can be applied also for elegtressive
aminoheterocycles.This approach opened new horizons in the chemistry of fused
pyrimidines, hence the reactions of numerous aminoheterocycles witthele8trophiles

were studied. By this synthetic road the pyridine ring was annulated to the pyrazole, furan,
thiophere and uracil. The distinguishing features of this synthetic procedure are almost

quantitative yields and the mild reaction conditions (Sch2rhe)*

@) O

aminopyrazole ~ M
aminofuran E\ FsC R
' N

aminothiophen

aminouracil H, AcOH, reflux

R = Alk, Ar, heteroaryl,
CF3 OH

Scheme2.14. Synthesis of€Fs-substituted fused pyridines.
Meanwhile, Japanese authors have demonstrated the synthesis of pydfioj@rBidines

2.1.2 and pyrazolo[3,b]pyridines 2.1.3 by cyclocondensan of corresponding -6

aminouracil or saminopyrazole with Cfenones (Scheme 2.1.35).
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Me R1\N
Me R WNHZ )\ | o R

- ') N NH, R N
y N N | 2 1
N\ | _ —> 2\
N™ N7 ~cF
/ 8 H+ toluene, A R = Ph, OEt toluene/DMSO s
e R 21.2
21.3 or 2

DMF, A
Scheme2.15. Synthesis of pyrido[2;8]pyrimidines2.1.2and pyrazolo[3,4b]pyridines
2.13.

Another group used -tormyl-1,3-dimetyluracil as 1,3ielectrophile. The cyclization
reactions of the latter, with various electrexcessive aminoheterocycles, lead to the

formation of a serie of fused heterocycles containing a unit of nicotinic acid (Schemé®?.1.6).

aminopyrazole

aminouracil

aminooxazole

aminothiazole : /g AcOH
v NH,

aminofuran reflux
aminothiophene

Scheme2.16. Synthesis of nicotinic acglbstituted fused pyridines.

Furthermore, by our colleagues a cyclocondensation reactioraoyk3and 3formylindoles
with aminoheterocycke was presented in order to prepare new heteroannulat@d 3
aminophenybhpyridines2.1.4 The reaction starts with opening of indole ring that is followed

by subsequent cyclocondensation. The reported transformation represents a rare example of

domino reaction, which includes the cleavage of indole moiety (Selehi7)’

aminopyrazole .

aminopyrole )

aminoimidazole

aminothiazole : NH AcOH reflux
aminouracil 2 2

- /
anilines R

R1 = H, Me, COzMe
R, = H, Me, Ph

Scheme.17. Synthesis of heteroannulatedZaminophenybpyridines2.1.4

Recently, a variety of 1;Buorine-containing dielectrophiles were used for the annulation of
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CNCGCtriade to anelectronexcessie systems. The most utilized systems among these 1,3
CNGCdielectrophiles are functionalized heterocumulenes. For instai¢#;chloro-2,2,2
triflouroethylidene)urethane 2.1.5 was coupled with some electrexcessive
aminoheterocycles in a twatep processthe first attack was directed by more hard
nucleophilic centre; for aminoheterocyles it is the amino function. Formed amidines can
undergo a cyclization reaction under harsh conditions (usually in tolueneytene) leading

to heteroannulated pyrimidés (Scheme 2.1.8}.

0]
aminofuran : _CO,Me | \
aminothiophene | N ? HCI : N/COZMe : NH
aminopyrazole | | + )I\ - i | | _ > ! |
aminooxazole ' NH cl CE ' )\ o-xylene ! /)\
aniline ' 2 3 - H CFs  qa40c -7 °N CF3

2.15

Scheme2.18. Synthesis of heteroannulated pyrimidines in two stegrsing from2.1.5

Very recently was reported an interesting method for the assembly of fhoomt&ning
purines and thiazold,5-d]pyridimines (#thiopurines). The method involves cyation of 5

aminoimidazoles or -aminothiazoles with aryl isocyanates as -CJ]8C-dielectrophiles
(Scheme 2.1.9).

R Ar

s
NATk,— i\]\ )
N™ SNH;

2.1.6 C|@ Ar
TEA, CH,Cl,

r.t., 5h

N
cl
Me—</N]\ 2.1.8 N o
/ NH2 R = CF3, Ph Me—<N /g
;o N©

S
NH
NAIk2—<\ l /1%
N o)
N

2.1.9
R Ar

Me Ar = Ph, 4-MeCGH4, 4-OMeC6H4
21.7 Me

21.10

Scheme2.19. Synthesis a2-(dialkylamino}7-(trifluoromethyl}6,7-dihydro[1,3]thiazolo[4,5
d]pyrimidones2.1.96-(trifluoromethyl}1,3,6,9tetrahydre 2H-purin-2-one2.1.10.

Reactions of dlialkylamincthiazole4-amines2.1.6 generatedn situ from their salts and
1,2-dimethytimidazole5-amine  2.17  with  Uchloro-U-phenytb , HriflUmroethyk
isocyanate.1.8leads to dialkylamino}7-(trifluoromethyl}6,7-dihydro[1,3]thiazolo[4,5
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d]pyrimidones 2.1.9 and 6(trifluoromethyl}1,3,6,9tetrahydre2H-purin-2-one 2.1.10
respectively. Moreover, it was foundaththe reactions o2.1.8 with 5-aminopyrazole, 5
aminoisoxazole, -Inethoxy5-aminofuran and #Znethoxy5-amindhiophene result to a
complex mixture of unidentified productsurthermore the use of less reactive thhanes

leads to trifluoromethytontainirg heteroarylamines’

All discussed methods presented above prompted us to develop the chemistry of fused
pyridine derivatives taking advantage of unique properties etdctronexcessive

aminoheterocyclic (Figure 2.1.3).

e i 21

R/1 E4 a, R = 4-MeO-Benzyl;

R
E1a, R=Ph, R,=H; E2 3, X =S, R = Me; b,R= _ Cyclohexyl;
b, R = Me, Ry = H; b, X=S,R=Ph; ¢, R = t-But.
¢, R=H, Ry =Me. ¢, X =S, R = Cyclohexyl;
d, X=S,R=Et
e, X =0, R=4-Cl-CgH,.

]
::]\NHZ

z

~a. T s &
NH, 1~
|
N

E54, Alk,N = NMey;

Electron-rich ) E7a, R OMe R, =H;
aminoheterocycles b, AlkoN = Morphgllno; X | NH; b, R1 R2 Ol\;e
c, AlkoN = Piperidino. R, ¢, Ry =H, R2 - R3 = OMe;
E6a, X=0,R;=Ry=H; d, Ry =R, =H, Rz = OMe.
b, X=0, R{=Ry=Me;
c,X=0,Ry=H, R2=Me
NH, d,X=8,Ri=R,=H

)N\:| o [j@ NH
)\Jj

Figure2.13. List of used electreexcessivaminoheterocycleand anilines

Based on the literature data, we chose a library of diverkxtronexcessie
aminoheterocycleand anilinesas main starting binucleophiles for our further study (Figure
2.13). In the upcoming chapters the reactions of these endikénepecies with different

bielectrophiles will be discussed.
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2.2. Chemistry of Chromones

The H-pyran2-one ring systems are potential aromatic species, due to the contribution of the
pyrylium-2-olate structure, but facile cleavage of the ring by nucleophiles makes it most
likely a lactone rather than an aromatic system (Figure 2.Ztpydan4-one and its benzo
derivatives (chromones) show chemical properties in agreement with sulbstegigatron
delocalization and consistent with a betaine structure (Figure 2.2.1). Earlier studies suggested
that chemical shifts and coupling constants in these systems indicate the presence of a
diamagnetic ring current, comparable to the one in benheteeestingly, replacement of the
oxygen heteroatom with sulfur and/or nitrogen induces downfield shifts of the ring protons,

suggesting increased ring currents and therefore increased aromaticity in thiopyrones and

quinolones.
o o
X N A
| -~ - . ]
7
o) O ®O O 0 o5
2H-pyran-2-one pyrylium-2-olate 4H-pyran-4-one pyrylium-4-olate
0 0®
X
e
=z
@) Og
4H-chromen-4-one chromenylium-4-olate

Figure 2.2.1. -Electron delocalization and consistent with a betaine structure of pyranones

The fact, that chromone ring is also prone to undergo a facile domino cleavage of the ring by
nucleophiles makes it most likely a conjugate ppsh system rather than an amatic system
(Figure 2.2.2). Hence, the aromaticity of the heterocyclic ring in pyrones and chromones is

still under scrutiny.
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(@) H

O

Co s
O\

Nu Nu Q Nu Nu

’\'f .
Nu Nu

Figure 2.2.2Chromones likely a conjugate puphll system.

According to our retrosyntheti@nalysis, the second reaction component to be used are 1,3
dielectrophiles. ParticularlyHkchromen4-ones or simply chromones are prone to react with
nucleophiles as 1;8ielectrophiles (Figure 2.2.3). They can be considered adidgBoonyl
compounds vth masked salicyloyl fragment at the position 2. In addition to their unique
chemical properties, chromones are one of thaifgsggnt classes of oxygen contaig
compounds, and many natural and synthetic derivatives of chromones possess a variety of

biological activities'”

OH O 40 =

@\(R1 _ R, — A !
® o o oy 2
1,3-dielectrophile Chromones

Figure2.23. 3-Qubstituted chromones as masked-digectrophiles.

The main synthetic interest of these clusters is their ability to react with different nucleophiles
leading to assortment of nexgarranged heterocyclic systems potentially relevant for drug
discovery’® Moreover, the reactivity of chromones is well documented in the literature,
thereby in this chapter will be discussed readily available derivatives of chromones and their
chemistry In the family of chromone derivatives the most popular onefagrBylchromone,

which was for the first time synthesized on early 1970s. The reason of increased isterest
that theseypes of molecules have three electrophilic centers: the aldehydeynthe G4

atom and the € atom; the latter can be considered as a hidden aldehyde function (Figure
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2.2.4). Additionally, it was shown that the reactivity eiGtom toward nucleophiles is much

lower compared to the formyl group and th& @tom.

0
I ]
e =
R i =|R—- |
N 2 ' 2

0 Zon“ o
2.2.1 2.2.1

Figure2.24. 3-Substituted chromonea 2.1as masked 1;8ielectrophiles.

According to detailed analysis of literature concerning the chemistryf@i®/chromones
2.2.1, the pathways of transformation of such moleculesbeadivided orthreegroups.

Seldom, the chromone ring stays intact during the reaction, thus only formyl group
participaes in the reaction, similar to simple aromatic formyl groMode |, Scheme 2.2.1).

For instance, the reaction off@mylchromones wih alanine or phenylglycine ethyl ester
(1,2CN-binucleophile) in toluene in the presence of TsOH leads to pyrrole ring formation
(PathwayA, Scheme 2.2.1}’ Another case represents the reaction-fifrenylchromone2.2.1

with aminocrotonate (1;8CN-binudeophile) in acetic acid, that delivers to a mixture of
dihydropyridines (Pathwa, Scheme 2.2.1). Additionally, the authors found that(8-
phenyt3H-[1,2,4}dithiazol3-yl-chromenr4-ones are formed wher2.2.1 reacts with
thiobenzamide (Pathway, Schene 2.2.1).°

/>\Ph
xylene,
reflux
Mode |

Scheme2.21. The reactivity of the exgclic formyl m0|ety of 3ormylchromone?.2.1

Very often the reaction d?.2.1with binucleophiles proceedsa aldehyde moiety and -2
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atom of chromoneing, whichis usually followed by recyclization and in some cases with
various ring annulationgvode Il, Scheme 2.2.2). For example the reactiof.2f1with 1,2
N,N-binucleophiles, such as hydrazine derivatives provides a new pyrazoles ring formation
(PathwayA, Sceme 2.2.2§/ Furthermore, a wide range of reactions with different 1,3
binucleophiles were reported to date. An obvious example is the reactibd. bivith 1,3
CCN-binucleophiles, such as cysatetamides or malonodiamides, which prosiden
interesting pathway to different pyridine derivatives (Pathwd; Scheme 2.2.2
Interestingly, heterocyclic 1,8CN-binucleophiles like H-benzimidazole derivatives were
considered as well. The cyrdition takes place in ethylene glycol at °C, or in
TMSCI/DMF system resulting pyrido[1;8]benzimidazoles (Pathwag, Scheme 2.2.2)
Besides, a convenient synthesis of pyrimidine derivatives was proposed by the reaction of 3
formylchromone<.2.1 with 1,3NCN-binucleophiles (for instance amidines, guanidinesg a
ureas) (Pathwafp, Scheme 2.2.2 Fi nal | y, by Langer 6s-CQCr oup
binucleophiles, namely bissylil enol ethers were deeply investigated. According the
methodology described by Langet al.,a broad number of benzophenone deriesgtiwere
obtained (Pathwal, Scheme 2.2.2).

OSlMe3 OSlMe3
R1 NG _ NHoNHR; @)Kt\
/ _ on Megs,OTf NaOH/KOH //

221 EWG R1
O H 2 H
OH O %\2 - %‘o/ B
5 OH O
A N . Cc 8 ©:N\>—\ e EWG
| | /)\ o N X X X
/F NT x £ H | |
M
R // N o
Y R I
OH O R
T T @
// NS \N
X

Scheme2.22. Cyclizations troughformyl moiety and € carba atom.

In some transformations off8rmylchromone2.2.1 with binucleophiles instead of pyrone
ring opening aa&t of ring annulation can take pladddde 11l , Scheme 2.2.3). This type of

annulation was observed in the reaction -#d@nylchromone2.2.1with heterocyclic amines
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(1,3 CCN-binucleophiles) that leaded to the formation of fused pyridines (Pathiway
Scteme 2.2.3j7 An interesting results were disclosed witcresol, that behave as GO
binucleophile, namely a subsequent ring annulation pra2ldc2 was obtained (Pathwes,
Scheme 2.2.3) An annulation product was prepared also, wheorBiylchronone 2.2.1
was treated with 1;Binucleophiles (for instanceN-substituted o-phenylediamines)
delivering to corresponding chromeno[:hJBl,5]benzoxazepiri3-ones2.2.3from moderate
to good yields (Pathwa@, Scheme 2.2.3).

o) (5 R
Me N N
| —R =
o o = ag. HCI, AcOH // Py, EtOH N
™

222

(%)
«GJOQ,‘/QJQ H
o ) /N (On
TN =N H,N ¢
R | 2
R, = Alk, Ar
= 0" N 1
/
2.2.3 R4 Mode Il

Scheme2.2.3. Reactivity okexaformyl moietyof 2.2.1without pyrone ring opening

Nevertheless, except-fBrmylchromone there are some other examples of chromone
derivatives which were investigated to date. Recently a reactior(mdl&luoroacy)-4H-
chromen4-ones2.2.4with different binucleophiles was performed. This approach provided a
new and versatile pathway toward polyfluoroalkybstituted fluorinated molecules. For
instance the reaction of fluorinated chromoge®.4 with aliphatic andaromatic amines in
methanol at room temperature for two days affordethlid/l/arylaminomethylenel-
hydroxy-2-(polyfluoroalkyl)chromanr4-onesin good yields (Pathwa#, Scheme 2.2.4). The
reactions of COR--chromone with amidines or guanidines in tB&F delivers new
derivatives of polyfluoroalkypyrimidines (PathwayB, Scheme 2.2.4} Interestingly, the
cycloaddition of 3(polyfluoroacyl}-chromones (heterodiene) with 3Jéhydro-2H-pyran and
2,3dihydrofuran under mild conditions produced novel tuggrones in moderate yields
(PathwayC, Scheme 2.2.4).
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N . HNZ >x X Re RiNH, X =
N e | | R R
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Scheme2.24. Reactivity of polyfluororacyl}chromone®.2.4

The following chromone derivatives, which were intensively studied, aoxo4iH-
chromene3-carlonitriles 2.2.5 Not surprisingly, introduction of reactive and electron
withdrawing CN group to the position 3 of romone system initiates crucial changes of
reactivity in the pyrone ring towards nucleophiles, that broadens the synthetic potential of 3
cyano chromones. For example, remarkably was found that depending from the solvent the
reaction of 3cyanaochromones and phenyl hydrazine can give different products (P#@&thway
B, Scheme 2.2.5] Moreover, the reaction of cyanochromdh@.5with anilinesunder reflux

in benzene, suddenly leaded to the formation -@nino3-(aryliminomethyl)chromones
(PathwayC, Scheme 2.2.5)’ Besides, the mixture of-8yanochromong.2.5with different
o-phenylerdiamines in two steps can be converted to benzimidadistituted chromones
(PathwayD, Scheme 2.2.5¥.

o)

D CN NH2NHPh
e —

benzene NH2 | | EtOH N Ph

R
AcOH N 2 225 “,
A,
C | Ar-NH, "'oo %
0] benzene N/’\i
X
R P |

Scheme2.25. Reactivity of &cyanaochromone®.2.5

Eventually, it should be noticed, that among the examples of binucleophiles discussed above
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recently were publisile some samples of the reaction between ele@roessive
aminoheterocycleg.1 and 3formyl 2.2.1 or 3COR-chromoneg2.2.4 In the first case the
reaction proceedsia pyrone ring opening other ring closureMode I, Scheme 2.2.2), so
corresponding pydine derivatives were formed.In contrast to this, the products formed by
the reaction of gpolyfluoroacyl)chromenone2.2.4with aminoheterocycleg.1 are strongly

dependent from the reaction conditions (Scheme 22.6).

O (0]
I
| o] OH
) 22 10 aminopyrazole
| T e X aminooxazole
oy msoowe L sminoviszol
v 21 100 °C N

aminopyrazole
aminooxazole
aminothiazole
aminouracil

. aminoimidazole
aniline

DMF or AcOH

Scheme?.26. Electronexcessivaminoheterocycle®.1 as binucleophiles in the reaction
with chromone®.2.1,2.2.4

It is obvious that clomone derivatives with electron withdrawing groups (EW4&)the
position 3 represenmportant and flexiblestating materialsand are intended faryclization

reaction with aminoheterocycles. Being inspired by the great chemical potential of the
reaction between chromones and various binucleophiles, we started the present work, in order
to develop new and efient synthetic methods toward the wide range pofinelike
compounds. So in the next few chapters the development of convenient procedures for

preparation of diverse pyridine derivatives starting from chromones will be discussed.
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2.3. 3-(Dichloroacetyl)chromonei a new building block for the synthesis of
formylated purine iscsteres. Design andynthesis offuseda-

(formyl)pyridines

2.3.1 Introduction

As it was discussed in previous chaptgrstine isosteres and purilige scaffoldsare of
subssntial attention in medicinal chemistry and drug desigm recent yearsunctionalized
derivatives of prine isosteres appear to be of high pharmacological importance as guide
structures and synthetic building blocks in medicinal and agricultural strgfti’® At the
same time these building blocksearing a carbonyl group, are of special intebestause of
the potential capability in design of inosinentonophosphate dehydrogenase (IMPDH)
inhibitors.*

IMPDH is a potential target in antitumor chemati®y.” The reasomf extreme popularity of
this enzyme among medicinal chemists is the fact, that IMPDH is a-8i&@ndent enzyme,
which controlsde noveosynthesis of purine nucleotidésnamely it catalyzes the oxidation of
inosine5-monophosphate (IMPto xanthosiné-monophosphate (XMP) that is followed by

transformation into guanosis&-monophosphate (GMP) (Scheme 2.3.1).

HO "//OH GMP
Scheme.31. Action of IMPDH

The concentration of IMPDH is increased in tumour cellsactivated lymphocytes, that is,

in the cells with increased activity of synthetic pathways leading to concentration of nucleic
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acids. Thus, inhibition of IMPDH should result in anticancer and immunosuppressive
activities. Hence IMPDH has received consitidgaattention in recent years as an important
target enzyme, not only for the discovery of anticancer drugs, but also for antiviral,

antiparasitic and immunosuppressive chemotherapy (Figure 2:3.1).

o

Me OH ¢ N NH
2
HO N </ |
N
O e} OH
(e}
MeO HO
HO  OH

Micophenoi i
icophenoic acid Mizoribine,

o Bredinin

~N SM
HO
N oy o Jo
5 N NH,
/|\O \
HO — HO™™ ™

OH T .
HO OH OH
Ribavirin-5-phosphat Thiazofurin

Figure2.31. ActiveIMPDH inhibitors.

Some of IMPDH inhibitors are currently used in the clinic and are released on the market, e.g.
ribavirin,”> mizoribine,® tiazofurin TR’ and mycophenolic acid MPA. However,
development of new structures with potential inhibitor agtitowards IMPDH continue to

be of considerable interesh this chapter we will discuss a versatile preparative approach for
synthesis of purine isosteres bearing a formyl functionality located di-plosition of the
purine/pseudo yrine core.We consider these scaffoltts be mechanisrbased inhibites of
IMPDH.

2.3.2 Synthesis of starting materials

In order to synthesis desired products, as a starting material was chesen 3
(dichloroacetyl)chromam2.3.2 which can be considered asnew polydentate etgophilic
substrate for the synthesis of dichloromethylated fused pyridines. It is known from the
literature, that Substituted chromones can be prepared by tletioaaof 3-(dimethylamino)
1-(2-hydroxyphenyl)propenl-one2.3.1with diverse electrophileS.According to the known
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general procedure, we were able to prepaf@chloroacetyl)chromong.3.2in 75% vyield by
reaction of 3(dimethylamino)l-(2-hydroxyphenylpropenl-one 2.3.1 with dichloroacetyl
chloride in pyridine (Scheme 2.3.2)The product is stable at room temperature) (for

several years.

OH O 6 O
o) Py (3 equiv.), CH,CI
NMe, )J\ y (3 equiv.), CH, > | CHCl,
+
Cl” ~CHCl, r.t, 8h o
23.1 (1.1 equiv.)

2.3.2 (75%)

Scheme2.32. Preparation of 3(dichloroacetyl)chromong.3.2

It should be noticed, that despite tege chemical potential & (dichloroacetyl)chromone
2.3.2as a building block in organic synthesis, no data on the preparation and/acathem
properties of this molecule was reported before us. Another aspect that motivated us to choose
3-(dichloroacetj)chromone2.3.2 is the possibility to havdichloromethyl grougn purine
isosteres, that can be easily converted into fofmynd trichloromethyl" groups.
Noteworthy, it is difficult to prepare dichloromethylazines by direct chlorination of the
correponding derivatives, since this reaction usually affords a mixture of fadiroand

trichloromethylazine$§?

2.3.3 Results and discussion

Accordingto the properties of-Barbonytsubstituted chromones described in @napter 2.2,
3-(dichloroacetyl) bromone2.3.2havethree electrofdeficient centres, namely carbon atoms
C-2 and G4 of the chromone moiety and the carbonyl C atom of C@C@toup, in addition

to electron deficient dichloromethyl group (Figure 2.3.2).

Figure2.32. Electrondeficient centresof 3-(dichloroacetyl)chromong.3.2.

Due to several potentially reactive electrophilic centres, the reaction with binucleophiles in
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principle can lead to several isomer products (Scheme 2.3.3). Therefore trepoerdl of
chemae and regioselecte synthetic method towards the preparationpofine isosteres
bearing a dichloromethyl group in position 2 was l@mging. Based on the results from the
literature, in acidic media the first attack of binucleophile {geeting to be on the position C

2 with following intramoleculare cyclizationia another electrophilic ceet In order to
examine the reactivity of2.3.2, we started or investigation using electreexcessive
aminoheterocycles E1-E8 described in the Chaper 2.1. The reaction of 3-
(dichloroacetyl)chromon@.3.2 with E1 (Figure 2.1.2) was performed in acetic acid under
reflux. Surprisingly, from a vast number of possible regioisomefdichloromethyl}1,2-
dihydro-2-phenylpyrazolo[3,4]pyridin-3-one 2.3.3awas the only detected product. It was
quite easy to control the end of the reaction by TLC, since the starting chromone was totally
converted to the product. Having first promising results in hand, the rest of elextressive
aminoheterocycleE2-E8 (Figure 2.1.2) were scanned witi(dchloroacetyl)chromon@.3.2
(Scheme 2.3.3)Gratifyingly, corresponding heteroannulated pyridiges3were isolated in
good to excellent yields (683%) (Table 2.3.1).

o o

| CHCL  + j\ AcOH 3320 o
" SNH, —— , )
o : Ar, reflux 2-5h
232 E1, E3-E6, E7a, ES o

(1.1 equiv.)

0" “cHcl,

not detected

not detected

Scheme.33.Pre p a r a t -ClQh-substitutddfused pyridine®.3.3

Noteworthy, that in case of-@mino1H-imidazole2(3H)-thione E2, the standard reaction
condition in acetic acid was inapplicable, since the startiglgctronexcessive
aminoheterocyclde2 was not sbile in acidic media. Therefore in this case an alternative
TMSCI/DMF system was applied. This system have proved to be a water scavenger;
accordingly inreeent years it has found numerous applications in synthetic organic chemistry
(Scheme 2.3.4)°
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As it was mentionedbove,these conditions were successfudbpliedin the chemistry of 3

formyl 2.2.1 and 3COR:- 2.2.4 chromones. Namely they were reacted with
aminoheterocycles such as aminooxagokminothiazols, aminouracs etc (seeChapter

2.2). In contrast to -£OR--chromones2.2.4, the reaction of3-(dichloroacetyl)chromone

2.3.2 with electrorexcessiveaminoheterocycke is more regioselective (see scheme 2.2.6),
since in all cases only one regioisomer of fused pyridines was detected. Besides, in most of
the cases a simple recrystallisation was enougbutdy obtained compounds. Exceptions
were few, only in some cases there was a need toypting crueé by column

chromatography.

2.3.4 Unsuccessful results

Unfortunately reactions with pyrimidia24,6triamine E9, 5-aminopyrimidine2,4(1H,3H)-
dione E10, as well as with aniline derivativesll, 12 were not successful. Using the both

reaction conditions described above resultadseparable mixture of compounds.

2.3.5 Mechanisticexplanation

We consider that the regioselective formation of anndlatgidines 2.3.3 starts with he

attack of intenal enamindike 6-carbon at € atom of3-(dichloroacetyl)chromon2.3.2

AcOH, reflux
or

e TMSCI/DMF
100 °C
-

5 o : H(TMS)

o)o
X

chromone + E

Scheme?.35. Putativemechanism of the reactia 2.3.2with electronexcessive
aminoheterocyles
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The reason for this that theb-carbon atom in the enamiutige moiety is more nucleophilic
than the primary amino group, thus it behaves more Gikaicleophile. Following pyrone
ring opening delivers the intermediaB Following subsequent intmr®lecular attack of
amino group at the dichloroacetyl group form intermedi@teFinally, aromatization of
intermediateC by fission of HO molecule leads to the expected fused pyridines (Scheme
2.3.5).

Neither in AcOH, nor in TMSCI/DMF systemo other alernative cydkzation product was
detected (see Scheme 2.3.3).

2.3.6 Structure identification

All structures obtained during the study were confirmedHbyand**C NMR, IR and mass
spectrometry, in addition they are in good correspondence with earlighesied
heterocyclic compounds. IfH NMR spectra a typical singlet of the pyridine proton was
observed at 8.17-8.53 ppm in DMS@&ds (7.80-8.00 ppm in CDG). The singlet of ECl,
proton appears at 7.51-7.71 ppm in DMS@ds (7.01-7.50 ppm in CDG), addtionally the
singlet of OH was detected at 10.5:10.81 ppm in DMS@ls (11.0311.79 ppm in CDG).
The peak of ® was shifted to 10.5@1.00 ppm, which can be explained by formation of
intramolecular hydrogen bond with the neighbouring {ggtmup. Moreoer, all protons of
benzene ring are shifted to higher field, which proofs the opening ofytbeering In the
3C NMR spectra the peak d@HCl, appears ad 68.869.7 ppm.IR spectra showthe
stretching of OH group at 304@061 cnt which confirmed thepresence of hydrogen
bonding

Table 2.3.2Crystal structure 0£.3.3e

Compound Crystal Structure
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Furthermore, the stoture of 6(dichloromethyl)3-methyt1l-phenyt5-salicyloyl1H-
pyrazolo[3,4b]pyridine 2.3.3ewas established by-Kay single crystal analysis. The presence

of hydrogen bond between Okhd carbonylO-atom was confirmed by crystal structure
(Table 2.3.2). It was possible to see the planar core of heterocyclic fragment. The carbonyl
group was lgghtly twisted out of the pyrazolopyridine plane, probably to minimize
electronic repulsiomvith the chlorine atoms of dichlomethyl group. The torsion angle fer C5
C4-C8-01 was 45.3°.

2.3.7 Further investigations

Above already was mentioned thag thsed pyridines purine isostess bearing formyl group

at Uposition of pyridinecore are of special interestor the developmenobf IMPDH
inhibitors®* Thereforeasthe next step of the work conversion of ChiGtoup (a masked
formyl group) into formylmoiety was performed (Scheme 2.3.6). In ovesatl examples
(one from each type of fused pyridin&s3.5were prepared. The reaction was carried out in
the MeOH using 4 equivalents of KOH. After completion of the reaction (TLC control),
reaction mixturevas worked up with 10 M HCI solution (Table 2.33Rroposed method
deliversU-formyl-substituted imidazolg pyrazole, pyrrolo-, thiazolopyridine, and quinoline

derivatives2.3.5ah in good yields.

OH
1) KOH (4 equiv.), EtOI—L
. Ar, reflux, 2h -
: N CHCI, 2)10 M HCI
| 233 23.5a-f

Scheme2.36. Conversion of CHGIgroup to the CH®.3.5

The conversion of CHGIgroup to formy was proved by NMR spectroscopy. iH NMR
spectra the singlet of KICl, moiety atd 7.51-7.71 ppm disappeared, and a new singlet
corresponding to CB appeared atl 1055-11.81 ppm (DMSO-dg). Moreover, in the'*C
NMR at 191.6192.7 ppm (DMS@ls) a peak foformyl carbon atom was detected.
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Table 2.3.3List of prepared Zormylfusedpyridine derivative®.3.5

@ 2.3.5a 70%

2.3.5d, 65%

@ 2.3.5b, 72%

OH (0] OH
Me
N | X o)
P
(@) v N
M

CHO MeO

® 2.3.5¢, 80%

Me OH Me OH  Nc OH
N
s : | X (@] \ 7 | N (@) / X (@)
\ — —
N™ “N""cHo N~ >N ScHo N~ >N ScHo

2.3.5f, 77%

2.3.8 Conclusion

In summary of presented chaptdor the first time was reported the synthesis 3af

(dichloroacetyl)chromone 2.3.2 An efficient cyclocondensation reaon of 3-
(dichloroacetyl)chromon@.3.2as a new building block with diversity of electrercessive
aminoheterocyclek1-E8 was reportedThe reflux in acidic condition was applied for most
casespr alternatively TMSCI/DMF system was used. The proposed methods were easy and
simple ensuring good regselectivity. Corresponding fused pyridines were formed in good
yields. The dichlormethyl group was easily transferred into formyl group leadiognation

of Uformyl-substituted fused pyridinea.3.5 This approach gives a possibility to prepare

new fused pyridines which could be IMPDH inhibitors.



2.4. 3-Methoxyalylchromonei a new building block for the g/nthesis of
carboxylated purine iscsteres. Design andsynthesis offuseda-

carboxymethyl pyridines

2.4.1 Introduction

Having initial successful results in preparationasformyl-substituted purine isoses, we
continued the study on msthetic utility of 2unsubstituted -&cylchromones astarting
materials towardsa-substituted fused pyridines. As it was previously mentioned, purine
derivatives bearing carbonyl or carboxyl funcabgroupsare of special interest in the design

of IMPDH inhibitors. Moreover, fused pyridines with a carbofhctional group in thea-
position can be considered as derivatives of picolinic acid, an isomer of nicotinic acid.
Picolinic acidactsas achelating agent for some biogene metalsch as chromium, zinc,
manganes etc in human body. It is involved in ddogical synthetic pathways of

phenylalanine, tryptophan and number of alkaloids (Figure 24.1).

AN
| Yy~ "OH J_ _oH
_ N
N o)
Nicotinic acid Picolinic acid

Figure2.41. Biologically ective pyridines with carboxyl substituent

In order to prepara-carboxytsubstituted fusegyridines 3methoxyalyl chromone was set
as the main subject for the following study. We believed that it can have similar reactivity
toward electrorexcessive aminohetocycles like other -8arbonylsubstituted chromones,
thereby giving an opportunity teonstruct a list of fused pyridines with carboxyl

functionality.

2.4.2 Synthesis of starting materials

3-Methoxyalyl chromone 2.4.1 can be prepared from3-(dimethylaminojl-(2-
hydroxyphenyhpropenl-one 2.3.1 using the same procedure proposed @3-

(dichloroacetyl)chromon@.3.2°’
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OH O o
, OMe
Py (3 equiv.), CH,CI
NMe, . CI)H(OMe y (3 equiv.), CHCl, - |
r.t., 8h )
o )
231 (1.1 equiv.) 2.4.1, (719%)

Scheme2.41. Preparation of 3methoxyalyl chromon2.4.1

That is, treatment of 1 equivalenf enaminone2.3.1with 1.1 equivalents of methoxyoxalyl
chloride in diclormetham in the pesence of pyridine as a base delivered desired 3
methoxyalyl chromone in 79 % yield (Scheme 2.4.1).

To the best of our knowledg® far exists only a single report related to the synthesis of such
molecules. In the beginning of 1950s by Whalktyal. was presented the synthesis of 6,7
dimethoxy3-ethoxalyt2-methylchromone, which was prepared from - 2
hydroxyacetophenone, diethyl oxalate and acetiydnite’ The chemistry of this molecule
was not previously studied. Additionally, the structure of outistachromone?.4.1was also
confirmed by Xray crystal structure analyqi§able 2.4.1).

Table 2.4.1Crystal structure of 3nethoxyalyl chromon2.4.1

Compound Crystal Structure
oo Q,’\
| R, /,I O o
2.4.1 ol Ao one
(\\ / \Cd/\ / c10
cs ¢ S O
I J J= % 0

"N N

2.4.3 Results and discussis

Obviously, 3-methoxyalyl chromone 2.4.1 has analogous properties with3-
(dichloroacetyl)chromone2.3.2 Therefore the regioselectivity of reaction between this
chromone as dielectrophile and aminoheterocycldsragleophile is interesting in its own
right.
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I carbonyl group

%u

: \ OMe
II carbonyl group

Figure2.42. Possiblereaction centers of-Bnethoxyalyl chromon2.4.1.

Starting chromon@.4.1hasfour electrondeficient centred,e. carbon atoms -2 and G4 of
chromone moiety and two carbonyl groups dd@O,Me moiety attached to carbon-I
(Figure 2.4.2). From the analysis of literature it is evident that the majority of previously
described reactions of these compounds are opluilléc additions with concomitant opening

of pyrone ring leading to variousheterocyclic compounds. Our goal was to develop a
convenient reaction condition for the reaction 2#.1 with different electrorexcessive
aminoheterocycles, with succeeding study of regioselectivity of the method. The sufficient
results, which were ohbteed by the domino cyclocondensation reactions of 3
(dichloroacetyl)chromon®.3.2with set of amioheterocycles, have motivated us to use similar
conditions also for present investigation. Therefore, a test reacti@m dfwith Ela was
performed in aceti acid under reflux for 3 h (Scheme 2.4.2). Gratifyingly, starting from
initial trials we were successftb obtainthe desired fused pyrazolopyridi@e4.2ain 57%

yield. It is noteworthy that the product was formed with excellent regioselectivity.

)\ _AOH
Ar reflux, 2-5h

E1a-b, E3-E6
(1.1 equiv.)

not detected not detected

Schem&.42.Pr e p ar a-COMersubstifutedfused pyridin€s4.2
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Me
(@] O \ OH
N
OMe s—ﬁ/ ]\ TMSCI (1 mLyDMF
N
o) / NHz  Ar, 100 °C, 5-7h
o) R
E2

241
(1.1 equiv.) 242cyg

Schem&.43.Pr e p a r a-COMersubstifutedthidazo[4,5b]pyridine-2(3H)-thiones
2.4.2dg.
Table 2.42. Synthesied U-CO,Me-substituted fused pyridin€s4.2

T

o OH lo)
o
Ph—N Me—N, s=(
NN >cogme N N~ ~Cco,Me CO,Me N CO,Me
e
2.4.2a, 57% 2.4.2b, 80% 2.4.2¢,71% 2.4.2d, 73%
CO,Me CO,Me CO,Me N7 CO,Me

%

2.4.2e, 64% 2.4.2f, 70% 2.4.29,69% @ 2.4.2h, 73%

CO,Me CO,Me

CO,Me
i Me 2.4.21, 68%
2.4.2i 9 .4.21, o
b - ﬁ 2.4.2), 75% Me Me  2.4.2k 89%

N—<\ ]\/EO\ j I\/EEEL Oj\)‘j;;i;

>L

N CO,Me CO,Me
2.4.2m, 71% 2.4.2n,77% 2.4.20, 64%
0 OH OH
N HN |\ (e} HN

)\ él\ Z )\

o) r;l N CO,Me l¢) N N CO,Me S N CO,Me
|
M

Me e
2.4.2p, 55% 2.4.2q, 60% 2.4.2r,44%
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Encouraged by these findings, on the next step of our work we tested the scope and
limitations of proposed methodology towards various eleetsaressive aminoheterocycles
andanilinesgE2-E8. Gratifyingly, almost in all casesorresponding fused pyridin@s4.2with
carboxymethyl group ima-position of pyridine corewere prepared in good vyields and
exclusive regioselectivity(Scheme 2.4.2, Table 2.4.2However, as it was obsexd
previously (see scheme 2.3.4), the reactioB-ofethoxyalyl chromon&.4.1with 4-amino
1H-imidazole2(3H)-thioneE2 was not successful in acetic acid. Nevertheless, the alternative
reaction conditionnamely TMSCI/DMF system was successfully appliedthis reaction
leading to corresponding imidazo[4)fpyridine-2(3H)-thiones 2.4.2dg with good yields
(Table 2.4.2).

Interestingly, the reactivity of -Bhethoxyalyl chromone2.4.1 toward electrorexcessive
aminoheterocycles comparable to those f8¢(dichloroacetyl)chromong.3.2 however the

yields of compounds obtained from methoxyalyl chromone were in general lower (see Table
2.4.2).

2.4.4 Unsuccessful results

Unfortunately the reactions ofr@ethoxyalyl chromone.4.1with anilinesgE7-8, 11, 12as

well as with pyrimidine2,4,6triamine E9 and 5aminopyrimidine2,4(1H,3H)-dione E10

were not successful. In all cases a complex mixture of many unidentified products in addition
to low quantities of two possible regioisomers were formed (detected RiyCH Our
numerous attempts to isolate and separate mentioned products experienced a failure. The

reactions were repeatatsoin DMF/TMSCI system, though without any success.

2.4.5 Mechanistic explanation

Since the structure &.4.2is in good correggndence witt2.3.3 this prompted us to consider
that the regioselective formation of annulaté@O,Me pyridines2.4.2 starts withattack of
internal enamindike b-carbon at € atom of the chromone forming intermediatéScheme
2.4.4) Following pyronering opening leads to formation of intermedi&g1,4-addition).
Afterwards subsequent intrafecular attack of amino group to the first carbonyl group
attached at position 8f pyrone ring, leads to intermediate Finally, the cleavage of water

molecuk delivers desired fused pyridine.
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AcOH, reflux
chromone+E ——mmm>

TMSCI/DMF

/ 100 °C

Scheme.4 4. Putativemechanism of the reaction

During the reaction other products of alternative i@gtlon of intermediaté\, involving an
attack of amino group to the carbonyl gpoconnected to the benzene ring, were not detected
(for some possible bgroducts see Scheme 2.4.2). All reactions were repeated also in
TMSCI/DMF system in order to detect alternative cyclization products. Nevertheless, only
expected products were formesimilar to those obtained in acetic acid.is important
mentioning, that the product, which could have been formedlternativeN-nucleophilic
attack,was not detected eitheB¢heme 2.4.5)This was established based on the crystal

structure analysiand 2D NMR (see below).

Scheme2.45. Mechanism of Mucleophile attack
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2.4.6 Structure identification

Structures of all obtained compounds were confirmed'tyand **C NMR, 2D NMR
spectroscopy, IR and maspectometry. Not surprisingly they were similar to earlier
synthesized Herocyclic compounds. IFH NMR spectra a typical singlet of the pyridine
position proton was observedd?.888.65 ppm in DMS@ds. The singlet of CO®le moiety

was atd 3.60-3.81 ppm in DMS@ds, additionally QH singlet appeared at10.6611.82 ppm

in DMSO-ds. Moreover, all protons of the benzene ring were shifted to highidr This may

be accepted as an evidence for the opening of pyronelmind NMR spectra was possible
to see the peak ofMeatd 52.1-53.0 ppm.The presence of hydrogen bonding was seen in the
IR spectrums as welOH-strechat 30493113 cn).

Table 2.4.3Crystal structure o2.4.2i,1.

Compound Crystal Structure

2.4.4

2.4.2

The structures o02.4.2iand 2.4.2I were independently confirmed by-rdy crystal structure
analysis (Table 2.4.3). The spectral similaritiestbEO,Me-substituted fused pyridings4.2

with the products obtained i@hapter 2.3 can be considered as an evidence for similar
regoselectivity. In the molecul®.4.2i was seen the planner structure of iloggridine
system. Obviously, the carbonyl group was perpendicular to the plapyridine core,
probably to minimise the energy of molecule (the torsion angle feC&619-04 was
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91.8°). In contrast to this thiazolo[4tfpyridin 2.4.2] does not have arexcellent plannar

form, since thesulfur atom was slightly oubf the plane of pyridine. Moreover, in this
structure the CeMe group and the carbonyl group are both ofuithe plane of pyridine
(torsion angles for GE€5C9-03 and CEC6-C7-O2 are-126.8° ad 28.3° respectively).
Furthermore, hydrogen bonds between OH group and carbonyl msigtgsent in both
structures.

We measured also a NOESY spectra 204.2h in order to examine the possibility of
alternative regioselectivityia N-nucleophilic attak (Figure 2.4.3). Not surprisingly, only a
week correlation betweemproton of pyridine ring an@-proton of benzoyl moiety with the
methyl group of pyrazole ring was detected. The correlation betwesthyl group and ™e

of the ester group was not observed. In case of second possible regioisomer corresponding
correlationof methyl group from pyrazole ring with the ester moietyiposition of pyridine

ring would be detected. However no correlation of this type was seen. This can be considered

as an additional verification of regiosdivity of the product formed bg-nuclophilic attack.

NOESY

,”X‘ o (I:Hs

/0 __O

OH '

Me O
7 AN

N\

=
N N HO
“CHj
C-nucleophile product Possible N-nucleophile product

Figure2.43. The correlations observed MOESY spectra @ompound.4.2h.

2.4.7 Further investigations

The next step of our study was the preparation of corresponding carboxylic derivatives of
fused pyridines 2.4.6 As it was mentioned,a-carboxytsubstituted pyridines are of
considerable interest.

The treatment of corresponding ester derivatiZe$.2 with KOH in methanol under reflux

delivered to desired produ@s4.6ad in excellent yields (€heme 2.4.6).
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1) KOH (4 equiv.), MeOH
Ar, reflux, 2h o
2) 10 M HCI

@]
242 2.4.6 ad

Scheme2.46. The hydrolysis reaction-CO,Me fusedpyridines2.4.6

By this methodfour examples ofU-CO,H-substitutedfused pyridines2.4.6 were prepared
(Table 2.4.4). The structuresf all compounds we identified by NMR spectroscopy.
Particulaty for all four examples inftH NMR spectra the singlet of e group disappeared,
instead respective broad peak of G®&merged on 13.713.98 ppm in DMS@;.

Table 2.4.4List of synthesised-CO,H-substitutedused pyridineg.4.6

o OH Me OH OH (6] OH
7 AN O Me\ S AN (o) Me\N A O
Ph—N N N— ) Py |
N™ >N" “coH NTSNTScoH  Mé NTONT Scon 07 N7 N TcoH

|
2.4.6a, 80% 2.4.6b. 82% 2.4.6c, 79% Me
2.4.6d, 81%

2.4.8 Conclusion

As the conclusion of this chapter should be noted thia¢ synthesis andurther
transformationof 3-methoxyalylchromon&.4.1as masked dielectrophileas reported.We
have showasedthat 3methoxyalylchromone2.4.1 is a novel versatile reagent for the
synthesis offused pyridines- purine isosters bearingCO,H substituent.The scope and
limitations of the method was examined. Namely cyclocondensatiodtioreaof 3-
methoxyalylchromone 2.4.1 with different electrorexcessive aminoheterocycles was
performed. Corresponding fused pyridiried.2were preparedh good yields with excellent
regioselectivity. For some exemples 2#.2 was possible to hydrolyse the ester group to
appropriateU-CO,H-substituted fused pyridineéd.4.6 The possible biological relevance of

new compounds is under investigation.
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2.5. Synthesis of heteroannulated ahitro - and 3-aminopyridines by
cyclocondensation of electrorexcessiveminoheterocycles with 3

nitrochromone

2.5.1 Introduction

Going on with our study towards the development of new and simple methods for the
synthesis ofdiverse fused pyridines, we switched our attention on pdilkeescaffolds
containing an electron withdrawing group (EWG) at bl@osition ofthe fused pyridineore
(Scheme 2.5.1). It is known from the literature thatitBopyridines can form a stable
Meisenheimer type hydraté at the 4position®® Structuresof this typerepresent promising
patterns for the development of pati@l inhibitors for Adenosine Deaminase (ADA)
(Scheme 2.5.1).

H OH
EWG

X EWG

| H,O
_ — |
N R in vivo
N~ TR
I: EWG = NO, H '

Scheme2.51. The hydrate formatioof 3-nitropyridinesl.

