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RESUMO

A investigacdo de compostos bioactivos que possam levar ao desenvolvimento de novas
alternativas terapéuticas para algumas das patologias mais nefastas a nivel mundial continua, nos
dias de hoje, a ser uma necessidade no ramo da Quimica Medicinal. Nesta pesquisa, algumas
moléculas presentes na natureza sao usadas como ponto de partida para o desenvolvimento de
novos compostos promissores. Neste ambito, os cromenos e os imidazois sao amplamente
reconhecidos como estruturas interessantes. Estao descritos na literatura vérios derivados de
cromenos e imidazois que apresentam actividade bioldgica no tratamento de uma vasta gama de

patologias (p. ex. anticancerigeno, antibiotico, antimicrobiano, antiviral, etc).

Neste trabalho, foi explorada a reactividade de 2 4- e 4H-cromenos, que levou ao desenvolvimento
de novos derivados, como por exemplo cromeno[2,3-d|pirimidin-4(5A)-onas, cromeno[2,3-
dlpirimidin-4(3A)-onas e 5-imino-/N,2-diaril-5 A#cromeno[3,4-c]piridin-4-aminas. Foram também
preparados outros compostos promissores como por exemplo 5-(2-hidroxiaril)-7-arilpirido[2,3-
dlpirimidin-4(1 A)-ones e 1-aril-2-(4-(arilamino)-5 A#cromeno|[2,3-d]pirimidin-5-il)etanonas, e novos
derivados de 5-ciano-1-(2-hidroxibenzil)-1 Aimidazol-4-carboxamidas. Foi estudado o mecanismo
que levou a formacéo de 5-imino-/V,2-diaril-5 A#cromeno[3,4-c]piridin-4-aminas, 5-(2-hidroxiaril)-7-
arilpirido[2,3-d|pirimidin-4(1 A4)-onas e 5-ciano-1-(2-hidroxibenzil)-1 Aimidazol-4-carboxamidas e o

mecanismo deste ultimo foi também estudado com recurso a metodologias computacionais.

Foi avaliada uma seleccéo de compostos relativamente ao seu potencial no tratamento do cancro
da mama triplo negativo (TNBC), tuberculose (M. fuberculosis) e malaria (plasmodium falciparum),
e algumas moléculas apresentaram resultados promissores. Foi ainda realizado um conjunto de
estudos de dockingmolecular e de dindmica molecular, tendo como ponto de partida os resultados
de actividade bioldgica obtidos para as cromeno[2,3-d]pirimidin-4(5A)-onas contra o cancro da
mama triplo negativo, o que permitiu o desenvolvimento de um modelo preliminar de relacao

estrutura-actividade para este grupo de compostos, nesta patologia.

Palavras-chave: Cromenos; imidazois; anticancerigeno; antimicrobiano; antimalarico; /n silico,

docking molecular; Dinamica molecular; relacao estrutura-atividade.



ABSTRACT

The search for bioactive compounds that can lead to novel therapeutic alternatives to some of the
most devastating diseases is still an important research topic in Medicinal Chemistry. In this
search, some naturally occurring scaffolds are used as inspiration for the development of new drug
candidates and among those, chromenes and imidazoles are widely studied and recognized as
interesting scaffolds. Several chromene and imidazole derivatives have been described in the
literature, where their biological activity against a wide range of diseases (e.g. anticancer, antibiotic,

antimicrobial, antiviral, etc) is identified.