Adenosine Deaminase (ADA) is a cytosolic enzyme. ADA is an object of considerable
interest; firstof all, due to the fact that congenital defects of the enzyme in human cells causes
severe combined immunodeficiency disease (SEIDAdditionally, human ADAR
(Adenosine Deaminagihat act on RNA) was specified as one of few unambiguously up
regulated gnes in solid tumours and liver cancelhe dysfunction of ADAR was related to
cancer progression in mammals. ADA participates in the purine metabolism, particularly it

degrades adenosine to produce inosine (Scheme 2.5.2).
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Scheme?.5.2. Action of ADA

Because of its importance for drug design, the mechanism of deamination reaction catalysed
by ADAs and ADARs was recently studied in detdil®otably, it was found that transition

state of inosine production proceedsth a complete pr&face hydroxyl addition to
adenosine in JAr transition state (Figure 2.5.1). The formation of tetrahedral Meisenheimer

intermediate during deamination reaction was well established and proved (Figuré’2.5.1).

H
202A 7y 160A
/ \
) NH
O, »

N C\N,H
H 4 110 A
RNA\O L H <NIN/)

120° ribosyl &

distortion N
/O OH 5° flip of
RNA . .
purine ring
Substrate Transition state

Figure 2.51. Formation of tetrahedral Meisenheimer intermediate

Moreover, known potent ADA inhibitors could be summarised into two big groups: 1) purine
ribosides or 2teoxyribosides, containing the hydrated heterobase, which resembles the
putative transition state (e.g. well known commercially available anticancer drugs
conformicin andpentostati;”® 2) (+}EHNA (erythro-9-(2-hydroxy-3-nonyl)adenine) and
related compound$. The main disadvantage of these compounds is the fact that they ar
prone to be rapidly metaboliz€dwhich results in shorter duration of the action allowing
faster recovery of enzymatic activity. Noteworthy, recently were reported some other highly

potent nomucleoside ADA inhibitors, for instance @minocarbovit’ (Figure 2.5.2).
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Figure 2.52. Potential ADA inhibitors

According to the importance of ADA inhibitors in cancer research, we were interested in
elaboration of principally new synthetic strategy giving possibility &pare diverse libraries

of bicyclic fused pyridines with nitror aminogroup at theb-position. In principle they can

also form a hydrate intermediate being a promising scaffolds towards the development of

ADA transition state mimetics.

2.5.2 Synthesis of starting materials

Based on the retrosynthetic analysis and our previous resultdevelopment of new
cyclocondensation reactions cfiromoneswe envisaged th&-nitro(thio)chromones can be

suitable starting dielectrophiles for the synthesis of heteroannulatiéb@yridines.

OH OH o)
HNO3 AcOH (glacial) NO, NO
X NaNO, (cat.) N KOH in H,0 2
o 0 60 OC, 15 min 0O e} 55°C, 1.5h OH
87% o 81%
R-C(OMe),
| NO2  H,s0, (cat) ‘ (8 equiv.)
reflux, 6h
@] R
2.5.1a-e

Scheme2.53. Prepaation of 3nitrochromone®.5.1from 4hydroxycumarinfor R see
Table 2.5.1

There are only two methods available in the literature describing the synthesis of 2
unsubstituted -Bitrochromones. The simplest represents a four step process, startinrdy from

hydroxycoumarin’® Notably, in some cases it was possible to prepamér8chromone by
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direct nitration of correspondingt8/droxymethyi or 3-formylchromones? However, in this

work the first method was used with some alternations in order to p2pasibstituted and
2-substituted ahitrochomones.

The nitration of 4hydroxycoumarin was carried out in the mixture of glacial acetic acid and
65% nitric acid, using catalytic amounts of sodium nitrite (Scheme 2.5.3). The following
hydrolysis of 4hydroxy-3-nitrocoumarin proceeds in agueous solution of KOH at 55 °C for
90 min. Subsequently the neutralization was done with 1.3 equivalents of acetic acid in ice
bath (instead of HCI used in initial report). In this conditiorBy2Iroxy-2-nitroacetophenone

was formed with up to 81% vyield. Noteworthwy, strong acidic conditions the nitro group can

be hydrolyzed to an aldehyde. Another optimization was the use of orthoesters (previously
carboxylic acid anhydrides were used in the reaction) in the presencélofirsu acid in

order to obtain ditrochromones 2.5.1 with improved vyields. Applied changes were
especially useful for R = H, since in this case formic anhydride was necessary as substrate.
Thus we were able to prepéree different 3nitrochromone£.51 in 82-88 % yields (Table
2.5.1).

Table 2.5.1List of synthesised-8itrochromone£.5.1

2.5.1 R Reaction timeof last stegh)  Yields (%)
a H 6 82
b Me 3 84
c Et 4 83
d Ph 5 88
e p-Tol 5 85

It should be noticed that compoung$.1dand 2.5.1ewere also possible to synthesisg
nitration of appropriate flavones, using ammonium nitrate and trifluoroacetic anhytride.
order to study the scope and limitations of the metBadtrothiochromone2.5.2 was
prepared as welks a thie analogue ohitrochromone2.5.1 The later can be obtained by
nitration of thiochromasi-one with 65% nitric acid in acetic acid (Scheme 2.54).
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Scheme2.54. Preparation of 3nitrothiochromone2.5.2
Finally, it was not posble to prepare -Bitro-2-(trifluoromethyl)chromone and methyl 3
nitrochromone2-carboxylate using the reaction of-I/droxy-2-nitroacetophenone with

trifluoroacetic anhydride and methylchloro-2-oxoacetate respectively.

2.4.3 Results and discussions

3-Nitrochromone2.5.1 is a type of masked I @electrophile as well, so it can be an
interesting starting material toward binucleophiles (Figure 2.5.3). To date only few works are
known in the literature describing the reaction ohitBochromone2.5.1 with amines,
benzamidine, phenylhydrazin&, amidines, guanidine, acid hydrazid&snethylisothiourea

and hydroxylaminé’® In addition, recently one of our colleagues have prepared a range of 1
substituted @nitro-3H-imidazo[4,5b]pyridines starting from 1-substituted &amino1H-

imidazoles generated situ.""*

Wi S

]

4\|?/N02 — 4\?/2
_2 T NO,
@) l%

2.5.1a 2.5.1a'

Figure2.5.3. 3-Nitrochromone2.5.1as 1,3dielectrophile

Analogically to other chromones described above the domino reaction should be started with
nucleophilc attack onto the position 2 with subsequent pyrone ring opening that can be
followed by a cyclization with the second electrophilic centleing the general procedures
developed in the lastwo chapters gee Chapter 2.2, 2.3), the test reaction of the 2
unsubstituted chromorte5.1awith E1 proved to be successful, corresponding fused pyridine
2.5.3awas isolated in 98% vyields. We got the product with excellent regioselectivity; the
other possible isomer that can be formed by nucleophilic substitutioitr@fgroup was not
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detected.

(0]
NO, . AcOH, Ar, (r)erflux, 1-15h
+ -
o NH, TMSCI (1 mL)/DMF,
' Ar, 100-120 °C,

2-12h
2.5.1a E1-E3, E5-E9 ~ g not detected

(1.1 equiv.) 2.53a-p

Scheme.55. Preparation of library of anitro-substituted fused pyridin@s5.3

Table 2.5.2List of obtained compoun@s5.3(see the yields in Table 2.5.3).

»
N
HO
2.5.3d
Me
/ \ NO2 Me\ S \ N02 S \ NO2
N\ ~ /N \: | —= /\N \ | ~
NT SN Me NT >N 0\/ NT N
HO 25.3f o 2.5.3g HO
2.5.3e
o)
NO
S \ NOZ HN \ 2
N—<\ i )\ l _
e 07 N7 N
2.5.3h HO 2531 O

Following the initial sufficient results, a set of other aminoheterocyElleE9 were tested.
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Fortunately, corresponding-r8tro-substituted fused pyridine8.5.3ap were successfully
prepared in 638% yields (Scheme 2.5.5j.is worth mentionig that all reactions proceed
with an excellent regioselectivity, in all cases only one product was formed. Besides,since 3
nitrochromone2.5.1ahas only two elecophilic carbonyl centres, the regioselectivity in this
case is different from the regiosdigity of two previously discussed chromones (see Chapter
2.5.6). Additionally, the isolation of products was quite easy, as long as in most cases after
completion of the reaction (TLC control) precipitation of the product occurred, therefore a
simple filtration and washing was enough to get pure products (Table 2.5.2).

Like encountered in previous chapters thavino 1H-imidazole2(3H)-thioneE2 as well as
6-aminc2,3-dihydro-2-thioxopyrimidin-4(1H)-one E9 were not stable in acetic acid,
therefore correspnding products were prepared using the alternative reaction conditions
(TMSCI/DMF), the yields were 95% and 65% respectively. In this context we were interested
in comparison of ditrochromones reactivit®.5.1atowards aminoheterocyclds1-E9 in

both canditions. For this reason the same reaction was runned in both conditions for majority
of aminoheterocycles. One can see that in acetic acid reaction yields are higher, although in
some cases the starting materials were not st&le=0, Entry d,p, Table2.5.3), or mixture

of inseparable compounds (for instance in case of anilines) were foEntwg -0, Table
2.5.3). Alternative methodologyTMSCI/DMF) was effective for all aminoheterocycles,
though in some cases the duration of reactions was incred&s®d.more active
aminoheterocyclesghtry a,b,e, Table 2.5.3 the yields were comparable to those for Method

A. Additionally, in TMSCI/DMF system the reaction with anilines emerged with géad

91% vyields (EBtry m-p, Table 2.53). Thereby these methods a@mplement to each other,
thus together they offer an easy and comfortable route for prepeaingus types of

heterotarbo)annulated pyridines witthO, group located at thé-position of pyridine core.

Table 2.5.3Method A Acetic acid reflux), Metha B (TMSCI/DMF, 106C, 140°C for

2.5.3n.

25.3 MethodA T (h) MethodB T (h)|] 2.5.3 MethodA T (h) MethodB T (h)
a 98 5 77 5 i 84 2 40 2
b 87 2 63 2 ] 97 4 44 4
¢ 78 4 54 4 k 73 6 32 6
d Mix 2 95 10 I 79 3 35 3
e 97 1 88 1 m Mix 2 62 18
f 65 4 43 4 n Mix 2 83 2
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g 90 1 44 1 o] Mix 2 91 10
h 71 15 32 15 p Mix 2 65 4

2.5.4 Unsuccessful results

Having successful results witherange ofaminoheterocyckeE1-E9, next we tried to apply

this methodology for2-methyt, 2-ethyl3-nitrochromones2.5.1b¢c and 3nitroflavones
2.5.1d,e Unfortunately, all trials to perform a domino cyclocondensation between 2
substituted chromones and aminoheterocycles failed, only starting materials eosrered

(by Method A and B). For some examples the reaction gav&component mixtures, from
which we could not isolated any fused pyridind&Ve supposed that cyclocomdation
reaction of 3nitrochromone£.5.1with electronexcessive aminoherecycles is rather sensitive

to the nature of the substituent at the2 @Gtom,hereby in order to obtain pyridines it is
necessary to use chromones withaay substitution at position 2. This can be a result of
steric and conjugation factors. Furthermore, the reactionrofr@hiochromone2.5.2 with
amines was also ineffective donly starting thiochromone was recovered from the reaction
mixture. The reaction was carried out in standard conditions developed as well as under
harsher conditionsd{methylacetamide, TMSCI, 170 °owever no product was observed.
This can be explaed with the thought that-Bitrothiochromone2.5.2is much less reactive

than 3nitrochromone2.5.1 The differences in reactivity betwe@5.1 and 2.5.2 may be
connected with the difficulties met by the nucleophile in attacking position 2 of thiopyrone,
since the sulphur atom is less electronegative therefore theoplebtity of the G2 is
strongly reduces. Therewith, it was shown before that the aromaticity of thiochromone system

is much higher than in simple chromoriés.

2.4.5Mechanistic explanain

Likely the condensation reaction proceeds very similar two previous chromones. We believe
that the reaction starts by conjugate addition of enafikeecarbon atom of onto the 2°
position of2.5.1ato give intermediatéA. Afterwards the pyrone rghopening take place
delivering intermediat® (Scheme 2.5.6).
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AcOH, reflux
chromone+ g ——>

TMSCI/DMF
100 °C

Scheme2.56. Putativemechanism of the cyclocondensation reation

Following intramolecular attack of amino groapto the carbonyl group affords intermati
C, later on the elimination of water molecule gives corresponding fused pyrzin&svith

nitro group at thé-position.

Z
O
N

N
3]
—
T
N
pd
‘\\>£
pd
N
13
H

______________________________________________________________________________

Scheme2.57. Putativeformation of the product by-nucleophile attack

In fact we condued all reactions using both methods (Method A and B); interestingly in all
cases we got the same regioisomer so we were interested to detect any type of intermediate or
alternative product, for instance productMhucleophile attack of the enamitike moiety
2.5.4(Scheme 2.5.7). However, product of this typeuay others were not detected (see next
chapter). This fact makes our proposed method a versatile approach towards the regioselective

synthesis of ditro-substituted fused pyridines.
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2.5.6 Structure identification

All structures were confirmed b{H and**C NMR spectroscopy, as well as IR and mass
spectrometry. In all cases obtained products were similar to the formerly prepared fused
pyridines. In'H NMR spectra the typical singlet of pyridipeoton was observed dt8.15

9.13 ppm in DMS@ds (7.938.82 ppm in CDG). In addition a broad B singlet appeared at

d 9.8410.41 ppm in DMS@Js (8.5011.7 ppm in CDG). A slight interaction (hydrogen
bond) was detected betweerH@nd the nitrogen of ypidine, although not for all cases.

Moreover, the protons of benzene appear in higher field proving the openipigoé ping.

Table 2.5.4Crystal structure 02.5.3d,e,m.

Compound Crystal Structure

253

25.3
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2.5.3

02

2.5.3n

The structures o0R.5.3d,e,jm were independently confirmed by-rdy crystal structure
analysis (Table 2.5.4). In all structs appears planar structure of fused pyridine core.
Moreover, in allcases theN-atom of NQ group is almost in the same plane with fused
pyridine core, though oxygens were perpendicular to the pyridine surfadetlim torsion

angle H4C4-C5-N4 is 38.76). Since thelJ-hydroxyphenyl group in the fused pyridine is in

free rotation, in some cases the OH group can be on the siiteogken aton(2.5.3dandm),

in other cases the OH group is turned towardsofipesite side @.5.3eandj). Furthermore,

the hydrogen bondsere observed in the first type of structur2$ @dandm).

The structural identification of the rest of fused pyridines was based on the date obtained from
crystal structures. It is worth mentioning that all structures are in correspondence to the mode
of proposed general mechanism. The produch-ofucleophile cyclocondensation was not

observed.
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253l HO

25.3p HO

Figure 2.54. NOESY analysis @ompound®2.5.3 andp.
In addition to this argument the NOESY analysis shows a weekadhiterdetween pyridine
2-H with OH and NH in the structures d2.5.3land2.5.3prespectively. This is an additional

evidence for proposed regioselectivity (Figure 2.5.4).

2.4.7 Further investigations

Having access to the fuseehBropyridines2.5.3and due to the biological importance of 3
aminopyridine derivatives, we studied their synthesis by hydrogenation of fused 3
nitropyridines2.5.3 using Pd/C (10 mol%) in MeOH. We found that the reaction proceeds
with excellent yields leading to appropriaBaminosubstituted fused pyridine2.5.5
(Scheme 2.5.8).

H, (1 atm.)
Pd/C (10 mol%)

————eee

MeOH, r.t., 24h

253

Scheme2.58. Hydration of the aitropyridines2.5.3

The structures of corresponding products were establishéd BYMR spectroscopy. In all
spectras a larganglet of NH, appears atl 4.006.00 ppm in DMS@ds. Furthermore, in IR
spectrums appears a broad signal at 386 cnt that also corresponds to Migroup
(Table 2.5.5).

The reduction of compounds5.3dand?2.5.3lwas not effectivethis can be explaad by the
property of sulphur atom to poison the-&atalyst. Obtained products can be used further to

prepare novel-8insubstituted pyridines by using of synthetic combinatorial means.
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Table 2.5.5Prepared 3aminopyridine.5.5

o)
NH
AN 2
Ph—N
\ ~
N
N N
2.5.5a,78% O
Me
NH,
Z2n S NH,
N X
N “ /\N Q|
N =
O\/ N N
HO 2.5.5f, 66%
2.5.5d, 87% HO
o)
NH
HN | A 2
A N 2
07 N7 N
H
2.5.5h, 97% O
OMe

MeO

2.5.5k, 809
, 80% HO

2.5.5m, 94%
2.5.5n,93% HO

2.5.8 Conclusion

In conclusion of this chapter should be mentioned that the regioselective cyclocondensation

reaction of 3nitrochromone2.5.1aandelectrorexcessiveaminoheterocycle®.1was studied

in detail. Corresponding fused-ritropyrdines 2.5.3 and 3aminopyridines 2.5.5 were

prepared in good to excellent yields. The scope and limitations of the method towards 2

substituted ahitrochromone®.5.1be and aminoheterocyclegs1 was well investigated. The

presence of N@group gave a pogslity to perform further operations, namely appropriate

aminopyridines were synthesised by simple hydration. All prepared compounds can be
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biologically active, thus the biological evaluation of these compounds is currently in study.

2.6. 2,3Unsubstituted chromones asversatile reagents for thesynthesis of

fusedpyridines

2.6.1 Introduction

The proposed methods ©@hapters 2.3, 2.4, 2.5 allowed us to synthesise a variety of fused
pyridines and quinolines bearing different functional groups such a€l,C&hd CHO
(Chapter 2.3), COOMe and COOIlgHapter 2.4), N@and NH (Chapter 2.5). In described
procedures were applied cheap and easily available starting materials. The next step of the
present work was the preparation Gfaryl andbr hetreoarysubstiuted fused pyridine
derivatives. TIs type of compoundss of special interest, since they can be considered as
purine isostass. Such compounds are widely used in medicinal chemistry, in the engineering
of druglike scaffolds:*

According to the retrosythetic analysis and our previous experience we have assumed that
2,3-unsubstituted chromones could be an ideal starting materials for preparatipo of
unsubstituted fused pyridines. It is worth mentioning that to date there are only few papers
presentinghe reactivity of 2,3unsubstituted chromones towards binucleophiles. This can be
explained by the low reactivity of this type of chromones in comspa to similar structures
having an EWG at the position 3. In this chapter the properties of differenh&®stituted
chromones towards electr@xcessive aminoheterocycles and aromatic amimiis be

discussed

2.6.2. Synthesis of starting materials

According to the literature data 2@ substituted chromonés6.2ah can be prepared in 2
steps starting fromo-hydroxyacetophenone. The first step is the preparationEpS-(
(dimethylamino)1-(2-hydroxyaryl)prop2-en1-ones 2.6.1 by  reaction of o-
hydroxyacetophenones with DMFDMAN(N-dimethylformamide dimethyl acetdl}’ On the
second step subsequent treatment E)f3{(dimethylamino)1-(2-hydroxyaryl)prop2-en1-
ones2.6.1 with perchloric acid leads to chromone ring formation. Nevertheless, we have
found that corresponding chromones can be easily prepared starting 2fin in
TMSCI/DMF system at 108C under argon atmosphere (Scheme 2.6.1).

52



OH O O

N A ~n-Me TMSCI (1 mLyDMF X |
R— | >
l Me Ar, 100 °C. 3h R// o
261 2.6.2 a-h

Scheme2.6.1. Preparation of2,3-unsubstituted chromon@s6.2

Proposednethodology allowed us to prepare desireduh8ubstituted chromone derivatives
in almost quantitative yields (997%). Following this procedureight examples of different
2,3-unsubstituted chromon&s6.2were synthesized, however only fifste chromaes were

tested during the next studies (Table 2.6.1).

Table 2.6.1List of prepared chromones6.2

2.6.2 R Yields (%)
a H 93
b 6-Me 97
c 6-Br 94
d 6-Cl 97
e 7,8-Benzo 90
f 6-OMe 95
g 6-Cl-7-Me 95
h 7-OMe 94

2.6.3 Results and discussions

2,3Unsubstituted chromones can be considered asC@@Gdielecrophiles possessing a
masked 1,3licarbonyl fragment in the structure (Scheme 2.6.2). Actuallyu@s®ibstituted
chromones appeared to be less reactive in compdnodbe other representative®o far only
few reactiones with pyrone ring opening of -2y3substituted chromones are known, for
instance, the reaction with dimethyl acetonedicarboxyfatr N-iminopyrimidine ylide®
Recently, in our laboratory TM3Tf mediated reaction of 28nsubsituted chromones ith
1,3bissilyl enol ethers were investigateéds a resulthumber of functionalized H-
benzoE]chromen6-one derivatives were synthesizeédIn all cases the reaction proceeded
by nucleophilic 1,4addition, that was accompanied by pyeaing opening.
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(IDI _OHO o |
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~N

CL
2

(0] l%

2.6.2a L 2.6.2' -

Scheme 2.6.2,3-Unsubstituted chromones as Higlectrophile.

Continuing our research program dedicated to the design and synthesis of novel fused
pyridines, the reaction of2,3-unsubstituted chromes with set of electroaxcessive
aminoheterocycles was examined. The initial experimengsto2awith E1 were carried out

in AcOH under reflux, but unfortunately the desired product was not detected. However,
when the alternative reaction condition wased (TMSCI/DMF system), luckily we could
isolate corresponding-ghenylpyrazolo[3,4]pyridin-3-one 2.6.3ain 90% yield (Scheme
2.6.3).

o)
|/ P |+ " TMSCI (1 mL)/DMF
' 2
R O ' Ar, 100-120 °C, 2-5h
E1-E10
2.6.2a-e .
(1.1 equiv.) 2.6.3-2.6.12

Scheme2.6.3. Synthesis db -unsubstituted fused pyridin8$%.32.6.12

Having primary successful results in hand the scope and limitations of the reaction was
studied. Initial chromones2.6.2ae were reacted with a set oélectronexcessive
aminoheterocycles and anilinésl-E10. As a result a number df,o-unsubstituted fused

pyridines2.6.32.6.12were prepared in good yields (Table 2.6.2).
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Table 2.62. List of synthesiseld -unsubstituted fused pyridin8s%.32.6.12

Me Me
] ‘N N NN
Ph—N D l bz R S:< | = R
. N N N N
N {
@ HO Me  HO

2.6.3a: R = Me, 90% ‘R= 2.6.4h: R = Cl, 58%
6.4 e:R=H, 68% 6. + 58%
b:R=H, 77% 2.6.4a: R =Me, 90% 264f:R=C, 59%
c:R=Cl, 92% b: R = H, 90% g: R = OH, 68%
¢ R =Br, 76% N_<
d:R=Cl,61% \

)j\/jt©/ %R 2.6.7 b: R=Cl, 60%
(0]

26,5 a: R = Me, 97% 2.6.7a:R=Cl, 61%
0

b: R = Br, 92% \
c:R=Cl, 75% 266 a:R =Me, 78%
: b: R = Cl, 62%
s 0
I
N H.
N N X
A » R Me o 2.6.8 f:R=Me, 65%
HO 07 NTN g:R=Cl, 97%
. = 0,
2.6.7 ¢: R = Br, 62% o 268 AR~ Ve 50%
d: R = Cl, 55% ' R
2.6.8 a:R=H, 89%
o b: R = Me, 88% Me
H. N c:R=Cl, 85%
N | NH,
)\ bz R
S l}l N NZ | AN
H
NS Z
HO HQNJ\N N
2.6.8 h: R = Me, 89% 2.6.11: 84%
i: R = Br, 68% HO
j: R =Cl, 799
! 79% 2.6.9 a:R=Me, 60%
b: R = Cl, 70%

2.6.12: 84%

Encouraged with successful results we have considerds)-3(dimethylamino)l-(2-
hydroxyaryl)prop2-en-1-one 2.6.1 to be a starting material for the synthesis b
unsubstituted fused pyridines. As it was shown in the chapter preparatiorurfs3stituted

chromones2.6.2 and further cyclocondensation with aminheterocycles runs at similar

conditions (Scheme 2.6.1, 2.6.2). In this context we were interested in shortening the process

by skipping one step. Therefore, we tried to startaymization reaction from enamones
2.6.1, keeping in mind the possibility to synthesize corresponding chronmosgu. As a
modelthe reaction oenaminone2.6.1lawith electronexcessive aminoheterocydi€la was

chosen (Figure 2.6.1). The state and direction of the reaction in filoel péifull conversion
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of reactants was controlled by TLE€ptare : Ethyl acetatel.2). In the first TLC one can see
starting materials2.6.1aand Ela), corresponding chromorz6.2aalong with the reaction
mixture in the beginning of reaction (Figur&2.). Half an hour later the second TLC showed
an interesting picture, namely the spot206.1avanished and a spot similar to chromone
2.6.2ain addition to a spot corresponding to fused pyridine appeared. After 3 hours third TLC
showed full conversionfestaring materials with a spot corresponding to the pra2lécBa

OH O o o}
/ /Me \
N" .  Ph—N | TMSCI (1 mLYDMF  ph—N
I\I/Ie \N L \N =
26.1a H NHz  Ar100°C, 3h H N
o E1la
(1.1 equiv.) 26.3a HO
H:EE 1:2 H: EE I:2 H:EE 1:2
2.6.3a
PS O ——
Product
o o
O p O
o O o O o
------ R e e e B ] e e e L B R e e e EEEEEE
2.6.2a RM Ela 2.6.2a RM Ei1a 2.6.2a RM Efa
Biginig of the reaction After 30 min After 3 h
Figure 2.61. TLC control of the reactior2(6.2aChromongRs = 0.4), > (Re =

0.26) RM-Reaction mixturéR; = 0.62), E1a- enaminongRs = 0.16)).

Once the reaction successfully delivetieecorresponding product2.6.3a Figure 2.6.1), the

same set of electreexcessive aminoheterocycles were tested in the reaction. In addition

yields of prepared,2-unsubstituted fused pyridines were compared to those, which were

synthesized using 2@nsubstituted chromones (Scheme 2.6.4, Table 2.6.3).

The data ofTable 2.6.3 indicates that the yields are resemble for both starting materials.

However, the privilge of enones is that it gives an opportunity to reach desired fused

pyridines in one step, skipping the synthesis of chromones. It can be concluded that the

starting enaminone®.6.1ae can also be versatile starting compounds toward synthesis of

diverse tised pyridines. This can represent an interesting approach for synthesis of other
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heterocyclic systems in the future.

OH O ,
N - Me j\ TMSCI (1 mL)/DMF
| o >
|// Me “" “NH, Ar, 100-120 °C, 1-6 h
2.6.1a-e E1-E10
(1.1 equiv.) 2.6.3-2.6.5
2.6.7-2.6.8,
2.6.10-2.6.11

Scheme2.64. Synthesis db -unsubstituted fused pyridine$.32.6.5, 2.6.72.6.8, 2.6.10
2.6.11starting from enone2.6.1

Table 2.6.3List of yields of prepared fused pyridine

Product  Yileds (%) Yileds (%) Product Yileds (%f  Yileds (%)
2.6.3 90 86 2.6.7b 60 54
2.6.3b 77 78 2.6.7c 62 60
2.6. 92 90 2.6.7d 55 50
2.6.4a 90 89 2.6.8a 88 87
2.6.4b 90 86 2.6.8b 89 87
2.6.4c 76 74 2.6.8c 85 85
2.6.4d 61 60 2.6.8d a0 88
2.6.4h 58 60 2.6.8e 65 66
2.6.5a 97 93 2.6.8f 65 60
2.6.5b 92 92 2.6.89 97 90
2.6.5¢c 75 74 2.6.10 72 77
2.6.7a 61 61 2.6.11 84 82

(a) Starting from2.6.2 (b) starting fron2.6.1

2.6.4 Unsuccessful results

Summarising unsuccessful results it must be noticed that the reaction of chréiaad
corresponding enaminon@s5.1with anilinesfailed, more precisely no product was detected
at all. Additionally, the reaoin of enaminonef.6.1andE12 delivered to the formation of
naphtho[2,3]quinolone framework (G/MS data). However, due to low solubility in

common solvents it was not possilib measure # NMR spectra, in order to see which of
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possible isomers &re formed. Nevertheless, the meagsectrometry as well as elemental

analysis data confirm the formation of naphtho{2¢@iinolone skeleton (Se@hapter 2.6.6).

2.6.5 Mechanisticexplanation

2,3-Unsabtituted chromones in terms of active reaction centres are similaittoromone

2.5.1 The only difference is that N@roup being a strong EWG makes the position 2 more
electron deficient, in other words they should react Wittucleophiles following the same
reaction pathway. Therefore, the proposed mechanism is similar to the one presented in
Chapter 2.5.5 (Scheme 2.6.5).

TMSCI/DMF
chromone + E 100-120 °C

2.6.2a-e

Ar, 2-12h
Asa
™S,

Scheme&?.65. Putativemechanism of thennulationreactionof 2.6.2

We suppose that the reaction starts with formation of benzopyryliumAsdaly initial
silylation. This makegposition 2 of chromone framework more favourable for nucleophilic
attack. Subsequent nucleophilic attackbafarbon atom of aminoheterocyclesthe position

2 gives the first intermediat® in this cascade. Thapyrone ring opening delivers second
intermediateC. Additionally, it should be noticed that such type intermediates (intermediate
C) are quite stable, thus in some cases it can be idaaié characterized:" In the next step
amino group attacks the carbonyl moiety forming silylated pyridine hydrateurther, the
elimination of M@SiOH forms desired product.
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Concerning the reaction starting from enamino2&sl, we assume that firgtorresponding
chromone2.6.2 formation takes place (based on the TLC study and structure identification,
see next chapter), that is followed by cyclocondensation (Scheme 2.6.6).

! (0] H
A i
R | :

.Me R!
' ' e 2.6.3-2.6.12 :
! l Me !
: TMS) :
| OH(TMS) OD( T ;
E | NN | \ Intermediat .
! R M—>R—| BCD |
1 e :
Ty 7o |
i H Me e

Scheme?.6 6. Putativemechanism of the anlations reaction o2.6.1andelectronrexcessive

aminoheterocycke

Scheme2.6.7. Putativemechanism of the annulation reactiowhere the aminoheteocycles

behave as hucleophiles

The reaction starts with activatiaof G2 atom of enamine fragment, that is followed by the
attack of oygen atom to theelectrophilic centre Subsequentyclization leads to the
formation of chromone, so further steps of the reaction proceeds as was shown in Scheme

2.6.4. This mechanisnis more reasonable, since obtained products are similar to the ones
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obtained from corresponding chromor2e8.32.6.12(Scheme 2.6.6).

It should be noticed that during the study of these reactions other regioisbBéBwvere

not detected. The latter widuhave been formed by initifN-nucleophile attack of electren
excessive aminoheterocycle (Scheme 2.6.7). Herein we can affirm that proposed methodology

is absolutely regioselective for the range of used starting material€i&pter 2.6.6).

2.6.6 Structure identification

Structures of all synthesised compounds were confirmed by 1D and 2D NMR, mass and IR
spectroscopy. Despite the fact that we have differerbisy&lic systems and different initial
chromones, still was possible to follow some geheeaks in"H and**C NMR spectra. In all

cases the peak ofHDgroup wasobservedn *H NMR at 11.4614.88 ppm (DMS@l). In a

case of émethylchromone the singlet ofethylgroup was seen itH NMR at 2.252.35 ppm

and in *C NMR at 20.621.0 ppm (DMS@ds) (Table 2.6.2, compound®.6.33 2.6.4h

2.6.5h 2.6.63 2.6.8hd,f,h, 2.6.99. The presence of Br was easily detected /NG
spectrometty, since the mass peaks for both isotopes of Br were presented in almost equal
intensity (Table 2.6.2, compound2.6.4b, 2.6.54h 2.6.7¢ 2.6.8). The same was with
compounds bearing Clrable 2.6.2, compounds6.3¢ 2.6.4qgi,h, 2.6.5¢ 2.6.6h 2.6.73d,j,
2.6.8¢e, 2.6.9H, namely in all cases about 30% of M+2 peak was detected. In IR spectra a
broad peak of OH grougppears at 314R764 cnt indicae the hydrogen bonding between

the pyridine nitrogen and OH group

In NOESY spectra of compourad6.4bwe observed an interaction betweetPNprotons and

OH of the U-aryl moiety, in addition to a very week correlation betwmethylgroup of aryl

and NPh protons (Figure 2.6.2). Another week correlation was detected betwdémadd
aproton of the fused pyridine. However, there were no interaction betweemeétloyl
groups or NMe and (H group of the aryl moiety. These @mactions could have been
observed if we wouldaveanother regioisomer. This could be taken as an evidence for the

regioselectivity of the reaction.
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NOESY

C-nucleophile product possible N-nucleophile product

Figure 2.62. Visible correlatiors in NOESY spectréor compound®.6.4.

Furthermore, structures &f6.33ab,c, 2.6.5aand2.6.7d(Table 2.6.2) were identified also by
X-ray single crystal analysis (Table 2.6.4). It should be noticed that all five structures exactly
correspond to expected regioisomers. This is an additbomdirmation forregioselectivityof

the reaction. In all frameworks we observed a planar core of fused pyridine system. Moreover,
the U-hydroxyphenyl group was almost at the sagstame with fused pyridine cor@his can

be explained by a hydrogen bondveeen OH andN-atom of pyridine ring. The torsion angle
between pyridine core armhydroxyphenyl moietys 2.64-14.39. The length of hydrogen
bonds in all structureis in the range 01.6391.781 A.

Table 2.6.4X-ray crystal structures of compoun@$.3ac, 2.6.53 2.6.7d

Compound Crystal Structure
L A N C
cxoi,’ \ N1 ’ \‘»GO
.0. cu\?i:—‘;\ Cf'\ a ¢ \C19
2 6 Sa 07 Clz\O _.‘/( /“\sls/w\o

2.6.3b
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2.6.3C

2.6.5a

2.6.7d /CA\Z/-C\LZ/\??/ NN

2.6.7. Further investigations

Encouraged by the results regarding enamin@@d. as starting materials for synthesis of
fused pyridine, next the reactivity of similar enaminones without a hydroxyl group was
exanimatd. The study bregioselectivity of this reaction was relevant since the absence of
hydroxyl group could influence oayclization reaction mechanism (actually it can not go
throughin situ chromone ring formation). Furthermore, using this approach the synthesis of
new cerivatives ofU-aryl-substituted fused pyridines would be possible. For this purpose the

reaction of E)-3-(dimethylamino)1-(4-(trifluoromethyl)phenyl)prog-en-1-one 2.6.14 and

Elawas tasted. Fortunately, the cyclocondensation prdtiGct5awas isolagd in 70% yiadl

(Scheme 2.6.8). According to initial study the structure of obtained product was in good

correspondence with previously isolated products.
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. 3-Py v NHz  Ar 100-120°C, 3-11h N~ TAr

Ar=g j_gi,l?’e%"',j Q E | TMSCI (1 mL)/DMF m
; 64 )J\/\ .Me 4 ' -
c:2-F-CgH, Ar N . =
d: '
e:

E1-E6 2.6.16-2.6.19
(1.1 equiv.)

Scheme.68.Pr e p a r a-aryl-substitaedusébpyridine fom?2.6.14

Being inspired by this finding a list of enaminon2$.14 were reacted with electren
excessive aminoheterocycl&4-E6 as a result 16 examples of differdaryl-substituted

fused pyridines were successfully prepared in good yields (Tab%.2.6

Table 2.6.5List of prepared fused pyridin@s6.152.6.19

( N\

Me
0
2.6.15 a: Ar = 4-CF3-CgH, 70% ) AN 2.6.16 a: Ar = 4-CF3-CgH, 77%
X b: Ar = 4-MeO-CgHy, 72% N | b: Ar = 2-F-CgH, 78%
Ph—N_ | P c: Ar = 2-F-CgHy 78% N N/ c: Ar = 3-Py, 65%
N“SNT SaAr di Ar=3-Py, 70% Ar d: Ar = 4-Py, 78%
H e: Ar = 4-Py, 82%
o)
NC
Me
s N N
2t <7 |
P % AL O)\N N7 Ar
N N N N Ar |
Me
2.6.18 a: Ar = 4-CF3-CgH, 63%
OMe b: Ar = 4-MeO-CBH4 58%  2.6.19 a: Ar=4-CF3-CgH, 82%
b: Ar =3-Py, 77%
2.6.17, 75%
HN HN
o
0,
2.6.19¢, 80% 2.6.19d, 85%

It is important mentioning that whepyridine-substituted enaminonés6.14d,ewere used,

corresponding fused pyridines were successfully formed. Thamisng others preparation of

Urheteroaryisubstituted fused pyridines by proposed methodology is equally effective. All

structures of obtained products were established by 1D NMR. For example-Qiihe
enaminmes 2.6.14bthe singlet of Me appears at 3.83.88 ppm in"H NMR and 55.255.4
ppm in**C NMR (DMSO-dg). In case 0R.6.14aCF; group was detected iF NMR spectra
as singlet at60.961.4 ppm (DMS@ds). Furthermore, in**C NMR the characteristic quartet
for CFsat 117.2124.1 ppm with {0c.r ~ 280 Hz) and a quartet f@CF; at 128.7140.2 ppm

(3Jcr ~ 30Hz) were present (DMS@s). Another specific peatwas for 2F-aryl-substituted
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product (Table 2.6.5compounds2.6.15¢ 2.6.16b in *°F NMR spectra a singlet if115.9
116.6 ppm emergedMSO-ds). Besides, a doublet locateddt3.2113.5 ppm in“C NMR
that belongs to thearbon atom bounded with fluorim¢ons with a coupling constant dfic.

~ 240 Hz was typical for such compounds (DM8& The structure 0f2.6.18b was
independently confirmed by-Kay crystal structure ahais once more indicating proposed
regioselectivity (Table 2.6.6).

Table 2.6.6X-ray crystal structures of compoud5.18Db.

Compound Crystal Structure
a ce?
~” IR C2
o T T L o o
Cg//{(:7//~ [ \ N3 PR A Z N/
2.6.18b K] I Cﬁl/q\/ca\\/ R N
€10 o

017/ c11f €120 ?%416\0 (I)

&P o) c17}) Me

C13

Here again we could see a planar structure of trog&&b]pyridine core like was in earlier
examples, in addition interestingly the aryl grospin the same planwith thiazolo[4,5
b]pyridine.

N :
" 2,6.14 26.15-6.19 | | _ i
Me : N Ar :

g
\
To
= z
w \
=
o
—

Scheme2.69. Putativemechanism of thi#ne annulation reactions startingdm2.6.14
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Considering the possible reaction mechanism, we suppose that the reaction starts with
formation of iminium salt of corresponding enamine (intermedfgteby the reaction of
enones with TMSCI. Further nucleophilic attack of electe&nessive amoheterocycles to
iminium fragment gives rise to second intermedButd-ollowing elimination of MeNSiMe;

and intramolecular attack of amino group to the carbonyl atom forms intermBdialtéch

via elimination of M@SIiOH delivers desired product (Scheté.8). It should be mentioned

that other regioisomer of initid-nucleophiic attack of electrofexcessive aminoheterocycle

was not detected.

2.6.8 Conclusion

In summary the reaction of nattivated 2,3insubstituted chromon&s6.2and enaminones
2.6.1, 2.6.14with different electrorexcessive aminoheterocycles was investigated. A wide
range of differentJ-aryl and heteroaryl fused pyridines were successfully synthesised. The
scope and limitations of method was illustrated as well. The proposeddoktfy is
relevant since most of preparebaryl and heteroaryl fused pyridines are not available by
other methods. Furthermore, the investigation of biological activity of these compounds is in

progress.
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3. [5+1] Synthesis of 4quinolones

3.1.General methods for the 4quinolones synthesis

The next topic of investigation was preparation @fudnolines, which are an important class

of N-containing heterocycles’ Functionalized 4quinolones are attractive compounds
playing an increasingly irportant role in drug discovery. This framework is structural unit
found in a vast array of natural productsand synthetic materials® Over the years, -4
quinolone derivatives have attracted considerable attention from medicinal chemists due to
their diverse biological activityStarting with a serendipitous discovery about 50 years‘dgo,

the story of 4quinolone antibacterial agents started with introduction of nalidixic acid in 1963
(Figure 3.1.)."°

Fleroxacin F Moxifloxacin

Figure 31.1. Biologicaly relevané-quinolone derivatives.

Although the clinical use of nalidixic acid is limited only to urinary tract infections, the
interest was stimulated by its gramegative activity, uniqueness and relative simplicity of its
chemical structureNext big evaluation in this area was the discovery of Keigal showing

that the 6fluoroquinolones are not only an order of magnitude more active than the previous
agents against gramegative bacteria, but also have exceptionally bspettrum of
biological action:'’ Norfloxacin is the first member of modern fluoroquinolon&sgire

3.1.1). Since then a number of other fluoroquinolones were introduced on the market, e.g.
ciprofloxacin as an antibiotic against grgositive bacteria’® Fleroxacin ha similar
properties but in comparison to other fluoroquinolones has excellent bioavailability, high

concentrations in plasma and other béidids and long haHife (10-12 h) in addition to time
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heavy side effects’ Another example is moxifloxacin whicis new antibacterial agent
against respiratory diseas&gure 3.1.1."*"

The majordemand of these compounds hastivated many chemists to develop different
pathways of the synthesis ofgdiinolone core. Numerous synthetic routes tguéholones
have been reported involving Camps cyclization (Scheme 3Al),1** reaction of isatoic
anhydrides (Scheme 3.1.B),"** cyclization of N-substituted phenacyl or acetonyl
anthranilates in polyphosphoric acid, cyclization of anthranilic acid derived ynone

'*intramolecular coupling of aryl halides withenaminones

126

intermediates (Scheme 3.1C),

(Scheme 3.1.D),"*” acid-catalyzed cyclization (Scheme 3.EJ),**° cycloacylation of aniline

2" palladiumcatalyzed carbonylative Sonogashira coupling of

128

derivatives (Scheme 3.1R),
and metal free intramolecular

2-iodoaniline with arylacetylene (Scheme 3.1Q),
129

amination (Scheme 3.1H).

f o

4
0]
R, NaOtBu Me
-~ Ry

d A

NH,

O

Ri

Scheme3.11. Some synthetic routes fomduinolone ring constructian

Meanwhile,Pdmediated reactions nowadays have occupied a privilege position in modern
organic and heterocyclic chemistry, since-é&dalysed carboand heterocycliaions open
new horizons for assembling of new carlamd heterocyclic frameworks. For instarfee

catalyzed annulation of internal alkynes by aryl/vinylic halides bearing an oxygetrogen
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nucleophile is a versatile way to generate a wide variety of heterocyciBsus, in 1995
Larock and ceworkers reported the reaction of aryl iodides with internal alkynes using
Pd(OAc) as a catalyst in the presence of base in DMF leaditNg/O-heterocycles3.1.1in

good yields (Scheme 3.1.2).Later from the same group was presented the synthesis-of 3,4
disubstituted isocoumarird1.2in goodyields by treating the halogerontaining aromatic

esters with internal alkynes in the presenta Pecatalyst (Scheme 3.1.2¥.

Pd(OAc),, DMF, Ro R; = H, Ac; R, = Me, t-Bu, Et,
Bu,NCl or LiCl X Ph; Rz = Ph, Me, COH,
| u > R N R; CO,Et, Si(i-Pr)s, SiMes;
N N base, 80-140 °C, 2~ X =0, NH,, t-BUOH, CO,Me;
Rig _ 1-5h, 57-90% base = Na,CO3; NaOAc.
XH R, 3.1.1
0 Il .
cat. Pd(OAc),,
OMe R DMF or MeCN o R, = Me, Et, n-Bu; Rz = t-Bu,
+ > M82COH, Ph, |\/|e3Si, I-PI‘3SI,
Y Na,COs, LiCl 60-100 °C, ~q Y =1, Br
7-21h, 31-76% 3
312 R,

Scheme8.1.2. Construction of benzofuran, indole arsdcéoumarine rings

Recently, Wuet al. have demonstrated that(2-phenylethynyl)benzonitrile can be cyclised

by aryl iodides m the presence of Pd(P§h and NaOMe, in MeOH to give -3
diarylmethylideneisoindoles as sole product in moderate yields (Scheme"3 Wajen 2(1-
hexynyl)benzonitrile was employed, isoindole derivatives were obtained together with

isoquinolines.
R AR Ar
/
R
~ cat. Pd(PPhs),/ MeOH | X
+ Arl > N + N
CN NaOMe, reflux, 24-28h, 12-56% 7 Z
OMe OMe

R = Ph, n-Bu;
Ar = Ph, p-Tol, p-OMePh.

Scheme3.1.3. Synthesis of isoindole and isoquinoline derivatives freatkpnyl benzonitriles

and aryl iodides

Another interesting structure, that is mostly used in the synthesis of diffexcunindline
derivatives, idN-arylenaminone3.1.3that was considered as a starting compound in the study
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of Cacchiet al. They have presented a Cul mediated constructionquiirblone moiety by
intramolecularcyclization(Scheme 3.1.4)%* In other studies this structure was isolatecha
intermediate in multistep construction ofgdinolone structure starting from-bfomo-2-
fluoroacetophenorie’ or o-haloaryl acetylenic ketones. The latter was successfully
converted to quinolone by catalyti¢c and catalystree base mediatedyclization reaction
(Scheme 3.1.4)>"%'

_R

O HN™® 0

R
TN = R, TN * R, = Alk, halogen
Ri— — R~ R, = Alkyl, Aryl, Heteroaryl, CF3
= R4 = N R, Rs=Alkyl, Aryl, Heteroaryl
X | 2 R,=H, CO,R
X=F, Cl, Br Rs
3.1.3

Scheme8.14. Synthesis of-4uinolone derivatives starting froh-arylenaminone3.1.3

Although all presented methods are interesting and offer variety routes-goin@one
synthesis, however the increasing demand of quinolone derivatives, due to their high
importance in medical chemistry and drug discovery, motivasetb develop new methods

for production of diverse-quinolones.