In this work, the reactivity of 24~ and 4H-chromenes was explored, which led to the development
of novel derivatives, such as chromene[2,3-a]pyrimidin-4(5A)-ones, chromene[2,3-d]pyrimidin-
4(3H)-ones and  5-imino-N,2-diaryl-5 Achromeno([3,4-c]pyridin-4-amines.  Other  promising
compounds based on other scaffolds, such as 5-(2-hydroxyaryl)-7-arylpyrido[2,3-dlpyrimidin-4(1 A)-
ones and l-aryl-2-(4-(arylamino)-5Achromeno|2,3-alpyrimidin-5-yl)ethanones, as well as 2-
substituted 5-cyano-1-(2-hydroxybenzyl)-1 #imidazole-4-carboxamides were also prepared. The
mechanism that leads to the formation of 5-imino-/N,2-diaryl-5 A£chromeno[3,4-c]pyridin-4-amines,
5-(2-hydroxyaryl)-7-arylpyrido[2,3-dlpyrimidin-4(1 A}-ones  and  2-substituted  5-cyano-1-(2-
hydroxybenzyl)-1 Himidazole-4-carboxamides was studied, and for the imidazole derivatives the

mechanistic proposal was supported by computational studies.

A selection of the prepared compounds was evaluated for their potential as anticancer agents using
triple-negative breast cancer cell lines (TNBC), as antituberculosis agents (M.tuberculosis) and as
antimalarial agents (Plasmodium falciparum), some of them with promising results. Studies on
molecular docking and molecular dynamics were also performed, based on the results obtained
for the anticancer activity of chromene[2,3-dlpyrimidin-4(5AH)-ones, allowing the development of a
preliminary structure-activity relationship (SAR) model for this group of compounds and for this

disease.

Keywords: Chromene; imidazole; anticancer; antimicrobial; antimalarial; /7 silico; molecular

docking; molecular dynamics; structure-activity relationship.
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Chapter 1
Introduction

1.1. Chromene scaffold

Benzopyran is the general terminology used to describe molecules where a benzene ring
is fused to a pyran ring. This bicyclic molecule can differ in terms of position of the double bond,
as well as the oxygen atom, in the pyran nucleus. According to the position of the oxygen atom,
IUPAC defines two distinct structures: 1-benzopyran and 2-benzopyran (Figure 1). Based on
the degree of saturation, benzopyrans are classified as 14, 2H, 34 or 4 Hbenzopyran, depending

on the position of the sp® carbon atom in the pyran ring.

5 4 5 4

7 820~ 2 7 e 0,
8 ! 8 1
1-Benzopyran 2-Benzopyran
5 4 5 4
| 0} NS
7 2 7 2 7 2 7 2
ssa? 88a? 8831 8831
2H-1-Benzopyran  4H-1-Benzopyran 1H-2-Benzopyran  3H-2-Benzopyran
X Y Z
5 4 5 4 54 5 2
2 2
Y 7 2 7 2
7 8880 X 7 8830 . 8SaO 8BaO
X=NH. 0. S Y=Hor#H X=NH, O, S Y=Hor#H
o Z=Hor£H Z=Hor£H
2H-Chromenes 4H-Chromenes

Figure 1: General chemical structures of 1-benzopyrans and 2-benzopyrans and 2 # and 4 Hchromenes

1-Benzopyrans, generally known as chromenes (or chromane in case of complete
saturation of the pyran ring), may also be named as 2 #chromenes (2 /1-benzopyran) or 4 H
chromenes (4/£1-benzopyran) (Figure 1). For 2 #chromenes, the double bond is positioned
between C3 and C4, while for 4 -chromenes the double bond is located between C2 and C3.
For the latter compounds, C2 (2 H4chromenes) or C4 (4 Hchromenes) carbon atoms are typically
involved in an exocyclic double bond with oxygen (X=0, 2-oxo-2 #chromene, commonly known as
coumarin, or 4-oxo-4Achromene, commonly known as chromenone), nitrogen (X=NH, 2-imino-
2 Hchromene, or 4-imino-4/chromene) or sulfur (X=S, 2 Achromene-2-thione, or 4Hchromene-

4-thione) or alternatively forms two single bonds with different substituents Y, Z (Figure 1).
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1.1.1. Biological importance of the chromene moiety