3.2. Efficient [5+1] synthesis of 4quinolonesby domino amination and
conjugate addition reactions of X:(2-fluorophenyl)prop-2-yn-1-ones with

amines

3.2.1 Introduction

Although the presented in Scheme 3.1.1, 3.1.4 methods are effective and give relatively high
yields of 4quinolones, most of themare incompatible with sensitive functionalities,
includes numerous synthetic steps or need harsh reaction contiitions."**’ besides some
starting materials are not readily available”® On this basis we assume that the
investigation of nevand more general strategies for synthesis@fikholones are essential

Based on retrgynthetic analysis (Schen$2.1) and previous expertise in the chemistry of
Pd-catalyzed cyclizations which were demonstrasédve (Scheme 3.1.2, 3.1.3)e have

suppsed that a possible synthetic pathway towaeteroannulated-guinoloned can be the
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catalystfree reaction of phenylpropyh-onesll bearing a good leaving group ikposition to
the carbonyl function with different amines. It should be noticed tfeatiqusly by Xuet al

was presented a Ritalyzed cycliation ofo-haloaryl acetylenic ketones with aminés.

/ H2N_R2 /
R D rT [ T, T & o, H—=—r,
X R NN Rs
| 3 LG LG
Ro I

| 1] v

Scheme3.2.1. Retrosynthetic analysis ofguinolones.

3.22. Synthesis of starting materials

To start ow investigation towards synthesis ofgdinolone derivatives we needed to choose
appropriate starting materials. The retrosynthetic analysis shows thatliptiahylalk2-yn-
1-ones must bear a good leaving group. It is known from the literature tbab thu nitro
groups in theortho-positions to an EWG substituent can be ilgasubstituted by
nucleophiles:** Therefore a list of 42-fluorophenyl)alk2-yn-1-one derivative$.2.2having
good leaving groups in appropriate position were synthesis. Tleegaaily available from
commercially available fluorinated (or nitrated) benzoyl chlori@2.1 and alkynes by

Sonogashira crossoupling reaction (Scheme 3.2.25.

o o)
H PdCl,(PPhs), (2 mol%)
iy N - | | Cul (4mol%) I N AN
s > 1nq
L + TEA (1.5equiv.), THF, % R
- LG R, Ar, r.t., 15h 3.2.2 -G
(1.3 equiv.)

Scheme3.2.2. Synthesis of startirig(2-fluorophenylprop-2yn-1-one3.2.2by Sonogashira

reaction

Table 3.2.1List of synthesised ynon82.2

322 LG Ry Rs Yield (%)
F H Ph 88
b F H 4-t-BUCsH4 78
c F 5-F 4-t-BUCsH4 84
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d F 5-F 4-MeCgHa 81
e F 4-F 4-MeCeHa 97
f F 6-F Ph 70
9 F 6-F 4-MeCgHa 73
h F 6-F 4-t-BUCsH4 80
i F 6-F (CH,)aMe 70
j F 3,4,5,6F 4-t-BUCsH4 75
k  NO, H Ph 73

In standard conditions for Sonogashira reaction taissformation runs smoothly leading to
desired products with good to excellent yields. Accordmthis methodolgy a numbeiof
mono and multifluorinesubstituted starting -fihenylalk2-yn-1-ones were synthesex
(Table 3.2.1). Moreover, one example atho-nitro ynone3.2.2k was prepared as well,
which was used later on (s@hapter 3.2.3) to show the possibiliby usage other leaving
groups (LG) in this reaction (Table 3.2.1). All compounds were purified by column
chromatographyHeptare : Ethyl acetate 30:1). The structure of all starting materials were
corroborated byH, '*F and**C NMR spectroscopy, moreovéte structure of3.2.2ewas

indepently characterised by-pay crystal structure analysis (Table.3)2

Table 3.2.2X-ray crystal structures of compouBd2.2e.

Compound Crystal Structure

ﬂ\pl

,T;CG 4 cs
e AN

3.2.2 1 1 \l/ \l/o O N
O g eSS
F2 B;’; F1 O/:—\' Alg\(,‘\/:) Me

3.2.3. Results andliscussions

We started our investigation using as model reactauiaand (2phenylethyl)amine. In
order to find optimal conditions for cyeétion reaction a number of different reaction
conditions were tested (Table 3.2.3). Initially we used 2 etgnts of amine in DMF as a

solvent and KCO; as base. Unfortunately, indbeconditions we could isolate the desired
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product only in 18% vyield. During further investigations turned out, that in this reaction
combination of solvent, base and temperatusexieemely important. Thus, we found that the
yields can be increased by changing the solvent to DMA and increasing the temperature up to
160 °C (35%). Furthermore, when the base was changed fred®4to Li,CO;s, the yields

were dramatically increased (up 89% Entry 7), hence these conditions was taken as the
optimal. Noteworthy, that when amount of amine was reduced to 1.2 equivalents, the yield
wasdecreased to 71% (s€hapter 3.2.5).

Table 3.2.3. Optimization of the synthesis efu4inolone3.2.3a.

Amine Solvent Base Temp (C) Time (h) Yield (%) of3.2.3a

1 2 equiv DMF KoCOs 140 10 18
2 2 equiv DMF Li,COs 140 10 25
3 2 equiv DMA K2COs 160 12 35
4 2 equiv DMA Li,COs 160 12 58
5 2 equiv DMA Li,COs 160 18 73
6 2 equiv DMA K2COs 160 24 51
7 2 equv DMA Lio,COs 160 24 89
8 1.2 equiv DMA Li,COs 160 24 75

Having an optimized reaction conditions in hand, compo@2i2aand3.2.2bwere reacted

with the list of amines. Fortunately, a number of correspondutgi#holones3.2.3ah were
prepared with god to excellent yields (Scheme 3.2.3, Table 3.2.4). Examining the scope of
the reaction we observed, that aliphatic amines edantich better than anilines, probably

because of decreasrucleophilicity of anilines.

O O
Li,CO; (2 equiv.
% o * Ry—NH 2C03 (2 equiv.) .
1 0
F (2equiv)  DMA Ar, 160 °C, NTRy
3.2.2a,b 24-30h R,
3.2.3a-h

Scheme3.2.3. Synthesis of-4uinolones3.2.3af from appropriate Zluorophenylpropyri-

ones3.2.2a,band amines

On the next stage of our work the reactivitynitfo-substituted ynon8.2.2k was tested and
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compared to those fdtuorine-substituted stairi)g ynones. Since the nitro group dsgood

leaving group, we assumed that the reaction can be successful even under milder conditions
(Scheme 3.2). When the reaction was performed in DMF using®; as a base at 13,
corresponding products were olpiad in good yields. Interestingly any change of the reaction
conditions did not increased the yields, moreover the use of oitnersubstituted starting

ynones did not change the yields either (Table 3.2.4).

K2003 (2 eqUiV.)

A ot ReNH
O,
NO, ! (2 equiv.) DMF. Ar, 130°C, N R4
24h R
3.2.2k 2
3.2.3a-f

Scheme3.24. Synthesis of-4uinolones3.2.3af from 3.2.2k

Table 3.2.4List of 4quinolones3.2.3

3.2.3 Ry R» Yields (%) 3.2.2a,b _ Yields (%) 3.2.2k

a Ph (CH,),Ph 89 79
b Ph (CH,)sPh 86 80
c Ph CHyp-4-MeOGsH. 87 77
d Ph (CH,)4Me 84 79
e Ph (CHp)sMe 89 78
f Ph 3,5-(MeO)CeHs 74 70
g 4-t-BUCsH4 4-CICgHa 75 -

h 4-t-BUCgHa 4-BrCeHa 73 -

When ynones with two fluorine atoms in the core were examined, we observed an interesting
phenomenon (Scheme 3.2.5). Namely, when the second fluorine atom er#soair para
position to the carbonyl grou@.@.2¢ g, h, i), following the cyctation reaction the second
fluorine atom was also substituted by amiteading to corresponding amhsaoibstituted
quinolones3.2.5 3.2.6 However, in case of second fluorine atom tedaatmetaposition to

the carbonyl group, further substitution did not took place, that is siraglendlones3.2.4

were formed with dluorine atom in the molecule (Table 3.2.5 for the reaction with aliphatic

amines).
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O O F O
F
AN A AN
R4 R4 R,
F F F E

3.2.2¢ 3:2.26 3.2.2g,h,i

Ro—NH, (2 equiv.) | Li,COs3 (2 equiv.)
DMA, Ar, 160 °C, 24-30h

(Aliphatic aminesj

o) R
O >NH O
HN NT R
N7 R, | | ! NT R,
&2 R2 R2 |

Ry

3.2.4a-c 3.25 3.2.6a-g

Scheme3.2-5. Synthesis of-4uinolones3.2.4ac, 3.2.5 3.2.6ag.

Table 3.2.5List of aminesubstituted and nesubstitutedd-quinlones from aliphati amines.

R:1 R> Yileds(%)
3.2.4 4-Tol (CHy)sMe 85
3.2.0 4-Tol (CH)2Ph 88
3.2.4& 4-Tol (CHz)sPh 83
3.25 4-Tol (R)-CH(Ph)Me 3F
3.2.68  4t-BuCsH, (CH,)sPh 82
3.2.6 4-1-BuCgHq CH»-4-MeOCgH4 85
3.2.&  4t-BuCsH, (CH,),Ph 93
3.2.4 4-Tol (CHy)2-3,4-(MeQ),CeH3 85
3.2.6e 4-Tol (R)-CH(Ph)Me 40°
3.2.6 (CH).Me (CH,)-Ph 82
3.2.6 (CHy)sMe (CH,)sPh 75

(a) Reaction took 60h.

Interestingly when ynones with two fluorine atoms in the mole82e2 were reacted with
anilines, the only product was simple quinolone witfluarine atom in the moleculethe
further nucleophilic substitution afecondfluorine did not took place at all (Scheme 3.2.6,
Table 3.2.6).
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Il ; AN o R2—NI-I-2 (2equiv) H2C0s(2 eq“i:'): FL : |
E 1 DMA, Ar, 160 °C, N~ R,
3.2.2c-i 20-30h FI{Z
3.2.7a-i
Schemed.2.6. Synthesis of-4uinolones3.2.7ai from anilines
Table 3.2.6List of4-quinlones3.2.7obtained from anilines.

3.2.7 3.2.2 F R1 R Yileds (%)
a c 6-F 4-t-BuCsHs  3,5(OMe)CgH3 77
b c 6-F 4-t-BuCgH4 4-MeOGsH,4 78
C e 7-F 4-Tol 4-t-BuCgH, 75
d e 7-F 4-Tol 3,5Me,CeH3 79
e f 5-F Ph 3,5MeyCeH3 77
f g 5-F 4-Tol 3,5MeyCeH3 71
g g 5-F 4-Tol 4-EtCgH3 70
h h 5-F 4-t-BuCsHs  3,5(OMe)CgH3 73
[ [ 5-F (CHyp)4Me 4-MeOGsH,4 72

3.2.4. Unsuccessful results

It should be admitted that the reaction of ynoB&s2with electrondeficient heteroaromatic
amines, such as bengthiazol2-amine, pyrimidin2-amine, or pyridiR2-amine failed,
moreover no corersion of starting materials took place. Additionally, the reactiod.2P]
with all types of amines failed, though a number of reaction conditions were tested.

3.2.5. Mechanistic explanation

In order to understand the mechanism of the reaction weaiite test reactions aiming to
isolate some intermediates. For this purpose the reacti@2dfcwith phenethylamine in

DMF at 100°C was performed for 10h. Unexpectedly, a spot different from our starting
material and product was detected in TLC. Fortelya we were able to isolated and
determine the structure of product, that was a product of Michael type addition of amine to
triple bond of alkyne3.2.8 (Scheme 3.2.7). When the reaction was performed with 2
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equivalents of LICO; the similar product wa®btained. Moreover, we found that it is
possible to transfer the intermediate to corresponding quinddo?dd in the standard
conditions using 1 equivalent of appropriate amine. However, it should be mentioned that in a
case of bulky amines the furtheyclization was not possible&ven undeharsh conditions,

like treatment with potassium carbonateNrmethyt2-pyrrolidone (NMP) at 190 °C or in
diphenyl ether at 220 °C.

DMF, Ar, 100 °C

or
Li,CO3 (2 equiv.),
DMF, Ar, 100 °C, 15h

R;—NH; Me

= 5-F, Ry = phenethyl
(2 equiv.) N 1>P Y

, Ry = adamantyl

H
Forb
adamantyl
amine

!
adamantyl

3.2.9

Me
Me

Me

Scheme8.2.7. Synthesis of thmtermediates.2.8 and conversiorto 4-quinolones.

Nevertheless, when intermediat8d2.8 was reacted with 2 equivalents of other amines,
corresponding 4juinolones3.2.10were obtained (Scheme 3.2.8, Table 3.2.7), although the

yields were lower in comparison tmepot synthesis of correspondinggtiinolones.

o)
. . | X
+ Ry—NH, Li,CO3 (2 equw.): R~ P
(2 equiv.) DMA, Ar, 160 °C, N
10-15h R, Me
Me
3.2.10 Me

Scheme8.2.8. Conversiorof intermediates3.2.8to the 4quinolones 3.2.10
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Table 3.2.7List of 4 quinlones3.2.10synthesised from intermediat@2.8

3.2.10 R Ri R Yileds (%)
a 6-F (CH,).Ph 3,5(0OMe),CgH3 60
b 6-F (CHp)2Ph 4-MeOGsH4 64
c H adamantyl 4-CICgH4 70
d H adamantyl 4-BrCgHg, 64

With these positive results in hand we assumed thapohsynthesis of 4uinolones starts

with formation of intermediate8.2.8ab by initial addition of appropriate amine to the
alkynes3.2.2 (Scheme 3.2.9). In the next step ktbordinates to the F forming intermediate

A. The latter undergoes an aromatic nucleophilic substitution with second molecule of amine
via intermediateB. The elimination offluorine anion in form of salt LiF delivers the
intermediateC. Finally an intramolecular Michael additiovia intermediateD leads to
corresponding 4juinolones3.2.3 In this step the reaction can go further, since the second

fluorine abm may be substituted.

________________________________________________________________________________________

________________________________________________________________________________________

Scheme8.2.9. Putativemechanisnfor 4-quinolone3.2.3ring formation

Furthermore, in case of ynones, with two fluorine atoms in the molé&Rlg we could
obtain another intermediate. Nametlie reaction 0f3.2.2eg with 1 equivalent of a bulky

amine like (R)-(+)-(1-phenethyl)amine (the enaonorically pure amine was chosen in order
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to avoid diasteremeric pairs) leads to compo8r&dl1(Scheme 3.2.10). These intermediates

can also be easilyransformed to corresponding quinolong®.5 3.2.6e using standard

conditions.
Me
o O HN' “Ph
X . .
F:— % N NH; Li,CO3 (2 equwg I« X =
7 : N
E ph” >Me DMA Ar160°C,, _ ¢ = . Me
322 Me 10-15h
.2.2e,9 Me 3.2.11a,b

Li2003 (2 eqUiV.)

DMA, Ar, 160 °C,
10-15h

Scheme3.2.10. Formation of the intermediateC (Scheme.2.9) andits conversiorto the 4
guinolones3.2.5 3.2.6e

The structures of hintermediates andinal products were determinate by, *°F andC
NMR as well as with mass spectrometry (€&@pter 3.2.6). Moreover, in some cases the

structures were also proved byR@y crystal structure analysis.

3.2.6. Structure identification

The structures of new synthesised compounds were corroborated byréMBds mass and

IR spectroscopy. In°C NMR spectras of starting materials tbarbonatoms of triple bond
appears in 88:89.2 and 93.84.2 ppm, additionally the peak c&rbonfrom carbonyl group
shows up at 171-173.5 ppm (CDG). In quinolones thé-CH was seen ifH NMR at 6.10
6.49 ppm, besides HC NMR peaks of triple bond were gone, instead fiH@ of quinolone
ring appears at 111P14.7 ppm (CDG). In **F NMR spectra we auld see the peaks of
fluorine in mone and 2,6disubstituted compounds$.@.23b and 3.2.2fi respectively) at
111.0 ppm (CDG@G). For 2,5 and 24-difluorine-substituted compounds$.@.2¢cd and 3.2.2e
respectively) was seen typical doublat-117.0117.0 ppm and-106.099.7 ppm respectively
(CDCls). Moreover, the typical doublets were also seeHGMINMR at 160.0162.0 ppm with

a coupling constant 24358 Hz (CDC}). Additionally, in case of products, where the second
fluorine atom was substituted.2.5, 3.2.6¢, the double peaks of corresponding amines were
seen in addition to the broad singlet dfi Mt 10.410.76 ppm. In IR spectra peaks of C=0
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and NH were detected at 160640 cm® and 33163286 cni respectively.

Independently a structure from eagpe of products was identified by-bay crystal structure
analysis. In the firsthreestructures (Table 3.2.8) were seen the planar structure of quinolone
core. In3.2.6ba hydrogen bond was seen between NH and carbonyl group. In open chain
intermediate 3.2.11and 3.2.8 O=C-C=C-NH fragment was almost planner due to hydrogen
bonds, in addition all substituents were maximum away from each other (Table 3.2.8).

Table 3.2.8Crystal structures 08.2.3f 3.2.6h e, 3.2.7h 3.2.8b

Compound Crystal Structure

3.2.3f

3.2.6b
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3.2.7. Further investigatios

According to results obtained in the chemistry of ynones with two fluorine atoms, we were
interested in preparation of some mixed substituted quinolones. As it was shown before, the
second fluorine atom was not possible to substitute using anilineseaquently we tested the
reaction of compound3.2.7df,g with aliphatic amines using the standard reaction conditions
developed by us. Gratifyingly, we succeed to prepare three examples of quirBibaeac

bearing an aminsubstituent at fused benzemeg (Scheme 3.2.11, Table 3.2.9).

0 0
Rs
T Li,CO3 (2 equiv.) VY
R|_ + Rg_NHZ > H T
ZSN" SR, (2equiv)  DMA Ar, 160°C, N R,
' 15-20h I
3.2.7d,f,g 3.2.12a-c

Scheme8.2.11. Synthesis od-quinolones3.2.12
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Table 3.2.9List of synthesisedtquinolones3.2.12

3212 R Ry R, Rs Yields (%)
5-F 4-Tol  3,5MeCeHs  (CHy)-Ph 97
5-F 4-Tol 4-EtCeHs  (CHy).Ph 84
c 7-F 4Tol  3,5MeCeHs  (CH)sMe 79

Unexpectedly, during careful examination of the reaction between ynones with two fluorine

atoms anclectronrich anilines, we could detect appropriate aminatedifdolones, although

the yieldsnever overcome-3%. In this context the reactions 812.2gi as well as3.2.7hi

with anilineswere performed unddrarsher conditions, that is M-methyt2-pyrrolidone at

185 °C for 30h. Luckily, these extions gave desired anilinesdbstituted quiolones3.2.13
in good yields (Scheme 3.2.12, Table 3.2.10).

F 0]
% Li,CO3 (2 equiv.) _
F Ri N-methyl-2pyrrolidone R
0 2N
3.2.2g,i + Ar, 185 °C, 35h NH O
F o) Ry,—NH, —
(2 equiv.) [}j .
+ R2
Li,CO3 (2 equiv.
R e 3.213
|IQ N-methyl-2pyrrolidone
: Ar, 185 °C, 35h
3.2.7h,i

Scheme3.2.12. Synthesis of aminsubstituted quinolones2.13

Table 3.2.10List of synthesised dianiksubstituted quinolones2.13

3213 R, Ry Yields (%)
a 4-Tol 4-EtCgHa 97
b  (CH)sMe 4-MeOGH. 84

Furthermore, we were interested in testing of our methodology towards more complex

structures. Therefore the reaction of starting yn@22with diamineswvas carried out under

standard reaction condih. The reaction was successful for both aliphatic and aromatic

amines (Scheme 3.2.13). These results show that proposed methodology can béuseful
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instancefor construction of quinoli#-onecontaining dendrimers.

F
- F
i (0] o) N
— N (0]
% —
Me )

3.2.14a (49% O

3.2.2 (2equiv.) Li,CO; (4 equiv.) Me
+ > Me Me
DMA, Ar, 160 °C
HoN 30h Me
or
HoN A~~~
NH, = N/\/\/\/N
(1 equiv.)

g
3.2.14b (71%)

F
Scheme3.2.13. Synthesis of N,Ninked 4quinolones3.2.14

3.2.8. Conclusion

As a conclusion a very easy and practical route for synthesis of different substituted 4
guinolones was developed starting from(2ifluorophenyl)prop2-yn-1-ones 3.2.2 and
aliphatic or aromatic amines. It was possible to isolate some intermedidiies,allowed us
to explain the mechanism of the reaction in detail. The scope and limitations of the reaction
was well studied. Proposed methodology gives a possibility to syzrehemre complex 4

guinolone derivatives.

3.3 Amino group induced recyclization/ring formation of (ortho-fluoro)-3-
bezoylchromones: A new [5+1] domino strategfor syntheszing of 4

quinolones

3.3.1 Introduction

Analysing the structures of pharmacealic based on-duinolone derivatives (see Figure

3.1.1) one can see that in most of the structures a carboxylic moiety is presented in position 3
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of 4-quinolone core. In course of our study on development of new and efficient methods for
synthesis of 4uinolones with potential bioactivity, on the next stage of our work we
examined the possibilds for synthesis of-Barbonytsubstituted 4uinolones.

As was mentioned befgra bunch of methods are knownthe literature for construction of
4-quinolonegScheme 3.1.1)Among the methods discussed above perhaps the most versatile
are methods based on [5+1] cyelions due to the broad substrate scope allowing the
synthesis of target systems with different substituents. In this context except the methodolog
described by us, worth mentioning the methodology based on the reactidd of
arylenaminones and nucleophiles (see Scheme 3.1.4). Furthermore, in the work of Bbuzard
al. was presented anoth#mreestep synthesis of-8O,Et-substitutedd-quinolones, strting

from 2-chlorobenzoyl chlorides which were first transformed to enol ether fragments that

were treated with an amine to prepare correspondimgrblone3.3.1(Scheme 3.3.1)""

0] o) ) O )
i: CH,(CO4Et), Mg(OEt),
1 X Cl ii: TSOH-H,0 I X OEt i-RNH; | OEt
I =X —» X
Cl iii: HC(OEt); Ac,0 Z cl OEt ii: Base, A N
I Ee B
R

Scheme 3.3.1Synthesis a3-CO,E-substituted4-quinolonefrom orthahaloaroyl halides.

Additionally, a similar pathway was presented by Mitevsal The reaction of ester df-
hydroxysuccinimide and anthranilic a@dd3.2with b-keto esters gives an intermediate which

spontaneously cyale to correspondingguinolone3.3.3(Scheme 3.3.2)"*

@)
(@]

o’l\I

B Rl\ ] (@) (0]
'e) NH O (@]
I}IH NaH OE
al t
R1 3.3.2 D OFEt —_—
benzene, r.t.,

+ 3-5 days O R, '}‘ Ra

o o L i Ri 333

Rz)J\/U\OEt

Scheme 3.3.5ynthesis a3-CO,Et-substitutedi-quinolonestarting from 3.3.2.

Accordingto the literature data presented above and our previous experiencepgsqu@

new approach for construction ofgdiinolones bearing aadbonyl substituent at positiah
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based on the one step dommeaction (Scheme 3.3.3). The retrosynthetic analysis in principle
is very much similar to what has been show®Sameme 3.2.1The main difference is that in
this case instead of hydroamination of alky®&eheme3.2.111) we have an intramolecular

nucleophilic substitution on conjugate pyahil system (Scheme 3.383.

0 o) 0 o) 0 0
H,N—R
'}l%‘ ;ITJH LG X LG
A R R, B C
X=Hal

Scheme 3.3.Retrosyntheét analysis of &arbonyt4-quinolonesA.

As it was presented in previous chapters chromones having an EWG (nitro group, carbonyl
group etg at the position 3 are rather labile toward nucleophiles which can promote some
pyrone ringopening reactions. Meover, it was proposed to consider such systems as
masked diketoes that can be used as-CB3C-dielectrophiles. Accordingly, summarizing our
results on the chemistry of chromones anduiholones, we assumed thatb&nzoyl
chromones, bearing a good leayigroup in theortho-position of benzoyl moiety, can be
considered as useful starting materials for the synthesisqafnélones bearing aacbonyl
substituent at positio8 (Scheme 3.3.4).

o 0 © 0 O O OH
= CL0=|CLT
- _ ~
X LG X 0 X O
o 3.3.4 3.3.4'

X=Hal

Scheme 3.3.43-Benzoyl chromnes as masked dielectrophiles.

3.3.2 Synthesis of starting materials

In previous chapter we have demonstrated that fluorine atom can be a good leaving group in
aromatic nucleophilic substitution reaction. Therefore we synthesized a numbeth@f
halogensubstituted denzoyt4H-chromen4-ones3.3.4as starting materials for synthesis of

4-quinolones. MBenzoyt4H-chromen4-ones 3.3.4 can be prepared fronB.3.5 and
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correspondinghalogenated benzoyl chlorid&s3.6 under reflux in DCM using pyridine as
base’’ According this procedure a list of different -Benzoyl chromones3.3.4 were
successfully synthesised with good to excellent yields (Scheme 3.3.5, Table 3.3.1).

R, P N,Me cl Py(3 equiv.) O O
Me Ar, DCM,
R, OH Rs Rs goCtort. to reflux, 8h Re
3.35 R4
3.3.6
(1.1 equiv.)

Scheme 3.3.55ynthesys of orthbalogensubstituteB-benzoy4H-chromen4-ones3.3.4

3.34

Table 3.3.1List of synthesised ortHoalogen benzoyl chromon8s3.4

334 X R Ro Rs Ra Rs  Yileds (%)
a Br H H H H H 81
b cl H H H H H 80
c F H H H H H 78
d F Me H H H H 80
e F H OMe H H H 88
f F cl H H H H 71
9 F cl Me H H H 58
h F H H F H H 60
i F H H H F H 95
j F Br H H F H 75
k F H H H F 66

All compounds were purified by column chromatography. Structures of starting materials
were characterised byMR spectroscopy*H, *C, *°F, seeChapter 3.3.5). Furthermore, the

structure of3.3.4ewas alsasupportedby X-ray crystal structure analysis (Table 3.3.2).

Table 3.3.2X-ray crystal structures of compouBd3.4e.

Compound Crystal Structure
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3.3.3 Results and discussions

With the list of starting materials in hand we started workingstoilly and optimisation of
desired cyclization reaction. For this purpose a test reactioB.2fib (X = Cl) and
phenethydamine was performed in DMF at 10 using KCO; as a base. Fortunately,
starting from initial test reaction desireejdinolone ring formation was observed, though the
yield was only 22%. The same reaction in similar conditions with chrorB@éa(X = Br)

did not work at all. Since earlier (s&hapter 3.1) with similar transformation we had an
excellent results using aromatic nucleophilic substitution of fluorine, next the starting
chromone with X = F was tested. Not surprisingly, from primary test reactiee yield was
improved to 65%. Interestingly, the use of other bases lik€8a Li,CO;, C3COs, NE#t

etc did not increase the yield over 67%. The next tool for optimization of reaction conditions
was the manipulation of the temperature. Luckily, @ening the reaction in DMF using
K,COs as base at increased up to P80temperature, we could improve the yield to 82%.
Additionally, the change of base and/or solvent (DMA, NMP) did not raise the yield. Having
optimal reaction conditions in hand the seagf the reaction was examined with regard to
different chromone8.3.4¢ck and aliphatic amines (Scheme 3.3.6, Table 3.3.3).

Interestingly, we found that in most of the cases the reaction did not stop on geimo¢pn
formation 3.3.7, instead of this thdormed product reacts with second molecule of amine
leading to formation of the appropriate Schiff b&®.8 Notably, the only case when we
could avoid the formation of Schiff base was the use of bulkytylamine3.3.7a In all other
cases the formatioof simple producB.3.7was not detected, even though the reaction was
carried out with 1 equivalent of amine. Moreover, in case of chrorBdhéd-j with second
fluorine atom located anetaor para position to carbonyl group, the substitution of second
fluorine by appropriate amine in standard reactionditionswas not detected (Table 3.3.3).
Nevertheless, in case of chromd@8.4kwith second fluorine located in tloetho-position of
carbonyl group, expectedly substitution of second fluorine witin@naccrued (see also

previous chapter) leading to single prodB8&.9detected in 41% yield (Scheme 3.3.6). Thus
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a number of aliphatic amines including cyclic amines can be successfully used in the reaction
(Table 3.3.3). In addition, the purification dhal products was quite easy, in most of the

cases a simple recrystallization or washing was enough to get a clean product.

O O OH
Ry
X X
¢ o F | | | TR
_ Ph Ph
Ri—r > | | N FNa 3.3.7 [ I
1 . 9.
% o N K,COs (2 equiv.) 3 NH O "N OH
R, ——  » OR |
3.3.4 Ar, DMF, 130 °C
+ 5-10h of N on |
R;—NH, Ry | N
. AN X
(2 equiv.) | | | —R
_ P 3.3.9 (41%)
N Ph
|
R; 338

Scheme 3.3.68ynhesis of 3ortho-hydroxybenzoy$ubstitutedi-quinolones3.3.7, 3.3.8,
3.3.9

Table 3.3.3List of synthesise8ortho-hydroxybenzoysubstitutedt-quinolones3.3.7, 3.3.8

R1 R, Rs 3.3.7(%) 3.3.8(%)

a H H t-Bu 55 -

b H H Cyclohexyl - 46
Cc H H Cyclopropyl - 48
d H H (CH2)2CeHs - 74
e H H n-Hexyl - 65
f 4-OMe H Cyclopenty - 55
g 5-Cl H (CHR)3CsHs - 53
h  4-Me-5-Cl H n-Hexyl - 70
i H 6-F (CHy),CeHs - 78
j 5-Br 6-F (CHy)2CsHs - 40

An interesting result wasbserved when anilines were used instead of aliphatic amines.
Namely in the same reaction conditions dependimgubstituents of anilines two different
products were observed that were condensed chromone deriv@aBviE8and small amount

of quinoline 3.3.11 (Scheme 3.3.7, Table 3.3.4). Interestingly, far no single product of
quinolorering formation was obseed, althougtseverakanilines wvereexamined. Structure of

prepared products was determinate by 1D and 2D NMR. The struct&8.bl was also
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possible to characterise byrdy aystal structure analysis (se@dpter 3.3.5).

K>CO3 (2 equiv.)

+ DMF, Ar, 130 °C
NH, 5-10h
| X
—R
_ 3
(2 equiv.)

3.3.11

Scheme 3.3.ynthesis 03.3.1Q 3.3.11using anilines.

Table 3.3.4List of synthesised-dquinolones3.3.10and quinolines3.3.11

Ry R» Rs Yields 3.3.106)  Yields (3.3.11%)
a H H 4-F 84 -

b H H 3-CFs 74 -

c 5-Cl H 3-CFs 50 -

d 4-Mes5-Cl H 3-CFs 54 -

e H 6-F 3,5Cly 71 -

f H H 3,4,5(0OMe)s 70 -

9 5-Me H OMe 60 10

h 5-Me H H 55 8

To date the work on exploration of list of anilines is in progress. Besides, in order to clarify

how the electronic effects of substituents in amines caremd&ion reaction pathway, we are

planning to use some heterocyclic amines as well (se€htguter 3.3.4).
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3.3.4 Mechanistic explanation

Before the prediction of anythingutativeconcerning mechanism of the reaction we tried to
detect some possible ertnediates. For this purpose the reaction of chron3o®dcwith a
secondary aliphatic amine was performed using standard reaction conditiensstingly,
corresponding amineubstituted chromon®.3.12was isolated in almost quantitative yield
(Scheme3.3.8). That means that the reaction probably starts with aromatic nucleophilic
substitution of fluorine, the usage of secondary amine locks the domino reaction in the first

step.

Me _
O (@] N/\©
H K2C03 (2 eqUiV.)
| * e N o 10m |
e Ar, DMF, 130 °C, 10
O r 0]

3.3.12, (91%)

3.3.4c (2 equiv.)

Scheme 3.3.7Synthesis of possible armediate3.3.12

Having these results in hand we assume that the reaction of aliphatic amines with
corresponding chromone starts with aromatic nucleophilic substitution of fluorine atom
leading to formation of intermediafe. The following intramoleculaattacks of amino group

to 2% position of chromone moiety forms intermedi&eFinally the recyclation of pyrone

ring delivers desired-quinolones3.3.7 (Scheme 3.3.9). In most of the cases this is not the
final step, the reaction runs further witlcead molecule of amine leading to the formation of

corresponding Schiff bas&s3.8

ﬁ%e% ‘fﬁ*‘

337 R,

Scheme 3.3.®utative mechanism ofduinolone3.3.7, 3.3.8formation.
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The formation of unexpected condensed chromone deriv&i8el0 can be explained by
admitting an unusual behavior of anilines. While the reaction of chro@8néwith aliphatic
amines starts with aromatic nucleophilic substitution of fluorine, in case of anilines the
reaction most probably initiatdsy water that an be presented in the base@Ks) in trace
amounts. We assume that in this case the reaction starts with nucleopdckcohtwater onto

the position2 of pyrone fragmentwhich gives rise to the intermediat® via intermediateA.
Fortunately, we couldsolate and characterize intermedi&&compound3.3.13, including

by X-ray analysisintermediateB in basic media can be presented in two tautomeric forms
(intermediateB and C). Hence, in this stage corresponding aniline can attack the carbonyl
groy of intermediate<C leading to the formation of Schiff bagmtermediatedD) through
release of water that can initiate another cycle. Finally intermediatebasic conditions can

be transformed to appropriate hemiamsr#aB.1Q which most probably armore stable than

corresponding hemiacetalstermediates).

3.3.4

B (3.3.13)

Scheme 3.3.1QRutative formation of compourgl3.10.

The formation of unusual quinoline derivati@e3.11 can be explained following the same
consideration. Thus, the intermediaté (formed by nucleophilic attack of water to pyrone
ring of 3.3.4 can be attacked by enamiliee carbon of electromxcessive aniline forming
intermediateD. This can be followed by intramoleculancleophilic attack of amino gup to
the 29 position of pyrone ringhat will cause a pyrone ring openinga intermediateE.
Finally, the 1,4dihydroquinoline intermediate Ff can form corresponding quinoline

derivative3.3.11through release of water that can initiate another ¢gdbeme 3.3.11).
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Scheme 3.3.1Rutative mechanism of formation of quinoline derivafv&11.

3.3.5 Structure identification

The structures of new synthesised compounds were corroborated by NMR, mass and IR
spectrosopy. In all ortho-fluorine-substituted an@,6-disubstituted3-benzoyt4H-chromen
4-ones 8.3.4cg and3.2.2krespectively) thé®F NMR show the presence of fluorine atom at
111.0 ppm (CDG@G). For 24- and 2,5difluorine-substituted compounds3.3.4h and 3.3.4i
respectively) was seen typical doubleat -106.0 -1020 ppm and-117.7 -117.0 ppm
respectively (CDG). Moreover, the typical doublets were also seeff@NMR spectra at
160.0- 162.0 ppm with a coupling constant 24858 Hz (CDC}). In 'H NMR the typical
singlet of quinolone ring in all prepared quinoline derivati8ex73.3.9 3.3.11appears at
7.2-7.8 ppm (CDGJ) and 7.78.3ppm(DMSO-dg). Furthermore, the B gives a broad singlet
at 14.516.1 ppm (CDG)) and 16.0 ppm (DMS@). In *C NMR wrresponding quinolone
CH occurs at 116-318.0 ppm (CDG) and 120.2121.2 ppm (DMS@Js). The structures of
condensed chromone derivativ@s3.10 were first studied by 2D NMR spectroscopy.
Particulaty, in HSQC spectra the proton at D20 ppm (DMS@ds) turned to be NH group
instead of CH. Accordingly, the chiraHJproton next to the NH group gives a doublet at 6.6
6.9 ppm (DMSQGds). Furthermore, in HMBC spectra of compouBg.10hthe correlation
between NH and carbonsI1 and C12 as well as the calation between CH and carbons
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C-10, G19, G24 were seen (Figure 3.3.1). Additionally, in NOESY spectra the correlation
between the chiral CH and tloetho-CH bonds of aniline moietis well seen. Theypical

pick of chiralCH in **C NMR spectra was deteed at 76.4/7.8 ppm (DMS@de). In case of
qguinolines3.3.11the proton of pyridine ring gives a singlet at 8.15 ppm (GR@horeover

two OH groupsareseen at 11.8 and 12.7 ppm (CB)CI

HMBC spectra NOESY spectra

OMe OMe
21

3.3.10h Me
Figure3.3.1 2D NMR from3.3.10h.

At least a structure from each type of compounds was independently characterizedyby X
crystal structure analysis (Table 3.3.5). In the fitsee structures was detected the flat
framework of quinolone core. Another general property was thatllinheee structures the
fragment of Schiff base was almost perpendicular to the quinolone (hantorsion angle

was 609(°). In addition, a hydrogen bond was present in all cases between OH of the benzoyl
fragment andhitrogenatom of Schiff base moietyBesides, the substituents of two nitrogen
atoms were maximum away from each other which is probably energetically more favourable
for the molecule. Furthermore, in the structure of comp@iBdBiwas presented the second
fluorine atom inmetaposition © carbonyl group. Similarly, in compourfi3.11hthe flat

core of quinoline system was observed. dn®@o-hydroxyphenyl andrtho-hydroxybenzoyl
substituets were out of the quinoline plarftorsion angels were G21-C10-C15 =-33.52

and C1C2-C16-C22 =-48.32 respectively), though two hydrogen bonds between the OH of
ortho-hydroxyphenyl group ahquinoline nitrogen and carbginoxygen and OH obrtho-
hydroxybenzoyl group were detected. Finally, the structure of intermé&&tie8was almost
planer, ony the G10 was out from the polycyclic plartorsion angelsre C12C9-C8-C10 =

-7.94 and C12C11-04-C10 = 27.4%). The identification of all other synthesised compounds
was obtained by comparison of therdy crystallography and NMR data.
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Table 3.3.5X-ray crystal structures d.3.8hd,i, 3.3.1h, 3.3.13.

Compound Crystal Structure

3.3.8b

3.3.8d

3.3.8

c4 ¢~
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05

3.3.1h

3.3.13

3.2.7 Further investigations

In order to extend the substrate scope of proposed methodology initial chr8rBctmvas
reacted with electreexcessive amioheterocycles (s€bapter 2.1, Figure 2.1.2)n this
context the test reaction 8f3.4cwith 3-methyt1-phenyt1H-pyrazol5-amineE3 in standard
reaction conditions not surprisingly delivered to corresponding pyrazolopyridine fused system
3.3.14in 71% yield (Scheme 3.3.12). Interestingly this case among usual domipgrone

ring opening and pyridine ring closure, we observed an unexpected intramolecular
substitution of fluorine by phenol OH that leads to formation of an eight membered ring. We
suppose that the formation of pyrazolopyridine systgroceeds with similar mechanistic
pathway presented in previous chapters. The structlBe3df4was determined by 1D NMR

spectroscopy and by-Ray crystal structure analysis (Table 3.3.6).
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3.3.14, (71%)

Scheme 3.3.15ynthesis gbyrazolo[3,4b]pyridine 3.3.24 from 5-aminopyrazolé3.

Table 3.3.6X-ray crystal structures @3.3.14.

Compound Crystal Structure

c7 N \. cu
\c1 @ i — T‘/ Me

g =~ O 4
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3.3.14 N2 % p | J—rjc13 N
/ cs\ P V/cm \
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(0 S 23 //_g\fls
Vs \ c19

Finally, with an eye to extend the work of previous chapter Coepter X, Scheme 3.2.13)

we tried to perform the synthesis of linked quinolones using diamines. For this purpose the
reaction of benzoyl chromor&3.4cwith 4-(4-aminobenzyl)benzenamine was examined in
standard reaction conditions. Fortunately, we were ableymthesize desired linked- 4
guinolone derivative3.3.15 in moderated yield, thus once more demonstrating the huge
synthetic potential of proposed methodology (Scheme 3.3.12).
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K,CO3 (4 equiv.)
_—

3.3.4c
. DMF, Ar, 130°C  HO
10h
3.3.15, (66%)
H,N NH,
(2 equiv.)

Scheme 3.3.15ynthesis of linked-quinolone3.3.15.

3.3.8 Conclusion

In summary we have demonstrated a new and easy way for synthesiguofolbne
derivatives via [5+1] domino cycloaddition reaction ofortho-fluorine-substituted
benzoylchromone$8.3.4 and aliphatic amines. The method provedbt rather sensitive
towards the nature of used amines. Particularly, in case of anilines different unexpected
products were prepared. Hence, the observed properties made initial chromones an important
tool for synthesis of new fused pyridine derivativElse extension of scope and limitations of

the methodology is under extensive study.
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4. Summary

The scope of this thesis is to show the chemical potential of chromones, other masked
dielectrophiles and electreexcessive aminoheterocycles lauilding blocks for the synthesis

of new fused pyridine derivatives.

As described in Chapter.3 and 2.4 the [3+3] domino reaction of chromones bearing a
carbonyl fragment at position 3 with electrercessive aminoheterocycles in acidic media
leads tothe formation of fused pyridines bearingbebenzoyl fragment with exceptional
regioselectivity. The scope and limitations of the reaction along with some further

transformations was studied (Scheme 4.1).

R = CHCl,, CO,Me. R, = CHO, CO,H.

Scheme 4.1.

Further investigations described in Chapt2isand?2.6 show that the [3+3] domino reaction

of 2,3-unsubstituted chromones (generatedsitu), enaminones and chromones bearing an
electron withdrawing nitro group at position 3 with electextessive aminolerocycles in
acidic media leads to the formation of fused pyridines bearingtaryl fragment with
exceptional regioselectivity. The scope and limitations of the methodology along with some

further transformations was studied (Scheme 4.2).

Z N,Me in situ
! - |
Me
OH o ‘
\ Ry AN | R N
)OJ\/\ M | LT m - | “ E
= . Me ' — '

Ar N . Ar N : Ar N :

R]_:H, N02 RZ:H, NH2

Scheme 4.2.
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Subsequently the domino reaction odrtfio-fluoro)-3-bezoylchromones with aliphatic
amines, anilines and electremcessive aminoheterocycles was studied (Chapt8y.
According to applied nucleophile the reaction provided different final products, namely
guinolones and other fused systems. The semyelimitations of the proposed concept was

studied (Scheme 4.3).

Scheme 4.3.
Finally inspired by the results of the domino reaction astho-fluoro)-3-bezoylchromones
with aliphatic amines described in Chapt@B, a new efficient [5+1] synthesis of-4
quinolones by domino amination and conjugate addition reactiongafldorophenyl)prop

2-yn-1-ones with amines was developed (Cha@&). The scope and limitations of the

method along with some further transformasiovas studied (Scheme 4.4).

O
X

Scheme 4.4.
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Appendixed

A.1. Experimental Section

A.1.1 Equipment

'H NMR Spectroscopy Bruker AM 250, Bruker ARX 300, B
for tetramethyl silane;s ;0 0= =7.2550ppphpnf of or
Characterization of the signals: s = singlet, d = doublet, dd = doublet of doublets, ddd =
doublet of doublet of doubtie t = triplet, dt = double of triplet, g = quartet, quint = quintet; m

= multiplet, br = broad. Spectra were evaluated according to first order rules. All coupling
constants are indicated aB. (

13C NMR Spectroscopy Bruker AM 250, (62.9 MHz); Bruke®ARX 300, (75 MHz), Bruker:

ARX 500, (125 MHz) ; Ret: 00 == 3797..70 Odsppinme nf ofro rD
multiplicity of the carbon atoms was determined by the DEPT 135 and APT technique (APT

= Attached Proton Test) and quoted as;OEH,, CH and C for gmary, secondary, tertiary

and quaternary carbon atoms, respectively. Characterization of the signal: g = quartet. The
multiplicity of the signals was determined by the DEPT and/or the APT recording
technologies.

Mass Spectroscopy (MS)AMD MS40, AMD 402 (AMD Intectra), Varian MAT CH 7,
MAT 731.

High Resolution mass spectroscopy (HRMS)Finnigan MAT 95 or Varian MAT 311,
Bruker FT CIR, AMD 402 (AMD Intectra).

Infrared spectroscopy (IR): Bruker IFS 66 (FT IR), Nicolet 205 FT IR; Nicolet Protege 460,
Nicolet 360 Smart rbit (ATR); KBr, KAP, Nujol, and ATR; Abbreviations for signal
allocations: w = weak, m = medium, s = strong, br = broad.

Elementary analysis:LECO CHNS932, Thermoquest Flash EA 1112.

X-ray crystal structure analysis Bruker X8Apex Diffratometer with CCBKamera (Mo
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Kland graphite monochromator, & = 0.71073

Melting points: Micro heating table HMK 67/1825 Kuestner (Bichi apparatus); Melting

points are uncorrected.

Column chromatography: Chromatography was performed over Merck silica gel 60 (0,063
0,200 mm, 70 230 mesh) as normal and/or over silica gel 60 (0;08@63 mm, 206400

mesh) as flash chromatography. All solvents were distilled before use.

Thin layer chromatography: Merck DC finished aluminum foils silica gel 60 F254 and
Macherey finished foils Algram® Sil G/UV254. Detection under UV light at 254 nm and/or
366 nm without dipping reagent, as well as with van#litfuric acid reagent (1 mL vanillin

in 100 mL stock solution of 85% methanol, 14% acetic acid and 1% sulfuric acid).
Chemicals and worktechnique: All solvents for using were distilled by standard methods.

All of the chemicals are standard, commercially available from Mewkldrich®, Arcos® and

others.

A.2. General procedures and spectroscopic data

A.2.1. General procedure for the $lyesis of3-(Dichloroacetyl)chromon@.3.2

To a dry dichloromethane solution (100 mL) efdmethylamino)1-(2-hydroxyphenyl)prop
2-entl-one 2.3.1 (20 g, 105 mmol), 27 mL of dry pyridine (345 mmol) was added. The

solution was set on stirring on ice ba#imd corresponding dichlor acetylchloride (11.1 mL,

115.5 mmol) was added dropwise. The reaction mixture was stirred at r.t. for 8 h. Afterwords

the solvent was removed in vacuo. The formed solid was well washed with water to give a

black crude materialhich was then purified by flash column chromatogragblyromone
2.3.2was obtained as light yellow crystals (19.3 g, 75%), mp17Z&°C.

o o0 'H NMR (300MHz, DMSO-ds) : = 757 (s, 1H, CHG), 7.587.64
[ cHch (m, 1H, CHy), 7.78 (dd, 1H3J = 8.4 Hz,*J = 0.6 Hz, CH,), 7.887.94
o (m, 1H, CHy), 8.158.19 (m, 1H, CH;), 9.16 (s, 1H, CHO).

13C NMR (75.5 MHz, DMSQdg): ti= 70.5 (CHCJ), 118.2 (CH), 18.7,
123.9 (C), 125.7, 12@, 135.4 (CH), 155.2 (C), 165.1 (CHO), 173.5, 183.9 (C).
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MS (GS, 70eV)m/z(%) = 255 (M, 1), 257 (1), 221 (34), 173 (100), 121 (35).

HRMS (EI): Calcd for GiHgOsCl> (M) 255.96885. Found 255.968748.

IR (ATR, cmi®): 7 = 3005 (w), 1700 (m), 1643 (s), 1619), 1591 (w), 1550 (s), 1463 (s),
1388 (m), 1335 (w), 1309 (s), 1259 (w), 1230 (w), 1204 (w), 1176 (w), 1144 (m), 1033 (w),
1006 (m), 951 (w), 902 (w), 880 (w), 854 (m), 799 (m), 778 (s), 759 (s), 746 (s), 729 (s), 690
(s), 645 (m), 612 (m).

A.2.2. Genal procedure for the synthesis of compouds3ac, e-p in acetic acid.

In a roundbottom flask the mixture oB-(dichloroacetyl)chromon&.3.2 (1 equiv.) and
appropriate aminoheterocycke (1.1 equiv.) was dissolved in AcOH (10 mil® mmol of
chromone2.3.2 and heated under reflux in an inert atmosphere f6ri2 (controlled by
TLC). After completion of the reaction volatiles were evaporated under reduced pré$sur
residue was treated with water, filtered, dried in air, and recrystallized fronopaize

solvent or subjected to column chromatography (silica gel).
A.2.3. General procedure for the synthesis of compo2:r&3din TMSCI/DMF.

The 3-(dichloroacetyl)chromone&.3.2 (1 equiv.) and 4mincl1H-imidazole2(3H)-thione

E2b (1.1 equiv.) were laced in a pressure tube under the flow of dry argon and dissolved in
dry DMF (5 mL/1 mmol of chromon&.3.2 containing 1 mL of TMSCI. The mixture was
heated at 10020 °C for 7 h (controlled by TLC). After the reaction was completed volatiles
were evapated under reduced pressure. The residue was treated with water, filtered, dried in

air, and recrystallized fronPrOH:Heptae 2:1.

6-(dichloromethyl)-5-(2-hydroxybenzoyl)-1,2-dihydro -2-phenylpyrazolo[3,4-b]pyridin -3-
one (2.3.3a).
Starting from3-(dichloroacetyl)chromon&.3.2(0.257 g, 1 mmol)
Hand 5amincl,2-dihydro-2-phenylpyrazof3-oneEla (0.193 g, 1.1
mmol) in 10 mL AcOH.2.3.3awas isolated as green solid (0.319
g, 77%), mp = 19200°C.
'H NMR (300 MHz, DMSQdg): U 6:967.02 (m, 2H,CHa,),
7.32 (t, 1H23 = 7.1Hz, CHy,), 7.487.57 (m, 4HCHy,), 7.67 (s, 1H, CHG), 7.88 (d, 2H3J
= 8.0Hz, CHy/), 8.20 (s, 1H, Py), 10.62 (s, 1H, OH), 12.8 (br. s, 1H, NH).

H N CHCl,
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3C NMR (75.5 MHz,DMSO-dg) : U = 6)810%83 (§, CIM.Z;1119.5, 120.0 (CH),
123.8, 124.8 (C), 126.0, 129.2, 131.6, 135.1 (CH), 136.3 (C), 137.0 (CH), 155.3, 156.8, 158.1,
158.2 (C), 195.6 (C=0).

MS (GS, 70eV)m/z(%) = 413 (M, 5), 78 (96), 63 (100), 44 (12).

HRMS (ESI): Calcd for ggH13CIoN3O3 (M+H) 414.0407. Found 414.0409.

IR (ATR, cmY): 7 = 3041 (W), 2915 (w), 2352 (w), 2143 (w), 2018 (w), 1962 (w), 1661 (m),
1617 (s), 1597 (s), 1485 (m), 1450 (m), 1404 (w), 1358 (m), 1303 (m), 1242 (s), 1221 (m),
1199 (m), 1156 (m), 1034 (w), 948 (w), 930 (1BF8 (w), 820 (m), 774 (m), 754 (s), 686 (s),

650 (s), 611 (m), 578 (m), 530 (m).

6-(dichloromethyl)-5-(2-hydroxybenzoyl)-1,2-dihydro -2-methylpyrazolo[3,4-b]pyridin -3-
one (2.3.3b).
Starting from3-(dichloroacetyl)chroma:2.3.2(0.257 g, 1 mmol)
oH and 5aminc1,2-dihydro-2-methylpyrazoi3-oneE1b (0.124 g, 1.1
mmol) in 10 mL AcOH.2.3.3bwas isolated as white solid (0.310
g, 88%), mp = 17479°C.
'H NMR (300MHz, DMSO-dg) : = 36 (s, 3H, NMe), 6.9Z.00
(M, 2H,CHa,), 7.437.53 (m, 2H,CHa,) 7.67 (s, 1H, CHG), 8.10 (s, 1H, Py), 10.53 (s, 1H,
OH), 12.53 (br. s, 1H, NH).
¥C NMR (75.5 MHz,DMSO-ds) : = 30.5 (NMe), 68.9 (CHG), 117.1, 119.4 (CH), 123.5,
124.1 (C), 134, 134.9, 136.6 (CH), 153.4, 156.9, 157.3, 157.8, 172.0 (C), 195.8 (C=0).
MS (GS, 70eV)m/z(%) = 351 (M, 64), 316 (M-Cl, 100), 281 (89), 268 (FCHCI,, 96),
252 (26), 231 (11), 121 (88).
HRMS (ESI): Calcd for GH;,CIoN3O3 (M+H) 352.0250. Found 35@249.
IR (ATR, cmi%): 77 = 3050 (w), 1706 (w), 1622 (m), 1477 (m), 1455 (w), 1361 (m), 1300 (m),
1246 (s), 1205 (s), 1180 (s), 1155 (s), 1033 (m), 917 (s), 867 (w), 849 (w), 818 (s), 767 (S),
754 (s), 707 (s), 693 (s), 680 (s), 649 (m).

N N~ TCHCl,

6-(dichloromethyl)-5-(2-hydroxybenzoyl)-1,2-dihydro -1-methylpyrazolo[3,4-b]pyridin -3-
one (2.3.3c).
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Starting from3-(dichloroacetyl)chromon@.3.2 (0.257 g, 1 mmol) and
o 5-aminc1,2-dihydro-2-methylpyrazoi3-oneE1c (0.124 g, 1.1 mmol) in

10 mL AcOH. 2.3.3cwas isolated as white solid (0.275 g, 78%), mp =
NN o, 179181°C.

Me 'H NMR (300MHz, DMSO-ds) : = 392 (s, 3H, NMe), 6.95.01 (m,
2H, CHp,), 7.437.53 (M, 2HCHa,), 7.74 (s, 1H, CHG), 8.28 (s, 1H, Py), 10.51 (s, 1H, OH),
11.56 (br. s, 1H, NH).
¥C NMR (75.5 MHz,DMSO-ds) : = 38.2 (NMe), 69.3 (CHG), 117.2, 119.3 (CH), 122.7,
124.4 (C), 13.4, 134.6, 134.9 (CH), 148.7, 153.6, 154.3, 157.8, 172.0 (C), 196.5 (C=0).
MS (El, 70eV):m/z (%) = 351 (M, 29), 316 (M-CI, 100), 281 (74), 268 (MCHCl,, 57),
252 (22), 196 (12), 121 (52).

HRMS (ESI): Calcd for GH;,CIo;N3zO3 (M+H) 352.0250. Found 35@247.
IR (ATR, cmi'): 77 = 3050 (w), 1712 (w), 1599 (m), 1574 (m), 1495 (w), 1479 (w), 1286 (m),
1201 (s), 994 (w), 919 (m), 808 (m), 769 (s), 707 (s), 649 (S).

5-(dichloromethyl)-6-(2-hydroxybenzoyl)}1-methyl-3-phenyl-1H-imidazo[4,5-b]pyridine -
2(3H)-thione (2.3.3d).

Starting from3-(dichloroacetyl)chromon2.3.2(0.257 g, 1 mmol) and

on 4-amino 1H-imidazole2(3H)-thioneE2b (0.226 g, 1.1 mmol) in SmL

X o DMF and 1 mL of TMSCI2.3.3dwas isolated as yellow solid (0.382
NZ >cho, 9, 86%)mp = 233235°C.

'H NMR (300MHz, DMSO-dg) : = 376 (s, 3H, Me), 6.92.06 (m,
2H, CHpy), 7.32 (s, 1H, CHG), 7.4%#7.64 (m, 7H,CHar), 8.00 (s, 1 H, Py), 11.03 (s, 1 H,
OH).
¥C NMR (75.5 MHz,DMSO-dg) : = 31.4 (Me), 69.2 (CHG), 116.4, 117.7, 119.4 (CH),
122.2,126.4, 127.8, 128.4 (C), 129129.1, 132.6 (CH), 134.2 (C), 136.5 (CH), 145.8, 146.7,
160.1, 173.3 (C), 197.1 (C=0).
MS (El, 70eV):m/z(%) = 443 (M, 7), 373 (59), 360 (MCHCI,, 100), 344 (24), 298 (10).
HRMS (ESI): Calcd forC;1H16CIoN30,S (M+H) 444.0335. Found 444.0334.
IR (ATR, cmi®): 77 = 1735 (w), 1624 (m), 1598 (m), 1500 (m), 1483 (w), 1422 (s), 1339 (s),
1301 (s), 1202 (s), 1154 (s), 1065 (w), 967 (m), 818 (m), 750 (s), 690 (m), 651 (m).

Me\

N
s= ||

IN

Ph

6-(dichloromethyl)-5-(2-hydroxybenzoyl)-3-methyl-1-phenyl-1H-pyrazolo[3,4-b]pyridine
(2.3.3e).
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Starting from3-(dichloroacetyl)chromon2.3.2(0.257 g, 1 mmol) and-4
on @minoe1H-imidazole2(3H)-thione E3 (0.190 g, 1.1 mmol) in 10 mL
y N o AcOH. 2.3.3ewas isolated as light brown solid (0.284 g, 69%), mp =
N Z 205-206°C.
Ph o 'H NMR (300MHz, DMSO-dg) : = 2161 (s, 3H, Me), 6.96.03 (m, 2H,
CHar), 7.347.40 (m, 1HCHa,), 7.5:7.64 (m, 5HCHa,), 8.36 (dd, 2H>J = 8.7Hz,*J= 0.9
Hz, CHa/), 8.53 (s, 1H, Py), 10.81 (s, 1H, OH).
¥C NMR (75.5 MHz,DMSO-dg) : = 12.2 (Me), 69.5 (CHG), 116.2 (C), 115, 119.4,
119.9 (CH), 123.0 (C), 126.0, 128.3, 129.3, 132.1, 133.5, 135.8 (CH), 138.6, 144.5, 148.8,
153.5, 159.2 (C), 196.8 (C=0).
MS (GC, 70eV)m/z(%) = 411 (M, 74), 376 (90), 341 (99), 328 (MCHCl,, 100), 312 (41),
291 (32), 256 (21), 179 (12), 1225), 77 (43).
HRMS (ESI): Calcd for gH;4CIoN3z0, (M-H) 410.0469. Found 410.048.
IR (ATR, cmi®): 77 = 1620 (m), 1592 (m), 1559 (w), 1510 (w), 1497 (w), 1482 (w), 1293 (m),
1209 (s), 1154 (m), 947 (w), 930 (m), 806 (m), 752 (s), 665 (s), 630 (S).

1-(4-methoxybenzyl}5-(2-hydroxybenzoyl)-6-(dichloromethyl)-1H-pyrrolo[2,3-
b]pyridine -3-carbonitrile (2.3.3f).
Starting from3-(dichloroacetyl)chromong.3.2(0.257 g, 1 mmol) and-¥-
- on methoxybenzyhs-amino 1H-pyrrole-3-carbonirile  E4a (0.250 g, 1.1
7~ Xy Yo mmol) in 10 mL AcOH.2.3.3fwas isolated as white solid (0.383 g, 93%),
NN ScHe,  mp = 238240°C.
'H NMR (300MHz, CDCk) : = 380 (s, 3H, OMe), 5.54 (s, 2H, GH
6.856.93 (m, 3H,CHy/), 7.12 (d, 1H,%J = 8.3 Hz, CHa,), 7.21 (s, 1H,
CHCL,), 7.31 (dd, 1H3J = 8.2Hz, *J = 1.5Hz, CHy,), 7.397.43 (m, 2H,
CHar), 7.557.61 (m, 1HCHa,), 7.88 (s, 1H, pyrrole), 8.08 (s, 1Ry), 11.79 (s, 1H, OH).
13C NMR (75.5 MHz,CDCl) : = 48.1 (CH), 55.3 (OMe), 68.6 (CHG), 86.1 (CN), 113.9
(C), 114.6, 118.9 (CH), 119.1 (C), 119.4 (CH), 119.5, 125.7, 126.9 (C), 129.6, 130.3, 133.3,
137.7, 137.8 (CH), 146.1, 150.6, 160.0, 163.7 (0.2 (C=0).
MS (El, 70eV):m/z(%) = 465 (M, 22), 430 (14), 395 (25), 382 (MCHCl, 13), 121 (100),
77 (19).
HRMS (ESI): Calcd for gH1sCIoN3Os (M+H) 466.072. Found 466.0722.
IR (ATR, cmi'): 77 = 2223 (s), 1621 (m), 1603 (s), 1550 (w), 1513 (s), 1483 1850 (m),
1305 (m), 1240 (s), 1154 (s), 1032 (m), 915 (m), 817 (m), 782 (s), 763 (s), 706 (s), 663 (s),

OMe
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605 (s).

1-(4-methoxybenzyl}5-(2-hydroxybenzoyl)}-6-(dichloromethyl)-1H-pyrrolo[2,3-
b]pyridine -3-carbonitrile (2.3.39).
Starting from3-(dichloroacetyl)chromon2.3.2(0.257 g, 1 mmol) and-5
o aminc1-cyclohexyt1H-pyrrole-3-carbonitrile E4b (0.208 g, 1.1 mmol)
in 10 mL AcOH.2.3.3gwas isolated as yellowish solid (0.360 g, 84%),
NS Nenal, mp 174176°C.
ﬁ 'H NMR (300MHz, DMSO-dg): ti= 1.152.10 (m, 10H, cyclohexyl),
4.71-4.86 (m, 1H, NCH), 6.95.02 (m, 2HCHa,), 7.46 (dd, 1H3J=7.8
Hz, “J = 1.7Hz, CHa), 7.537.58 (m, 1H,CHy), 7.57 (s, 1H, CHG), 8.20 (s, 1H, pyrrole),
8.90 (s, 1H, Py), 10.77 (s, 1H, OH).
¥C NMR (75.5 MH, DMSO-ds) : = 24.8, 25.1, 32.0, 39.8 (GH 55.2 (NCH), 69.4
(CHCL,), 84.0 (CN), 114.5 (C), 117.4, 119.1 (CH), 119.4, 123.2 (C), 126.5, 129.9, 132.1,
135.7, 139.3 (CH), 145.2, 149.0, 159.0 (C), 197.2 (C=0).
MS (GC, 70eV)m/z(%) = 427 (M, 12), 392 (8), 357 (23), 344 (MCHCl,, 67), 309 (13),
275 (41), 262 (100), 246 (43), 207 (27), 121 (16).
HRMS (ESI): Calcd for gH20CloN3O, (M+H) 428.0927. Found 428.0924.
IR (ATR, cmi®): 7 = 2219 (m), 1621 (s), 1601 (m), 1553 (w), 1521 (w), 1480 (w), 1292 (s),
1189 (s), 1153 (s), 1030 (w), 933 (w), 916 (m), 778 (m), 757 (s), 708 (s), 641 (s).

NC
/Y ©

1-tert-butyl-5-(2-hydroxybenzoyl)-6-(dichloromethyl)-1H-pyrrolo[2,3-b]pyridine -3-
carbonitrile (2.3.3h).

Starting from3-(dichloroacetyl)chomone2.3.2(0.257 g, 1 mmol) and
e on 1-tert-butyl-5-amince 1H-pyrrole-3-carbonitrileE4c (0.179 g, 1.1 mmol)
A Xr" o in 10 mL AcOH.2.3.3hwas isolated as gray solid (0.317 g, 79%), mp

/gMe N"che,  200-202°C.
e e 'H NMR (300MHz, DMSO-dg) : = 1iB5 (s, 9Ht-Bu), 6.957.02 (m,
2H, CHa/), 7.48 (dd, 1H3J = 7.8Hz, *J = 1.6 Hz, CHa), 7.527.58 (m, 1H,CHa,), 7.60 (s,
1H, CHCLb), 8.17 (s, 1Hpyrrole), 8.80 (s, 1H, Py), 10.75 (s, 1H, OH).
3C NMR (75.5 MHz,DMSO-dg) : = 28.5 ¢-Bu), 59.3 Ct-Bu), 69.5(CHCL), 83.1 (CN),
114.7 (C)117.4,119.4 (CH), 120.2, 123.2, 125.8 (C), 129.7, 132.0, 135.6, 139.7 (CH), 145.8,
148.3, 158.9 (C), 197.1 (C=0).
MS (GC, 70eV):m/z (%) = 401 (M', 10), 366 (36), 318 (40), 310 (28), 275 (32), 274 (32),
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262 (100), 246 (32), 218 (11), 121 (10).

HRMS (EI). Calcd forCagH17C1LN3O, (M*) 401.0669. Found 401.0670.

IR (ATR, cmil): 77 = 2229 (s), 1624 (m), 1601 (m), 1519 (w), 1483 (w), 1418 (m), 1370 (m),
1190 (s), 1083 (W), 1034 (w), 910 (w), 864 (W), 758 (s), 706 (s), 646 (), 607 (M).

5-(dichloromethyl)-6-(2-hydroxybenzoyl)}N,N-dimethylthiazolo[4,5-b]pyridin -2-amine
(2.3.3i0).

Starting from3-(dichloroacetyl)chromon&.3.2(0.257 g, 1 mmol)

on and N N*-dimethylthiazole2,4-diamine E5a (0.157 g, 1.1 mmol)

B o in 10 mL AcOH.2.3.3iwas isolated as gray solid (0.318 g, 73%),
N” ScHo, Mp 244245°C.

'H NMR (300MHz, DMSO-ds) : = 325 (s, 6H, NMg), 6.937.00
(m, 2H,CHa,), 7.42 (dd, 1H3J = 7.8Hz,“J = 1.6Hz, CHp,), 7.51 (s, 1H, CHG), 7.487.54
(m, 1H,CHa/), 8.29 (s, 1H, Py), 10.64 (s, 1H, OH).
¥C NMR (75.5 MHz,DMSO-ds) : = 38.8 (NMe), 69.4 (CHCJ), 117.3, 119.3CH), 123.1,
123.8, 125.9 (C), 131.5, 131.6, 135.0 (CH), 151.7, 158.3, 165.4, 172.6 (C), 196.6 (C=0).
MS (El, 70eV):m/z(%) = 381 (M, 35), 346 (73), 311 (69), 298 (MCHCl,, 100), 282 (64),
268 (12), 263 (14), 261 (21), 226 (15), 121 (11).
HRMS (ESI):Calcd for GgH14CIoN30,S (M+H) 382.0178. Found 382.0181.
IR (ATR, cmi®): 7 = 1620 (w), 1602 (m), 1556 (s), 1505 (w), 1478 (w), 1403 (m), 1292 (s),
1217 (s), 1158 (m), 931 (m), 793 (s), 744 (s), 702 (s), 664 (M).

Me\ S
Tl
Me N

5-(dichloromethyl)-6-(2-hydroxybenzoyl}-2-morpholinothiazolo[4,5-b]pyridine (2.3.3)).
Starting from 3-(dichloroacetyl)chromone2.3.2 (0.257 g, 1
oHmmol) and 2morpholinothiazo4-amine E5b (0.204 g, 1.1
/\N_<\S | \/ ©  mmol) in 10 mL AcOH.2.3.3j was isolated as yellow solid

S (0.297 g, 70%), mp 22228°C.

'H NMR (250MHz, CDCk) : = 3ir2-3.76 (m, 8H, morpholine), 6.9800 (m, 2H,CHa,),

7.43 (dd, 1H3J = 7.8Hz,%) = 1.6 Hz, CHa,), 7.497.52 (m, 2H, CHGl CHa/), 8.33 (s, 1H,

Py), 10.64 (s, 1H, OH).

¥C NMR (62.9 MHz,CDCls) : = 48.7, 66.2 (Chimorpholine), 68.3 (CHG), 118.8, 119.3

(CH), 119.6, 123.1, 125.2 (C), 129.7, 133.1, 137.6 (CH), 152.7, 163.4. 165.5, 172.0 (C), 199.8

(C=0).

MS (El, 70eV):m/z(%) = 423 (M, 33), 390 (25), 389 (21), 388 (70), 387 (20), 354 (11), 353

(48), 352 (21), 342 (15), 341 (47), 340 UBHCl, 100), 324 (32), 303 (14), 296 (16), 266
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(12), 246 (11), 121 (14).

HRMS (ESI): Calcd for GH16CloNsOsS (M+H) 424.0827. Found 424.0286.

IR (ATR, cmi®): 77 = 1620 (w), 1599 (w), 1544 (m), 1505 (m), 1485 (m), 1424 (m), 1290 (s),
1214 (s), 1111 (s), 1025 Jn®31 (m), 790 (M), 749 (s).

5-(dichloromethyl)-6-(2-hydroxybenzoyl)-2-pyperidinothiazolo[4,5-b]pyridine (2.3.3k).
Starting from3-(dichloroacetyl)chromon22.3.2(0.257 g, 1 mmol)
oHand 2(piperidin1-yl)thiazok4-amineE5c (0.201 g, 1.1 mmol) in
jN_«S | j 0 10 mL AcOH.2.3.3kwas isolated as yellow solid (0.312 g, 74%),
N N7 TcHC,  mp 263264°C.
'H NMR (300MHz, CDCk) : =1i¥2 (m, 6H, piperidine), 3.73 (m, 4H, piperidine), 6.84 (td,
1H,3J = 8.1Hz,%J = 1.0Hz, CHp,), 7.01 (s, 1H, CHG), 7.06 (dd, 1H3J = 8.4Hz,*1= 0.7
Hz, CHp,), 7.32 (dd, 1H3J = 8.0Hz,%J = 1.1Hz, CHp,), 7.497.54 (m, 1H,CHa), 7.81 (s,
1H, Py), 11.78 (s, 1H, OH).
3C NMR (75.5 MHz,CDCl;) : = 24.0, 25.4, 50.0 (Chbiperidine), 68.4 (CHG), 118.7,
119.2 (CH), 119.6, 122.4, 125.4 (C), 129.2, 133.1, 137.4 (CH), 152.5, 163.3, 166.1, 171.5 (C),
199.9 (C=0).
MS (El, 70eV):m/z(%) = 421 (M, 16), 386 (22), 351 (81), 338 (MCHCl,, 100), 322 (47),
295 (16), 268 (13), 121 (14), 84 (13), 69 (16).
HRMS (ESI): Calcd for gH1sCIoN30,S (M+H) 422.0491. Found 422.0494.
IR (ATR, cmi?): 77 = 2938 (m), 1617 (m), 1594 (w), 1538 (s), 1503 (m), 1482 1816 (m),
1291 (s), 1248 (m), 1213 (s), 1125 (m), 934 (m), 850 (w), 787 (m), 732 (s), 705 (s), 627 (m),
604 (m).

6-(2-hydroxybenzoyl)-7-(dichloromethyl)pyrido[2,3-d]pyrimidine -2,4(1H,3H)-dione
(2.3.3I).

Starting from 3-(dichloroacetyl)chromon&.3.2 (0.257 g, 1 mmol)
on and 6aminopyrimidine2,4(1H,3H)-dione E6a (0.140 g, 1.1 mmol)
" N o in 10 mL AcOH.2.3.3lwas isolated as white solid (0.253 g, 69%),
A oo, TP 237238°C.

H 'H NMR (300MHz, DMSO-dg) : = 61067.01 (m, 2H,CHa,), 7.45
7.54 (m, 2H,CHp), 7.56 (s, 1H, CHG), 8.20 (s, 1H, Py), 10.59 (s, 1H, OH), 11.68 (s, 1H,
NH), 12.28 (s, 1H, NH).

13%C NMR (75.5 MHz,DMSO-ds) : = 68.1 (CHC)), 110.4 (C), 117.2, 119.5 (CH), 123.8,

126.0 (C), 131.4, 135.3, 139.5 (C), 150.2, 153.6, 1588.,11161.2 (C), 194.8 (C=0).
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MS (El, 70eV):m/z (%) = 366 (M, 2), 330 (69), 295 (62), 282 (MCHCI,, 100), 266 (11),
239 (11), 223 (7), 196 (8), 121 (22), 69 (14), 57 (10), 44 (15).

HRMS (ESI): Calcd for gHsCIoN3O4 (M-H) 366.9897. Found 366.9914.

IR (ATR, cm): 7 = 3176 (w), 3051 (w), 1682 (s), 1603 (s), 1574 (s), 1504 (w), 1481 (m),
1403 (m), 1294 (m), 1242 (s), 1155 (m), 921 (m), 754 (s), 650 (s).

6-(2-hydroxybenzoyl)-7-(dichloromethyl)-1,3-dimethylpyrido[2,3-d]pyrimidine -
2,4(1H,3H)-dione (2.3.3n).
Starting from 3-(dichloroacetyl)chromone.3.2 (0.257 g, 1 mmol)

o) oHand 6aminc1,3-dimethylpyrimidine2,4(1H,3H)-dioneE6b (0.171 g,
N | Xr o 1.1 mmol) in 10 mL AcOH.2.3.3m was isolated as yellow solid
OéI\N N7 ScHal,  (0.303 g, 77%), mp 19697°C.
'H NMR (300MHz, DMSO-dgs) : = 328 (s, 3H, Me), 3.66 (s, 3H,
Me), 6.967.01 (m, 2HCHa/), 7.47 (dd, 1H3J = 8.2Hz,%J = 1.6Hz, CHa,), 7.5:7.57 (m, 1
H, CHa/), 7.61 (s, 1H, CHG), 8.25 (s, 1H, Py), 10.57 (s, 1H, OH).
%C NMR (62.9 MHz,DMSO-ds) : = 28.5, 29.4 (Me), 68.40HCl,), 110.6 (C), 117.2, 119.5
(CH), 123.6, 125.9 (C), 131.4, 135.4, 140.1 (CH), 150.8, 151.4, 157.3, 158.0, 160.0 (C), 194.5
(CH).
MS (El, 70eV):m/z (%) = 393 (M, 3), 358 (99), 310 (MCHCl,, 100), 294 (21), 120 (44),
69 (11).
HRMS (El): Calcd for G;H13CIoN3O, (M™) 393.0278. Found 393.0271.
IR (ATR, cm?): 7 = 1712 (m), 1666 (m), 1656 (m), 1628 (m), 1601 (s), 1572 (m), 1485 (m),
1357 (m), 1243 (s), 1156 (m), 1089 (w), 959 (w), 917 (m), 783 (s), 751 (s), 667 (M).

6-(2-hydroxybenzoyl)-7-(dichloromethyl)-1-methylpyrido[2,3-d]pyrimidine -2,4(1H,3H)-
dione (2.3.3n).

Starting from3-(dichloroacetyl)chromon&.3.2(0.257 g, 1 mmol)

and 6aminc1-methylpyrimidine2,4(1H,3H)-dione E6¢ (0.155 g,
on 1.1 mmol) in 10 mL AcOH2.3.3nwas isolated as yellow solid
j\ | \/ O (0.270 g, 71%), mp 23836°C.

N °N CHCl, 'H NMR (300MHz, DMSO-ds) : = 368 (s, 3H, Me), 6.97.01

Me (m, 2H,CHp,), 7.46 (dd, 1H3J = 8.1Hz,%J = 1.7Hz, CHa/), 7.5%
7.57 (m, 1H,CHa/), 7.62 (s, 1H, CHG), 8.32 (s, 1H, Py), 10.57 (s, 1H, OH), 11.94 (s, 1H,
NH).

3C NMR (62.9 MHzDMSO-ds) : = 28.5 (Me), 68.4 (CHG), 111.5 (C), 117.2, 119.5 (CH),
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123.6, 125.6 (C), 131.4, 135.3, 139.6 (CH), 150.5, 152.8, 157.4, 157.9, 160.2 (C), 194.6
(C=0).

MS (El, 70eV):m/z(%) = 380 (M, 2), 344 (42), 309 (52), 296 (MCHCl,, 100), 280 (12),

121 (21).

HRMS (EI): Calcd for GgH11CIo2NsO4 (M™) 379.0121. Found 379.0115.

IR (ATR, cm®): 7 = 3330 (w), 3035 (w), 1732 (m), 1699 (s), 1596 (s), 1567 (m), 1475 (m),
1338 (m), 1279 (m), 1157 (s), 1100 (m), 900 (m), 755 (s), 597 (s).

2-(dichloromethyl)-3-(2-hydroxybenzoyl)-5, 7-dimethoxyquinoline (2.3.30).
Starting from 3-(dichloroacetyl)chromone2.3.2 (0.257 g, 1
on mmol) and 3,&dimethoxybenzenaming7a (0.168 g, 1.1 mmol)
in 10 mL AcOH. 2.3.3owas isolated as white solid (0.282 g,
72%), mp 188189°C.
'H NMR (300MHz, DMSO-dg) : = 392 (s, 3H, OMe), 3.99 (s,
3H, OMe), 6.80 (s, 1HCH,), 6.967.01 (m, 2H,CHa/), 7.16 (s, 1HCHy), 7.477.53 (m,
2H, CHa), 7.70 (s, 1H, CHG), 8.41 (s, 1H, Py), 10.55 (s, 1H, OH).
13C NMR (75.5 MHz,DMSO-dg) : = 56.1, 56.4 (OMe), 69.3 (CHE) 93.7, 100.3 (CH),
114.3 (C), 117.2, 119.4 (CH), 123.9, 125.5 (C), 131.5, 134.0, 135.0 (CH), 149.7, 154.1, 156.0,
158.1, 163.9 (C), 196.5 (C=0).
MS (El, 70eV):m/z(%) = 391 (M, 47), 356 (M-CI, 100), 339 (10), 321 (49), 292 (21), 271
(42), 236 (22), @6 (12), 121 (23), 65 (13).
HRMS (ESI): Calcd for @H16CLNO, (M+H) 392.0451. Found 392.0457.
IR (ATR, cmi'): 77 = 1620 (s), 1600 (s), 1571 (m), 1480 (w), 1291 (m), 1203 (s), 1043 (w),
1033 (m), 915 (m), 815 (m), 760 (s), 630 (m).

MeO N~ “CHcl,

2-(dichloromethyl)-3-(2-hydroxybenzoyl)-N,N-dimethylquinolin -7-amine (2.3.3p).
Starting from3-(dichloroacetyl)chromon@.3.2(0.257 g, 1 mmol)
on andN*,N*-dimethylbenzend ,3-diamineE8 (0.152 g, 1.1 mmol) in
o 10 mL AcOH.2.3.3pwas isolated asejiow solid (0.255 g, 60%),
My N“ Scho,  mp 186188°C.
'H NMR (300MHz, DMSO-ds) : = 314 (s, 6H, NMg), 6.947.02
(m, 2H,CHa/), 7.05 (d, 1H*J = 2.4Hz, CHa/), 7.37 (dd, 1H3J = 9.2Hz,%J = 2.5Hz, CHa,),
7.447.54 (m, 2H,CHa), 7.71 (s, 1H, CHG), 7.89 (d, 1H2J = 9.2Hz, CHa,), 8.25 (s, 1H,
Py), 10.61 (s, 1H, OH).
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13C NMR (75.5 MHz,DMSO-dg) : = 38.9 (NMe), 69.7 (CHC}), 104.7, 117.2, 118.0, 118.2
(CH), 119.3, 123.4, 124.0 (C), 129.8, 131.5, 134.7, 139.8 (CH), 149.4, 153.0, 153.7, 158.3
(C), 197.0 (C=0).

MS (El, 70eV):m/iz(%) = 374 (M, 100), 339 (37), 322 (18), 291 (5207 (18), 137 (17).

HRMS (EI): Calcd for GH16ClN,O, (M*) 374.0655. Found 374.0658.

IR (ATR, cmi): 77 = 1614 (w), 1576 (m), 1505 (m), 1479 (w), 1330 (m), 1146 (m), 971 (w),
914 (m), 810 (s), 752 (s), 704 (s), 631 (M).

A.2.4. General procedure for tlsgnthesis of compounds3.5af.

The fused pyridine derivativ@.3.3 (1 equiv.) and potassium hydroxide (4 equiv.) were
dissolved in ethanol (10 mL/1 equiv. Bf3.3 and heated under reflux for 2 h (undegon
atmosphere)After completion of the reaoin (TLC control), the reaction mixture was diluted
with 10 M HCI (5 mL). The precipitate was filtered, washed wit®Hdried in vacuum at 60
°C for 3 h. The residue was purified by recrystallization from appropriate solvegtusing

column chromatogghy (silica gel).

5-(formyl) -6-(2-hydroxybenzoyl)}-1-methyl-3-phenyl-1H-imidazo[4,5-b]pyridine -2(3H)-
thione (2.3.5a).

Starting from2.3.3d (0.150 g, 0.33 mmol) and potassium hydroxide

on (0.074 g, 1.32 mmol) in 10 mL ethan@l.3.5awas isolated as white

A o  solid (0.09 g, 70%), mp 18884°C.
N“cho  H NMR (300MHz, DMSO-ds) : = 3165 (s, 3H, Me), 6.93 (t, 1H)

= 9.2Hz, CHa), 7.007.07 (m, 2H,CHa), 7.61 (d, 1H2J = 9.2 Hz,
CHa), 7.617.69 (m, 5SHCHa,), 8.22 (s, 1H, Py), 10.08 (1H, OH), 11.03 (s, 1H, COH).
¥C NMR (75.5 MHz,DMSO-dg) : = 31.4 (Me), 116.9, 118.7, 119.3 (CH), 123.2, 126.4,
129.0 (C), 129.4, 130.0, 131.1, 132.6 (CH), 134.2 (C), 137.5 (CH), 145.8, 146.7, 161.1, 173.3
(C), 192.2 (CHO), 197.1 (C=0).
MS (El, 70eV) m/z(%) = 389 (M, 5), 312 (39), 297 (100), 268 (10).
HRMS (ESI): Calcd for gH;16N30sS (M+H) 390.0688. Found 390.0689.
IR (ATR, cmi®): 77 = 2725 (m), 1633 (w), 1512 (m), 1500 (m), 1488 (w), 1453 (m), 1388 (m),
1332 (m), 1153 (m), 969 (w), 909 (s), 81B)( 744 (s), 701 (s), 608 (S).

Me\
N
s= |
/N

Ph

6-formyl -5-(2-hydroxybenzoyl)-3-methyl-1-phenyl-1H-pyrazolo[3,4-b]pyridine (2.3.5b).
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Starting from2.3.3f(0.150 g, 0.32 mmol) and potassium hydroxide (0.071 g,

Me ©H1.28 mmol) in 10 mL ethanol.3.5bwas isolated as yellowish solid (0.095
T L ° g, 72%), mp 15857°C.

N N~ “CHO
Ph 'H NMR (300MHz, DMSO-ds) : = 2063 (s, 3H, Me), 7.0Z.11 (m, 2H,

CHa), 7.407.48 (m, 1HCHa), 7.617.68 (m, 4HCHp,), 8.51 (dd, 2H3J = 8.4Hz,%J = 1.0

Hz, CHa/), 8.43 (s, 1H, $), 10.09 (s, 1H, OH), 10.84 (s, 1H, COH).

13C NMR (75.5 MHz,DMSO-dg): U= 12.2 (Me), 117.2, 118.5, 119.9 (CH), 120.1, 123.6,
126.4 (C), 128.9, 130.2, 132.4, 133.9 (CH), 136.1 (C), 138.8 (CH), 145.5, 149.0, 153.5, 159.3
(C), 191.8 (CHO), 196.8 (C=0).

MS (El, 70eV):m/z (%) = 357 (M, 34), 342 (80), 325 (79), 296 (100), 312 (41), 219 (42),
191 (21).

HRMS (ESI): Calcd for GH16NsOs (M+H) 358.1161. Found 358.1162.

IR (ATR, cm%): 7 = 2733 (m), 1632 (w), 1577 (m), 1532 (m), 1497 (w), 1462 (m), 1332 (m),
1294 (m), 1211 (s), 1111 (s), 953 (m), 931 (m), 808 (M), 750 (s), 665 (s), 630 (s), 601 (M).

1-(4-methoxybenzyl}5-(2-hydroxybenzoyl)-6-(formyl) -1H-pyrrolo[2,3-b]pyridine -3-
carbonitrile (2.3.5c).
Starting from2.3.3f(0.150g, 0.36 mmol) and potassium hydroxide (0.081
NG oHg, 1.44 mmol) in 10 mL ethand.3.5cwas isolated as white solid (0.104
A N To g, 81%), mp 16471°C.
NT N7 ScHo  IH NMR (300MHz, DMSO-ds) : = 3iB2 (s, 3H, OMe), 5.51 (s, 2H, GH
b 6.926.98 (M, 3HCHa,), 7.23 (d, 1H3J = 8.0Hz, CHa,), 7.39 (dd, 1H%J
= 8.0Hz,%J = 1.4Hz, CHy/), 7.427.48 (m, 2H,CHa,), 7.5%27.63 (m, 1H,
CHar), 7.93 (s, 1H, pirrole), 8.18 (s, 1H, Py), 10.09 (s, 1H, OH), 11.79 (s,
1H, COH).
13C NMR (75.5 MHz,DMSO-dg): Ui = 49.1 (CH), 55.3 (OMe), 86.5GN), 114.6 (C), 114.9,
119.2 (CH), 119.9 (C), 120.4, 120.6 (CH), 125.8, 127.0 (C), 129.9, 130.6, 133.7 (CH), 138.1
(C), 138.4 (CH), 146.2, 150.6, 160.6, 164.0 (C), 192.0 (CHO), 200.2 (C=0).
MS (El, 70eV):m/z(%) = 411 (M, 32), 380 (24), 354 (31), 32531 248 (100).
HRMS (ESI): Calcd for &H1gNsO4 (M+H) 412.1256. Found 412.1253.
IR (ATR, cm?): 77 = 2782 (s), 1623 (m), 1600 (m), 1551 (w), 1510 (m), 1483 (w), 1355 (m),
1303 (m), 1240 (s), 1155 (m), 1030 (m), 910 (s), 816 (m), 705 (s), 665 (m), 605 (s).

5-formyl -6-(2-hydroxybenzoyl)-2-pyperidinothiazolo[4,5-b]pyridine (2.3.5d).
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Starting from2.3.3k (0.150 g, 0.35 mmol) and potassium hydroxide
s, °(0.078 g, 1.40 mmol) in 10 mL ethan@.3.5d was isolated as white
AL solid (0.83 g, 65%), mp 14345°C.

'H NMR (300MHz, DMSO-ds) : = 1i¥3 (m, 6H, piperidine), 3.75 (m,
4H, piperidine), 6.79 (td, 1HJ = 8.0Hz,*J = 0.9Hz, CHa,), 7.11 (dd, 1H3J = 8.3Hz,%J =
0.8Hz, CHa,), 7.42 (dd, 1H3J = 8.0Hz,*J = 1.6 Hz, CHa/), 7.51 7.57 (m, 1H.CHa,), 7.91
(s, 1H, Py), 10.11 (s, 1HDH), 11.70 (s, 1H, COH).
¥C NMR (75.5 MHz,DMSO-dg): U= 24.0, 25.4, 50.0 (Ckbiperidine), 119.7, 120.2 (CH),
120.8, 122.9, 126.4 (C), 129.9, 134.1, 138.4 (CH), 152.6, 163.3, 166.9, 171.5 (C), 191.6
(CHO), 199.9 (C=0).

MS (El, 70eV):m/z(%) = 367 (M, 16), 338 (32), 321 (71), 244 (100), 216 (46).

HRMS (ESI): Calcd for @H1sN30sS (M+H) 368.1223. Found 368.1229.

IR (ATR, cmi'): 77 = 2845 (m), 1622 (m), 1582 (w), 1510 (m), 1482 (w), 1333 (m), 1290 (m),
1213 (s), 1113 (m), 931 (m), 852 (w), 787 (s), {9707 (s), 623 (m), 605 (m).

6-(2-hydroxybenzoyl)-7-(formyl) -1,3-dimethylpyrido[2,3-d]pyrimidine -2,4(1H,3H)-dione
(2.3.5e).

Starting from2.3.3m (0.150 g, 0.38 mmol) and potassium hydroxide
on (0.085 g, 1.52 mmol) in 10 imethanol.2.3.5ewas isolated as yellow
Me\/lj\ | N X fo”d (0.103 g, 80%), mp 22423°C.

0P N N cHo H NMR (300MHz, DMSO-dg) : = 380 (s, 3H, Me), 3.70 (s, 3H,

Me Me), 7.027.07 (m, 2H,CHa/), 7.51 (dd, 1H3J = 8.1Hz,*J = 1.5Hz,
CHar), 7.547.59 (m, 1HCHa,), 8.33 (s, 1H, ), 10.02 (s, 1H, OH), 10.59 (s, 1H, COH).
3C NMR (75.5 MHz,DMSO-dg): U= 28.5, 29.4 (Me), 110.6 (C), 117.4, 119.8 (CH), 124.2,
126.2 (C), 131.6, 135.9, 141.2 (CH), 151.1, 152.1, 157.9, 158.1, 160.0 (C), 192.7 (CHO),
194.5 (C=0).
MS (El, 70eV):m/z(%) = 339 (M, 9), 324 (69), 309 (100), 292 (23), 263 (14).
HRMS (EI): Calcd for G;H13N305 (M) 339.0986. Found 339.0988.
IR (ATR, cmi'): 77 = 2779 (m), 1738 (m), 1656 (m), 1630 (m), 1607 (m), 1569 (m), 1485 (m),
1359 (s), 1225 (s), 1162 (s), 1100 (w), 963,916 (m), 789 (s), 756 (s), 661 (mM).

2-formyl -3-(2-hydroxybenzoyl)-5,7-dimethoxyquinoline (2.3.5f).
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Starting from2.3.30(0.150 g, 0.38 mmol) and potassium hydroxide
oy (0.085 g, 1.52 mmol) in 10 mL ethan@l.3.5fwas i®lated as white
solid (0.099 g, 77%), mp 22&25°C.
'H NMR (300MHz, DMSO-ds) : = 308 (s, 3H, OMe), 4.00 (s, 3H,
OMe), 6.87 (s, IHCHa;), 7.027.06 (m, 2H,CHa), 7.25 (s, 1H,
CHar), 7.527.58 (m, 2HCHa,), 8.36 (s, 1H, Py), 10.13 (s, 1H, OH), 10.585XH, COH).
13C NMR (75.5 MHz,DMSO-dg): Ui = 56.1, 56.4 (OMe), 94.7, 100.9 (CH), 114.7 (C), 117.6,
119.7 (CH), 124.2, 125.9 (C), 132.1, 134.0, 135.6 (CH), 150.1, 154.1, 156.0, 158.2, 163.9 (C),
191.6 (CHO), 196.5 (C=0).
MS (El, 70eV):m/z(%) = 337 (M, 27), 306 (40), 370 (100), 253 (36), 224 (12), 196 (11).
HRMS (EI): Calcd for GoH15NOs (M™) 337.1229. Found 337.1227.
IR (ATR, cmi®): 77 = 2755 (m), 1623 (s), 1601 (m), 1589 (m), 1462 (m), 1301 (s), 1209 (m),
1055 (w), 1003 (m), 921 (s), 817 (s), 760 G3 (m).

MeO N CHO

A.2.4. General procedure for the synthesi8-afethoxalylchromong.4.1

To a dry dichloromethane solution (100 mL) efdBmethylaminojl-(2-hydroxyphenyl)prop
2-enl1-one2.3.1(20 g, 105 mmol) was added 27 mL dry pyridine (345 mmol). Thetieal

was set on stirring on ice bath, subsequently corresponding methyloxalylchloride (10.6 mL,
115.5 mmol) was added dropwise. Afterwards the reaction mixture was stirred at r.t. for 8 h.
Next the reaction mixture was stripped of solvents and liquidlwesi The residue was
washed with water3-Methoxalylchromone&.4.1was obtained as light pink crystals (19.1 g,
79%), mp 133135°C.

o o 'H NMR (300 MHz,DMSO-dg): Ui = 3.88 (s, 3H, OMe), 7.61 (t, 1f
| co,Me= 7.3 Hz, CH,), 7.787.81 (m, 1H, CH,), 7.967.95 (m, 1H, CH),
o 8.11 (dd, 1H33= 7.9 Hz,"J= 1.5 Hz, CH,), 9.12 (s, 1H, Pyranone).