There are several applications for compounds incorporating the chromene moiety, from
cosmetic to food industries and even biodegradable products for agrochemical usage®. However,
the chromene moiety is mostly recognized by its biological potential, with hundreds of chromene
derivatives being reported for their activity as antibacterial>, anti-inflammatory’, anti-HIV?,
antioxidant®>°,  anticancer'*?!,  antituberculosis?®?, anticoagulant?®>, monoamine oxidase
inhibitors?#?>, cholinesterase inhibitors®®, antileishmanial?’, among many others described in
several reviews231,

There are many examples of naturally occurring chromenes that showed interesting
biological properties. Neo-tanshinlactone (Figure 2) can be isolated as a minor component from
the ethanol extract of Salvia miltiorrhiza, specifically its root?. It was tested for antitumor activity
against several human breast cancer cell lines of clinical significance, exhibiting low EDso values of
0.45 pg/mL (MCF-7) and 0.18 pg/mL (ZR-75-1)?. Asphodelin A (Figure 2) could be isolated
from the bulbs and roots of Asphodelus microcarpus, collected in Egypt. It exhibited interesting
antimicrobial activity against S. awreus, E. coli and P.aeruginosa, with minimal inhibitory
concentrations (MIC) of 4-16 pg/mL?. Macluraxanthone (Figure 2) was isolated from nonpolar
fractions of the methanolic extract, from the root bark of Maclura pomifera. Its activity as inhibitor
of acetylcolinesterase (AChE) and butyrylcholinesterase (BChE) enzymes was investigated, and was

concluded that it can specifically inhibit AChE with an ICso value of 8.47 mM and a K of 3.43 mM?2,

OH O OH OH O
% L1
HO o o OH o 0 OH

| OH

neo-tanshinlactone asphodelin A macluraxanthone

Figure 2: Chemical structure of naturally occurring neo-tanshinlactone, asphodelin A and macluraxanthone with
biological activity [ref.28]

Gramniphenols 1.1 and 1.2a,b (Figure 3), isolated from the extracts of Arundina
gramnifolia, a plant from the orchid family, have also proven to be biologically active=. These
compounds were tested for their antiviral activity against tobacco mosaic virus, with 1Cs, values of

20.8, 40.8 and 57.7 uM, respectively.
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Figure 3: Chemical structure of bioactive gramniphenols 1.1 and 1.2a,b, extracted from Arundina gramnifolia
[ref. 32]

Several other natural chromene-based compounds were reported to exhibit anti-
inflammatory activity?®. Compounds 1.3a-c (Figure 4), for example, have been identified from
the fruits of Melicope semecarpifolia, a low-altitude tree found in the forests of Taiwan and
Philippines®3. They were tested for their anti-inflammatory activity and demonstrated moderate
activity (ICso values of 7 and 31 mg/mlL) via inhibition of superoxide anion generation and elastase
release by human neutrophils. It was also possible to find several publications involving the
identification, characterization and evaluation of chromene-based compounds with therapeutical
potential against Alzheimer’'s disease?. For example, compounds 1.4 and 1.5 (Figure 4)
demonstrated AChE inhibitory capacity3*3°, with compound 1.5 being a specific inhibitor of AChE
when compared to the /7 vitro results obtained for the BChE enzyme, with a K, of 3.43 uM and a
ICso value of 8.47 uM?3>. Among the synthetic chromenes, designed to search for new biologically
active compounds, the number of publications describing promising new synthetic approaches is
very ample in the last years. In 2020, Zhao et a/ developed a complete study on the structure-
activity relationship between a substituted chromene framework and its antituberculosis activity,
describing the synthetic pathway, the /n vitro and /n vivo data and the plausible binding mode*.
From this work, compound 1.5 was highlighted, having moderate activity in acute mouse TB
model, favorable mouse and human microsomal stability, low cytotoxicity, and acceptable oral

bioavailability (Figure 4).