¥C NMR (62.9 MHz,DMSO-dg): Ui = 52.7 (OMe), 118.5 (C), 118.9
(CH), 123.9 (C)125.2, 127.0, 135.6 (CH), 155.6, 164.0 (C), 164.6 (CH), 174.1, 184.6 (C).
MS (GC, 70 eV)m/z(%) = 232 (M, 3), 204 (21), 189 (16), 173 (100), 121 (40).
HRMS (ESI): Calcd for §HgOs (M+H) 233.0459. Found 233.0461.
IR (ATR, cmi'): 77 = 1728 (m), 1693 (m)1645 (s), 1465 (m), 1395 (m), 1328 (s), 1231 (m),
1171 (m), 1107 (m), 1016 (s), 854 (m), 800 (m), 763 (s), 705 (s).

A.2.5. General procedure for the synthesis of compo2id2ab, h-qin acetic acid.
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In a roundbottom flask the mixture of3-methoxalychromone 2.4.1 (1 equiv.) and
appropriate aminoheterocycke (1.1 equiv.) was dissolved in AcOH (10 mL/1.0 mmol of
chromone2.4.1) and heated under reflux in an inert atmosphere f6ri2 (controlled by
TLC). After completion of the reaction volatiles wezvaporated under reduced preasiihe
residue was treated with water, filtered, dried in air, and recrystallized from appropriate
solvent or subjected to column chromatography (silica gel).

A.2.6. General procedure for the synthesis of compo2ddacg in TMSCI/DMF.

The 3-methoxalylchromon@.4.1 (1 equiv.) and 4aminc1H-imidazole2(3H)-thioneE2 (1.1

equiv.) were placed in a pressure tube under the flow of dry argon and dissolved in dry DMF
(5 mL/1 mmol of chromon@.4.]) containing 1 mL of TMSCIThe mixture was heated at
100120 °C for 57 h (controlled by TLC). After the reaction was completed volatiles were
evaporated under reduced pressure. The residue was treated with water, filtered, dried in air,

and recrystallized from appropriate solvemtsobjected to column chromatography (silica

gel).

Methyl 5-(2-hydroxybenzoyl)-2,3-dihydro-3-oxo-2-phenyl-1H-pyrazolo[3,4-b]pyridine -6-
carboxylate (2.4.2a).

Starting from3-methoxalylchromon&.4.1 (0.232 g, 1 mmol) and
on o-@mino1,2-dihydro-2-phenylpyrazol3-one Ela (0.193 g, 1.1
mmol) in 10 mL AcOH.2.4.2awas isolated as green solid (0.222
g, 57%), mp 22:224°C.
'H NMR (300 MHz, DMSQdg): Ui = 3.76 (s, 3H, OMe), 6.93.02
(m, 2H,CHa,), 7.33 (t, 1H2J = 7.6 Hz,CHy/), 7.467.58 (m, 4HCH,,), 7.88 (d, 2H2J=8.1
Hz, CHa/), 8.34 (s, 1H, Py), 10.77 (s, 1H, OH), 12.5 (br. S, 1H, NH).
¥C NMR (62.9 MHz, DMSQdg): U = 52.8 (OMe), 110.0 (C), 712, 119.4, 120.1 (CH),
122.6 (C), 126.0, 128.0, 129.2, 131.5, 135.2, 135.8 (CH), 136.4, 152.0, 155.2, 157.0, 158.5,
165.6 (C), 195.2 (C=0).
MS (El, 70 eV):m/z(%) = 389 (M, 14), 357 (28), 344 (11), 330 (MCO:Me, 100).
HRMS (ESI): Calcd for @H;60sN3 (M+H) 390.1084. Found 390.1083.
IR (ATR, cm®): 77 = 3033 (W), 1720 (w), 1643 (s), 1482 (w), 1438 (w), 1356 (m), 1296 (m),
1253 (m), 1201 (m), 1182 (m), 1147 (m), 1120 (m), 1088 (m), 1033 (w), 928 (w), 870 (w),

H N CO,Me
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828 (w), 752 (s), 684 (s), 662 (M).

Methyl 5-(2-hydroxybenzoyl)-2,3-dihydro -2-methyl-3-oxo-1H-pyrazolo[3,4-b]pyridine -6-
carboxylate (2.4.2b).

Starting from3-methoxalylchromon&.4.1 (0.232 g, 1 mmol) and
on 5-amino1,2-dihydro-2-methylpyrazoi3-one E1b (0.124 g, 1.1
mmol) in 10 mL AcOH.2.4.2bwas isolated as white solid (0.262
g, 80%), mp 24847°C.
'H NMR (300 MHz, DMSO-dg): Ui = 3.49 (s, 3H, NMe)3.73 (s,
3H, OMe), 6.917.01 (m, 2HCHa/), 7.41 (t, 1H3J = 7.8 Hz,CHa/), 7.50 (d, 1H3J = 7.5 Hz,
CHa), 8.22 (s, 1H, Py), 10.71 (s, 1H, OH), 12.37 (s, 1H, NH).
3C NMR (62.9 MHz, DMSQdg): Ui = 30.7 (Me), 52.7 (OMe), 108.4 (C)17.2, 119.3 (CH),
122.8, 126.5 (C), 131.4, 135.0, 135.3 (CH), 151.7, 153.4, 156.6, 158.3, 165.9 (C), 195.3
(C=0).
MS (El, 70 eV)m/z(%) = 327 (M, 9), 295 (10), 268 (100), 239 (12), 196 (10), 121 (18).
HRMS (ESI): Calcd for gH140sN3 (M+H) 328.0928 Found 328.0927.
IR (ATR, cmi®): 7 = 3106 (w), 1715 (m), 1682 (s), 1614 (s), 1567 (w), 1480 (w), 1439 (m),
1360 (w), 1310 (m), 1241 (s), 1148 (s), 1115 (w), 1031 (w), 973 (w), 918 (m), 850 (w), 803
(w), 786 (m), 767 (s), 731 (s), 723 (s), 651 (S), 632 €14, (S).

o

N~ ~co,Me

Methyl 6-(2-hydroxybenzoyl)-2,3-dihydro-1,3-dimethyl-2-thioxo-1H-imidazo[4,5
b]pyridine -5-carboxylate (2.4.2c).

Starting from3-methoxalylchromon@.4.1 (0.232 g, 1 mmol) and-4

on amina1,3-dimethyt1H-imidazole2(3H)-thione E2a (0.157 g, 1.1
AN o mmol) in 5 mL DMF and 1 mL of TMSCI2.4.2cwas isolated as
N >come  White solid (0.254 g, 71%), mp 2235°C.

'H NMR (250 MHz,DMSO-dg): U = 3.35 (s, 6H, 2xNMe)3.73 (s,
3H, OMe), 6.887.01 (m, 2H,CHa), 7.327.50 (m, 2H,CHj), 8.07 (s, 1H, Py), 11.20 (s, 1H,
OH).
13C NMR (62.9 MHz, DMSQdg): U= 29.9, 30.7 (Me), 52.5 (OMe), 115.5, 117.5, 119.3 (CH),
121.3, 127.9 (C), 132.2 (CH), 136.ZH), 138.1, 144.7, 160.3, 164.9, 173.3 (C), 198.0
(C=0).

MS (GC, 70 eV)m/z(%) = 357 (M, 9), 325 (100), 297 (22), 281 (15), 264 (24).
HRMS (ESI): Calcd for &H1604N3S (M+H) 358.0856. Found 358.0857.

Me\
N
s= ||
N
/
Me
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IR (ATR, cmi): 77 = 1715 (m), 1631 (m), 1480 (w), 3@ (m), 1404 (w), 1360 (w), 1310 (m),
1196 (m), 1115 (w), 1031 (w), 973 (w), 918 (m), 850 (w), 803 (W), 786 (m), 731 (s), 723 (s),
651 (s), 632 (M), 614 (S).

Methyl 6-(2-hydroxybenzoyl)}2,3-dihydro-1-methyl-3-phenyl-2-thioxo-1H-imidazo[4,5
b]pyridine -5-carboxylate (2.4.2d).
Starting from3-methoxalylchromon&.4.1 (0.232 g, 1 mmol) and-4
o aminc1-methyt3-phenyt1H-imidazole2(3H)-thione E2b (0.226 g,
N o 1.1 mmol) in 5 mL DMF and 1 mL of TMSC2.4.2dwas isolated as
s= white sold (0.306 g, 73%), mp 29292°C.
/

Me

N COsMe
Ph 'H NMR (250 MHz, DMSQds,80°C): ti = 3.57 (s, 3H, NMe), 3.81 (s,

3H, OMe), 6.88 (t, 1H3J = 7.2 Hz,CH,,), 7.02 (d, 1H3J = 8.0 Hz,CHa,), 7.34 (d, 1H3J =

7.1 Hz,CHp,), 7.547.63 (m, 6HCHa,), 8.04 (s, 1H, Py), 11.10 (s, 1H, OH).

¥C NMR (125.7 MHz, DMS@dg, 303K): &i = 31.3 (Me), 524 (OMe), 115.7, 117.4, 119.1
(CH), 121.1, 128.0 (C), 128.5, 129.0, 129.1, 132.0 (CH), 133.3, 134.2 (C), 136.0 (CH), 138.3,
145.1, 160.1, 164.7, 173.5 (C), 197.6 (C=0).

MS (El, 70 eV):m/z(%) = 419 (M, 10), 387 (55), 360 (MMCO,Me, 100), 342 (15), 121 4),

93 (10), 77 (33), 65 (18), 51 (11).

HRMS (EI): Calcd for GoH17N30,S (M) 419.09343. Found 419.09360.

IR (ATR, cmY): 7 = 3053 (w), 1710 (m), 1668 (w), 1621 (m), 1607 (s), 1469 (m), 1447 (s),
1419 (s), 1387 (s), 1340 (s), 1267 (s), 1192 (m), 11481@P5 (s), 1109 (m), 1030 (m), 954
(m), 924 (w), 904 (w), 879 (m), 816 (w), 798 (m), 760 (s), 704 (s), 689 (s), 672 (M), 631 (M),
570 (m).

Methyl 6-(2-hydroxybenzoyl)-3-cyclohexyl2,3-dihydro -1-methyl-2-thioxo-1H-
imidazo[4,5-b]pyridine -5-carboxylate (2.4.2).
Starting from3-methoxalylchromon&.4.1 (0.232 g, 1 mmol) and-4
amino-3-cyclohexytl-methyt1H-imidazole2(3H)-thione E2c¢ (0.205

Me\N “ OHg, 1.1 mmol) in 5 mL DMF and 1 mL of TMSQ.4.2ewas isolated as
s=( || °  pink solid (0.272 g64%), mp 291292°C.

T CoMe 1 NMR (300 MHz, DMSOd,): G = 1.161.95 (m, 10H, cyclohexyl),

ﬁ 3.37 (m, 1H, CHN), 3.70 (s, 3H, NMe), 3.75 (s, 3H, OMe), &GB!

(m, 1H,CHa), 7.03 (d, 1H3J = 7.7 Hz,CHa,), 7.467.56 (m, 2H,CHa/), 8.08 (s, 1H, Py),
11.01 (s, IHOH).

116



13C NMR (75.5 MHz, DMSQUg): U = 24.2, 24.7 (Chicyclohexy), 30.7 (CHN), 31.8 (CH
cyclohexy), 48.6 (Me), 53.0 (OMe), 112.4 (C), 117.6, 119.3 (CH), 120.2, 121.3 (C), 128.6,
131.7 (CH), 134.2 (C), 136.2 (CH), 137.9, 138.1, 145.8, 160.0, 163.99&Y, (C=0).

MS (GC, 70 eV)miz(%) = 425 (M, 33), 382 (100), 366 (MCO,Me, 62), 310 (9), 284 (17).
HRMS (EI): Calcd for GH23Ns04S (M) 425.14038. Found 425.14045.

IR (ATR, cmil): 77 = 2929 (w), 2853 (W), 2139 (W), 1947 (w), 1737 (m), 1614 (s), 1574 (s)
1438 (m), 1340 (m), 1297 (m), 1275 (w), 1241 (s), 1150 (m), 1069 (w), 1031 (w), 976 (W),
887 (m), 822 (m), 758 (s), 712 (s), 679 (M), 559.(m)

Methyl 6-(2-hydroxybenzoyl)-3-ethyl-2,3-dihydro -1-methyl-2-thioxo-1H-imidazo[4,5
b]pyridine -5-carboxylate (2.42f).

Starting from3-methoxalylchromon&.4.1 (0.232 g, 1 mmol) and-4

on amino3-ethyk1-methyl1H-imidazole2(3H)-thione E2d (0.173 g,

X o 1.1 mmol) in 5 mL DMF and 1 mL of TMSCR2.4.2fwas isolated as
NZ Scome  Yellow solid (0.260 g, G%), mp212-213°C.

'H NMR (500 MHz, DMSQds, 70 °C): ti = 1.34 (t, 3H,%J = 7.2 Hz,
Me), 3.48 (g, 2H>J = 7.2 Hz, CH), 3.69 (s, 6H, OMe, NMe), 6.90 (t, 1B = 8.0 Hz,CHa/),
7.04 (d, 1H2J = 8.0 Hz,CHa), 7.407.42 (m, 1H,CHa/), 7.527.55 (m, 1H,CHa), 7.94 (s,
1H, Py), 11.0 (s, 1H, OH).
¥C NMR (1258 MHz, DMSOds, 70 °C): Ui = 13.8, 31.9 (Me), 46.00H,), 52.1 (OMe),
116.3, 117.4, 118.9 (CH), 120.9 (C), 131.5 (CH), 135.9 (C), 137.0 (CH), 137.7, 138.2, 141.6,
145.8, 160.0, 163.6 (C), 196.1 (C=0).
MS (GC, 70 eV)m/z(%) = 371(M*, 11), 356 (23), 324 @), 312 (100).
HRMS (ESI): Calcd for gH1gN30O4S (M+H) 372.1013. Found 372.1015.
IR (ATR, cmi®): 77 = 2561 (w), 1719 (m), 1625 (s), 1575 (s), 1438 (m), 1369 (m), 1348 (m),
1299 (s), 1261 (s), 1243 (s), 1216 (s), 1184 (s), 1126 (s), 1107 (m), 1032 (WmRBB7
(m), 821 (m), 800 (m), 759 (s), 731 (s), 685 (s).

Me\
N
s=< ||
/N

Et

Methyl 6-(2-hydroxybenzoyl)-3-(4-chlorophenyl)-2,3-dihydro -1-methyl-2-oxo-1H-
imidazo[4,5-b]pyridine -5-carboxylate (2.4.29).
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Starting from3-methoxalylchromone&.4.1 (0.232 g, 1 mmol) and-4
amino-3-(4-chlorophenyh1-methyl1H-imidazol2(3H)-one E2e

OH

N (0.246 g, 1.1 mmol) in 5 mL DMF and 1 mL of TMSQ@.4.2gwas
(0]

Me\
N
O_ﬂ/N | NP come isolated as white solid (0.302 g, 69%), mp 275 °C.

'H NMR (300 MHz, DMSQds): Ui = 3.46 (s, 3H, NMe), 80 (s, 3H,
Q OMe), 6.87 (td, 1H3J = 8.0 Hz,"J = 0.9 Hz, CH,), 7.03 (dd, 1H3J =
c 8.0 Hz,%J = 0.9 Hz, CH,), 7.30 (dd, 1H2J = 8.0 Hz,*J = 1.6 Hz,
CHa), 7.55 (td, 1H3 = 8.0 Hz,*J = 1.6 Hz, CH,), 7.667.76 (m, 4H, @GH,), 7.88 (s, 1H,
Py), 11.30 (s1H, OH).
13C NMR (75.5 MHz, DMSQde): Ui = 27.5 (Me), 52.3 (OMe), 113.5, 117.6, 119.3 (CH),
121.1, 127.1 (C), 128.2, 129.1 (CH), 131.8 (C), 132.1 (CH), 132.3, 133.0, 135.7 (C), 136.2
(CH), 142.6, 152.8, 160.4, 164.9 (C), 198.6 (C=0).
MS (El, 70 eV):m/z(%) = 437 (M, 3), 405 (24), 378 ((4CO,Me, 100), 348 (11).
HRMS (El): Calcd for G,H16CIN3Os (M*) 437.07730. Found 437.07733.
IR (ATR, cmi®): 7 = 1735 (s), 1713 (s), 1628 (s), 1499 (m), 1482 (s), 1450 (m), 1399 (m),
1301 (m), 1245 (s), 1217 (s), 1190 (m), 1118 (m), 1086 (m), 1058 (w), 1019GM)w),
929 (s), 910 (m), 874 (w), 799 (w), 742 (s), 733 (s), 708 (m), 674 (m), 624 (W), 587 (s), 566

(m).

Methyl 5-(2-hydroxybenzoyl)-3-methyl-1-phenyl-1H-pyrazolo[3,4-b]pyridine -6-
carboxylate (2.4.2h).

Starting from3-methoxalylchromon@.4.1 (0.232 g, 1 mmol) andnd 4
on @mino-1H-imidazole2(3H)-thione E3 (0.190 g, 1.1 mmol) in 10 mL
y N o AcOH.2.4.2hwas isolated as light yellow solid (0.283 g, 73%), mp-179
N N/ CO,Me 180°C.
Ph H NMR (500 MHz, DMSO-dg): Ui = 2.65 (s, 3H, Me), 3.72 (s, 3H
OMe), 6.93 (t, 1H3J = 7.8 Hz,CHa/), 7.01 (d, 1H3J = 8.0 Hz,CHa), 7.37 (t, 1H3J = 7.4
Hz, CHp,), 7.48 (dd, 1H3J = 8.2 Hz,*J = 1.6 Hz,CHa/), 7.527.60 (m, 3H,CHa,), 8.23 (d,
2H,33= 7.7 Hz,CHa/), 8.65 (s, 1H, Py), 10.94 (s, 1H, OH).
3C NMR (125.7 MHz, DMSQdg): ti= 12.2 (Me), 52.8 (OMe), 116.9 (C), 117.4, 119.3, 120.4
(CH), 122.1, 126.2 (C), 129.3, 129.6, 131.9, 132.2, 135.7 (CH), 138.5, 144.3, 147.0, 148.8,
159.4, 165.5 (C), 196.8 (C=0).
MS (GC, 70 eV)m/z(%) = 387 (M, 5), 328 (M-CO;Me, 100).
HRMS (ESI): Catd for G,H1gN3O,4 (M+H) 388.1292. Found 388.1297.
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IR (ATR, cmi'): 77 = 3049 (w), 2925 (w), 1710 (m), 1625 (w), 1610 (w), 1595 (m), 1486 (m),
1441 (m), 1330 (w), 1292 (m), 1266 (s), 1240 (s), 1166 (s), 1119 (m), 1102 (m), 1034 (w),
1011 (w), 837 (w), 819 (Jy 780 (m), 752 (s), 709 (m), 691 (s), 667 (s), 637 (S), 569 (M).

Methyl 1-(4-methoxybenzyl}5-(2-hydroxybenzoyl)3-cyano-1H-pyrrolo[2,3-b]pyridine -
6-carboxylate (2.4.2i).
Starting from3-methoxalylchromon&.4.1 (0.232 g 1 mmol) and 4(4-
“ on methoxybenzyhs-amino1H-pyrrole-3-carbonitrile E4a (0.250 g, 1.1
mmol) in 10 mL AcOH.2.4.2i was isolated as brown solid (0.344 g,
78%), mp 186187°C.
'H NMR (250 MHz,DMSO-dg): Ui = 3.72 (s, 6H, 2xOMe), 5.54 (s, 2H,
CHy), 6.927.02 (m 4H, CHp(), 7.347.55 (m, 4HCHy,), 8.39 (s, 1H, Py),
8.88 (s, 1H, pirrole), 11.06 (s, 1H, OH).
13C NMR (62.9 MHz,DMSO-dg): Ui = 47.9 CH,), 52.7, 55.1 (OMe), 84.3 (CN), 114.1 (CH),
114.2 (C), 117.4, 119.3 (CH), 120.4, 121.8, 128.2 (C), 128.5, 129.4 (GH)Y (C), 132.1,
135.8, 141.6 (CH), 142.1, 145.1, 159.1, 159.8, 165.4 (C), 197.7 (C=0).
MS (El, 70 eV):m/z(%) = 441 (M, 27), 121 (100), 91 (13), 77 (20).
HRMS (ESI): Calcd for gH»00sN3 (M+H) 442.1244. Found 442.1242.
IR (ATR, cmi'): 77 = 3056 (W), 236 (W), 1645 (m), 1627 (m), 1600 (m), 1515 (m), 1481 (w),
1458 (m), 1409 (m), 1360 (s), 1309 (m), 1291 (s), 1217 (m), 1209 (m), 1155 (w), 1114 (w),
1084 (w), 1038 (w), 993 (w), 905 (m), 887 (w), 857 (w), 763 (s), 751 (s),741 (s), 675 (W), 575
(w), 560 (m)

/l\o

7
N N~ ~Cco,Me

OMe

Methyl 5-(2-hydroxybenzoyl)3-cyano-1-cyclohexyt1H-pyrrolo[2,3-b]pyridine -6-
carboxylate (2.4.2)).
Starting from3-methoxalylchromone&.4.1 (0.232 g, 1 mmol) and-5
NG on amino-1-cyclohexyt1H-pyrrole-3-carbonitrileE4b (0.208g, 1.1 mmol)
a A o In 10 mL AcOH.2.4.2jwas isolated as brown solid (0.303 g, 75%), mp
NN Ncome 1851187°C.
ﬁ 'H NMR (300 MHz, DMSQdg): U = 1.252.05 (m, 10H, cyclohexyl),
3.71 (s, 3H, MeO), 4.78.81 (m, 1H, CHN), 6.90 (td, 1H) = 8.0 Hz,
43 = 0.9 Hz,CHa), 6.99 (d, 1H3J = 8.3 Hz,CHa/), 7.37 (dd, 1H3J = 7.7 Hz,*J = 1.7 Hz,
CHa), 7.507.53 (m, 1HCHa,), 8.36 (s, 1H, Py), 8.99 (&H, pirrole), 11.05 (s, 1H, OH).
13C NMR (75.5 MHz, DMS@dg): Ui = 24.7, 25.1, 32.4 (CHcyclohexy), 52.8 (OMe), 54.3
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(CHN), 84.1 (CN), 114.5 (C), 117.4, 119.3 (CH), 120.4, 121.7 (C), 128.5 (CH), 131.0 (C),
132.0, 135.8, 139.5 (CH), 141.9, 144.7, 16Q65K.5 (C), 197.6 (C=0).

MS (GC, 70 eV)m/z(%) = 403 (M, 6), 371 (5), 344 (MCO,Me, 100), 289 (23), 262 (38).
HRMS (ESI): Calcd for gH2,04,N3 (M+H) 404.1605. Found 404.1607.

IR (ATR, cmi'): 77 = 2933 (w), 2855 (w), 2226 (m), 1719 (m), 1636 (m), 1488 1448 (m),

1374 (m), 1300 (m), 1263 (s), 1202 (s), 1147 (s), 1083 (m), 748 (s), 671 (m), 630 (m).

Methyl 1-tert-butyl-5-(2-hydroxybenzoyl)}-3-cyano-1H-pyrrolo[2,3-b]pyridine -6-
carboxylate (2.4.2K).

Starting from3-mettoxalylchromone2.4.1 (0.232 g, 1 mmol) and-1

tertbutyl-5-amino1H-pyrrole-3-carbonitrile E4c (0.179 g, 1.1
o mmol) in 10 mL AcOH.2.4.2kwas isolated as yellow solid (0.336

77 \/ © g, 89%), mp 14847°C.
Me/gMe N “COMe 14 NMR (300 MHz, CDGY): G = 1.88 (s, 9H{-Bu), 3.78 (s, 3H
Me OMe), 6.79 (td, 1H3J = 8.0 Hz,*J = 0.9 Hz,CHa/), 7.06 (d, 1H3J

= 8.0 Hz,CHa), 7.16 (dd, 1H3J = 7.8 Hz,J = 1.5 Hz,CHa/), 7.45 7.51 (m, 1HCHa/), 8.10
(s, 1H, Py), 8.12 (s, 1H, pirrole), 11.82 (s, 1H, OH).
13C NMR (62.9 MHz,DMSO-dg): Ui = 286 (t-Bu), 52.7 (OMe), 59.4Gt-Bu), 83.0 (CN),
114.6 (C), 117.4, 119.3 (CH), 121.7, 121.8 (C), 127.9 (CH), 130.7 (C), 132.1, 135.8, 140.2
(CH), 140.5, 145.3, 159.8, 165.4 (C), 197.8 (C=0).
MS (GC, 70 eV)m/z(%) = 377 (M, 4), 318 (49), 289 (35), 262 (Qp
HRMS (ESI): Calcd for GH.004N3 (M+H) 378.1448 Found 378.1448.
IR (ATR, cmi'): 77 = 2985 (w), 2224 (m), 1709 (m), 1628 (m), 1606 (m), 1519 (w), 1484 (w),
1417 (m), 1377 (m), 1301 (m), 1264 (s), 1198 (s), 1163 (m), 1102 (m), 1031 (w), 947 (m),
877 (m, 821 (m), 764 (m), 729 (s), 673 (m), 622 (m).

NC

Methyl  6-(2-hydroxybenzoyl)-2-(dimethylamino)thiazolo[4,5-b]pyridine -5-carboxylate
(2.4.20).
Starting from3-methoxalylchromon&.4.1 (0.232 g, 1 mmol) and
on NEN*-dimethylthazole2,4-diamineE5a (0.157 g, 1.1 mmol) in 10

Me, s N o mL AcOH. 2.4.2Iwas isolated as yellow solid (0.243 g, 68%), mp
Me/N_<\N L 190-192°C.
N CO,Me

'H NMR (250 MHz, DMSQdg): Ui = 3.23 (s, 6H, NMg, 3.67 (s,
3H, OMe), 6.90 (td, 1H%J = 8.0 Hz,*J = 1.0 Hz,CHa/), 7.00 (dd, 1H3J = 8.0 Hz,*J= 1.0
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Hz, CHay), 7.36 (dd, 1H3J = 7.8 Hz,"J = 1.7 Hz,CHy,), 7.48 7.54 (m, 1H,CHa,), 8.40 (s,

1H, Py), 11.00 (s, 1H, OH).

13C NMR (62.9 MHz, DMSQds): U = 40.0 (NMe), 52.3 (OMe), 117.4, 119.3 (CH), 122.1,
127.5, 127.6 (C), 130.1, 131.7, 135.5 (CH), 144.8, 159.4, 164.5, 165.9, 171.9 (C), 197.3
(C=0).

MS (GC, 70 eV)m/z(%) = 357 (M, 1), 298 (M-CO,Me, 100).

HRMS (ESI): Calcd for GH16N30,S (M+H) 358.0856. Found 358.0856.

IR (ATR, cm'): 7 = 1712 (m), 1625 (w), 1562 (m), 1504 (w), 1483 (w), 1386 (w), 1352 (m),
1286 (s), 1228 (s), 1151 (m), 943 (m), 927 (w), 832 (w), 811 (m), 771 (s), 760 (s), 725 (m),
705 (w), 678 (m), 632 (W), 61@n).

Methyl 6-(2-hydroxybenzoyl)}-2-morpholinothiazolo[4,5-b]pyridine -5-carboxylate
(2.4.2m).
Starting from3-methoxalylchromon&.4.1 (0.232 g, 1 mmol) and
oH 2-morpholinothiazo¥-amineE5b (0.204 g, 1.1 mmol) in 10 mL
/\N{\S | \/ 0  AcOH. 2.4.2mwas isolated as brown solid (0.283 g, 71%), mp

0o/" NN come 244246°C.
'H NMR (500 MHz, DMSQdg): Ui = 3.67 (s, 3H, OMe), 3.71®.77 (m, 8H, morpholine), 6.90
(td, 1H,%3 = 8.1 Hz,"J = 1.0 Hz, CH,), 7.00 (dd, 1H3J = 8.0 Hz,*J = 1.0 Hz, CH,), 7.36
(dd, H, 3J = 8.0 Hz,*J = 1.6 Hz, CH,), 7.5067.53 (m, 1H, CH), 8.44 (s, 1H, Py), 10.97 (s,
1H, OH).
¥C NMR (125.8 MHz, DMS@dg): Ui = 23.4, 24.9, 49.2 (CHmorpholine), 52.3 (OMe),
117.4, 119.3 (CH), 122.0, 127.2, 128.2 (C), 130.4, 131.7, 135.5 (CH), 1469.4, 164.1,
165.8, 172.1 (C), 197.2 (C=0).
MS (El, 70 eV):m/z(%) = 399 (M, 3), 367 (10), 340 (MCO,Me, 100), 282 (13), 69 (12).
HRMS (ESI): Calcd for &H1sN30sS (M+H) 400.0962. Found 400.0964.
IR (ATR, cm?): 77 = 2922 (w), 1716 (m), 1623 (w), 15%8), 1507 (w), 1437 (m), 1389 (m),
1280 (s), 1257 (s), 1146 (m), 1063 (s), 1024 (m), 957 (w), 862 (w), 829 (w), 757 (s), 743 (s),
717 (m), 677 (m), 624 (m).

Methyl 6-(2-hydroxybenzoyl)-2-(piperidin -1-yl)thiazolo[4,5-b]pyridine -5-carboxylate
(2.4.2n).
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Starting from3-methoxalylchromon@.4.1 (0.232 g, 1 mmol) and

OH 2-(piperidin-1-yl)thiazol4-amine E5c (0.201 g, 1.1 mmol) in 10

jN«S | \/ © mL AcOH. 2.4.2nwas isolated as orange solid (0.306 g, 77%),
NT NT “coMe mp166-168°C.

'H NMR (300 MHz,DMSO-de): Ui = 1.66 (s, 6H, piperidine), 3.66 (s, 7H, piperidine, OMe),
6.886.93 (m, 1H, CH,), 7.00 (dd, 1H3J = 8.2 Hz,*J = 0.8 Hz, CH,), 7.35 (dd, 1H3J=7.8
Hz,*J=1.6 Hz, CH,), 7.48 7.54 (m, 1H, CH,), 8.38 (s, 1H, Py), 11.00 (s, 1H, OH).
3C NMR (62.9MHz, DMSO-dg): Ui = 23.4, 24.9, 49.2 (Ctpiperidine), 52.3 (OMe), 117.4,
119.2 (CH), 122.0, 127.3, 127.7 (C), 130.0, 131.7, 135.5 (CH), 144.7, 159.5, 164.6, 165.9,
171.3 (C), 197.3 (C=0).
MS (El, 70 eV):m/z(%) = 397 (M, 14), 365 (48), 338 (MCOMe, 100), 308 (24), 282 (38),
269 (18), 121 (11), 69 (10), 41 (15).
HRMS (ESI): Calcd for ggH2004N3S (M+H) 398.1169. Found 398.1177.
IR (ATR, cm?): 77 = 2938 (w), 2852 (w), 1711 (m), 1672 (m), 1547 (s), 1505 (m), 1439 (m),
1428 (m), 1392 (m), 1324 (s), 1283,(%3215 (s), 1124 (s), 1008 (w), 941 (m), 883 (m), 855
(m), 756 (s), 719 (s), 677 (m), 632 (S).

Methyl 6-(2-hydroxybenzoyl}1,2,3,4tetrahydro-2,4-dioxopyrido[2,3-d]pyrimidine -7-
carboxylate (2.4.20).

Starting from3-methxalylchromone2.4.1 (0.232 g, 1 mmol) and-6
on @minopyrimidine2,4(1H,3H)-dione E6a (0.140 g, 1.1 mmol) in 10
N N o ML AcOH. 2.4.2owas isolated as white solid (0.218 g, 64%), mp
A, | Pcoe 262264°C.

4 'H NMR (300 MHz,DMSO-dg): ti= 3.73 (s, 3H, OMe), 6.92.00 (m,

2H, CHa), 7.43 (dd, 1H2J = 7.9 Hz,*J = 1.6 Hz,CHg/), 7.487.54 (m, 1H,CHy,), 8.32 (s,
1H, Py), 10.68 (s, 1H, OH), 11.73 (s, 1H, NH), 12.22 (s, 1H, NH).
¥C NMR (62.9 MHz,DMSO-dg): U = 52.9 (OMe), 111.0 (C), 117.2, 119.5 (CH), 122.7,
129.1 (C), 131.3, 135.3,38.4 (CH), 150.3, 152.3, 153.1, 158.3, 161.5, 165.2 (C), 194.3
(C=0).
MS (El, 70 eV):m/z(%) = 341 (M, 7), 282 (M-CO:Me, 100), 238 (41), 210 (22), 121 (19),
65 (10).
HRMS (ESI): Calcd for gH12N3Og (M+H) 342.0721. Found 342.0726.
IR (ATR, cmi%): 77 = 3197 (w), 3095 (w), 1748 (w), 1731 (m), 1692 (m), 1636 (m), 1574 (m),
1505 (w), 1484 (w), 1399 (w), 1360 (w), 1328 (m), 1270 (s), 1243 (m), 1147 (m), 1116 (w),
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1053 (w), 1015 (w), 920 (w), 829 (m), 818 (m), 793 (W), 759 (s), 722 (M), 688 (M), 657 (M),
627 ().

Methyl 6-(2-hydroxybenzoyl)-1,2,3,4tetrahydro-1,3-dimethyl-2,4-dioxopyrido[2,3-
d]pyrimidine -7-carboxylate (2.4.2p).

Starting from3-methoxalylchromon@.4.1 (0.232 g, 1 mmol) and-6
on @mino1,3-dimethylpyrimidine2,4(1H,3H)-dione E6b (0.171 g, 1.1

Me< | N o mmol) in 10 mL AcOH.2.4.2pwas isolated as white solid (0.203 g,
Oél\“.' P ~come 55%), mp 20204°C.
Me 'H NMR (300MHz, DMSO-dg): Ui = 3.31 (s, 3H, NMe), 3.59 (s, 3H,

NMe), 3.74 (s, 3H, OMe), 6.93.00 (m, 2H,CHy/), 7.45 (dd, 1H3J = 7.4 Hz,*J = 1.6 Hz,

CHa), 7.497.55 (m, 1HCHy,), 8.44 (s, 1H, Py), 10.66 (s, 1H, OH).

3C NMR (75.5 MHz, DMSQdg): Ui = 28.3, 29.5 (Me), 52.9 (OMe)11.3 (C), 117.2, 119.4
(CH), 122.7, 129.3 (C), 131.2, 135.3, 138.7 (CH), 150.8, 151.1, 151.5, 158.2, 160.0, 165.1
(C), 193.9 (C=0).

MS (El, 70 eV):m/z(%) = 369 (M, 1), 337 (71), 309 (51), 280 (21), 225 (10), 197 (100), 140
(9), 81 (10).

HRMS (ESI): Cécd for CigH1606N3 (M+H) 370.1034. Found 370.1034.

IR (ATR, cmi'): 77 = 1714 (m), 1660 (s), 1633 (s), 1603 (s), 1464 (m), 1409 (w), 1352 (m),
1290 (s), 1264 (s), 1239 (s), 1214 (s), 1151 (m), 1081 (w), 1052 (w), 959 (w), 906 (m), 868
(m), 812 (w), 788 (s)751 (s), 713 (m), 689 (m), 663 (M).

Methyl 6-(2-hydroxybenzoyl)-1,2,3,4tetrahydro -1-methyl-2,4-dioxopyrido[2,3-
d]pyrimidine -7-carboxylate (2.4.2q).
Starting from3-methoxalylchromon&.4.1 (0.232 g, 1 mmol) and-6

o on @mino1-methylpyrimidine2,4(1H,3H)-dione E6¢ (0.155 g, 1.1 mmol)
HN X o in 10 mL AcOH.2.4.2qgwas isolated as yellow solid (0.213 g, 60%),
P | N7 Scome Mp 243245°C,

Me 'H NMR (300 MHz, DMSQdg): U = 3.51 (s, 3H, NMe), 3.74 (s, 3H,
OMe), 6.937.00 (m, 2H,CHy), 7.437.54 (m, 2H,CHa.), 8.38 (s, 1H, Py), 10.66 (s, 1H,
OH), 12.00 (s, 1H, NH).
3C NMR (62.9 MHz, DMSQdg): U = 28.6 (Me), 52.9 (OMe), 112.1 (C), 117.2, 119.4 (CH),
122.7, 128.9 (C), 132, 135.3, 138.4 (CH), 150.5, 151.6, 152.6, 158.2, 160.4, 165.2 (C),
194.0 (C=0).
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MS (El, 70 eV):m/z(%) = 355 (M, 2), 296 (100), 253 (29), 197 (33), 121 (12).

HRMS (ESI): Calcd for §H12N30g (M-H) 354.0732. Found 354.0737.

IR (ATR, cmi'): 77 = 3051 (w),1724 (m), 1690 (s), 1630 (s), 1598 (s), 1449 (m), 1338 (m),
1297 (m), 1241 (s), 1207 (s), 1144 (m), 1122 (m), 1024 (s), 896 (m), 854 (m), 828 (m), 785
(s), 751 (s), 711 (s), 672 ().

Methyl 6-(2-hydroxybenzoyl)1,2,3,4tetrahydro-4-oxo-2-thioxopyrido[2,3-d]pyrimidine -
7-carboxylate (2.4.2r).

Starting from3-methoxalylchromon&.4.1 (0.232 g, 1 mmol) and-6
oy @mino2,3-dihydro-2-thioxopyrimidin-4(1H)-one E6d (0.157 g, 1.1
N N o mmol) in 10 mL AcOH.2.4.2r was isolated as yellow sdli(0.157 g,
)\H | P come f4%)’ mp 26@62°C. v

H NMR (300 MHz, DMSQde): U= 3.73 (s, 3H, OMe), 6.93.00 (m,

2H, CHa,), 7.447.55 (m, 2H,CHa,), 8.33 (s, 1H, Py), 10.69 (s, 1H, OH), 12.83 (s, 1H, OH),
13.54 (s, 1H, SH).
¥C NMR (75.5 MHz, DMSG@dg): U = 52.9 (OMe), 113.0 (C), 117.2, 119.4 (CH), 122.5,
130.4 (C), 131.3, 135.4,38.1 (CH), 151.9, 152.3, 158.3, 158.9, B;4176.6 (C), 193.9
(C=0).
MS (El, 70 eV):m/z(%) = 357 (M, 15), 325 (13), 298 (RACO:Me, 100), 281 (15), 239 (58),
210 (9), 121 (16), 78 (12), 63 (13).
HRMS (ESI): Calcd for gH1,05N3S (M+H) 358.0492. Founds8.0493.
IR (ATR, cmi®): 7 = 3090 (w), 1728 (m), 1682 (m), 1594 (s), 1551 (s), 1450 (m), 1340 (m),
1317 (m), 1275 (s), 1227 (s), 1135 (s), 1052 (m), 921 (m), 799 (m), 783 (m), 760 (s), 733 (m),
694 (m), 652 (m), 640 (m).

S

A.2.7. General procedure for thgrghesis of compoun@s4.6ad.

The fused pyridine derivativ@.4.2 (1 equiv.) and potassium hydroxide (4 equiv.) were
dissolved in methanol (10 mL/1 equiv. 28.3 and heated under reflux for 2 h (undegon
atmosphere)After completion of the reactn (TLC control), the reaction mixture was diluted
with conc. HCI till slightly acidic pH (pH =%). The precipitate was filteredvashed once

with methanol and three times with distilled water, and dried in air.

5-(2-hydroxybenzoyl)-2,3-dihydro-3-oxo-2-phenyl-1H-pyrazolo[3,4-b]pyridine -6-
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carboxylic acid (2.4.6a).
Starting from 2.4.2a (0.150 g, 0.38 mmol) and potassium
OH hydroxide (0.085 g, 1.52 mmol) in 10 mL methar@¥.6awas
isolated as white solid (0.114 g, 80%), fr§5-166°C.
'H NMR (300 MHz, DMSO-d): Ui = 6.937.04 (m, 2H,CHa),
7.34 (t, 1H,*J = 7.4 Hz,CHa,), 7.467.60 (m, 4H.CHa,), 7.91 (d,
2H, 3= 7.6 Hz,CHa,), 8.33 (s, 1H, Py), 10.99 (s, 1H, OH), 12.57 (s, 1H, NH), 13.85 (s, 1H,
OH).
3C NMR (62.9 MHz, DMS@de): ti = 110.0 (C), 117.4, 119.3, @D (CH), 122.2 (C), 125.9
(CH), 128.1 (C), 129.2, 131.9, 135.1, 135.5 (CH), 136.5, 153.3, 157.3, 166.5 (C), 196.4
(C=0).
MS (El, 70 eV):m/z(%) = 375 (M, 14), 330 (100), 253 (37).
HRMS (ESI): Calcd for gH;140sN3 (M+H) 376.0928. Found 376.0924.
IR (ATR, cmi'): 77 = 3401 (w), 3046 (w), 1722 (m), 1653 (s), 1625 (m), 1596 (s), 1575 (m),
1490 (s), 1446 (m), 1348 (m), 1304 (m), 1245 (s), 1156 (s), 951 (w), 925 (m), 824 (m), 762
(s), 691 (s), 655 (s), 635 (S)

H N CO,H

5-(2-hydroxybenzoyl)-3-methyl-1-phenyl-1H-pyrazolo[3,4-b]pyridine -6-carboxylic  acid
(2.4.6b).
Starting from2.4.2h(0.150 g, 0.38 mmol) and potassium hydroxide (0.085

Me %"g, 1.52 mmol) in 10 mL methand.4.6bwas isolated as white solid (0.116
T ° g, 82%), mp 12830°C.

N~ co,H
Ph 'H NMR (300 MHz, DMSO-dg): i = 2.65 (s, 3H, Me), 6.89.02 (m, 2H,

CHa,), 7.357.63 (m, 5H,CHy,), 8.36 (d, 2H2J = 7.7 Hz,CHa,), 8.61 (s, 1H, Py), 11.19 (s,

1H, OH), 13.71 (s, 1H, OH).

¥C NMR (75.5 MHz, DMSQdg): Ui = 12.2 (Me), 116.8 (C), 117.5, 119.3, 120.3 (CH), 121.7
(C), 1.1, 129.3 (CH), 129.7 (C), 131.5, 132.3, 135.9 (CH), 138.6, 144.1, 137.9, 148.8,
160.1, 166.5 (C), 198.0 (C=0).

MS (El, 70 eV):m/z(%) = 373 (M, 11), 328 (100), 251 (23), 236 (19).

HRMS (ESI): Calcd for GH1604N3 (M+H) 374.1136. Found 374.1135.

IR (ATR, cmi®): 77 = 1706 (w), 1629 (s), 1595 (m), 1506 (w), 1444 (m), 1294 (s), 1152 (s),
1142 (m), 1117 (m), 1103 (m), 945 (s), 909 (m), 787 (m), 760 (s), 746 (s), 687 (s), 668 (S),
640 (s).
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6-(2-hydroxybenzoyl)-2-(dimethylamino)thiazolo[4,5-b]pyridine -5-carboxylic acid
(2.4.6¢).

Starting from2.4.21(0.150 g, 0.42 mmol) and potassium hydroxide

oH(0.094 g, 1.68 mmol) in 10 mL methan@l4.6cwas isolated as white

Me\N_<\S o solid (0.114 g, 79%), mp 13234°C.
vé NTONTScoH I NMR (250 MHZ,DMSO-dg): Ui = 3.25 (s, 6H, NMg), 6.89 (t, 1H,
3J = 7.7 Hz,CHa,), 6.99 (d, 1H2J = 8.1 Hz,CHa,), 7.31 (t, 1H,*J = 7.8 Hz,*J = 1.3 Hz,
CHar), 7.487.55 (m, 1HCHa,), 8.36 (s, 1H, Py), 11.28 (s, 1H, OH), 14.01 (s, 1H, OH).
3C NMR (62.9 MHz, DMS@de): U = 39.7 NMey), 117.5, 119.3 (CH), 121.5, 127.7, 127.9
(C), 129.6, 132.1, 135.8 (CH), 145.0, 160.3, 164.2, 166.7, 171.7 (C), 198.7 (C=0).
MS (El, 70 eV)m/z(%) = 343 (M, 9), 298 (100), 254 (23).
HRMS (ESI): Calcd for gH1404N3S (M+H) 344.0689. Found 344.0690.
IR (ATR, cmi'): 77 = 2924 (w), 1706 (m), 1620 (m), 1597 (s), 1565 (s), 1519 (w), 1486 (w),
1449 (w), 1403 (s), 1339 (s), 1286 (s), 1239 (s), 1215 (s), 1151 (m), 1106 (m), 945 (m), 914
(w), 896 (m), 829 (w), 798 (w), 781 (w), 758 (s), 720 (s), 681 (m), 627 (m)

6-(2-hydroxybenzoyl}-1,2,3,4tetrahydro-1,3-dimethyl-2,4-dioxopyrido[2,3-d]pyrimidine -
7-carboxylic acid (2.4.6d).
Starting from2.4.2p (0.150 g, 0.41 mmol) and potassium hydroxide
o on(0.092 g, 1.64 mmol) in 10 mL methan2l4.6dwas isolated as white

Mesn N So solid (0.118 g, 81%), mp 25256°C.

oél‘\N N7 Scos *H NMR (300 MHz,DMSO-dg): Ui = 3.31 (s, 3H, NMe), 3.62 (s, 3H,
NMe), 6.927.00 (m, 2HCHa,), 7.4%27.55 (m, 2HCHa,), 8.41 (s,
1H, Py), 10.84 (s, 1H, OH), 13.94 (s, 1H, OH).
¥C NMR (62.9 MHz, DMSQdg): Ui = 28.3, 29.5 (NMe), 111.0 (C), 117.3, 119.3 (CH), 122.2,
129.6 (C), 131.5, 186, 138.1 (CH), 150.8, 150.9, 152.3, 160.0, 161.1, 166.0 (C), 195.1
(C=0).
MS (El, 70 eV):m/z(%) = 355 (M, 7), 310 (100), 280 (15).
HRMS (ESI): Calcd for &H1406N3z (M+H) 356.0877. Found 356.087.
IR (ATR, cmi®): 77 = 3052 (w), 1706 (m), 1650 (s), 162§, 1598 (s), 1471 (m), 1449 (m),
1358 (m), 1288 (m), 1262 (w), 1213 (s), 1152 (s), 1052 (m), 954 (w), 908 (m), 812 (w), 790
(m), 763 (m), 751 (s), 704 (m), 663 (S).