OCH,CHC(CH3)CH,CH,CHC(CHj3)»

N R’ H37Rv
) MIC (pg/mL)
HO o R 6.41+0.49
o OH

1.3a: R'=H, R?= Me
1.3b: R'=H, R?= (CH,),CHC(CHj3),
1.3c: R'=H, R%= Me

Figure 4: Chemical structure of bioactive gramniphenols 1.3a-c, chromene-based 1.4, and compound 1.5 [ref.
33-36]. The MIC values of 1.5 against virulent M. tuberculosis is also included
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Examples of chromenes with important antimalarial activity has also been reported. In
2015, Parthiban et a/ studied a 2-amino-3-nitro-4 Achromene to address the problem of blood-
brain barrier (BBB) crossing that is characteristic of the hydrophobic chloroquine derivatives®”. For
this reason, chromene-chloroquine conjugates were developed and tested, resulting in the

identification of compounds 1.6 and 1.7 (Figure 5).

N N—=

N
= ol \ /
N N
» C
& -
NHMe NHMe
1.7
|cso (pM) IC50 (M)
3D7: 0.62 3D7:0.29
K1:1.78 K1:0.496

Figure 5: Chemical structure of compounds 1.6 and 1.7, highlighted by Parthiban ef a/as potential antimalarial
agents, with their respective ICso values [ref. 37]

Several synthetic chromene-based compounds with anticancer properties have also been
reported. In 2012, Patil et a/ published the synthesis and biological evaluation of new 4+
chromenes, which were selected by virtual screening methodologies. The authors showed that
compounds 1.8 and 1.9 (Figure 6) exhibited promising results against melanoma and prostate
cancer®. Yin et al identified two novel 6-bromo-8-ethoxy-3-nitro-2 #chromenes?®, compounds 1.10
and 1.11, based on 8-ethoxy-2-(4-fluorophenyl)-3-nitro-2 #chromene that had previously proved to
be a phosphoinositide 3-kinase (PI3K) inhibitor*®. These new compounds demonstrated to be very
active as antiproliferative agents in 12 cancer cell lines, by blocking protein kinase B (Akt)
phosphorylation pathway and inducing cell apoptosis (Figure 6).

Br N7

e 9 e o
. o O
(] (] ) m
N O” 'NH N O E

| NH, OEt OEt
|

1.8 1.9 1.10 1.11

Figure 6: Chemical structures of compounds 1.8 and 1.9, highlighted by Patil ef a/as potentially active against
melanoma and prostate cancer, and compounds 1.10 and 1.11, developed by Yin ef a/as PI3K inhibitors [ref. 29,
38]
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However, among the chromene-based molecular moieties that can be found from both
natural and synthetic sources, one of the most important structural motifs in terms of biological
activity, is the coumarin scaffold. Good examples are: psoralidin (Figure 7)*, isolated from
Psoralea corylifolia, which showed to have a potent cytotoxic effect on colon, breast and gastric
cancer cell lines, as well as antidepressant* and antibacterial® activities; neo-tanshinlactone*+
(Figure 2), which was extracted from the root of Salvia miltiorrhiza, exhibited low EDso values (0.2-
0.6 mg/mL) for both ER+ and ER-/HER-2 overexpressing cell lines; isoscopoletin*® (Figure 7),
which was extracted from the roots of Mallotus resinosus, was considered a promising starting
point for the development of novel anticancer compounds, as it demonstrated to promote DNA
cleavage, although with a mild potency. The coumarin scaffold also proved to have multiple and
promising pharmacological properties®, such as anticancer’>%1820  acetilcholinesterase
inhibitors?647, antitubercular®*®, antiviral**->!, antileishmanial?’, anti-HIV>?,antimalarial agents?,

among others.