A.2.8. General procedure for the synthesis-bfyiroxy-3-nitrocoumarin.
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To the suspemsn of 4hydroxycoumarin (40.0 g, 250 mmol) and sodium nitrite (0.8 g, 12
mmol) in acetic acid (120 mL) under stirring at room temperature was added 65% nitric acid
(35 mL) in small portions. The reaction mixture was heated &050C under intensive
stirring for 15 min. The resulting solid was filtered and washed with water to give yellow
crystals (44.6 g, 87%), mp 1245 C (lit.***mp 177 C).

A.2.9. General procedure for the synthesis dfiiroxy-2-nitroacetophenone.

4-Hydroxy-3-nitrocoumarin (128 g, 60 mmol) was dissolved i6% water solution of
potassium hydroxidé450 mL). The resulting reddish solution was heated at 55 °C for 1.5 h.
After cooling to the reaction mixture an acetic acid was added dropwise under intensive
stirring (till pH = 5). The precipitate was rapidfyitered and washed with water to afford a
colorless solid (8.8 g, 81%), mp 106 (lit.***mp 106107 C).

A.2.10. General procedure for the synthesi8-blitrochromone derivative®.5.1

To a solution of Zhydroxy-2-nitroacetophenongl equiv.) in appropriaterthoester(8
equiv.) a concentrated sulfuric acid (0.5 equiv.) was added dropwise. Afterwards the reaction
mixture was refluxed for 6 and distilled to dryness.The formed solid wesshed with water

and recrystallizé from methanol to give corresponding chrom@rielae.

2-Ethyl-3-Nitrochromone (2.5.1¢)
O Starting from 2hydroxy-2-nitroacetophenone (5 g, 27.6 mmol), trimethyl

©\)jiNozorthopropionate (31 mL, 221 mmol) and sulfuric acid (1g33.3.8 mmol).
o~ et 2.5.1lcwas isolated as colorless solid, mp 1789 °C.
'H NMR (300 MHz,DMSO-dg): U = 1.40 (t, 3HJ = 7.5 Hz, Me), 2.82 (q,
2H, 3% = 7.5 Hz, CH), 7.427.52 (m, 2HCHa,), 7.727.76 (m, 1HCHa), 8.19 (dd, 1H3J =
8.0 Hz,"J= 1.5 Hz,CHa,).
13C NMR (62.9 MHz, DMSG@dg): Ui = 11.0 (Me), 25.1 (Ch), 118.1 (CH), 122.5, 123.3 (C),
126.3 (CH), 134.9 (C), 138.3, 155.2 (CH), 167.2, 168.2 (C).
MS (El, 70 eV):m/z(%) = 219 (M, 100), 202 (46), 120 (37), 115 (52).
HRMS (EI): Calcd for GiHeNO, (M™) 219.0522. Found 219.0523.
IR (ATR, cm?): 77 = 2993 (w), 1732 (w), 1654 (s), 1615 (m), 1568 (w), 1519 (s), 1456 (S),
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1372 (s), 1326 (m), 1209 (w), 1140 (m), 1042 (m), 969 (w), 902 (m), 787 (s), 768 (s), 596
(m).

A.2.11. General procedure for the syrdiseof compound.5.3ac, e-l in acetic acid.

In a roundbottom flask the mixture o8-nitrochromone2.5.1a(1 equiv.) and appropriate
aminoheterocycléE (1.1 equiv.) was dissolved in AcOH (10 ml® mmol of chromone
2.5.19 and heated under reflux in arert atmosphere for-15 h (controlled by TLC). After
completion of the reaction volatiles were evaporated under reduced prd$suresidue was
treated with water, filtered, dried in air, and recrystallized from appropriate solvent or
subjected to coimn chromatography (silica gel).

A.2.12. General procedure for the synthesis of compa2usd3d, mp in TMSCI/DMF-.

The 3-nitrochromone2.5.1a(1 equiv.) and ©aminc1H-imidazole2(3H)-thione E2b, E7-E9

(1.1 equiv.) were placed in a pressure tube urteflow of dry argon and dissolved in dry
DMF (5 mL/1 mmol of chromon@.3.2 containing 1 mL of TMSCI. The mixture was heated
at 106140 °C for 212 h (controlled by TLC). After the reaction was completed volatiles
were evaporated under reduced presstiie.residue was treated with water, filtered, dried in

air, and recrystallized from appropriate solvent or subjected to column chromatography (silica

gel).

6-(2-Hydroxyphenyl)-5-nitro -2-phenyl-1,2-dihydropyrazolo[3,4-b]pyridin -3-one (2.5.3a).

o) Starting from3-nitrochromone2.5.1a(0.191 g, 1 mmol) and-&8minc
NO
=N | \/ ’ 1,2-dihydro-2-phenylpyrazoi3-one Ela (0.193 g, 1.1 mmol) in 10
N °N mL AcOH. 2.5.3awas isolated as dark green solid (0.340 g, 98%), mp
HO 248-250°C.

'H NMR (300 MHz,DMSO-de): ti= 6.88 (d, 1H2J = 8.0 Hz,CHa), 6.99 (t, 1H3J = 7.4 Hz,
CHy,), 7.287.37 (m, 2H,CHy,), 7.527.56 (m, 3H,CHa,), 7.92 (d, 2H2J = 8.0 Hz,CHa),
8.75 (s, 1H, Py), 10.14 (s, 1H, OH), 148.5 (br s, 1H, NH).

3C NMR (62.9 MHz, DMSQd): Ui = 107.9(C), 115.3, 119.4, 119.9 (CH), 124.0 (C), 125.8,
129.2, 130.2, 131.2, 131.4 (CH), 136.8, 140.3, 153.8, 154.7, 157.3 (C).

MS (El, 70 eV):m/z(%) =348 (M', 47), 318 (48), 303 (100), 289 (9), 274 (19), 183 (22), 156
(12), 77 (42).
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HRMS (ESI): Calcd for ¢H13N4O4 (M+H) 349.0931. Found 349.0926.

IR (ATR, cmi%): 7 = 3055 (w), 1652 (w), 1605 (m), 1583 (m), 1527 (m), 1483 (w), 1407 (m),
1339 (s), 1275 (m), 1240 (m), 1179 (m), 1157 (m), 1098 (w), 982 (w), 950 (w), 918 (w), 885
(w), 843 (w), 791 (s), 746 (s)P2 (s), 679 (s), 639 (S), 611 (S).

6-(2-Hydroxyphenyl)-2-methyl-5-nitro -1,2-dihydropyrazolo[3,4-b]pyridin -3-one (2.5.3b).

o) Starting from3-nitrochromone2.5.1a(0.191 g, 1 mmol) and-&mino
NO
Me—N || \/ ’ 1,2-dihydro-2-methylpyrazol3-one E1b (0.124 g, 1.1 mmol) in 10
N °N mL AcOH. 2.5.3bwas isolated as red solid (0.248 g, 87%), mp-295
HO 297°C.

'H NMR (300 MHz,DMSO-de): Ui = 3.48 (s, 3H, Me), 6.85 (d, 1H) = 8.1 Hz,CHpa,), 6.95

(td, 1H,33 = 7.4 Hz,*3 = 0.7 Hz,CHa,), 7.30 (M, 1HCHy,), 7.48 (dd, 1H3J = 7.6 Hz,J =

1.6 Hz,CHa/), 8.65 (s, 1H, Py), 10.01 (s, 1H, OH), 1:43.0 (br s, 1H, NH).

13C NMR (62.9 MHz, DMSQde): U = 30.6 (Me), 105.7 (C), 115.1, 119.3 (CH), 125.1 (C),
130.1, 130.9 (CH), 140.8, 153.0, 154.4, 154.5, 157.1 (C).

MS (El, 70 eV):m/z(%) =286 (M', 32), 256 (79), 241 (37), 183 (23), 169 (23), 156 (16), 131
(26), 119 (25), 105 (18), 77 (29), 69 MO

HRMS (ESI): Calcd for @H1:N404 (M+H) 287.07748. Found 287.07720.

IR (ATR, cm%): 77 = 2929 (w), 1645 (m), 1621 (m), 1582 (m), 1532 (m), 1504 (m), 1447 (m),
1318 (m), 1240 (m), 1116 (w), 1092 (w), 1033 (w), 999 (w), 961 (w), 939 (w), 861 (m), 793
(s), 755 (s), 701 (s), 634 (s).

6-(2-Hydroxyphenyl)-1-methyl-5-nitro -1,2-dihydropyrazolo[3,4-b]pyridin -3-one (2.5.3c).
Starting from3-nitrochromone2.5.1a(0.191 g, 1 mmol) and-&minc
1,2-dihydro-2-methylpyrazol3-one E1c (0.124 g, 1.1 mmol) in 10 mL
AcOH. 2.5.3cwas isolated as yellow solid (0.226 mg, 79%), mp-272
°C.

'H NMR (300 MHz,DMSO-de): Ui = 3.86 (s, 3H, Me), 6.83 (d, 1H) = 8.1 Hz,CHpa,), 6.97
(td, 1H,3J = 7.5 Hz,"J = 0.8 Hz,CHa/), 7.29 (m, 1HCHa,), 7.83 (dd, 1H,3J = 7.6 Hz,*J =
1.5 Hz,CHa/), 8.77 (s, 1H, Py), 9.91 (s, 1H, OH), 11.63 (s, 1H, NH).

3C NMR (75.5 MHz, DMSG@dg): Ui = 33.2 (Me), 102.0 (C), 115.0, 119.3 (CH), 125.7 (C),
127.9, 130.2, 130.5 (CH), 140.5, 148.9, 151.2, 154.0, 154.5 (C).

MS (B, 70 eV):m/z(%) =286 (M', 52), 241 (100).

HRMS (ESI): Calcd for &H;1;N4,O4 (M+H) 287.06789. Found 287.03788.
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IR (ATR, cm?): 7 = 2256 (w), 1583 (m), 1488 (w), 1453 (w), 1404 (w), 1369 (w), 1349 (m),
1288 (w), 1230 (m), 1160 (m), 1116 (w), 1015 (wW339w), 920 (w), 844 (w), 820 (w), 796
(m), 751 (s), 672 (m), 656 (M), 617 (m).

5-(2-Hydroxyphenyl)-1-methyl-6-nitro -3-phenyl-1H-imidazo[4,5-b]pyridine -2(3H)-
thione (2.5.3d).

Me Starting from3-nitrochromone2.5.1a(0.191 g,1 mmol) and 4aminc
S=<N | N 1-methyt3-phenyt1H-imidazole2(3H)-thione E2b (0.226 g, 1.1
Ph,’\' N mmol) in 5 mL DMF and 1 mL of TMSCI2.5.3d was isolated as
HO orange solid (0.359 g, 95%), mp 1686°C.

'H NMR (250 MHz,DMSO-dg): U = 3.86 (s, 3H, Me), 6.78.92 (m, 2H,CHx), 7.197.30

(M, 2H,CHgy), 7.5£7.59 (m, 5HCHa/), 7.93 (s, 1H, Py), 8.58 (s, 1H, OH).

13C NMR (75.5 MHz, DMSGdg): Ui = 31.6 (Me), 112.8, 117.9, 119.7 (CH), 120.5, 124.7 (C),
127.7, 129.3, 129.7 (CH), 129.9, 131.9, 133.3, 142.1, 145.5, 145.8, 1654 (T).

MS (El, 70 eV):m/z (%) = 378 (M, 100), 348 (60), 332 (90), 316 (12), 77 (14), 57 (10).
HRMS (ESI): Calcd for @H1sN4OsS (M+H) 379.0859. Found 379.0860.

IR (ATR, cmi'): 7 = 1602 (w), 1534 (m), 1500 (m), 1466 (s), 1424 (s), 1376 (m), 1323 (s),
1286 (s), 1245 (m), 1198 (s), 1158 (m), 1114 (m), 1079 (m), 904 (s), 806 (s), 782 (W), 766 (S),
753 (s), 726 (s), 711 (s), 686 (s), 647 (s), 603 (M).

2-(3-Methyl-5-nitro -1-phenyl-1H-pyrazolo[3,4-b]pyridin -6-yl)phenol (2.5.3e).

Me Starting from3-nitrochromone?2.5.1a(0.191 g, 1 mmol) and-dminc1H-

N\/ | \/ e imidazole2(3H)-thione E3 (0.190 g, 1.1 mmol) in 10 mL AcOR2.5.3e
NN was isolated as yellow solid (0.336 g, 97%), mp-208°C.

o HO 'H NMR (300 MHz,DMSO-dg): Ui = 2.69 (s, 3H, Me), 87 (d, 1H,°J =

7.6 Hz,CHy/), 7.01 (t, 1H3J = 7.2 Hz,CHa), 7.307.37 (m, 2HCHa/), 7.55 (t, 2H3J=7.6

Hz, CHay), 7.65 (m, 1HCHa/), 8.22 (d, 2H2J = 7.6 Hz,CHa,), 9.09 (s, 1H, Py), 10.05 (s,

1H, OH).

3C NMR (62.9 MHz, DMSQdg): Ui = 12.3 (Me),114.5 (C), 115.1, 119.6, 120.5 (CH), 125.2
(C), 126.3, 128.3, 129.3, 130.5, 130.9 (CH), 138.4, 142.3, 145.2, 149.3, 150.9, 154.7 (C).
MS (El, 70 eV):m/z (%) = 346 (M', 100), 316 (10), 300 (63), 283 (30), 221 (10), 77 (18).
HRMS (ESI): Calcd for @H1sN4Os (M+H) 347.1136. Found 347.1141.

IR (ATR, cmi®): 7 = 3393 (m), 1592 (m), 1575 (m), 1495 (s), 1452 (m), 1421 (m), 1383 (W),
1308 (s), 1286 (m), 1193 (m), 1118 (m), 982 (w), 916 (M), 845 (m), 807 (w), 780 (m), 752 (s),
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691 (s), 682 (M), 672 (M), 639 (NBB2 (M).

2-[2-(Dimethylamino)-6-nitrothiazolo[4,5-b]pyridin -5-yl]phenol (2.5.3f).

Me  s—_\NO: Starting from3-nitrochromone2.5.1a(0.191 g, 1 mmol) anti’ N*-

Me/N_<\N | N dimethylthiazole2,4-diamine E5a (0.157 g, 1.1 mmol) in 10 mL
AcOH. 2.5.2f was isolated as brown solid (0.205 g, 65%), mp-266
268°C.

'H NMR (300 MHz,DMSO-dg): Ui = 3.25 (s, 6H, NMg, 6.82 (d, 1H3J = 8.0 Hz,CHa),

6.94 (t, 1H,°J = 7.4 Hz,CHa), 7.25 (t, 1H,*J = 7.4 Hz,CHp,), 7.48 (d, 1H3J = 7.0 Hz,

CHar), 8.86 (s, 1H, Py), 9.81 (s, 1H, OH).

¥C NMR (75.5 MHz, DMSQdg): Ui = 39.7 (NMey), 114.9, 119.2 (CH)123.2, 125.7 (C),

126.3, 130.1, 130.2 (CH), 139.8, 149.0, 154.4, 166.0, 173.1 (C).

MS (GC, 70 eV)m/z(%) = 316 (M, 39), 270 (100), 254 (17), 227 (17), 207 (49).

HRMS (ESI): Calcd for @H13N40sS (M+H) 317.0703. Found 317.0707.

IR (ATR, cmi®): 77 = 2921 (w), 2852 (w), 1601 (w), 1549 (s), 1497 (w), 1450 (w), 1408 (m),

1307 (s), 1279 (s), 1181 (m), 1098 (s), 1079 (m), 972 (w), 901 (s), 861 (m), 827 (m), 781 (m),

765 (s), 745 (s), 667 (S), 619 (M).

HO

2-(2-Morpholino -6-nitrothiazolo[4,5-b]pyridin -5-yl)phenol (2.5.39).

_<s | "0z Starting from3-nitrochromone2.5.1a(0.191 g, 1 mmol) and-2
N
of N NG morpholinothiazo¥4-amine E5b (0.204 g, 1.1 mmol) in 10 mL
HO AcOH. 2.5.3gwas isolated as yellow solid (0.322 g, 90%), mp
229-231°C.

'H NMR (300 MHz DMSO-dg): U = 3.723.76 (m, 8H, morpholine), 6.82 (dd, 183, = 8.1

Hz, *J = 0.8 Hz,CHy,), 6.94 (td, 1H32J = 7.5 Hz,%J = 1.0 Hz,CHa,), 7.26 (m, 1HCHa/),

7.49 (dd, 1H3) = 7.6 Hz,*J= 1.7 Hz,CHa,), 8.89 (s, 1H, Py), 9.84 (s, 1H, OH).

¥C NMR (62.9 MHz, DMSG@dg): Ui = 48.1, 65.4 (CHmorpholine), 114.9, 119.2 (C), 122.7,
125.5 (C), 126.6, 130.2, 130.3 (CH), 140.2, 149.0, 154.4, 165.6, 173.2 (C).

MS (GC, 70 eV)m/z(%) =358 (M', 34), 312 (100), 69 (13).

HRMS (ESI): Calcd for @H1sN404S (M+H) 359.0809. Fouh359.0805.

IR (ATR, cmi®): 77 = 3408 (w), 1599 (w), 1540 (s), 1492 (m), 1448 (w), 1409 (m), 1345 (m),
1329 (s), 1311 (s), 1283 (s), 1238 (m), 1182 (w), 1112 (s), 1083 (w), 1028 (m), 896 (s), 864
(W), 840 (w), 759 (s), 711 (w), 674 (w), 631 (m), 609 (m).
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2-[6-Nitro -2-(piperidin -1-yl)thiazolo[4,5-b]pyridin -5-yl]phenol (2.5.3h).
S0z Starting from3-nitrochromone2.5.1a(0.191 g, 1 mmol) and-2

N
j _<\N | NG (piperidin-1-yl)thiazol4-amineE5c (0.201 g, 1.1 mmol) in 10 mL
HO AcOH. 2.5.3hwas isoated as yellow solid (0.253 g, 71%), mp
109-11C°C.

'H NMR (300 MHz,CDCL): Ui = 1.74 (s, 6H, piperidine), 3.72 (s, 4H, piperidine), 6.86 (m,
1H), 7.02 (dd, 1H3J = 8.2 Hz,*J = 1.0 Hz,CHa,), 7.227.31 (m, 3HCHa/), 8.34 (s, 1H, Py),

9.95 (brs, 1H, OH).

¥C NMR (62.9 MHz,CDCL): ti = 23.9, 25.4, 50.1 (CHpiperidine), 118.1, 119.8 (CH),
119.9, 123.0 (C), 126.5, 129.4, 131.6 (CH), 138.8, 149.8, 156.1, 164.8, 172.6 (C).

MS (El, 70 eV)m/z(%) =356 (M, 54), 310 (100).

HRMS (EI): Calcd for G/H16N40sS (M™) 356.09376. Found 356.09383.

IR (ATR, cmi®): 77 = 2937 (w), 1595 (w), 1537 (s), 1447 (m), 1416 (w), 1306 (s), 1251 (m),
1118 (m), 1009 (m), 904 (w), 886 (m), 851 (m), 832 (w), 782 (m), 750 (s), 709 (m), 680 (W),
629 (W).

7-(2-Hydroxyphenyl)-6-nitropyr ido[2,3-d]pyrimidine -2,4(1H,3H)-dione (2.5.3i).

Q Starting from 3-nitrochromone 2.5.1a (0.191 g, 1 mmol) and -6
NO, . N . .
j\ | \ aminopyrimidine2,4(1H,3H)-dioneE6a (0.140 g, 1.1 mmol) in 10 mL
—
o N N AcOH. 2.5.3iwas isolated as yellow solid (02%), 84%), mp 21-219
HO °C.

'H NMR (300 MHz,DMSO-dg): Ui = 6.86 (d, 1H3J = 8.1 Hz,CHa,), 6.98 (t, 1H3J = 7.5 Hz,
CHa), 7.34 (m, 1HCHy,), 7.50 (dd, 1H3J = 7.5 Hz,*J = 1.0 Hz,CHa), 8.64 (s, 1H, Py),
10.19 (s, 1H, OH), 11.75 (s, 1H, NH), 12.241(d, NH).

¥C NMR (62.9 MHz, DMSQd): Ui = 108.4 (C), 115.2, 119.3 (CH), 123.8 (C), 130.4, 131.6,
132.8 (CH), 141.9, 150.3, 153.5, 154.8, 155.5, 161.2 (C).

MS (El, 70 eV):m/z(%) =300 (M', 96), 270 (100), 255 (40), 231 (13), 211 (35), 182 (11),
168 (21) 156 (17), 128 (10).

HRMS (ESI): Calcd for @HgN4Os (M+H) 301.05675. Found 301.05635.

IR (ATR, cmi'): 77 = 3306 (w), 3012 (w), 2824 (w), 1668 (m), 1599 (m), 1537 (m), 1494 (w),
1348 (s), 1300 (m), 1203 (m), 1145 (w), 1114 (w), 1096 (w), 1017 (w), 97 B84 (W), 841
(w), 808 (w), 794 (w), 751 (s), 656 (m), 590 (m), 559 (m).

7-(2-Hydroxyphenyl)-1,3-dimethyl-6-nitropyrido[2,3 -d]pyrimidine -2,4(1H,3H)-dione
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o Starting from3-nitrochromone2.5.1a(0.191 g, 1 mmoland 6amino
Me-. | oy MOz 1,3-dimethylpyrimidine2,4(1H,3H)-dione E6b (0.171 g, 1.1 mmol) in
oél\r}l N 10 mL AcOH.2.5.3jwas isolated as yellow solid (0.318 g, 97%), mp
Mo o 280-282°C.

'H NMR (300 MHz,DMSO-dg): Ui = 3.33 (s, 3H, Me), 3.61 (s, 3H, Me),
6.87 (d, 1H3J=7.9 Hz,CHa/), 7.01 (t, 1H3J= 7.3 Hz,CHa/), 7.36 (td, 1H3J=8.0 Hz,*J =
1.6 Hz,CHp,), 7.64 (dd, 1H3J = 7.6 Hz,*J = 1.5 Hz,CHa/), 8.73 (s, 1H, Py), 10.29 (s, 1H,
OH).
13C NMR (62.9 MHz, DMSQdg): Ui = 28.3, 29.7 (Me), 108.5 (C), 115.2, 119.6 (CH), 123.8
(C), 130.6, 131.9, 133.2 (CH), 141.8, 150.9, 151.3, 154.4, 155.0, 159.7 (C).
MS (GC, 70 eV)m/z(%) =328 (M", 1), 281 (100), 253 (28), 196 (12), 169 (41).
HRMS (ESI): Calcd for @H13N40s (M+H) 329.0880. Found 329.0883.
IR (ATR, cmi'): 77 = 3256 (w), 1706m), 1650 (s), 1594 (s), 1537 (m), 1446 (m), 1419 (m),
1353 (s), 1289 (m), 1197 (m), 1096 (m), 1067 (w), 1038 (w), 1010 (w), 949 (w), 844 (w), 795
(m), 779 (m), 765 (s), 700 (s), 593 (M).

7-(2-Hydroxyphenyl)-1-methyl-6-nitropyrido[2,3 -d]pyrimidine -2,4(1H,3H)-dione

(2.5.3K).
o Starting from3-nitrochromone2.5.1a(0.191 g, 1 mmol) and-&@mino
j\ | \/ N 1-methylpyrimidine2,4(1H,3H)-dione E6¢ (0.155 g, 1.1 mmol) in 10
o~ NN mL AcOH. 2.5.3k was isolated as yellow solid (0.229 g, 73%), mp
"¢ o 230-232°C.

'H NMR (300 MHz,DMSO-de): Ui = 3.53 (s, 3H, Me), 6.86 (d, 1K) = 8.0 Hz,CH,,), 7.00

(td, 1H,%3 = 7.4 Hz,*J = 0.7 Hz,CHa/), 7.307.37 (m, 1HCHa/), 7.63 (dd, 1H3J = 7.6 Hz,
%3=1.6 Hz,CHy,), 8.67 (s, 1H, Py), 10.28 (s, 1H, OH), 12.01 (s, 1H, NH).

13C NMR (62.9 MHz, DMSQdg): U = 28.8 (Me), 109.3 (C), 115.3, 119.6 (CH), 123.9 (C),
130.6, 131.9, 132.9 (CH), 141.6, 150.6, 152.7, 154.4, 155.0, 160.1 (C).

MS (GC, 70 eV)m/z(%) =314 (M, 100), 281 (11), 267 (55), 225 (57), 207 (27), 195 (15),
168 (63), 140 (17), 115 (13), 923).

HRMS (ESI): Calcd for @H1:N40s (M+H) 315.0724. Found 315.0725.

IR (ATR, cmi%): 7 = 3288 (w), 3153 (w), 2820 (w), 1707 (w), 1674 (m), 1602 (m), 1498 (w),
1446 (m), 1426 (w), 1372 (m), 1343 (s), 1196 (m), 1155 (m), 1038 (w), 976 (m), 863 (m), 842
(m), 815 (m), 765 (s), 749 (s), 737 (S), 659 (M).
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7-(2-Hydroxyphenyl)-2-mercapto-6-nitropyrido[2,3 -d]pyrimidin -4-ol (2.5.3l).

o} Starting from3-nitrochromone2.5.1a(0.191 g, 1 mmol) and-8minc
j\ | \/ Ne2 2,3-dihydro-2-thioxopyrimidin-4(1H)-oneE6d (0.157 g, 1.1 mmol) in 10
SN N mL AcOH. 2.5.3lwas isolated as yellow solid (0.250 g, 79%), mp-307
HO 309°C.

'H NMR (300 MHz,DMSO-dg): Ui = 6.86 (d, 1H2J = 8.2 Hz,CHa), 6.99 (td, 1H2J = 7.5

Hz, *J = 0.8 Hz,CHa,), 7.327.38 (m, 1H,CHa,), 752 (dd, 1H,%J = 7.6 Hz,*J = 1.7 Hz,
CHa), 8.64 (s, 1H, Py), 10.25 (s, 1H, OH), 12.86 (s, 1H, SH), 13.53 (s, 1H, OH).

13C NMR (62.9 MHz, DMS@dg): Ui = 110.5 (C), 115.2, 119.4 (CH), 123.5 (C), 130.5, 131.5,
132.7 (CH), 142.5, 152.3, 154.8, 155.7, 15878.7 (C).

MS (GC, 70 eV)m/z(%) =316 (M', 100), 286 (11), 270 (48), 253 (19).

HRMS (ESI): Calcd for @HgN4O4S (M+H) 317.0339. Found 317.0336.

IR (ATR, cmi'): 7 = 3188 (w), 1683 (m), 1605 (m), 1584 (m), 1520 (m), 1485 (w), 1417 (w),
1352 (s), 1262n0), 1194 (w), 1159 (m), 1131 (s), 948 (m), 805 (s), 744 (s), 692 (s), 659 (s),
629 (s).

2-(5,7-Dimethoxy-3-nitroquinolin -2-yl)phenol (2.5.3m).

Starting from 3-nitrochromone2.5.1a (0.191 g, 1 mmol) and 3,5
dimethoxybenzesmine E7a (0.168 g, 1.1 mmol) in 10 mL AcOH.
2.5.3mwas isolated as yellow solid (0.202 g, 62%), mp-208°C.

'H NMR (300 MHz, CDCly): U = 3.97 (s, 3H, OMe), 4.00 (s, 3H,
OMe), 6.55 (br. s, 1HCHA,,), 6.866.94 (m, 2H,CHa), 7.08 (dd, 1H,
3)=8.3 Hz,*J= 1.0 Hz,CHa), 7.27 (dd, 1H3J = 8.0 Hz,*J = 1.4 Hz,CHa/), 7.3%7.35 (m,
1H, CHa/), 8.88 (s, 1H, Py), 11.70 (s, 1H, OH).

3% NMR (62.9 MHz, CDGJ): U = 56.0, 56.1 (OMe), 98.8, 99.9 (CH), 113.5, 118.3 (C),
118.5, 119.6, 129.1, 129.7, 132.3 (CH), 84Q48.5, 151.5, 156.8, 157.5, 165.0 (C).

MS (GC, 70 eV)m/z(%) =326 (M, 73), 318 (48), 280 (100), 265 (27), 222 (20), 194 (12).
HRMS (ESI): Calcd for GH1sN,Os (M+H) 327.0975. Found 327.0976.

IR (ATR, cmi®): 7 = 1609 (m), 1582 (m), 1500 (m), 1458),(1382 (m), 1346 (m), 1237 (s),
1204 (m), 1160 (s), 1135 (s), 1039 (m), 970 (w), 939 (m), 831 (s), 797 (s), 774 (m), 751 (s),
742 (s), 722 (m), 703 (m), 667 (m), 641 (s).

2-(6,7-Dimethoxy-3-nitroquinolin -2-yl)phenol (2.5.3n).
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Starting from 3-nitrochromone2.5.1a (0.191 g, 1 mmol) and 3,4
dimethoxybenzenamin&7c (0.168 g, 1.1 mmol) in 10 mL AcOH.
2.5.3nwas isolated as reddish solid (0.271 g, 83%), mpZBYC.

'H NMR (300 MHz,DMSO-dg): Ui = 3.94 (s, 3H, OMe), 4.01 (8H,

OMe), 6.79 (s, 1HCHa/), 6.85 (d, 1H3J = 7.9 Hz,CHa,), 6.98 (t, 1H3J = 7.5 Hz,CHa,),

7.09 (s, 1HCHa,), 7.2%7.33 (m, 1H,CHa), 7.59 (dd, 1H3J = 7.5 Hz,*J = 1.3 Hz,CHa)),

8.82 (s, 1H, Py), 9.95 (s, 1H, OH).

3C NMR (62.9 MHz,DMSO-dg): Ui = 56.0, 56.5 (OMe), 99.7, 100.1 (CH), 112.8 (C), 114.9,
119.3 (CH), 125.3 (C), 127.1, 130.3, 130.6 (CH), 141.9, 150.4, 150.8, 154.6, 156.5, 164.3 (C).
MS (GC, 70 eV)m/z(%) =326 (M, 73), 280 (100), 265 (27), 236 (13), 222 (21), 194 (11).
HRMS (ESI):Calcd for G7H15N,Os (M+H) 327.09755. Found 327.09798.

IR (ATR, cmi?): 77 = 1591 (m), 1525 (m), 1499 (w), 1453 (m), 1382 (m), 1346 (s), 1237 (m),
1204 (m), 1160 (s), 1134 (s), 1039 (m), 939 (m), 831 (s), 797 (m), 751 (s), 742 (s), 703 (M),
667 (m), 641 (5

NO,

2-(7-(Dimethylamino)-3-nitroquinolin -2-yl)phenol (2.5.30).

Starting from3-nitrochromone2.5.1a(0.191 g, 1 mmol) andi*,N*-
dimethylbenzend ,3-diamine E8 (0.152 g, 1.1 mmol) in 10 mL
AcOH. 2.5.3owas isolated as darled solid (0.281 g, 91%), mp 236
238°C.

'H NMR (300 MHz,DMSO-dg): U = 3.18 (s, 6H, NMg), 6.987.03 (m, 2H,CHa/), 7.19 (s,
1H, CHa,), 7.38 (m, 1HCHa/), 7.52 (m, 1HCH,,), 7.59 (dd, 1H3J = 7.5 Hz,*J = 1.2 Hz,
CHa), 8.11 (d, 1H3J = 9.5 Hz,CHa/), 9.13 (s, 1H, Py), 10-00.8 (br s, 1H, OH).

¥C NMR (62.9 MHz,DMSO-dg): Ui = 48.6 (NMe), 100.3, 115.3 (CH), 118.2 (C), 118.8
(CH), 119.2 (C), 121.8, 130.3, 131.0, 131.7, 135.5 (CH), 138.9, 146.1, 149.2, 154.4, 155.0
(©).

MS (GC, 70 eV)m/z(%) =309(M", 45), 263 (100), 247 (35), 219 (15).

HRMS (EI): Calcd for G;H15N303 (M) 309.11079. Found 309.11112.

IR (ATR, cmi%): 7 = 3202 (w), 2914 (w), 1644 (w), 1603 (w), 1573 (m), 1515 (m), 1443 (w),
1421 (w), 1331 (m), 1268 (m), 1216 (w), 1158 (m), 1101, MIB6 (W), 1017 (m), 956 (W),
900 (m), 823 (m), 771 (m), 755 (s), 713 (m), 623 (m), 611 (m).

2-(2,4-Diamino-6-nitropyrido[2,3 -d]pyrimidin -7-yl)phenol (2.5.3p).
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NH, Starting from 3-nitrochromone 2.5.1a (0.191 g, 1 mmol) and

NZ | X pyrimidine-2,4,6triamine E9 (0.138 g, 1.1 mmol) in 10 mL AcOH.
HZN)\\N N7 2.5.3pwas isolated as yellow solid (0.193 g, 65%), mp-283°C.
HO 'H NMR (250 MHz,DMSO-dg): U = 6.91-7.03 (m, 2H,CHa,), 7.33

7.39 (m, 1HCHa,), 7.537.57 (m, 1HCHa,), 8.08 (s, 1H, NH), 84 (s, 1H, NH), 9.31 (s, 1H,
NH), 9.49 (s, 1H, Py), 9.62 (s, 1H, NH), 10.41 (s, 1H, OH).

13C NMR (62.9 MHz,DMSO-de): Ui = 103.6 (C), 115.3, 119.4 (CH), 123.4 (C), 130.3, 131.8,
132.0 (CH), 142.6, 151.0, 155.0, 156.0, 156.7, 162.7 (C).

MS (El, 70 eV):m/z(%) =298 (M', 100), 282 (15), 266 (33), 220 (28).

HRMS (ESI): Calcd for &H11NeOs (M+H) 299.08871. Found 299.08841.

IR (ATR, cmi%): 7 = 3119 (w), 1681 (w), 1645 (m), 1606 (m), 1515 (m), 1464 (w), 1450 (w),
1425 (m), 1402 (m), 1358 (m), 1300 (m), 12@6),(1158 (m), 989 (w), 977 (w), 921 (w), 870
(w), 795 (m), 755 (m), 650 (m).

A.2.12. General procedure for the synthesis of compazusdsan.

To a Schlenk flask equipped with a magnetic stir bar and filled with corresponding fused
pyridine derivative2.5.3 (1 equiv.) was added 10% Pd/C (0.1 equiv.). The flask was fitted
with a rubber septum and then held under vacuum for 3 min, after that, it was filled with
MeOH (25 ml for 0.5 g of fuse@yridine derivativg and hydrogen. Holding under vacuum
was repeted one more time, and after sequential filling with hydrogen, the reaction mixture
was stirred for2 daysunder H atmosphere. After the reaction was stopped, the mixture was
filtered through a Celite pad, and the filtrate was evaporated to drynessiecdffsary) was
purified by column chromatography typically usingeptanefthyl acetate mixturesor

recrystallizedrom appropriate solveno provide the desired product.

5-Amino-6-(2-hydroxyphenyl)-2-phenyl-1,2-dihydropyrazolo[3,4-b]pyridin -3-one
(2.5.3).

0] N, Starting from3-nitrochromone2.5.3a(0.150 g, 0.43 mmol)2.5.5a
Ph—N || \/ was isolated as green solid (0.108 g, 78%), mpIEE’C.

N~ N 'H NMR (250 MHz,DMSO-dg): Ui = 4.525.51 (br. s, 2H, Nb), 6.93

HO 7.02 (m, 2H,CHa), 7.237.54 (m, 6H,CHa;), 7.95 (br. s, 2HCHA,,),

10.011.0 (br s, 1H, OH), 15.01 (br s, 1H, NH).
¥C NMR (62.9 MHz,DMSO-dg): U = 110.3 (C), 116.4, 117.0, 119.0, 119.3, 124.7 (CH),
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125.6 (C), 128.9130.0, 131.1 (CH), 137.9, 138.6, 150.0, 151.5, 154.7, 159.4 (C).

MS (El, 70 eV)m/z(%) = 318 (M, 100), 302 (28).

HRMS (ESI): calcd for @H1sN,O, (M+H) 319.1132. Found 319.1130.

IR (ATR, cmi®): 77 = 3301 (w), 1645 (m), 1593 (m), 1487 (m), 1422 (s¥3L8w), 1292 (m),

1274 (m), 1211 (m), 1150 (m), 1116 (w), 845 (w), 815 (w), 788 (w), 753 (s), 705 (m), 684 (s),
664 (s), 603 (s).

5-Amino-6-(2-hydroxyphenyl)-2-methyl-1,2-dihydropyrazolo[3,4-b]pyridin -3-one

(2.5.5b).
©) Nt Stating from 3-nitrochromon@.5.3b (0.150 g, 0.52 mmol)2.5.5b
ve—N | \/ was isolated as red solid (0.128 g, 96%), mp-283°C.
NN 'H NMR (250 MHz,DMSO-dg): ti= 3.34 (s, 3H, Me), 4.5%5.33 (br s,
HO 2H, NH,), 6.927.00 (m, 2HCHp), 7.267.35 (m, 2HCHy,), 7.46 (s,

1H, Py), 9.7110.71 (br. s, 1H, OH), 12.6 (br s, 1H, NH).

3C NMR (62.9 MHz,DMSO-dg): Ui = 30.4 (Me), 109.9 (C), 116.4, 117.0, 119.3 (CH), 125.6
(C), 129.8, 131.1 (CH), 138.0, 148.8, 151.1, 154.6, 159.8 (C).

MS (El, 70 eV)m/z(%) = 256 (M, 100), 73 (21)44 (29).

HRMS (ESI): Calcd for @H13N40, (M+H) 257.10330. Found 257.10293.

IR (ATR, cmi'): 77 = 3363 (w), 1569 (m), 1478 (m), 1449 (m), 1426 (m), 1325 (w), 1295 (w),
1259 (m), 1234 (m), 1184 (m), 1161 (m), 1098 (w), 1055 (w), 1035 (w), 1018 (w), 959 (w
904 (w), 851 (w), 834 (w), 759 (s), 685 (S).

5-Amino-6-(2-hydroxyphenyl)-1-methyl-1,2-dihydropyrazolo[3,4-b]pyridin -3-one
(2.5.5¢).

Starting from3-nitrochromone2.5.3¢(0.150 g, 0.52 mmol)2.5.5cwas
isolated as redolid (0.122 g, 92%), mp 25%%7°C.

'H NMR (250 MHz,DMSO-dg): Ui = 3.66 (s, 3H, Me), 4.06.01 (br. s,
2H, NH,), 6.926.98 (m, 2H,CHa), 7.267.32 (m, 2H,CHa,), 7.40 (dd,
1H,3J=7.6 Hz,"J= 1.6 Hz,CHa), 7.44 (s, 1H, Py), 9i02.0 (br s, 1H, OH).

3C NMR (62.9 MHz,DMSO-dg): U = 33.3 (Me), 104.4 (C), 114.1, 116.6 (CH), 126.5 (C),
129.7, 131.4, 135.6 (CH), 147.2, 148.2, 152.0, 154.8 (C).

MS (El, 70 eV):m/z (%) = 256 (M, 32), 240 (27), 201 (26), 183 (23), 152 (11), 77 (21).
HRMS (ESI): Calcd for @H13N40, (M+H) 257.10330. Found 257.10349.

IR (ATR, cmi'): 7 = 2931 (w), 2672 (w), 1605 (m), 1582 (m), 1550 (m), 1504 (w), 1475 (w),
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1455 (w), 1425 (w), 1379 (w), 1299 (w), 1247 (m), 1229 (m), 1153 (m), 1112 (w), 1068 (w),
1014 (w), 885 (w), 809 (m), 758), 699 (m), 682 (m), 647 (s), 614 (m).

2-(5-Amino-3-methyl-1-phenyl-1H-pyrazolo[3,4-b]pyridin -6-yl)phenol (2.5.5d).

Starting from3-nitrochromone2.5.3e(0.150 g, 0.43 mmol)2.5.5dwas
isolated as brown solid (0.118&7%), mp 160.62°C.

'H NMR (250 MHz,DMSO-dg): Ui = 2.55 (s, 3H, Me), 4.08.04 (br s,
2H, NH), 6.947.03 (m, 2HCHa/), 7.19 (it, 1H3 = 7.4 Hz,*J = 1.0 Hz,
CHa), 7.30.35 (m, 1H,CHy,), 7.41 (dd, 1H2J = 7.6 Hz,“J = 1.6 Hz,CHa,), 7.447.49 (m,
2H, CHa/), 7.52 (s, 1H, Py), 8.28.31 (m, 2HCHa,), 9.510.5 (br s, 1H, OH).

¥C NMR (62.9 MHz,DMSO-de): ti = 12.3 (Me), 112.8, 116.5 (CH), 116.5 (C), 118.7, 119.9,
124.2 (CH), 126.5 (C), 129.0, 129.8, 131.5 (CH), 138.0, 139.8, 140.8, 145.1, 147.2C)55.0
162.3 (CH).

MS (El, 70 eV):m/z(%) = 316 (M, 100), 300 (10).

HRMS (ESI): Calcd for @H1/N4O (M+H) 317.13969. Found 317.13947.

IR (ATR, cmi?): 77 = 3354 (w), 1667 (w), 1597 (m), 1505 (m), 1395 (s), 1288 (m), 1236 (m),
1201 (m), 1141 (m), 1075 (m996 (m), 900 (w), 803 (w), 746 (s), 665 (m).

2-[6-Amino-2-(dimethylamino)thiazolo[4,5-b]pyridin -5-yl]phenol (2.5.5¢€).
Me, SN Starting from 3-nitrochromone2.5.3f (0.150 g, 0.47 mmol)2.5.5e
Me/N_<\N | = was isolated as yellow solid (0.06448%), mp 158.60°C.
'H NMR (250 MHz,DMSO-de): Ui = 3.14 (s, 6H, NMg), 4.85 (s, 2H,
NH,), 6.886.95 (m, 2H,CHa,), 7.207.26 (m, 1H,CH,,), 7.54 (dd,
1H,3%3= 7.8 Hz,"J= 1.6 Hz,CHp,), 7.61 (s, 1H, Py), 10.75 (br s, 1H, OH).
¥C NMR (62.9 MHz,DMSO-dg): Ui = 39.4 (NMe), 116.6, 117.5, 119.0 (CH), 124.5, 125.2
(C), 129.0, 130.5 (CH), 136.1, 140.4, 155.0, 156.3, 167.0 (C).
MS (El, 70 eV):m/z(%) = 286 (M, 90), 270 (25).
HRMS (EI): Calcd for GsH14N40S (M) 286.08046. Found 286.08045.
IR (ATR, cmi'): 77 = 3324 (w), 2923 (w), 1583 (s), 1537 (s), 1487 (w), 1435 (m), 1403 (s),
1351 (m), 1274 (m), 1233 (m), 1204 (m), 1121 (m), 1073 (m), 1039 (w), 975 (w), 920 (w),
859 (m), 826 (m), 755 (s), 729 (s), 615 (m).

HO

2-(6-Amino-2-morpholinothiazolo[4,5-b]pyridin -5-yl)phenol (2.5.5f).
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s— X" Starting from 3-nitrochromone2.5.3g (0.150 g, 0.418 mmol).

o/\/\N%\N N7 2.5.5fwas isolated as brown solid (0.091 g, 66%), mp-13@°C.
HO 'H NMR (300 MHz, DMSO-dg): U = 3.723.75 (m, 8H,

morpholine), 4.874.91 (br s, 2H, Nb), 6.82 (d, 1H2J = 8.6 Hz,CHa/), 6.94 (t, 1H3J = 7.2
Hz, CHa), 7.227.25 (m, 1H,CHa), 7.50 (dd, 1H3J = 7.7 Hz,%J = 1.6 Hz,CHa/), 8.89 (s,
1H, Py), 9.83 (s, 1H, OH).
13C NMR (75.5 MHz,DMSO-dg): Ui= 47.8, 65.5 (Ckimorpholine), 116.5, 117.2, 119.1 (CH),
124.0, 125.3, 129.1, 130.7 (C), 136.9 (CH), 140.8, 154.9, 155.5, 167.4 (C).
MS (EI, 70 eV):m/z(%) = 328 (M, 100), 312 (14), 91 (17).
HRMS (ESI): Calcd for gH17/N40.S (M+H) 329.10667Found 329.10649.
IR (ATR, cm): 7 = 2961 (w), 2850 (w), 1525 (s), 1486 (w), 1422 (s), 1339 (m), 1234 (s),
1211 (m), 1182 (m), 1111 (s), 1073 (m), 1025 (m), 937 (w), 896 (m), 860 (m), 755 (s), 679
(m), 646 (s), 597 (m).

2-[6-Amino-2-(piperidin -1-ylthiazolo[4,5b]pyridin -5-yl]phenol (2.5.59).

s— Xy "™ Starting from3-nitrochromone2.5.3h(0.150 g, 0.42 mmolR.5.5g
iN{\N | N7 was isolated as yellow solid (0.096 g, 70%), mp-128°C.