Psoralidin Isoscopoletin

Figure 7: Chemical structures of psoralidin and isoscopoletin [ref.40-42,45]

Examples of coumarin-based compounds with interesting antibacterial activity have also
been reported. For instance, a set of 3-amide and 4-aryl-substituted coumarins were evaluated /n
vitro against Staphylococcus aureus, Escherichia coli, Bacillus cereus, Listeria monocytogenes and
Salmonella typhi, among others>>>*. One example is asphodelin A (Figure 2), obtained from bulbs
and roots of Asphodelus microcarpus, in Egypt. This compound inhibits the growth of
Staphylococcus aureus, Escherichia coli and Pseudomonas aeruginosa with a minimal inhibitory
concentration (MIC) of 4-16 ug/mL%s. Another example is pavietin and compound 1.12 (Figure
8), isolated from the leaves of Aesculus pavia and Amyris texana, respectively>®>7. Pavietin was
tested against several fungal pathogens and demonstrated the highest activity against Guignardia
aesculin, at three different concentrations (50, 100 and 200 uM). Compound 1.12 showed the
highest activity against Bofrytis cinerea, as well as selective algicidal activity against Planktothrix

perormata, compared with Selenastrum capricornutum.



Chapter 1

Introduction
_/OH |
~rr YEOCK
HO 0~ -0 © HO ()
Pavietin 1.12

Figure 8: Chemical structures of pavietin and compound 1.12 [ref.28,55-57]

1.1.2. Synthetic approaches for the chromene scaffold

There are several procedures described in the literature for the synthesis of chromene
derivatives involving an intramolecular cyclization step®. One of the most well-known and applied
reactions is the Pechmann reaction (or Pechamnn condensation)®®-°. This process involves the
reaction of a phenol with an ester or carboxylic acid that incorporates a 3-carbonyl moiety, and
typically requires harsh conditions (depending on the nucleophilicity of the phenol), such as the
use of a strong acid (such as H.S0.) and high temperatures (100-120 °C). This process occurs in
two steps: (i) nucleophilic attack of the phenol moiety to an electrophile (typically an ester); and (ii)
Friedel-Crafts cyclization by nucleophilic attack of the aromatic ring to the resulting electrophilic
species generated in step (i) (Scheme 1). This reaction may involve a Lewis acid (such as AICls)

to activate the electrophilic species used in the second step (typically ketones, aldehydes or

esters)ss,
e
AICI,
° e RCO,
0o o AICI X N o-AICk X
R ol e ——— R“—d\@" — R L A
! 2, 3
= OH R°0 R H,S04 o” "0 (o2 e]
100-120 °C 1.16
113 1.14 on 1.15
(OH)AICI
3
X X
R
Z>0" 0
147

Scheme 1: Reaction mechanism for Pechmann condensation reaction

One of the most widely known synthetic products of the Pechmann condensation is

umbelliferone and its derivatives®* (Scheme 2). Although a series of catalysts were developed for
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the synthesis of the chromene scaffold, the typical Pechmann condensation is still used in the

preparation of novel chromene derivatives®-¢,

o H,SO, X
STNcoH o+ e m
HO OH 120°C HO o” "0

Formylacetic acid Resorcinol Umbelliferone
(formed in situ) (m=43%)

Scheme 2: Synthetic procedure for the preparation of umbelliferone from formylacetic acid and resorcinol [ref.58]

Other strategies involves the Michael addition of the phenol group of salicylaldehydes to
an a,B-unsaturated carbonyl compound>32, For example, by following this approach, in 2013, Yin
et alreported the synthesis of new promising anticancer agents using 3-ethoxysalicylaldehyde and
B-nitrostyrenes 1.18, in the presence of a catalytic amount of Z-proline and triethylamine, affording

compounds 1.19 in 21-53% yield (Scheme 3).

L-Proline

;
CHO R \©\/\ Et,N XN NO,
+ _—
OH “>No, ‘ 0 O
OEt OEt R

3-ethoxysalicylaldehyde 1.18 1.19
R'=H, F, CN, OMe

Scheme 3: Synthetic procedure for the preparation of compounds 1.19 by Michael addition of the phenolic oxygen
of 3-ethoxysalicylaldehyde to B-nitrostyrenes 1.18, as proposed by Yin et a/ [ref.38]

However, the Knoevenagel condensation between active methylene compounds to
salicylaldehydes, followed by an intramolecular cyclization reaction3+®7 is probably the most widely
used procedure for the synthesis of the chromene ring. The reaction typically occurs under basic
conditions, and condensation is followed by intramolecular cyclization involving a nucleophilic and
an electrophilic species. The Knoevenagel condensation can be performed by a two-component
reaction between a salicylaldehyde and an active methylene compound, which generates 2/
chromenes, or a three-component reaction between a salicylaldehyde, an active methylene
compound and a nucleophile, to generate 4 A#chromenes.