HO 'H NMR (300 MHz,DMSO-dg): ti = 1.63 (s, 6H, piperidine), 3.55

(s, 4H, piperidine), 4.86 (br s, 2H, MH6.886.95 (m, 2H,CHa,), 7.22 (t, 1H3J = 7.05 Hz,
CHa), 7.52 (d, 1H3J = 8.05 Hz,CHa,), 7.59 (s, 1H, Py), 10-31.0 (br s, 1H, OH).
13C NMR (75.5 MHz,DMSO-dg): Ui = 23.6, 2.8, 48.8 (CH piperidine), 116.6, 117.4, 119.0
(CH), 124.2, 125.3, 129.1, 130.6 (C), 136.4 (CH), 140.4, 155.0, 156.0, 166.8 (C).
MS (El, 70 eV):m/z(%) = 326 (M, 100), 310 (41), 257 (13).
HRMS (ESI): Calcd for &H;oN,OS (M+H) 327.12013. Found 327.138
IR (ATR, cm®): 7 = 2935 (w), 2852 (w), 1558 (m), 1531 (s), 1418 (s), 1307 (s), 1246 (s),
1195 (m), 1155 (m), 1120 (m), 1074 (m), 1010 (m), 885 (m), 851 (m), 749 (s), 679 (m), 629
(m), 586 (s).

6-Amino-7-(2-hydroxyphenyl)pyrido[2,3-d]pyrimidine -2,4(1H,3H)-dione (2.5.5h).

o Starting from3-nitrochromone2.5.3i(0.150 g, 0.50 mmolR.5.5hwas

H/jl\ | \/ e isolated as brown solid (0.131 g, 97%), mp-304 °C.
O 'N” N 'H NMR (300 MHz,DMSO-dg): Ui = 4.25.8 (br s, 2H, Nk, 6.91 (t,
HO 1H, 3 = 7.4 Hz,CHa), 6.99 (d, 1H3J = 7.8 Hz,CHy,), 7.257.31 (m,

1H, CHa,), 7.35 (dd, 1H3J = 7.8 Hz,*J = 1.5 Hz,CHy,), 7.68 (s, 1H, Py), 10-02.0 (br s,
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3H, OH, NH).

13C NMR (75.5 MHz,DMSO-dg): Ui = 109.0 (C), 116.4, 119.0, 120.7 (CH), 124.6 (C), 130.2,
130.9 (CH), 139.0, 143.4, 149.1, 150.2, 154.9, 162.6 (C).

MS (El, 70 eV):m/z(%) = 270 (M, 96), 224 (16), 160 (17), 128 (100), 97 (31).

HRMS (ESI): Calcd for @&H11N4Os (M+H) 271.08257. Found 271.08298.

IR (ATR, cmi%): 77 = 3246 (w), 3043 (w), 1682 (m1608 (m), 1487 (w), 1416 (m), 1385 (m),
1299 (w), 1275 (w), 1239 (w), 1215 (w), 1101 (w), 1043 (w), 888 (w), 851 (m), 813 (w), 749
(m), 677 (w), 624 (m), 574 (S).

6-Amino-7-(2-hydroxyphenyl)-1,3-dimethylpyrido[2,3-d]pyrimidine -2,4(1H,3H)-dione
(2.5.5i).

o Starting from3-nitrochromone2.5.3j (0.150 g, 0.46 mmol)Y2.5.5iwas
Men | X" isolated as green solid (0.090 g, 66%), mp-202°C.
oél‘\w N7 'H NMR (300 MHz,DMSO-dg): ti= 3.30 (s, 3H, Me), 3.50 (s, 3H, Me),
Mo o 4.55.7 (br s, 2H, NH), 6.91-7.02 (m, 2H,CH,), 7.287.41 (m, 2H,

CHa), 7.80 (s, 1H, Py), 9:41.0 (br s, 1H, OH).

13C NMR (75.5 MHz,DMSO-de): Ui = 28.0, 28.9 (Me), 109.4 (C), 116.3, 119.3, 121.5 (CH),
125.2 (C), 130.2, 131.4 (CH), 139.1, 141.8, 148.3, 150.6, 154.7, 161.0 (C).

MS (El, 70 eV)m/z(%) = 298 (M, 100), 281 (18), 207 (19).

HRMS (ESI): Calcd for @H1sN403 (M+H) 299.1139. Found 299.1138.

IR (ATR, cmi®): 77 = 3427 (w), 3349 (w), 3271 (W), 1694 (m), 1634 (s), 1604 (s), 1470 (m),
1447 (s), 1356 (s), 1300 (s), 1105 ()66 (M), 1018 (m), 981 (m), 911 (m), 834 (w), 804
(w), 781 (m), 738 (s), 692 (m), 675 (m), 638 (M).

6-Amino-7-(2-hydroxyphenyl)-1-methylpyrido[2,3-d]pyrimidine -2,4(1H,3H)-dione
(2.5.5)).

o) Starting from3-nitrochromone2.5.3k (0.150 g, 0.48 mmolR.5.5jwas

HN | ~r "2 isolated as brown solid (0.120 g, 88%), mp-292°C.
oél\ry N 'H NMR (300 MHz,DMSO-dg): Ui = 3.44 (s, 3H, Me), 4-5.7 (br s,
Mo o 2H, NH,), 6.927.01 (m, 2HCHa), 7.287.38 (m, 1HCHa,), 7.40 (dd,

1H,3%)= 7.6 Hz,"J= 1.5 Hz CHa,), 7.76 (s, 1H, Py), 10i02.0 (br s, 2H, OHNH).

13C NMR (75.5 MHz,DMSO-dg): Ui = 28.0 (Me), 110.2 (C), 116.4, 119.3, 121.4 (CH), 125.2
(C), 130.2, 131.2 (CH), 138.9, 143.1, 148.1, 150.4, 154.7, 161.5 (C).

MS (El, 70 eV):m/z(%) = 284 (M, 100),240 (14), 78 (15).
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HRMS (ESI): Calcd for @H1sN4Os (M+H) 285.09822. Found 285.09838.

IR (ATR, cmi): 77 = 3341 (w), 3152 (w), 3041 (w), 2844 (w), 1681 (s), 1610 (m), 1586 (m),
1468 (m), 1451 (m), 1411 (s), 1379 (m), 1286 (m), 1229 (m), 1149 (w), 1J0IGA7 (W),
998 (w), 943 (m), 813 (M), 788 (M), 765 (W), 734 (s), 723 (s), 687 (M), 665 (W), 636 (M).

2-(3-Amino-5,7-dimethoxyquinolin-2-yl)phenol (2.5.5k).

OMe Starting from3-nitrochromone2.5.3m (0.150 g, 0.46 mmol)2.55k
was isolated as brown solid (0.109 g, 80%), mp-168°C.
'H NMR (300 MHz,DMSO-dg): Ui = 3.84 (s, 3H, OMe), 3.94 (s, 3H,
OMe), 5.04 (br. s, 2H, NjJ, 6.56 (s, IHCHa), 6.84 (s, IHCHa,),
6.91-7.02 (m, 2H,CHa), 7.277.32 (m, 1H,CHy,), 7.57 (d, 1H3J = 7.5 Hz,CHa,), 7.70 (s,
1H, Py), 10.511.5 (br. s, 1H, OH).
13C NMR (75.5 MHz,DMSO-dg): Ui = 55.2, 55.8 (OMe), 98.0, 98.9, 112.2 (CH), 116.3 (C),
116.4, 119.0 (CH), 124.8 (C), 129.8, 130.5 (CH), 138.5, 142.1, 149.1, 154.0, 155.5, 157.5 (C).
MS (GC,70 eV):m/z(%) = 296 (M, 92), 280 (35).
HRMS (ESI): Calcd for GH17N203 (M+H) 297.12337. Found 297.12324.
IR (ATR, cmi'): 77 = 1582 (m), 1446 (m), 1422 (w), 1396 (m), 1347 (w), 1331 (w), 1273 (m),
1204 (s), 1156 (s), 1104 (m), 975 (w), 950 (w), 935 @I)1 (m), 827 (m), 753 (s), 700 (s),
642 (m), 626 (s).

2-(3-Amino-6,7-dimethoxyquinolin-2-yl)phenol (2.5.5I).

Starting from3-nitrochromone?.5.3n(0.150 g, 0.46 mmolR.5.5lwas
isolated as brown solid (0.127 g, 93% 177179°C.

'H NMR (300 MHz,DMSO-dg): Ui = 3.84 (s, 3H, OMe), 3.94 (s, 3H,
OMe), 5.16 (br s, 2H, N}, 6.56 (s, 1HCHa/), 6.85 (s, 1HCHa,),
6.897.01 (m, 2H,CHa,), 7.267.28 (m, 1H,CHa,), 7.56 (d, 1H3J = 7.6 Hz,CHa,), 7.69 (s,

1H, Py), 10.93 (slH, OH).

¥C NMR (75.5 MHz,DMSO-dg): i = 55.2, 55.8 (OMe), 97.9, 98.9, 112.2 (CH), 116.4 (C),
116.5, 118.8 (CH), 125.0 (C), 129.8, 130.6 (CH), 138.6, 142.2, 149.3, 154.0, 155.8, 157.5 (C).
MS (GC, 70 eV)m/z(%) = 296 (M, 76), 295 (100), 280 (27).

HRMS (ESI): Calcd for &H1eN203 (M*) 296.11554. Found 296.115439.

IR (ATR, cmi'): 77 = 1582 (m), 1504 (w), 1445 (m), 1396 (w), 1348 (w), 1330 (w), 1272 (m),
1204 (s), 1155 (m), 1126 (m), 1104 (m), 1046 (m), 935 (w), 911 (m), 826 (m), 751 (s), 700
(m), 642 n), 626 (m).

NH,
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2-(3-Amino-7-(dimethylamino)quinolin-2-yl)phenol (2.5.5m).

Starting from3-nitrochromone2.5.30(0.150 g, 0.49 mmol)2.5.5m

was isolated as brown solid (0.127 g, 94%), mp-242°C.

Me HO 'H NMR (300 MHz,DMSO-dg): Ui = 2.98 (s, 6H, NM8, 4.91 (br s,
2H, NH,), 6.916.99 (m, 3H,CHa/), 7.187.31 (m, 2HCHa,), 7.41 (s,

1H, CHa/), 7.55 (d, 1H2J = 8.5 Hz,CH,/), 7.68 (dd, 1H3J = 7.5 Hz,%J = 1.4 Hz,CHa)),

11.011.8 (br s, 1H, OH).

¥C NMR (75.5 MHz,DMSO-dg): U = 40.4 (NMe), 106.3, 116.6, 117.3, 117.8, 118.9 (CH),

121.2, 124.6 (C), 125.8, 130.0, 130.2 (CH), 137.5, 142.3, 148.7, 148.8, 155.9 (C).

MS (GC, 70 eV)m/z(%) = 279 (M, 94), 278 (100), 262 (37).

HRMS (ESI): Calcd for GH1gN3O (M+H) 280.14444. Foun280.14436.

IR (ATR, cmi'): 7 = 3392 (w), 3324 (w), 2919 (w), 1623 (m), 1602 (w), 1573 (w), 1553 (w),

1505 (m), 1428 (m), 1280 (m), 1244 (m), 1223 (m), 1184 (m), 1148 (m), 1008 (m), 971 (w),

936 (w), 918 (w), 884 (w), 823 (m), 793 (M), 757 (s), 725 (193, @).

NH,

2-(2,4, FTriaminopyrido[3,2 -d]pyrimidin -6-yl)phenol (2.5.5n).

NH, Starting from 3-nitrochromone2.5.3p (0.150 g, 0.5 mmol)2.5.5n

)N\/ | "™ was isolated as green solid (0.133 g, 93%), mp1I&FC.
HNT N7 N 'H NMR (300 MHz,DMSO-dg): Ui = 5.04 (br s, 2H, Nb), 6.916.96
HO (m, 1H, CHy,), 7.07 (d, 1H2J = 8.0 Hz,CHy,), 7.227.34 (m, 2H,

CHa), 7.94 (s, 1H, Py), 8.84 (s, 1H, MH9.10 (s, 1H, Nk, 10.33 (br. s, 1H, OH), 12.50
(br. s, 2H, NH).

¥C NMR (75.5 MHz,DMSO-dg): Ui = 104.5 (C),116.3, 119.3 (CH), 124.2 (C), 130.5, 130.9
(CH), 140.5, 141.2, 151.4, 154.7, 155.1, 162.3, 162.9 (C).

MS (GC, 70 eV)m/z(%) = 268 (M, 100), 252 (22), 207 (15), 84 (17).

HRMS (ESI): Calcd for @H13NgO (M+H) 269.11454. Found 269.11528.

IR (ATR, cmi'): 77 = 3306 (w), 1514 (w), 1434 (m), 1409 (m), 1384 (m), 1352 (m), 1293 (m),
1241 (m), 1154 (w), 1100 (w), 1007 (w), 831 (w), 753 (m), 701 (m).

A.2.13. General procedure for the synthesis of compa2ued@anh.

In a pressure tube under the flow of argorthe DMF (10 mL/2 mmol o2.6.1) solution of
corresponding?.6.1 (1 equiv.) was added TMSCI (1 mL/2 mmol 2f6.1). The reaction

142



mixture was heated at 10C for 3h (TLC control). After the formation of chromone was
completedthe solution was evaporateshder reduced pressure, the residue was treated with
water, fiteredand dried on the air and recrystallized from appropriate solvent.

All prepared chromones were previously synthesised and could be find in the litéfature.

A.2.14. General procedurerfthe synthesis of compoun2i$.32.6.12

Corresponding chromon26.2ae or enaminon&.6.1ae (1 equiv.) and appropriate amiie

(1.1 equiv.) were placed in a pressure tube under the flow of dry argon and dissolved in dry
DMF (5 mL/1 mmol of chromon&.6.2) containing 1 mL of TMSCI. The mixture was heated

at 100120 °C for 15 h (controlled by TLC). After the reaction was completed volatiles were
evaporated under reduced pressure. The residue was treated with water, filtered, dried in air,
and recrystdized from appropriate solvent or subjected to column chromatography (silica
gel). (Notice: Calcuktions for each compound are presented starting from chrotn6r

1,2-dihydro-6-(2-hydroxy-5-methylphenyl)-2-phenylpyrazolo[3,4b]pyridin -3-one

(2.6.3a).
o Starting fromchromone2.6.2b (0.160 g, 1 mmol) and-&minc
Ph=N_ || N 1,2-dihydro-2-phenylpyrazoi3-oneE1a (0.193 g, 1.1 mmol) in 5
H N7 MemL DMF and 1 mL of TMSCI.2.6.3awas isolated as brown
HO solid (0.190 g, 60%), mp 23840°C.

'H NMR (300 MHz,DMSO-dg): ti = 2.30 (s, 3H, Me), 6.94 (d, 1H) = 8.3 Hz, CH,), 7.18

(dd, 1H,%J = 8.3 Hz,*J = 1.7 Hz, CH,), 7.257.30 (m, 1H, CH,), 7.497.55 (m, 2H, CH,),
7.857.97 (m, 4H, CH,), 8.32 (d, 1H3J = 8.3 Hz, CH,), 9.02 (br. s, 1H, OH), 1140(br. s,

1H, NH).

¥C NMR (62.9 MHz,DMSO-dg): Ui = 34.0 (Me), 108.5 (C), 114.7, 117.7, 119.3 (CH), 119.7
(C), 125.2 (CH), 127.9 (C), 128.7, 129.1, 132.9, 134.4 (CH), 137.2, 154.9, 156.2, 158.1, 160.0
(C).

MS (El, 70 eV):m/z(%) = 317 (M, 100), 288 (18 77 (14).

HRMS (El): Calcd for GoH1sN30, (M) 317.11588. Found 317.115490.

IR (ATR, cmi'): 77 = 2967 (w), 2766 (w), 2456 (W), 1665 (W), 1593 (m), 1486 (m), 1447 (m),
1392 (w), 1295 (m), 1231 (m), 1124 (m), 1076 (w), 1026 (w), 884 (w), 809 (M), 74®B4s), 6
(s), 603 (m).
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1,2-dihydro-6-(2-hydroxyphenyl)-2-phenylpyrazolo[3,4b]pyridin -3-one €.6.3h

o) Starting fromchromone2.6.2a(0.146 g, 1 mmol) and-&8mino1,2-
Ph—N || \/ dihydro-2-phenylpyrazoi3-one Ela (0.193 g, 1.1 mmol) in 5 mL
H N DMF and 1 mL of TMSCI2.6.3bwas isolated as orange solid (0.233
HO g, 77%), mp 180.82°C.

'H NMR (300 MHz,DMSO-de): ti = 6.957.02 (m, 2H, CH,), 7.257.30 (m, 1H, CH,), 7.35

7.41 (m, 1H, CH,), 7.507.55 (m, 2H, CH,), 7.93 (d, 3H3J = 7.6 Hz, CH,), 805 (d, 1H.J

= 7.7 Hz, CH,), 8.33 (d, 1H3J=8.3 Hz, CH,), 11.80 (br. s, 1H, OH), 12.67 (br. s, 1H, NH).
13C NMR (62.9 MHz,DMSO-de): Ui = 108.6, 114.8 (C), 117.8, 119.3, 119.4 (CH), 120.0 (C),
125.2, 128.7, 129.1, 132.3, 134.8 (CH), 137.1, 155.001488.4, 160.0 (C).

MS (El, 70eV):m/z(%) = 302 (M, 100), 274 (22), 77 (43).

HRMS (El): Calcd for GgH13N30, (M*) 303.10023. Found 303.100464.

IR (ATR, cmi'): 77 = 3024 (w), 1661 (m), 1600 (m), 1484 (m), 1445 (m), 1414 (m), 1295 (w),
1273 (m), 1239 (m)1187 (w), 1154 (w), 1033 (w), 935 (w), 903 (w), 815 (m), 752 (s), 689
(m), 603 (m).

6-(5-chloro-2-hydroxyphenyl)-1,2-dihydro -2-phenylpyrazolo[3,4-b]pyridin -3-one
(2.6.3%).

o) Starting fromchromone2.6.2d(0.181 g, 1 mmoland 5amino1,2-
Ph—N_ || \/ CIdihydrc>2-phenylpyrazolB—one Ela (0.193 g, 1.1 mmol) in 5 mL
H N DMF and 1 mL of TMSCI.2.6.3cwas isolated as brown solid
HO (0.310 g, 92%), mp 303203°C.

'H NMR (250 MHz,DMSO-dg): ti= 7.07 (d, 1H3J = 8.7 Hz, CH,), 7.27 (t, 1H3J = 7.5 Hz
CHa), 7.39 (dd, 1H33 = 8.7 Hz,J = 2.7 Hz, CH\), 7.497.55 (m, 2H, CH,), 7.928.06 (m,

4H, CHy,), 8.31 (d, 1H3J= 8.3 Hz, CH,), 11.92 (br. s, 1H, OH), 12.39 (br. s, 1H, NH).

13C NMR (62.9 MHz,DMSO-dg): Ui = 109.0, 115.9 (C), 119.4, 119.5 (CHR2.5, 123.0 (C),
125.3, 128.3, 129.1, 131.4, 134.7 (CH), 155.3, 155.4, 156.8, 158.0, 178.9 (C).

MS (EI, 70eV):m/z(%) = 337 (M, 100), 308 (13).

HRMS (ESI): Calcd for @H13N30,Cl (M+H) 338.79255. Found 338.79257.

IR (ATR, cmi®): 77 = 3391 (w), 2991 (W)2771 (w), 2450 (w), 1661 (m), 1591 (m), 1486 (m),
1447 (m), 1389 (m), 1336 (w), 1292 (m), 1245 (m), 1207 (w), 1175 (m), 1126 (w), 1099 (w),
1075 (w), 1023 (W), 944 (w), 868 (W), 828 (m), 810 (m), 757 (s), 719 (s), 686 (m).
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5-(2-hydroxy-5-methylphenyl)-1-methyl-3-phenyl-1H-imidazo[4,5-b]pyridine -2(3H)-
thione (2.6.4a).

Me Starting fromchromone2.6.2b(0.160 g, 1 mmol) and-d4minc 1-
S=<N | \/ e methyt3-phenyt1H-imidazole2(3H)-thione E2b (0.225 g, 1.1
Ph/N N mmol) in 5 mL DMF and 1 mL of TMSCR.6.4awas isolated as
HO brown solid (0.312 g, 90%), mp 2:2225°C.

'H NMR (300 MHz,DMSO-dg): Ui = 2.25 (s, 3H, Me), 3.80 (s, 3H, NMe), 6.70 (d, 1R =

8.2 Hz, CHy), 7.01 (dd, 1H3J = 8.2 Hz,J = 1.5 Hz, CH,), 7.487.66 (m, 5H, CH,), 7.70

(s, 1H, CH,), 7.998.05 (m, 2H, CH,), 11.76 (s, 1H, OH).

13C NMR (62.9 MHz,DMSO-dg): Ui= 20.2, 31.2Me), 115.6, 117.4, 118.7 (CH), 119.4, 124.8
(C), 127.3 (CH), 127.6 (C), 128.1, 129.0, 129.2, 131.2 (CH), 134.2, 142.7, 150.0, 154.9, 170.6
(C).

MS (GC, 70eV)m/z(%) = 347 (M, 100), 332 (15).

HRMS (ESI): Calcd for gH1gNsOS (M+H) 348.2558. Found 34%:39.

IR (ATR, cm?): 77 = 2912 (w), 1496 (w), 1464 (m), 1434 (m), 1381 (m), 1329 (m), 1282 (s),
1249 (s), 1215 (m), 1183 (m), 1135 (m), 1189 (m), 1024 (w), 911 (w), 815 (s), 793 (s), 773
(m), 758 (s), 733 (m), 686 (s), 648 (M).

5-(2-hydroxyphenyl)-1-methyl-3-phenyl-1H-imidazo[4,5-b]pyridine -2(3H)-thione
(2.6.4b).

Me Starting fromchromone2.6.2a (0.146 g, 1 mmol) and-d4minc1-
S:<N | \/ methyt3-phenyt1H-imidazole2(3H)-thione E2b (0.225 g, 1.1 mmol)
N7 N in 5 mL DMF and 1 mL of TMSCI2.64b was isolated as white solid
i HO (0.300 g, 90%), mp 22022°C.

'H NMR (300 MHz,DMSO-dg): U = 3.82 (s, 3H, Me), 6.86.91 (m, 2H, CH), 7.197.25

(m, 1H, CHy), 7.547.67 (m, 5H, CH,), 7.91 (dd, 1H3J = 8.1 Hz*J = 1.4 Hz, CH,), 8.03

8.10 (m, 2H, CH), 11.90 (s, 1H, OH).

3C NMR (62.9 MHz,DMSO-dg): Ui = 31.2 (Me), 116.0, 117.5, 118.7, 129CH), 120.2,
125.0 (C), 127.5, 128.2, 129.0, 129.3, 130.5 (CH), 134.2, 142.9, 149.9, 157.0, 170.7 (C).

MS (GC, 70eV)m/z(%) = 333 (M, 100), 318 (19).

HRMS (El): Calcd for GoH1sNsOS (M") 333.08521. Found 333.092105.

IR (ATR, cm?): 77 = 3051 (w), 1615w), 1593 (w), 1499 (w), 1466 (m), 1427 (m), 1332 (s),
1296 (m), 1281 (m), 1248 (m), 1227 (m), 1203 (m), 1164 (m), 1041 (m), 1090 (m), 1022 (w),
963 (w), 932 (W), 812 (s), 753 (s), 734 (m), 706 (s), 689 (s), 636 (S).
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5-(5-bromo-2-hydroxyphenyl)-1-methyl-3-phenyl-1H-imidazo[4,5-b]pyridine -2(3H)-
thione (2.6.4).
Starting fromchromone2.6.2¢(0.225 g, 1 mmol) and-dminc1-methyt

N
S:</N | 7 sr3-phenyt1H-imidazole2(3H)-thione E2b (0.225 g, 1.1 mmol) in 5 mL
" e DMF and 1 mL of TMSCI2.64c was isolated as brown solid (0.313 g,

76%), mp 24850°C.
'H NMR (300 MHz,DMSO-dg): ti = 3.58 (s, 3H, Me), 6.57 (d, 1A) = 8.9 Hz, CH,), 7.11
(dd, 1H,%J = 8.7 Hz,*J = 2.2 Hz, CH,), 7.297.42 (m, 5H, CH,), 7.797.80 (m, 2H, CH,),
7.83 (s, 1H, Ch}), 11.64 (s, 1H, OH).
¥C NMR (62.9 MHz,DMSO-de): ti = 31.2 (Me), 110.5 (C), 116.9, 1.8 119.7 (CH), 123.0,
125.5 (C), 128.2, 129.0, 129.2, 129.9, 132.8 (CH), 134.2, 141.2, 143.2, 148.1, 156.0, 171.0
(C).
MS (GC, 70eV)m/z(%) = 412 (M, 100), 166 (12).
HRMS (ESI): Calcd for @H1sNzOSBr (M+H) 413.11258. Found 413.11261.
IR (ATR, cmi'): 77 = 2913 (w), 1499 (w), 1463 (m), 1431 (w), 1384 (m), 1329 (m), 1280 (s),
1247 (m), 1200 (m), 1148 (m), 1090 (w), 969 (w), 934 (w), 864 (W), 819 (s), 714 (W), 687 (s),
640 (m), 582 (w).

5-(5-chloro-2-hydroxyphenyl)-1-methyl-3-phenyl-1H-imidazo[4,5-b]pyrid ine-2(3H)-
thione (2.6.40.

Me Starting fromchromone2.6.2d (0.181 g, 1 mmol) and-d4mino1-
S_j/N | \/ 5 methyt3-phenyt1H-imidazole2(3H)-thione E2b (0.225 g, 1.1
NT N mmol) in 5 mL DMF and 1 mL of TMSCR.6.4dwas isolated as
i HO yellow solid(0.224 g, 61%), mp 25254°C.

'H NMR (300 MHz,DMSO-dg): U = 3.83 (s, 3H, Me), 6.87 (d, 1H,
3)=8.7 Hz, CH,), 7.23 (s, 1H, Cld), 7.62 (s, 5H, CH), 7.92 (s, 1H, Clt), 8.058.18 (m,
2H, CHy), 11.90 (br. s, 1H, OH).
13C NMR Due to bed solubility it was not possible to measure.
MS (GC, 70eV)m/z(%) = 367 M", 100), 352 (11).
HRMS (ESI): Calcd for gH1sNz;OSCI (M+H) 368.06189. Found 368.06207.
IR (ATR, cmi'): 7 = 2915 (w), 1618 (w), 1498 (m), 1462 (s), 1434 (m), 1383 (m), 1330 (s),
1297 (s), 1279 (s), 1247 (m), 1189 (m), 1150 (m), 1086 (m), 1026 (w), 97 23@ w), 904
(w), 865 (w), 819 (s), 754 (m), 722 (m), 687 (s), 658 (M), 584 (m).
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3-cyclohexyt5-(2-hydroxyphenyl)-1-methyl-1H-imidazo[4,5-b]pyridine -2(3H)-thione
(2.6.49.

Me Starting from chromone2.6.2a (0.146 g, 1 mmol)and 4amino3-
S_j/N | \/ cyclohexytl-methyt1H-imidazole2(3H)-thione E2c (0.232 g, 1.1
NN mmol) in 5 mL DMF and 1 mL of TMSCR.6.4ewas isolated as yellow
ﬁ HO solid (0.231 g, 68%), mp 25851 °C.

'H NMR (300 MHz, DMSO-dg): Ui = 1.161.49 (m, 3H, cyclohexyl),
1.751.93 fn, 5H, cyclohexyl), 2.32.43 (m, 2H, cyclohexyl), 3.75 (s, 3H, Me), 585
(m, 1H, NCH), 6.937.00 (m, 2H, CH), 7.267.33 (m, 1H, CH,), 7.968.08 (m, 3H, CH,),
12.02 (s, 1H, OH).
3C NMR (62.9 MHz,DMSO-dg): Ui = 25.0, 25.5, 29.0, 31.4 (GHyclohexyl), 56.1 (NCH),
115.9, 117.4, 118.3, 119.5 (CH), 121.3, 124.8 (C), 128.1, 130.4 (CH), 142.2, 149.0, 156.8,
169.8 (C).
MS (GC, 70eV)m/z(%) = 339 (M, 48), 257 (100).
HRMS (EI): Calcd for GgH21ONsS (M*) 339.13998. Found 339.139863.
IR (ATR, cmi'): 77 = 2918 (w), 2858 (W), 1614 (w), 1504 (w), 1465 (m), 1428 (m), 1382 (m),
1325 (m), 1282 (m), 1238 (m), 1167 (m), 1139 (m), 1044 (m), 894 (w), 808 (s), 738 (s), 685
(m), 657 (m), 620 (M).

5-(5-chloro-2-hydroxyphenyl)-3-cyclohexyl1-methyl-1H-imidazo[4,5-b]pyridine -2(3H)-
thione (2.6.49).

Me Starting fromchromone2.6.2d (0.181 g, 1 mmol) and-dmino3-
N
sa/N | \/ CIcyclohexyLl—methyI-lH-imidazoIeZ(3H)-thione E2c (0.232 g, 1.1
N mmol) in 5 mL DMF and 1 mL of TMSCI2.6.4f was isolated as
& "o yellow solid (0.220 g, 59%), mp 18887°C.

'H NMR (300 MHz, DMSO-dg): U = 1.161.48 (m, 3H,cyclohexy), 1.611.99 (m, 5H,
cyclohexy), 2.362.44 (m, 2Hcyclohexy), 3.75 (s, 3H, Me), 5.65.13 (m, 1H, NCH), 7.02

(d, 1H,%3 = 8.5 Hz, CH,), 7.30 (dd, 1H?J = 8.8 Hz,*J = 2.5 Hz, CH,), 7.958.02 (m, 2H,
CHa), 8.14 (d, 1H%J= 8.8 Hz, CH,), 11.91 (s, 1H, OH).

13C NMR (62.9 MHz,DMSO-dg): U = 25.0, 25.5, 29.0 (CHcyclohexyl), 31.4 (Me), 56.2
(NCH), 116.7, 118.0, 119.1 (CH), 123.1, 123.4, 125.2 (C), 127.6, 129.7 (CH), 142.5, 147.2,
155.4, 170.0 (C).

MS (GC, 70eV)m/z(%) = 373 (M, 42), 291 (100).
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HRMS (ESI): Calcd for @H21ONsSCl (M+H) 374.10884. Found 374.10876.

IR (ATR, cmil): 77 = 2934 (w), 2854 (w), 1615 (W), 1468 (m), 1434 (m), 1383 (m), 1338 (m),
1323 (m), 1295 (m), 1279 (s), 1244 (m), 1213 (w), 1170 (m), 11311092 (w), 933 (W),
864 (w), 825 (m), 806 (s), 718 (M), 655 (M), 625 (W), 582 (m).

3-cyclohexyt5-(2,5-dihydroxyphenyl)-1-methyl-1H-imidazo[4,5-b]pyridine -2(3H)-thione

(2.6.49.
Me Starting fromchromone?2.6.2f (0.176 g, 1mmol) and 4amino3-
S_j/N | \/ OHcyclohexyLl—methyI-lH-imidazoIeZ(SH)-thione E2c (0.232 g, 1.1
NN mmol) in 5 mL DMF and 1 mL of TMSCI2.6.4gwas isolated as
ﬁ HO yellow solid (0.228 g, 68%), mp 3€B09°C.

'H NMR (300 MHz,DMSO-dg): Ui = 1.21-1.53 (m, 3H, cyclohexyl),
1.622.11 (m, 5H, cyclohexyl), 2.29.40 (m, 2H, cyclohexyl), 3.73 (s, 3H, Me), 5644
(m, 1H, NCH), 6.36.41 (m, 2H, CH,), 7.82 (d, 1H3J = 8.7 Hz, CH,), 7.887.95 (m, 2H,
CHar), 9.77 (s, 1H, OH), 12.44 (s, 1H, OH).
3C NMR (62.9 MHz,DMSO-dg): Ui = 250, 25.6, 29.0 (Chicyclohexyl), 31.4 (Me), 56.0
(NCH), 103.4, 107.8 (CH), 112.2 (C), 114.2, 118.7 (CH), 123.9 (C), 128.8 (CH), 141.6,
150.0, 158.7, 160.0, 169.2 (C).
MS (El, 70eV):m/z(%) = 355 (M, 74), 273 (100), 168 (10).
HRMS (EI): Calcd for GgH,102N3S (M) 355.13490. Found 355.134366.
IR (ATR, cmi®): 77 = 3305 (w), 3139 (W), 2929 (m), 2862 (w), 1610 (m), 1465 (s), 1437 (s),
1385 (m), 1323 (s), 1298 (s), 1250 (s), 1221 (m), 1169 (s), 1140 (s), 1122 (m), 1046 (m), 976
(m), 946 (m), 840 (w), 791 (s)2T (m), 652 (m), 611 (m).

5-(5-chloro-2-hydroxyphenyl)-3-ethyl-1-methyl-1H-imidazo[4,5-b]pyridine -2(3H)-thione

(2.6.41.
Me Starting fromchromone2.6.2d (0.181 g, 1 mmol) and-4minc-3-
S:<N | \/ y ethyl1-methyt1H-imidazole2(3H)-thione E2d (0.173 g, 1.1
Z\‘ N mmol) in 5 mL DMF and 1 mL of TMSCR.6.4hwas isolated as
Me  Ho green solid (0.185 g, 58%), mp 2206°C.

'H NMR (300 MHz,DMSO-dg): ti = 1.33 (t, 3H,2J = 7.1 Hz, Me), 3.73 (s, 3H, NMe), 4.34
(9, 2H,%3= 7.1 Hz, CH), 6.96 (d, 1H3J = 8.5 Hz, CH,), 7.26 (dd, 1H3J=8.7 Hz,1= 2.7
Hz, CHy), 7.897.93 (m, 2H, CH), 8.05 (d, 1H3J = 8.5 Hz, CH,), 11.64 (br. s, 1H, OH).
¥C NMR (62.9 MHz, DMSO-dg): U = 12.7 (Me), 30.9 (NMe), 38.1 (GH 117.2, 117.7,
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118.9 (CH), 123.0, 123.7, 125.0 (C), 127.7, 129.8 (CH), 142.5, 147.8, 155.2, 169.9 (C).

MS (GC, 70eV)m/z(%) = 319 (M, 100), 291 (50).

HRMS (ESI): Calcd for gH1sN3OSCI (M+H) 32006189, Found 320.06194.

IR (ATR, cm?): 7 = 2938 (w), 1469 (m), 1436, 1383 (s), 1341 (m), 1316 (m), 1278 (s), 1244
(m), 1187 (m), 1148 (w), 1122 (s), 1089 (m), 1028 (w), 957 (w), 867 (w), 858 (w), 846 (w),
829 (m), 802 (s), 774 (w), 753 (w), 718 (m), §W3, 652 (m).

4-methyl-2-(3-methyl-1-phenyl-1H-pyrazolo[3,4-b]pyridin -6-yl)phenol (2.6.5).

Me Starting fromchromone2.6.2b (0.160 g, 1 mmol) and-Bethy}1-
NG | ~ phenyt1H-pyrazots-amine E3 (0.190 g, 1.1 mmol) in 5 mL DMF

\,N N7 Me and 1mL of TMSCI. 2.6.5awas isolated as yellow solid (0.306 g,
i HO 97%), mp 139140°C.

'H NMR (300 MHz,DMSO-de): ti = 2.30 (s, 3H, Me), 2.60 (s, 3H, Me), 6.88 (d, £8i= 8.8

Hz, CHy), 7.14 (dd, 1H3J = 8.3 Hz,J= 1.9 Hz, CH,), 7.38 (t, 1H3J = 7.8 Hz, CH,), 7.59

(t, 2H,%1= 7.8 Hz, CH,), 7.86 (s, 1H, Ci}), 7.978.04 (m, 3H, CH,), 8.42 (d, 1H?J = 8.8

Hz, CHy), 12.43 (s, 1H, OH).

13C NMR (62.9 MHz,DMSO-de): U = 12.1, 20.2 (Me), 114.8 (CH), 115.1 (C), 117.5 (CH),
120.2 (C), 121.2, 126.2 (CH), 187(C), 128.7, 129.4, 131.8, 132.3 (CH), 138.5, 143.2, 147.7,
155.9, 156.3 (C).

MS (GC, 70eV)m/z(%) = 315 (M, 100), 286 (20).

HRMS (El): Calcd for GoH17N30 (M*) 315.13661. Found 315.136368.

IR (ATR, cmi?): 77 = 3380 (m), 2984 (m), 2770 (m), 2447 (w)805m), 1468 (s), 1439 (m),
1403 (m), 1307 (w), 1284 (m), 1245 (m), 1193 (m), 1163 (m), 1130 (m), 1081 (m), 1022 (m),
961 (w), 888 (w), 813 (s), 765 (M), 748 (s), 729 (s), 686 (S), 666 (S), 636 (S).

4-bromo-2-(3-methyl-1-phenyl-1H-pyrazolo[3,4-b]pyridin -6-yl)phenol (2.6.5b)

Me Starting fromchromone2.6.2¢(0.225 g, 1 mmol) and-Bethy}1-
N7 | \/ : phenyt1H-pyrazots-amine E3 (0.190 g, 1.1 mmol) in 5 mL DMF
N r
Ph,N N and 1 mL of TMSCI.2.6.5bwas isolated as yellow solid (0.349 g,
HO 92%), mp 18a181°C.

'H NMR (300 MHz,DMSO-dg): ii = 2.62 (s, 3H, Me), 6.94 (d, 18] = 8.8 Hz, CH,), 7.38
(t, 1H,%J = 7.7 Hz, CH,), 7.47 (dd, 1H3J = 8.8 Hz,*J = 2.2 Hz, CH,), 7.86 (t, 2H3J = 7.7
Hz, CHy), 8.008.09 (m, 3H, CH,), 8.18 (s, 1H, CH), 8.44 (d, 1HJ = 8.8 Hz, CH,),
12.44 (s1H, OH).
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13C NMR (62.9 MHz,DMSO-d): ii = 12.1 (Me), 110.5 (C), 115.5, 115.6, 119.7, 121.1 (CH),
123.4 (C), 126.2, 129.3, 131.1, 131.9, 133.8 (CH), 138.5, 143.2, 147.9, 154.5, 156.9 (C).

MS (GC, 70eV)m/z(%) = 381 (99), 379 (V] 100).

HRMS (ESI): Calcdor CigH1sNsOBr (M+H) 380.0393. Found 380.03927.

IR (ATR, cni'): 77 = 3061 (m), 1593 (s), 1578 (m), 1510 (m), 1474 (m), 1430 (m), 1398 (m),
1362 (m), 1286 (s), 1240 (m), 1206 (s), 1192 (m), 1171 (m), 1092 (m), 1013 (w), 954 (w),
852 (w), 814 (s), 779 (M)AT (s), 701 (m), 687 (s), 665 (S), 633 (S), 596 (M).

4-chloro-2-(3-methyl-1-phenyl-1H-pyrazolo[3,4-b]pyridin -6-yl)phenol (2.6.5c).
Starting fromchromone2.6.2d (0.181 g, 1 mmol) and-ethy}1-
phenyt1H-pyrazots-amineE3 (0.190 g, 1.1 mmol) in 5 mL DMF
“ and 1 mL of TMSCI.2.6.5cwas isolated as yellow solid (0.252 g,
75%), mp 186188°C.
'H NMR (300 MHz,DMSO-dg): Ui = 3.31 (s, 3H, Me), 6.93.60 (m, 5H, CH), 8.08 (s, 4H,
CHar), 8.338.64 (m, 1H, CH;), 12.42 (s, 1H, OH)
3C NMR (62.9 MHz,DMSO-de): Ui = 12.1 (Me), 112.2, 115.6, 119.3, 121.1 (CH), 123.0 (C),
123.9 (CH), 125.3 (C), 126.2, 128.3 (CH), 129.4 (C), 131.0, 132.0, 134.1 (CH), 138.5, 143.2,
156.5, 157.3 (C).
MS (GC, 70eV)m/z(%) = 335 (M, 100).
HRMS (El): Catd for GgH14N3OCI (M*) 335.08199. Found 335.081761.
IR (ATR, cmi®): 77 = 3063 (m), 1641 (w), 1596 (m), 1579 (m), 1513 (m), 1480 (m), 1466 (m),
1434 (m), 1398 (m), 1364 (m), 1331 (W), 1286 (s), 1241 (m), 1207 (m), 1194 (m), 1133 (w),
1104 (m), 1081 (m), 102(w), 901 (w), 834 (w), 812 (s), 779 (m), 746 (s), 713 (m), 687 (s),
653 (M), 633 (M).

1-cyclohexyt6-(2-hydroxy-5-methylphenyl)-1H-pyrrolo[2,3-b]pyridine -3-carbonitrile

(2.6.6a).
NC Starting from chromone2.6.2b (0.160 g 1 mmol) and &aminol-
/N | \/ Ve cyclohexyt1H-pyrrole-3-carbonitrileE4b (0.208 g, 1.1 mmol) in 5 mL
ﬁ N DMF and 1 mL of TMSCI2.6.6awas isolated as yellow solid (0.258 g,
" 78%), mp 168L70°C.

'H NMR (300 MHz, DMSO-dg): Ui = 1.241.54 (m, 4H, cyclhexyl), 1.72.08 (m 6H,
cyclhexyl), 2.30 (s, 3H, Me), 4.5861 (m, 1H, NCH), 6.86 (d, 1H) = 8.4 Hz, CH,), 7.11
(d, 1H,33= 7.9 Hz, CH,), 7.81 (s, 1H, CH}), 8.05 (d, 1H3J = 8.4 Hz, CH,), 8.25 (d, 1H3J
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=8.7 Hz, CH,), 8.61 (s, 1H, Cl), 12.37 (s, 1H, OH).

13C NMR (62.9 MHz, DMSO-dg): U = 20.2, 24.8, 25.2 (CHcyclohexyl), 32.1 (Me), 55.0
(NCH), 83.1 (CN), 115.2 (C), 115.6, 117.4 (CH), 118.2, 120.3, 127.8 (C), 128.2, 129.5 (CH),
131.6, 135.6, 143.2, 152.1, 155.4 (C).

MS (GC, 70eV)m/z(%) = 331 (M, 77), 246 (100), 220 (13).

HRMS (El). Calcd for GiH2:0Nz (M*) 331.16791. Found 331.167627.

IR (ATR, cmi?): 77 = 3114 (w), 2922 (m), 2857 (m), 2219 (s), 1604 (w), 1579 (m), 1521 (m),
1490 (m), 1443 (s), 1403 (m), 1361 (m), 1282 (s), 1245 (m), 1222 (s), 1209 (s), 1184 (s),
1152 (m), 1028 (mB62 (W), 819 (s), 791 (s), 764 (m), 732 (m), 673 (M), 648 (s), 615 (M).

6-(5-chloro-2-hydroxyphenyl)-1-cyclohexyt1H-pyrrolo[2,3-b]pyridine -3-carbonitrile
(2.6.6b).

NC Starting fromchromone?2.6.2d (0.181 g, 1 mmol) and -&mno-1-
7] \/ al cyclohexyt1H-pyrrole-3-carbonitrileE4b (0.208 g, 1.1 mmol) in 5 mL
N
ﬁ N DMF and 1 mL of TMSCI2.6.6bwas isolated as yellow solid (0.218
HO

g, 62%), mp 20810°C.
'H NMR (300 MHz, CDClg): G = 1.231.86 (m, 6H,cyclohexy), 1.9%#2.02 (m, 2H,
cyclohexy), 2.16-2.23 (m, 2H,cyclohexy), 4.524.63 (m, 1H, NCH), 6.98 (d, 1H) = 8.9
Hz, CHx), 7.25 (dd, 1H3J = 8.5 Hz,%J = 2.5 Hz, CH,), 7.797.83 (m, 3H, CH;), 8.19 (d,
1H,3% = 8.5 Hz, CH,), 13.34 (s, 1H, OH).
13C NMR (62.9 MHz,CDCly): Ui= 25.2, 25.529.7 (CH cyclohexyl), 33.1 (Me), 55.6 (NCH),
85.3 (CN), 114.3 (CH), 114.6, 119.3, 120.6, 124.2 (C), 126.5, 130.3, 131.1, 132.8 (CH),
143.8, 143.0, 152.0, 157.4 (C).
MS (GC, 70eV)m/z(%) = 351 (M, 100).
HRMS (EI): Calcd for GoH10N3Cl (M*) 351.11329Found 351.113058.
IR (ATR, cmi®): 77 = 3113 (w), 922 (w), 2219 (w), 1639 (w), 1580 (w), 1539 (w), 1474 (m),
1446 (m), 1399 (m), 1357 (w), 1278 (m), 1215 (m), 1185 (m), 1027 (w), 891 (w), 817 (s), 795
(m), 727 (m), 680 (M), 648 (s), 615 (mM).

4-chloro-2-(2-(dimethylamino)thiazolo[4,5-b]pyridin -5-yl)phenol (2.6.7a).

Me, _<s | N Starting from chromone2.6.2d (0.181 g, 1 mmol) and\? N
N
Me \N NG Cldimethylthiazole2,4-diamine E5a (0.157 g, 1.1 mmol) in 5 mL

DMF and 1 mL of TMSCI.2.6.7awas isolatedas brown solid
(0.186 g, 61%), mp 25356°C.

HO
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'H NMR (300 MHz,DMSO-de): Ui = 3.23 (s, 6H, NMg), 6.94 (d, 1H3J = 8.1 Hz, CH,),

7.30 (d, 1H2J = 7.0 Hz, CH,), 7.89 (d, 1HJ = 7.6 Hz, CH,), 8.06 (s, 1H, Clt), 8.36 (d,
1H,3) = 7.6 Hz, CH,), 14.21 (s, 1H, OH).