Since 2000, there have been numerous procedures describing the latter three-component
reactions'>'*¢772, One of those procedures was reported by Evdokimov ef a/ involving diverse
salicylaldehydes (1.20), malononitrile and thiols (1.21), to generate chromenes 1.22 in good to
high yields (Scheme 4)%. Substituted chromene derivatives were also prepared by modifications

on previously synthetized chromene compounds, obtained by the methodologies described
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above?°7374, This procedure is usually applied for the preparation of new 5- or 6-membered rings
fused to the chromene moiety. This approach promotes a ring expansion or generates dimeric

structures, that are frequently used for SAR studies or ligand/target interaction studies.

SR* NH,
R? CHO 1
PR ) Et;N R NON
+ NCTCN o+ RSH ——~ |
R2 OH EtOH R2 0" N7 NH,
R3 R3
1.20 malononitrile 1.21 1.22
- (2 equiv.) R*= aromatic,
R'=H, Me, NO, .
alkylic
R2=H, Et,N, OH
R3=H, OMe

Scheme 4: Synthetic procedure for the preparation of compounds 1.22 via a three-component Knoevenagel
condensation, as proposed by Evdokimov et al [ref.69]

1.1.3. Chromenopyridines: synthesis and biological importance

The chromenopyridine moiety has been widely identified as an interesting scaffold for
medicinal chemistry, with several studies reporting their biological activity’” as antinociceptive’®’,
alpha adrenergic antagonists’®, bronchodilatort®-#?, antimicrobiale or antibiotic**, among others.
Amlexanon (Figure 9), an antiallergic drug that showed clinical effectiveness against atopic
diseases, allergic asthma, and rhinitis, is also a molecule with a chromenopyridine sketetal motif.
Pranoprofen (Figure 9), a non-steroidal anti-inflammatory drug (NSAID) used in ophthalmology,

constitutes, in addition to amlexanon, another example of a chromenopyridine-based approved

o)
01 Ho,c S
S )
0" N7 NH, 0" N

Amlexanox Pranoprofen

drug.

Figure 9: Examples of approved drugs that incorporate a chromenopyridine moiety

Ibrahim et a/ reported the synthesis of diverse chromenopyridines by a cascade process
starting from a 3-cyanochromene and involving the pyran ring opening through conjugated addition
of the malononitrile anion (Scheme 5)%°. This is followed by intramolecular cyclization, with
nucleophilic attack of the phenolate group to one of the nitrile groups generating an imine that

cyclizes through nucleophilic attack to the other nitrile group. The reaction was performed in
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absolute ethanol, under reflux, using DBU as a base, leading to 1.24, which was used to prepare
the tetracyclic compounds 1.25, 1.26 and 1.27 by treatment under reflux with formamide,

formic acid and acetic anhydride, respectively.

0 NH,
XN
L
A
1.25
(0] (0]
X NH
[hcoonr ‘ J
" EOH HCOOH 07 N7 N7
DBU A
1.24 1.26
3-cyanochromone
\ / (o] O
RGNS
— =
Ac,0 o~ N7 NZ\
_~_CN A, 4h 1.27
6 SN_oN
1.23

Scheme 5: Synthetic pathways for the preparation of chromenopyridines 1.25-1.27, as proposed by Ibrahim et al
[adapted from ref. 85]