3C NMR (62.9 MHz,DMSO-dg): U = 26.1 (NMe), 112.1, 119.6@H), 120.9, 122.5, 124.0

(C), 126.4, 130.3, 131.6 (CH), 134.0, 152.1, 157.6, 161.2 (C).

MS (GC, 70eV)m/z(%) = 305 (M, 100), 290 (12), 276 (12).

HRMS (ESI): Calcd for @H130N3SCI (M+H) 306.04624. Found 306.04684.

IR (ATR, cm'): 77 = 1598 (w), 1579 (w)1538 (m), 1488 (w), 1404 (w), 1348 (m), 1278 (m),
1218 (m), 1173 (m), 1140 (m), 1100 (w), 1083 (m), 961 (w), 914 (m), 877 (m), 817 (s), 747
(m), 731 (m), 709 (m), 660 (s).

4-chloro-2-(2-morpholinothiazolo[4,5-b]pyridin -5-yl)phenol (2.6.7b).

N_<S | X Starting fromchromone2.6.2d (0.181 g, 1 mmol) and-2

\

O/f\ N~ N7 “'morpholinothiazok-amine E5b (0.204 g, 1.1 mmol) in 5
HO mL DMF and 1 mL of TMSCI2.6.7bwas isolated as red

brown solid (0.209 g, 60%), mp 2&B9°C.
'H NMR (300 MHz,DMSO-dg): Ui = 3.74 (s, 8H, morpholine), 6.96 (s, 1H, £H 7.30 (s,
1H, CHy), 7.958.07 (m, 2H, CH,), 8.40 (s, 1H, Cl), 14.05 (s, 1H, @).
3C NMR (62.9 MHz, DMSO-dg): 1i=47.9, 65.4 (Chmorpholine), 112.8, 119.6 (CH), 120.9,
122.6, 123.4 (C), 126.5, 130.3,118 (CH), 152.3, 157.5, 160.8, 171.2 (C).
MS (El, 70eV):m/z(%) = 347 (M, 62), 269 (100), 206 (12).
HRMS (El): Calcd for GsH140-N3SCI (M) 347.04898. Found 347.048741.
IR (ATR, cmi?): 77 = 1575 (w), 1529 (s), 1478 (m), 1426 (m), 1371 (m), 1330 (m)) 188
1230 (s), 1217 (m), 1189 (m), 1115 (s), 1030 (m), 965 (w), 896 (m), 872 (m), 825 (s), 730
(m), 621 (m).

4-bromo-2-(2-(piperidin -1-yl)thiazolo[4,5-b]pyridin -5-yl)phenol (2.6.79.

N_<S | A Starting fromchromone2.6.2¢ (0.25 g, 1 mmol) and -2

\

i NN B" (piperidin-1-yl)thiazoF4-amineE5c (0.201 g, 1.1 mmol) in 5
HO mL DMF and 1 mL of TMSCI2.6.7cwas isolated as red

brown solid (0.242 g, 62%), mp 1:9496°C.
'H NMR (300 MHz,DMSO-dg): Ui = 1.66 (s, 6H, piperidine), 3.67 (s, 4H, piperi)in6.87
6.90 (m, 1H, Elar), 7.42 (s, 1H, Ela), 7.89 (s, 1H, Ela), 8.16 (s, 1H, Ela), 8.338.35 (s,
1H, CHa,), 14.15 (s, 1H, OH).
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13C NMR due to bed solubility was not possible to measure

MS (El, 70eV):m/z(%) = 389 (M, 100).

HRMS (ESI): Calcd for &H17N3OSBr (M+H) 390.02702. Found 390.02783.

IR (ATR, cm%): 77 = 2925 (w), 1573 (m), 1523 (s), 1485 (m), 1423 (m), 1365 (m), 1328 (m),
1281 (s), 1272 (s), 1249 (s), 1213 (s), 1123 (m), 1086 (m), 1009 (m), 909 (m), 872 (m), 823
(s), 811 (s), 747 (m), 696 w655 (M), 622 (m).

4-chloro-2-(2-(piperidin -1-yl)thiazolo[4,5-b]pyridin -5-yl)phenol (2.6.79d.

N_<S | X Starting fromchromone2.6.2d (0.181 g, 1 mmol) and-2

\

% N~ N7 ! (piperidin-1-yl)thiazoF4-amineE5c (0.201 g, 1.1 mmol) in 5
HO mL DMF ard 1 mL of TMSCI.2.6.7dwas isolated as red

brown solid (0.190 g, 55%), mp 1:9496°C.
'H NMR (300 MHz,CDCL): ti = 1.72 (s, 6Hpiperiding, 3.66 (s, 4Hpiperiding, 6.97 (d,
1H, 33 = 8.5 Hz, CH,), 7.18 (dd, 1H3J = 8.7 Hz,*J = 1.8 Hz, CH,), 7.42 (d, 1H3J = 8.2
Hz, CHy), 7.69 (d, 1H2J = 2.2 Hz, CH,), 7.91 (d, 1H3J = 8.2 Hz, CH,), 13.77 (s, 1H,
OH).
3C NMR (62.9 MHz,CDCly): Ui = 24.0, 25.3, 49.6 (Ckpiperidine), 111.3 (CH), 119.9 (C),
120.4 (CH), 123.3, 123.4 (C), 125.9, 130.3, 130.5 (CH), 153.0, 158.0, 161.4, 170.6 (C).
MS (GC, 70eV)m/z(%) = 345 (M, 100), 316 (21), 289 (16), 227 (15), 207 (1MF2 (11),
155 (16).
HRMS (ESI): Calcd for @H170N3SCI (M+H) 346.07754. Found 346.07691.
IR (ATR, cmi®): 7 = 2925 (w), 1573 (w), 1519 (m), 1487 (m), 1423 (m), 1360 (m), 1326
(m), 1269 (s), 1214 (s), 1122 (m), 1009 (w), 957 (w), 901 (m), 857 (m), 8281(k)s), 747
(m), 730 (m), 698 (w), 666 (s), 623 (m).

7-(2-hydroxyphenyl)pyrido[2,3-d]pyrimidine -2,4(1H,3H)-dione (2.6.8a)

o Starting from chromone 2.6.2a (0.146 g, 1 mmol) and -6
Hoy A aminopyrimidine2,4(1H,3H)-dione E6a (0.140 g, 1.1 mmol) in 5 mL
O)\N | NG DMF and 1 mL of TMSCI2.6.8awas isolated as white solid (0.200 g,
H HO 89%), mpmore then 375C.

'H NMR (300 MHz, DMSO-d): Ui = 6.927.00 (m, 2H, CH), 7.35
7.41 (m, 1H, CH,), 7.96 (d, 1H}J = 8.4 Hz, CH,), 8.04 (dd, 1H3J = 8.0 Hz,"J = 1.4 Hz,
CHa), 8.33 (d, 1H3J = 8.4 Hz, CH,), 11.51 (s, 1H, OH), 12.03 (s, 1H, NH), 12.52 (s, 1H,
NH).
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3C NMR (62.9 MHz,DMSO-dg): Ui = 107.9 (C), 114.9, 118.2 (CH), 118.7, 119.2 (C), 128.4,
132.7,137.5 (CH), 150.4, 150.7, 158.9, 160.8, 161)8 (

MS (El, 70eV):m/z(%) = 255 (M, 12), 184 (20).

HRMS (EI): Calcd for GsHgN3sO3 (M™) 256.07167. Found 256.07177.

IR (ATR, cm'): 7 = 3152 (w), 2984 (w), 2765 (m), 2456 (w), 1710 (m), 1667 (m), 1592 (m),
1475 (m), 1414 (m), 1277 (m), 1220 (m), 1159,(&007 (w), 942 (w), 859 (m), 803 (m), 749
(s), 680 (m), 643 (m).

7-(2-hydroxy-5-methylphenyl)pyrido[2,3-d]pyrimidine -2,4-diol (2.6.8b).

0 Starting from chromone 2.6.2b (0.160 g, 1 mmol) and -6
gty | N aminopyrimidine2,4(1H,3H)-dione E6a (0.140 g, 1.1 mmol) in 5
o)\r}l N7 ® mL DMF and 1 mL of TMSCI2.6.8bwas isolated as green solid
; HO (0.237 g, 88%), mmore then 375C.

'H NMR (300 MHz,DMSO-dg): ti = 2.28 (s, 3H, Me), 6.86 (d, 18] = 8.2 Hz, CH,), 7.17

(dd, 1H,23=8.4 Hz,"J = 1.7 Hz, CH,), 7.83 (s, 1H, Ci}), 7.93 (d, 1H3J = 8.4 Hz, CH,),

8.30 (d, 1H31 = 8.4 Hz, Ga), 8.93 (s, 1H, @), 11.45 (s, 1H, OH), 12.00 (s, 1H, OH).

3C NMR (62.9 MHz,DMSO-dg): Ui = 34.9 (Me), 107.7 (C), 114.8, 118.1 (CH), 118.2, 127.8
(C), 128.2, 133.5, 137 (CH), 150.4, 150.7, 156.8, 160.9, 161.8 (C).

MS (GC, 70eV)m/z(%) = 269 (M, 100), 198 (16).

HRMS (EI): Calcd for G4H110sN3 (M*) 269.07949. Found 269.079464.

IR (ATR, cmi®): 77 = 3426 (w), 2981 (w), 2764 (m), 2457 (w), 1709 (m), 1661 (s), 1591 (s),
1472 (m), 1409 (s), 1365 (m), 1266 (m), 1241 (m), 1203 (m), 1115 (w), 1054 (w), 1025 (m),
950 (w), 878 (w), 800 (s), 767 (s), 706 (m), 678 (m), 651 (m), 588 (m).

7-(5-chloro-2-hydroxyphenyl)pyrido[2,3-d]pyrimidine -2,4(1H,3H)-dione (2.6.8c).

o Starting from chromone 2.6.2d (0.181 g, 1 mmol) and -6
HeN | X aminopyrimidine2,4(1H,3H)-dione E6a (0.140 g, 1.1 mmol) in 5
o)\,}j N “'mL DMF and 1 mL of TMSCI2.6.8cwas isolated as orange solid
H HO (0.246 g, 85%), mmore then 375C.

'H NMR (300 MHz, DMSO-dg): U = 6.99 (d, 1H,%J = 8.8 Hz,
CHa,), 7.38 (dd, 1H3J = 8.8 Hz,%J = 2.5 Hz, CH\), 8.008.07 (m, 2H, CH), 8.31 (d, 1HJ
= 8.4 Hz, CH,), 11.52 (s, 1H, OH), 11.99 (s, 1H, NH), 12.40 (s, 1H, NH).
3C NMR (62.9 MHz,DMSO-dg): ii = 108.5 (C), 115.7, 120.(CH), 120.6, 123.0 (C), 127.8,
132.1, 137.6 (CH), 150.3, 150.8, 157.4, 159.1, 161.8 (C).
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MS (El, 70eV):m/z(%) = 289 (M, 100), 218 (27).

HRMS (ESI): Calcd for &HqOsN3Cl (M+H) 290.0327. Found 290.0331.

IR (ATR, cmi®): 7 = 3167 (W), 3043 (w), 1716 (M1659 (m), 1586 (m), 1467 (m), 1403 (m),
1344 (m), 1265 (m), 1241 (m), 1171 (m), 1100 (w), 1045 (w), 946 (W), 829 (m), 799 (s), 773
(m), 730 (m), 693 (s), 646 (mM).

7-(2-hydroxy-5-methylphenyl)-1-methylpyrido[2,3-d]pyrimidine -2,4(1H,3H)-dione
(2.6.8).

o} Starting fromchromone2.6.2b (0.160 g, 1 mmol) and-éminc1-
gy | A methylpyrimidine2,4(1H,3H)-dione E6¢ (0.155 g, 1.1 mmol) in 5
o)\ly N7 M*mL DMF and 1 mL of TMSCI2.6.8dwas isolated as white solid
M o (0.255 g, 90%), mB32-333°C.

'H NMR (300 MHz,DMSO-dg): Ui = 2.29 (s, 3H, Me), 3.54 (s, 3H, NMe), 6.91 (d, £8i=

8.6 Hz, CH,), 7.16 (dd, 1H3J=8.2 Hz,"J= 2.0 Hz, CH,), 7.81 (s, 1H, €, 7.98 (d, 1H,
3)=8.2 Hz, CH,), 8.35 (d, 1H3J = 8.2 Hz, CH,), 11.46 (br. s, 2H, OH).

3¢ NMR due to bed solulity was not possible to measure

MS (El, 70eV):m/z(%) = 283 (M, 100), 254 (33), 185 (20).

HRMS (EI): Calcd for GsH13N305 (M™) 283.09514. Found 283.094282.

IR (ATR, cnmi'): 77 = 3182 (w), 2764 (m), 2457 (w), 1714 (m), 1682 (s), 1595 (s), 1470 (m),
1404 (), 1365 (m), 1277 (m), 1225 (m), 1159 (w), 1131 (w), 1078 (w), 1027 (w), 831 (m),
804 (m), 774 (m), 734 (m), 690 (m), 669 (M), 611 (w).

7-(5-chloro-2-hydroxyphenyl)-1-methylpyrido[2,3-d]pyrimidine -2,4(1H,3H)-dione
(2.6.8)

o Starting fromchromone2.6.2d (0.181 g, 1 mmol) and-minc1-
H;I/'\"\ | t . methylpyrimidine2,4(1H,3H)-dione E6¢ (0.155 g, 1.1 mmol) in 5
O” 'N° N mL DMF and 1 mL of TMSCI2.6.8ewas isolated as yellow solid

" o (0.197 g, 65%), mp48150°C.

'H NMR (300 MHz,DMSO-dg): ti = 3.54(s, 3H, Me), 7.04 (d, 1HJ = 7.8 Hz, CH\), 7.40
(d, 1H,33= 8.0 Hz, CH,), 8.0%8.11 (m, 2H, CH,), 8.39 (d, 1H3J = 7.3 Hz, CH,), 11.76 (s,
2H, OH, NH).

3¢ NMR due to bed solubility was not possible to measure

MS (El, 70eV):m/z(%) = 303 (M, 100), 274 (23), 205 (27), 168 (20), 99 (11), 78 (36).
HRMS (EI): Calcd for G4H1003N3Cl (M%) 303.04052. Found 303.040878.
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IR (ATR, cmi®): 7 = 1709 (m), 1594 (s), 1484 (m), 1406 (s), 1365 (m), 1285 (s), 1239 (W),
1162 (w), 1102 (w), 1074 (w), 1025 (w), 97®), 838 (m), 806 (m), 734 (w), 719 (s), 697
(m), 686 (m), 651 (w).

7-(2-hydroxy-5-methylphenyl)-1,3-dimethylpyrido[2,3-d]pyrimidine -2,4(1H,3H)-dione
(2.6.8f).

o Starting fromchromone2.6.2b (0.160 g, 1 mmol) and-&mino
Mej\ | \/ " 1,3-dimethylpyrimidine2,4(1H,3H)-dione E6b (0.170 g, 1.1
O” 'N° N mmol) in 5 mL DMF and 1 mL of TMSCR.6.8f was isolated as
" o white solid (0.193 g, 65%), N04-306C.

'H NMR (300MHz, CDCk): ti= 2.35 (s, 3H, Me), 3.50 (s, 3H, NMe), 3.75 (s, 3H, NMe),
6.95 (d, 1H3J = 8.4 Hz, CH,), 7.22 (dd, 2H3J = 8.4 Hz,*J = 1.4 Hz, CH,), 7.65 (s, 1H,
CHa), 8.53 (d, 1H3J=8.4 Hz, CH,), 12.94 (br. s, 1H, OH).

13C NMR (62.9MHz, CDCL): ti= 20.7, 286, 29.8 (Me), 105.8 (C), 108.3, 114.2 (CH), 118.6
(C), 127.5 (CH), 128.8 (C), 134.5, 138.7 (CH), 143.1, 149.4, 151.3, 155.0, 162.1 (C).

MS (GC, 70eV)m/z(%) = 297 (M, 100), 268 (25), 185 (14).

HRMS (El): Calcd for GeH1sN3O3N3 (M*) 297.11079. Found®.110626.

IR (ATR, cmi): 77 = 1712 (w), 1652 (s), 1599 (s), 1478 (m), 1424 (s), 1358 (s), 1280 (s),
1233 (m), 1221 (s), 1130 (m), 1103 (m), 1063 (w), 1018 (m), 831 (m), 798 (s), 776 (M), 747
(s), 734 (m), 712 (s), 665 (m), 646 (M).

7-(5-chloro-2-hydroxyphenyl)-1,3-dimethylpyrido[2,3-d]pyrimidine -2,4(1H,3H)-dione
(2.6.89).

o Starting fromchromone2.6.2d (0.181 g, 1 mmol) and-&minc
Men X 1,3-dimethylpyrimidine2,4(1H,3H)-dione E6b (0.170 g, 1.1
O)\N | NG 'mmol) in 5 mL DMF and 1 mL of TMSIC2.6.8gwas isolated as
e HO yellow solid (0.308 g, 97%), mp52-253C.

'H NMR (300 MHz,DMSO-de): U = 3.32 (s, 3H, NMe), 3.62 (s,
3H, NCH), 7.11 (d, 1H2J = 8.7 Hz, CH,), 6.39 (dd, 1H3J = 9.0 Hz,*J = 3.0 Hz, CH,),
8.05 (d, 1H2J = 2.7 Hz, CH,), 8.12 (d, 1H3J = 8.3 Hz, CH,), 8.43 (d, 1H3J = 8.3 Hz,
CHa), 11.70 (s, 1H, OH).
¥C NMR (75.5MHz, DMSO-dg) : = 28.1, 29.2 (Me), 108.8 (C), 117.9, 119.2 (CH), 123.1,
123.4 (C), 128.8, 131.5, 137.7 (CH), 149.8, 151.0, 156.3, 158.0, 160.4 (C).

MS (GC, 70eV)m/z(%) = 317 (M, 100), 288 (21), 205 (19).
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HRMS (EI): Calcd for GsH12N30sCl (M¥) 317.05@7. Found 317.05629.

IR (ATR, cmi'): 77 = 3362 (W), 2962 (W), 2767 (m), 2452 (w), 1708 (m), 1658 (s), 1598 (s),
1468 (s), 1424 (s), 1354 (m), 1284 (m), 1096 (m), 1052 (w), 1022 (m), 847 (m), 804 (s), 747
(m), 711 (m), 691 (m), 651 (m).

7-(2-hydroxy-5-methylphenyl)-2-mercaptopyrido[2,3-d]pyrimidin -4-ol (2.6.8h).

@ Starting fromchromone2.6.2b(0.160 g, 1 mmol) and-&@mino2,3
HE\ | t Medihydr02-thioxopyrimidin4(1H)-oneE6d (0.157 g, 1.1 mmol) in 5
ST "N N mL DMF and 1 mL of TMSCI2.6.8hwasisolated as green solid

" HO (0.254 g, 89%), mB71-374°C.

'H NMR (300MHz, DMSO-dg): ti = 2.29 (s, 3H, Me), 6.87 (d, 18 = 8.4 Hz, CH,), 7.20

(dd, 1H,%J = 8.4 Hz,J= 1.7 Hz, CH,), 7.87 (s, 1H, CH}), 8.04 (d, 1H3J = 8.7 Hz, CH,),

8.33 (d, 1H3J=8.7 Hz, CH,), 12.08 (s, 1H, OH), 12.65 (s, 1H, OH), 13.47 (s, 1H, SH).

13C NMR (62.9MHz, DMSO-ds) : =34.1 (Me), 109.8 (C), 116.3 (CH), 118.0 (C), 118.3
(CH), 127.9 (C), 128.3, 133.8, 137.2 (CH), 149.8, 156.9, 159.2, 161.2, 175.9 (C).

MS (El, 70eV):m/z(%) = 285 (M, 100), 168 (26), 99 (14).

HRMS (EI): Calcd for G4H110.NsS (M*) 285.05665. Found 285.056686.

IR (ATR, cm'): 77 = 3134 (w), 2768 (w), 1683 (m), 1609 (s), 1545 (s), 1481 (s), 1417 (m),
1282 (m), 1239 (s), 1200 (s), 1161 (s), 1133 (s), 81Z79).(s), 692 (m), 660 (M), 610 (W),
578 (s), 543 ().

7-(5-bromo-2-hydroxyphenyl)-4-mercaptopyrido[2,3-d]pyrimidin -2-ol (2.6.8i).

o Starting fromchromone2.6.2¢(0.225 g, 1 mmol) and-&mino2,3
Hen | X dihydro-2-thioxopyrimidin-4(1H)-oneE6d (0.157 g, 1.1 mmol) in 5
s)\,}, NG B"mL DMF and 1 mL of TMSCI2.6.8iwas isolated as brown solid
H HO (0.2779g, 79%), mmore then 375C.

'H NMR (300MHz, DMSO-dg): ti= 7.00 (d, 1H,%] = 8.8 Hz,
CHa), 7.52 (dd, 1H3J = 8.8 Hz,J = 2.5 Hz, CH\), 8.14 (d,1H, 3] = 8.6 Hz, CH,), 8.23 (s,
1H, CHa,), 8.34 (d, 1H3J = 8.6 Hz, CH,), 12.20 (s, 1H, OH), 12.67 (s, 1H, OH), 13.44 (s,
1H, SH).
13C NMR (62.9MHz, DMSO-dg) : = 110.4, 110.5 (C), 117.5, 120.5 (CH), 121.2 (C), 130.9,
135.1, 137.3 (CH), 150.0, 157.859.2, 159.4, 175.9 (C).
MS (EI, 70eV):m/z(%) = 348 (M, 100), 207 (16).
HRMS (EI): Calcd for GHsONsSBr (M*) 348.95151. Found 348.950828.
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IR (ATR, cmi®): 77 = 3184 (w), 2932 (w), 2758 (m), 2456 (w), 1665 (s), 1621 (m), 1586 (s),
1470 (s), 1413 (m),366 (s), 1272 (s), 1236 (s), 1205 (s), 1175 (s), 1087 (w), 1026 (w), 838
(m), 814 (m), 787 (s), 723 (m), 664 (m).

7-(5-chloro-2-hydroxyphenyl)-2-mercaptopyrido[2,3-d]pyrimidin -4-ol (2.6.8j).

o Starting fromchromone2.6.2d(0.181 g, 1 mmol) and-émino2,3
Hn | X dihydro-2-thioxopyrimidin-4(1H)-oneE6d (0.157 g, 1.1 mmol) in 5
s)\[}] N7 “'mL DMF and 1 mL of TMSCI2.6.8j was isolated as yellow solid
H HO (0.241 g, 79%), mmore then 375C.

'H NMR (250MHz, DMSO-dg): ti= 7.01 (d, 1H,%) = 8.4 Hz,
CHar), 7.41 (td, 1H3) = 8.8 Hz,"J = 2.5 Hz, CH,), 8.128.15 (m, 2H, CH), 8.35 (d, 1H3J
= 8.4 Hz, CH,), 12.24 (s, 1H, OH), 12.69 (s, 1H, OH), 13.47 (s, 1H, SH).
3C NMR (62.9MHz, DMSO-ds) : = 11i0.5 (C), 117.1, 120.2 (CH), 120.3, 123.1 (C), 127.8,
132.4, 137.4 (CH), 149.9, 157.6, 159.2, 159.5, 176.0 (C).
MS (GC, 70eV)m/z(%) = 305 (M, 100), 277 (12), 218 (12), 168 (28), 99 (16).
HRMS (EI): Calcd for GzHgO-N3SCI (M*) 305.00203. Found 305.001007.
IR (ATR, cmi’): 7 = 3186 (w), 1665 (m), 1606 (m)587 (s), 1558 (m), 1470 (m), 1414 (m),
1356 (m), 1271 (m), 1236 (m), 1192 (m), 1136 (m), 1098 (w), 1051 (w), 941 (w), 838 (m),
815 (m), 785 (s), 735 (m), 699 (W), 667 (m), 575 (m), 540 (m).

2-(2,4-diaminopyrido[2,3-d]pyrimidin -7-yl)-4-methylphenol (2.6.9).

NH, Starting from chromone 2.6.2b (0.160 g, 1 mmol) and
NZ | X pyrimidine-2,4,6triamineE9 (0.138 g, 1.1 mmol) in 5 mL DMF
HZNJ\\N N Meand 1 mL of TMSCI2.6.9awas isolated as yellow solid (0.160
HO g, 60%), mpl52154°C.

'H NMR (250MHz, DMSO-dg) : = 2128 (s, 3H, Me), 6.90 (d, 18] = 8.2 Hz, GHa,), 7.19

(d, 1H,%J = 8.0 Hz, CH,), 7.88 (br. s, 2H, NbJ, 8.17 (d, 1H3J = 8.5 Hz, Ga,), 8.50 (br. s,

1H, NH,), 8.87 (d, 1H2J = 8.5 Hz, CH,), 9.04 (br. s, 1H, Nb), 11.94 (br. s, 1H, N},
13.20(s, 1H, OH).

3C NMR (62.9MHz, DMSO-dg) : = 30.6 (Me), 103.1 (C), 117.5, 117.8 (CH), 118.9, 128.0
(C), 128.9, 133.8, 135.5 (CH), 148.7, 156.0, 156.6, 161.6, 162.7 (C).

MS (GC, 70eV)m/z(%) = 267 (M, 100).

HRMS (El): Calcd for GsH130Ns (M*) 267.11146Found 267.111500.

IR (ATR, cmi'): 77 = 3412 (w), 3131 (w), 1645 (m), 1608 (m), 1524 (w), 1480 (m), 1460 (m),
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1370 (m), 1344 (m), 1291 (m), 1242 (m), 1214 (m), 1184 (m), 1147 (m), 1043 (m), 1004 (m),
874 (w), 835 (m), 800 (s), 770 (m), 742 (s), 701 (s G, 646 ().

2-(2,4-diaminopyrido[2,3-d]pyrimidin -7-yl)-4-chlorophenol (2.6.9b).

NH, Starting fromchromone2.6.2d(0.181 g, 1 mmol) and pyrimidine
NI | X 2,4,6triamineE9 (0.138 g, 1.1 mmol) in 5 mL DMF and 1 mL of
HZNJ\\N N CITMSCI. 2.6.% was isolated as yellow solid (0.201 g, 70%), mp
HO more than 375C.

'H NMR (250MHz, DMSO-dg): U= 7.08 (d, 1H,°J = 8.9 Hz,
CHar), 7.40 (td, 1H3J = 8.9 Hz,"J = 2.5 Hz, CH,), 7.81 (br. s, 1H, Nb}, 8.08 (d, 1H3J =
2.5 Hz, CH,), 8.23 (d, 1H2J = 8.9Hz, CHy/), 8.52 (br. s, 1H, NbJ, 8.88 (d, 1H?J = 8.5 Hz,
CHa), 9.07 (br. s, 1H, NbJ, 9.41 (br. s, 1H, NbJ, 12.04 (s, 1H, OH).
3C NMR (62.9MHz, DMSO-dg) : = 103.4 (C), 118.5, 119.7 (CH), 121.6, 123.1 (C), 128.4,
132.1, 135.6 (CH), 148.9, 156.157.0, 159.7, 162.7 (C).
MS (GC, 70eV)m/z(%) = 287 (M, 100), 122 (16), 105 (36), 77 (16).
HRMS (ESI): Calcd for @H1:NsOCI (M+H) 288.06466. Found 288.06522.
IR (ATR, cm?): 77 = 3307 (w), 3140 (w), 2586 (w), 1682 (w), 1645 (s), 1605 (s), 1525 (W),
1453(s), 1400 (w), 1285 (m), 1235 (m), 1192 (m), 1145 (w), 1041 (w), 981 (w), 802 (s), 738
(m), 695 (m).

5-(1-hydroxynaphthalen-2-yl)-1-methyl-3-phenyl-1H-imidazo[4,5-b]pyridine -2(3H)-

thione (2.6.10)

Starting fromchromone2.6.2e (0.196 g, 1 mmol) and-dminc1-
methyt3-phenyt1H-imidazole2(3H)-thione E2b (0.225 g, 1.1
mmol) in 5 mL DMF and 1 mL of TMSCI2.6.10was isolated as
green solid (0.276 g, 72%), n305-306°C.

'H NMR (300MHz, DMSO-dg): Ui = 3.85 (s, 3H, Me), 7.42.54 (m,

3H, CHar), 7.647.73 (m, 5H, CH;), 7.82 (s, 1H, Ci{), 8.098.24 (m, 4H, CH,), 13.61 (br.

s, 1H, OH).

13C NMR due to bed solubility was not possible to measure

MS (GC, 70eV)m/z(%) = 383 (M, 100), 207 (13).

HRMS (EI): Calcd for GsH;7N30S (M) 383.10868. Found 383.107368.

IR (ATR, cm?): 77 = 3049 (w), 1614 (w), 1569 (w), 1499 (w), 1462 (s), 1438 (m), 1402 (m),
1337 (s), 1295 (s), 1223 (m), 1203 (m), 1139 (m), 1063 (w), 1027 (w), 977 (w), 853 (w), 795
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(s), 769 (m), 723 (m), 704 (m), 622 (m).

2-(3-methyl-1-phenyl-1H-pyrazolo[3,4-b]pyridin -6-yl)naphthalen-1-ol (2.6.11).

Starting fromchromone2.6.2e (0.196 g, 1 mmol) and -Bethy}1-
phenyt1H-pyrazots-amineE3 (0.190 g, 1.1 mmol) in 5 mL DMF and

1 mL of TMSCI.2.6.11was isolated as white solid (0.295 g, 84%), mp
186-187°C.

'H NMR (300MHz, DMSO-dg): li= 2.65 (s, 3H, Me), 7.48.71 (m,

6H, CHa), 7.887.97 (m, 3H, CH;), 8.208.25 (m, 2H, CH,), 8.33 (d, 1H,3J = 8.0 Hz,
CHar), 8.57 (d, 1H3J = 8.5 Hz, CH,), 14.88 (s, 1H, OH).

¥C NMR (62.9MHz, DMSO-ds) : = 38.0 (Me), 112.0, 113.8, 115.2 (C), 11,8181.9, 123.0,
124.3, 125.3, 125.6, 126.8 (CH), 127.3 (C), 128.1, 129.6 (CH), 132.9, 134.9, 138.2, 143.5,
146.8, 156.2, 156.7 (C).

MS (GC, 70eV)m/z(%) = 351 (M, 100).

HRMS (ESI): Calcd for ggH1gN3O (M+H) 352.1444. Found 352.14452.

IR (ATR, cmi'): 77 = 3400 (w), 2980 (m), 2763 (s), 2456 (w), 1582 (s), 1508 (m), 1480 (m),
1431 (m), 1389 (s), 1349 (m), 1304 (m), 1231 (m), 1176 (m), 1119 (w), 1057 (m), 1023 (m),
850 (m), 804 (m), 790 (s), 772 (s), 753 (s), 722 (m), 691 (s), 648 (s), 608 (M), 570 (mM).

7-(1-hydroxynaphthalen-2-yl)-4-mercaptopyrido[2,3-d]pyrimidin -2-ol (2.6.12)

Starting fromchromone2.6.2e(0.196 g, 1 mmol) and-8minc2,3
dihydro-2-thioxopyrimidin-4(1H)-oneE6d (0.157 g, 1.1 mmol) in 5

mL DMF and 1 mL of MSCI. 2.6.12was isolated as white solid
(0.270 g, 84%), m@78280°C.

'H NMR (300MHz, DMSO-dg): ti= 7.41 (d, 1H,%) = 8.8 Hz,
CHa), 7.527.62 (m, 2H, CH,), 7.83 (d, 1H3J = 7.5 Hz, CH,), 8.038.06 (m, 2H, CH,),
8.30:8.35 (m, 2H, CH), 12.65 (s, 1H, OH), 13.56 (s, 1H, OH), 13.99 (s, 1H, SH).

¥C NMR (62.9MHz, DMSO-dg) : =109.4, 110.8 (C), 118, 118.6, 123.3, 123.8 (CH),
125.4 (C), 125.8, 127.3, 128.6 (CH), 135.4 (C), 137.3 (CH), 149.5, 157.2, 159.1, 161.2, 175.9
(©).

MS (GC, 70eV)m/z(%) = 321 (M, 100), 234 (12), 78 (12).

HRMS (EI): Calcd for G;H1:0,N3S (M) 321.05665. Found 321.056049.

IR (ATR, cmi'): 77 = 3284 (w), 1702 (w), 1672 (m), 1611 (m), 1581 (m), 1512 (m), 1472 (m),
1396 (s), 1344 (m), 1273 (m), 1242 (m), 1178 (s), 1148 (m), 1126 (s), 1108 (m), 949 (w), 868
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(s), 808 (m), 786 (s), 764 (s), 723 (m), 650 (m).

A.2.15. General procede for the synthesis of compourl6.152.6.19

Correspondingenaminone2.6.14ae (1 equiv.) and appropriate amirke (1.1 equiv.) were
placed in a pressure tube under the flow of dry argon and dissolved in dry DMF (5 mL/1
mmol of chromone2.6.19 containng 1 mL of TMSCI. The mixture was heated at (XD

°C for 1-6 h (controlled by TLC). After the reaction was completed volatiles were evaporated
under reduced pressure. The residue was treated with water, filtered, dried in air, and

recrystallized from gmropriate solvent or subjected to column chromatography (silica gel).

6-(3-(trifluoromethyl)phenyl) -1,2-dihydro -2-phenylpyrazolo[3,4b]pyridin -3-one
(2.6.15a).

o Starting fromchromone2.6.14a(0.243 g, 1 mmol) and-&8mino
- X 1,2-dihydro-2-phenylpyrazoi3-oneE1a (0.193 g, 1.1 mmol) in 5
P —

\H N mL DMF and 1 mL of TMSCI2.6.15awas isolated as yellow

cr, solid (0.249g, 70%), mp61-162°C.
IH NMR (300MHz, DMSO-d): ti= 7.267.31 (m, 1H, CH),

7.457.55 (m, 2H, CH,), 7.907.95 (m, 5H, CH,), 8.348.40 (m, 3H, CH,), 11.80 (br.s, 1H,
NH).
19 NMR (282MHz, DMSO-dg): Ui = -61.2 (CF).
13C NMR Due to bed solubility it was not possible to measure.
MS (GC, 70eV)miz(%) = 355 (M, 100), 286 (37).
HRMS (EI): Calcd for GgH14N3F3 (M*) 355.09221. Found 355.09222.
IR (ATR, cni®): 77 = 3382 (w), 3013 (M), 2773 (m), 2448 (w), 1651 (m), 1620 (M), 1594 (m),
1501 (m), 1441 (m), 1403 (m), 1325 (m), 1301 (m), 1158 (m), 1120 (s), (BP6TOL7 (S),
935 (w), 857 (m), 825 (s), 792 (S), 746 (s), 711 (s), 682 (S).

1,2-dihydro-6-(4-methoxyphenyl)}2-phenylpyrazolo[3,4b]pyridin -3-one €.6.15H.

o) Starting fromchromone2.6.14b (0.205 g, 1 mmol) and-5
Ph—N, || \/ amino1,2-dihydro-2-phenylpyrazof3-one Ela (0.193 g, 1.1
N N mmol) in 5 mL DMF and 1 mL of TMSCR.6.15bwas isolated

OMe as orange solid (0.228 g, 72%), mp3-174°C.
'H NMR (300MHz, DMSO-dg) : = 388 (s, 3H, OMe), 7.11 (d, 2H) = 8.9 Hz, CH,),
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7.247.29 (m, 1HCHy,), 7.497.55 (m, 2H, CH,), 7.75 (d, 1H3J = 8.3 Hz, CH,), 7.937.96

(m, 2H, CHy), 8.16 (d, 2H3J = 8.9 Hz, CH,), 8.23 (d, 1H3J = 8.1 Hz, CH,), 10.31 (br s,

1H, NH).

¥C NMR (75.5MHz, DMSO-ds) : = 58.4 (OMe), 108.5 (CH), 113.9, 114.4, 118189.3,
125.0, 128.9 (CH), 129.0 (C), 129.9 (CH), 134.2 (C), 135.7 (CH), 137.4, 157.4, 158.7, 159.6,
161.1 (C).

MS (El, 70eV):m/z(%) = 317 (M, 100), 288 (20).

HRMS (El): Calcd for GoH1sN30, (M*) 317.11588. Found 317.115965.

IR (ATR, cmi%): 77 = 2936 (W, 2761 (m), 2456 (m), 1594 (m), 1576 (m), 1479 (m), 1356 (m),
1319 (m), 1299 (m), 1257 (s), 1221 (m), 1182 (m), 1064 (m), 1025 (m), 809 (m), 783 (m),
769 (m), 754 (m), 721 (w), 693 (m), 670 (w).

6-(2-fluorophenyl)-1,2-dihydro-2-phenylpyrazolo[3,4-b]pyrid in-3-one €.6.15c).

o Starting fromchromone2.6.14¢(0.193 g, 1 mmol) and-&minc1,2-
S N dihydro-2-phenylpyrazoi3-one Ela (0.193 g, 1.1 mmol) in 5 mL
\H N DMF and 1 mL of TMSCI2.6.15cwas isolated as brown solid (0.241
F g, 78%),mp 241-243°C.

IH NMR (300MHz, DMSO-dg): ti = 7.257.30 (m, 1H, CH,), 7.36
7.42 (m, 2H, CH,), 7.497.60 (M, 4H, CH,), 7.928.00 (m, 3H, CH,), 8.32 (d, 1H3] = 8.3
Hz, CHa,), 11.65 (br s, 1H, NH).
% NMR (282MHz, DMSO-dg): Ui = -115.9 (CF).
13C NMR: Due to bed solubility it was not possilbéemeasure.
MS (GC, 70eV)m/z(%) = 315 (M, 100), 276 (41), 207 (15), 77 (17).
HRMS (ESI): Calcd for gH13FN3O (M+H) 316.10372. Found 316.10335.
IR (ATR, cmi): 77 = 1643 (m), 1593 (m), 1497 (m), 1441 (m), 1415 (m), 1335 (w), 1302 (m),
1280 (m), 1203 (i 1128 (), 1085 (W), 1026 (W), 937 (W), 893 (W), 789 (W), 760 (S), 740
(s), 712 (w), 661 (s).

1,2-dihydro-2-phenyl-6-(pyridin -3-yl)pyrazolo[3,4-b]pyridin -3-one @.6.15d).
o) Starting fromchromone2.6.14d(0.176 g, 1 mmoland 5aminc1,2-

dihydro-2-phenylpyrazoi3-one Ela (0.193 g, 1.1 mmol) in 5 mL
NDMF and 1 mL of TMSCI.2.6.15d was isolated as yellow solid
N” (0.202 g, 70%), m@68-270°C.
'H NMR (300MHz, DMSO-ds) : = 7157.31 (m, 1H, CH,), 7.507.55 (m, 2H, CH,), 7.9%
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7.94 (m, 2H, CH), 8.018.10 (m, 2H, CH,), 8.42 (d, 1H3J = 8.1 Hz, CH,), 8.96 (d, 1H3J

= 5.2 Hz, CH,), 9.09 (d, 1H3J = 8.7 Hz, CH,), 9.53 (s, 1H, CH), 11.90 (br s, 1H, NH).

13C NMR (62.9MHz, DMSO-dg) : = 110.6 (C), 115.4, 119.6, 125.4, 186129.1, 135.1
(CH), 135.7, 136.9 (CH), 141.2, 142.5, 144.4 (CH), 154.9, 157.1, 158.0 (C).

MS (El, 70eV):m/z(%) = 288 (M, 100), 259 (50), 77 (28).

HRMS (El): Calcd for G;H1.N4O (MY) 288.10056. Found 288.100698.

IR (ATR, cmi?): 77 = 3052 (w), 2442 (m)2062 (w), 1651 (s), 1607 (m), 1538 (m), 1495 (m),
1445 (m), 1422 (m), 1345 (m), 1304 (s), 1280 (m), 1034 (w), 1016 (w), 941 (w), 814 (m), 789
(m), 770 (s), 724 (m), 680 (s), 623 (m), 602 (m).

1,2-dihydro-2-phenyl-6-(pyridin -4-yl)pyrazolo[3,4-b]pyridin -3-one @.6.15e¢).
o Starting fromchromone2.6.14e(0.176 g, 1 mmol) and-&minc

1,2-dihydro-2-phenylpyrazoi3-one Ela (0.193 g, 1.1 mmol) in 5
Xy ML DMF and 1 mL of TMSCI2.6.15ewas isolated as yellow solid
~N(0.236 g, 82%), m@72-274°C.

'H NMR (300MHz, CR:COOD/DMSOdg): ti= 7.207.25 (m, 3H,
CHa), 7.387.41 (m, 2H, CH,), 7.69 (d, 1H3J = 8.2 Hz, CH,), 8.37%8.42 (m, 3H, CH,),
8.60-8.62 (m, 2H, CH;), 11.94 (s, 1H, NH).
¥C NMR (75.5MHz, CECOOD/DMSGdg): ti= 110.8, 115.2, 117.6, (C), 119.5 (CH), 122.1
(C), 125.7, 127, 131.5, 131.9 (CH), 135.0 (C) 139.3, 143.7 (CH), 154.9, 156.5, 158.6 (C).
MS (El, 70eV):m/z(%) = 288 (M, 100), 259 (39).

HRMS (ESI): Calcd for &H13N,O (M+H) 289.10839. Found 289.10874.

IR (ATR, cmi'): 77 = 3059 (w), 2397 (m), 2068 (w), 1652 (m), 168(), 1591 (m), 1496 (m),
1417 (m), 1343 (w), 1300 (m), 1279 (m), 1128 (w), 1083 (w), 1001 (w), 942 (w), 814 (m),
786 (m), 767 (s), 718 (m), 689 (m), 634 (m), 601 (M).

6-(3-(trifluoromethyl)phenyl) -3-methyl-1-phenyl-1H-pyrazolo[3,4-b]pyridine (2.6.16).

Me Starting fromchromone2.6.14a(0.243 g, 1 mmol) and-Bethy}1-

N phenyt1H-pyrazot5-amineE3 (0.190 g, 1.1 mmol) in 5 mL DMF
and 1 mL of TMSCI.2.6.16awas isolated as yellow solid (0.247g,

CFs70%), mp151-152°C.

'H NMR (300MHz, DMSO-d): ti= 2.62 (s, 3H, Me), 7.29.34 (m, 1H, CH,), 7.547.59

(m, 2H, CHy), 7.89 (d, 2H3J = 8.5 Hz, CH,), 7.97 (d, 1H3J = 8.5 Hz, CH,), 8.328.44 (m,

5H, CHa)).
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% NMR (282MHz, DMSO-dg): ti = -61.0 (CR).

13C NMR (62.9MHz, DMSO-dg): U= 12.3 (Me), 118 (CH), 116.3 (C), 119.9 (CH), 124.2
(q,'J = 272 Hz, CR), 125.3 (CH), 125.7, 125.8 (] = 4 Hz, CHCCF;), 128.0, 129.2 (CH),
129.6 (q,2 = 32 Hz,CCR), 131.9 (CH), 139.2, 142.2, 143.0, 150.2, 150.9, 154.2, 165.5 (C).
MS (GC, 70eV)m/z(%) = 353 (M, 100), 338 (17).

HRMS (ESI): Calcd for gH1sNsFs (M+H) 354.12126. Found 354.12094.

IR (ATR, cmi®): 7 = 1592 (m), 1504 (s), 1394 (m), 1315 (s), 1283 (m), 1164 (s), 1124 (s),
1081 (m), 1068 (s), 1013 (m), 956 (w), 908 (w), 856 (w), 838 (w), 815 (s), 7489B)s),

665 (s), 593 (m).

6-(2-fluorophenyl)-3-methyl-1-phenyl-1H-pyrazolo[3,4-b]pyridine (2.6.16b).

Starting fromchromone2.6.14c¢ (0.193 g, 1 mmol) and -Bethy}1-
phenyt1H-pyrazot5-amineE3 (0.190 g, 1.1 mmol) i mL DMF and 1
mL of TMSCI. 2.6.16bwas isolated as yellow solid (0.236 g, 78%), mp
110-111°C.

'H NMR (300MHz, DMSO-de): ti= 2.62 (s, 3H, Me), 7.28.31 (m, 1H, CH,), 7.357.42
(m, 2H, CHy), 7.5:7.58 (m, 3H, CH,), 7.70 (dd, 1H3J = 8.4 Hz,*J = 2.2 Hz, CH,), 8.01
(dt, 1H,3J = 8.4 Hz,%J = 2.0 Hz, CH.,), 8.308.33 (m, 2H, CH,), 8.41 (d, 1H3J = 7.8 Hz,
CHa).

% NMR (282MHz, DMSO-dg) : = -116.6 (CF).

¥C NMR (62.9MHz, DMSO-ds) : = 18.2 (Me), 113.2 (dJ = 240 Hz, CF), 115.6 (C), 116.4
(d, 23 = 22.7 Hz, CH), 118.0 (dJ = 8.0 Hz, CH), 119.8 (CH), 125.0 (4 = 3.5 Hz, CH),
125.3 (CH), 126.9 () = 11.4 Hz, C), 129.1, 131.0, 131.3 (CH), 142.9, 150.1, 152.4J1¢,
2.8 Hz, C), 160.0 (d}) = 249.1 Hz, CF).

MS (GC, 70eV)m/z(%) = 303 (M, 100), 288 (21).

HRMS (EI): Calcd for GoH14NzF (M*) 303.11663. Found 303.116564.

IR (ATR, cm'): 7 = 1596 (m), 1504 (m),461 (m), 1392 (s), 1309 (m), 1286 (m), 1205 (m),
1161 (m), 1107 (m), 1088 (m), 1030 (m), 957 (w), 901 (w), 820 (m), 797 (m), 742 (s), 682 (s),
658 (s), 631 (m).

3-methyl-1-phenyl-6-(pyridin -3-yl)-1H-pyrazolo[3,4-b]pyridine (2.6.16c).
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