The synthesis of chromenopyridine derivatives 1.28-1.30 was also achieved by using the
cascade method, starting from 6-methylchromene-3-carbonitrile and diverse activated methylene

compounds (Figure 10).
(0] (0] Ph 0 (0] (0] (0]
) _Ph
N N oE 7 N
0" N" NH, 0~ >N’ NH, 07 N7 ONH,
Figure 10: Examples of chromenopyridines synthesized by lbrahim ef a/ [adapted from ref. 85]

Several publications®% on the development of new Inhibitors of 3-Site Amyloid Precursor
Protein Cleaving Enzyme (BACE1) reported a set of compounds based on the chromenopyridine
scaffold. The goal was to improve the selectivity for BACE1 of previously identified products®®,
incorporating a nitrogen atom into the xanthene core and to explore the already established SAR
studies for BACE1. The chromenopyridine moiety was obtained by condensation of substituted
phenols (pbromophenol or 1.32) with 2-halobenzoic acids 1.31, in the presence of CuOTf as
catalyst, followed by an intramolecular Friedel-Crafts cyclization under acidic conditions, to afford

compounds 1.33 (Scheme 6)%%7%. The latter compounds were converted into the targeted

10
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aminooxazolines 1.34, by a two-step procedure. First, an excolefin was obtained by nucleophilic
addition of MeMgCl over the ketone in 1.33, followed by dehydration of the /n sifu generated
tertiary alcohol or through Peterson olefination by treatment with TMSCH.Li, followed by acetyl

chloride work-up (Scheme 6)8%7:%°,

Br HO.C R!
o -
OH X R2

RS
p-Bromophenol 1.31
X= Halogen
or
R4 COzH R1 1.34 1.35
\C[ + R'=ClI, I, OMe, Br
Br  HO R’=H,F
F R%=H,F
R*= Br, OMe
1.32 1.33

Scheme 6: Synthetic pathways for the preparation of chromenopyridine 1.35, as proposed by Dineem ef a/[ref.
86], Epstein et a/[ref. 87] and Huang et a/[ref. 89]; a) (i) Cs2COs, CuOTf (cat.), EtOAc (cat.), toluene, 90 °C, then
HCI; (i) H2S04 or PPA, 60-110 °C, 26-85 b) (i) MeMgClI, THF, - 10 °C, then PPTS or HCI, or TMSCH.Li, THF, -
78°C, then AcCl; (ii) AgOCN, THF, 0 °C to r.t., then NHs, THF, 23-53 %

After a series of structure-activity relationship studies using the scaffold 1.3%, compound
1.39 was selected for further evaluation based on its /7 vifro and /in vivo pharmacodynamic
results®” (Scheme 7). The synthetic procedure started by the demethylation of the enantiomer (S)-
1.38a to afford compound 1.36, which then was used in a Suzuki cross-coupling reaction with
2-fluoro-3-phenylboronic acid to afford compound 1.37 (Scheme 7). Compound 1.37 was then
used as substrate, in its aryl triflate form (1.38), in Pd-catalyzed C-C and C-N coupling reaction
with  2-(3,6-dihydro-2 H#pyran-4-yl)-4,4,5,5-tetramethyl-1,3,2-dioxaborolane to afford compound
1.39% (Scheme 7).

Multi-component reactions (MCR), particularly three-component reactions, have been
increasingly studied for the synthesis of chromenopyridine derivatives. Thapa ef a#°°* developed a
new multicomponent reaction to prepare o-terthiophene analogues based on the
chromenopyridine moiety, in order to introduce a scaffold rigidity that was predicted to improve its
biological activity (Scheme 8). Aldol condensation of chroman-4-one with diverse aldehydes 1.40
under basic conditions led to chalcones 1.41, which were converted into compounds 1.43 by

heating at 100 °C with diverse 2-oxoalkylpyridinium iodides 1.42, in the presence of AcONH, and

11
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glacial acetic acid. The resulting 2,4-diaryl chromenopyridines 1.43 were tested for their ability as

topoisomerases | and Il inhibitors, as well as for their cytotoxicity against several human cancer

cell lines, with interesting results.

(S)-1.35a

1.39 1.38

Scheme 7: Synthetic pathways for the preparation of chromenopyridine 1.39, as proposed by £pstein et al
[adapted from ref. 87]; a) (i) BBr3, DCM, 96%; b) 2-fluoro-3-phenylboronic acid, Pd(PPhs)4, Na.COs, DMF/H-0,
87%; ¢) M(5-chloro-2-pyridyl)bis-(trifluoromethanesulfonimide)(Commins’ reagent), EtsN, DCM, 84%; d) 2-(3,6-
dihydro-2 Hpyran-4-yl)-4,4,5 6-tetramethyl-1,3,2-dioxaborolane, Pd(PPhs)s, Na,COs, DMF/water, 61%

2 +_I
RY\N N
(o] | = R2

142
- (0] NZ
R'-CHO AcONH, |
140 A R! glacial AcOH NXAOR!
z . 1.43

NaOH EtOH (o) 100-110 °C 0 R' R?= phenyl,
2- or 3-thienyl,
chroman-4-one 1.41 2- or 3- furyl,

2- or 3-pyridinyl

Scheme 8: Synthesis of chromenopyridines 1.41 and 1.43, as proposed by Thapa ef a/[adapted from ref.90,91]

As a result of these studies, the same authors described new topoisomerase | and |l
inhibitors of improved properties based on the chromenopyridine scaffold®>=4. In particular,
chromenopyridines 1.43 in which the Rtsubstituent is a phenol group and the Resubstituent is a

thienyl or a phenol group (compounds 1.43a-i) were the most relevant in terms of selectivity

against topoisomerase |l (Figure 11).

12
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Figure 11: Chemical structure of topoisomerase Il inhibitors 1.43a-i designed by Thapa ef a/and Magdar et a/
[ref. 92-94]

Moreover, this new batch of chromenopyridine derivatives showed interesting and
improved results in various cancer cell lines, including breast cancer cell lines T47D. The selectivity
between non-tumorigenic cell line MCF10A, and breast cancer cell lines was also noteworthy, which
proved to be up to 18-fold higher than the reference for derivative 1.43g (Figure 11). Further
SAR studies identified compound 1.43i (Figure 11) with relevant properties®.

1.2 Imidazole scaffold

Imidazole is a five-membered aromatic molecule that contains two nitrogen atoms, in
which one behaves as a pyrrole-type nitrogen and the other as a pyridine-type nitrogen (Figure
12)*. The systematic IUPAC name is 1,3-diazole, but this terminology is rarely used in the
literature. This moiety is present in many highly relevant compounds with important biological
properties, such as the DNA nucleotides adenine and guanine, the amino acid histidine, purines

and histamines®*~’ (Figure 12).
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Figure 12: Chemical structure of imidazole, guanine, adenine, histidine, and histamine

Imidazoles possess an amphoteric behaviour, as they can act as an acid and as a base
and are also susceptible to both electrophilic and nucleophilic attacks. This effect leads to two
different dissociation constants (pKa) for each nitrogen of the imidazole ring: 7 (conjugated base
behaviour of N-3) and 14.9 (conjugated acid behaviour of N-1)%. The physical and chemical
properties of imidazoles, such as their amphoteric nature, polarity and solubility, together with the
synthetic versatility, makes this aromatic structure an interesting scaffold for the development of
new compounds for various applications, from biologically active structures to materials science,
polymers and catalysts®>°7-%8,

The imidazole ring was first reported by Heinrich Debus in 1858%, prepared from the
reaction of glyoxal with formaldehyde and ammonia, which conferred its first name: glyoxaline.
Nowadays, this procedure was optimized and patented (with one equivalent of a primary amine
and one equivalent of ammonia instead of the typical two equivalents of ammonia) and is typically
known as Debus-Radziszewski imidazole synthesis (Scheme 9)'®. Nevertheless, other
methodologies to prepare substituted imidazoles were developed, such as the Wallach synthesis,

Marckwald synthesis, and others®,

R3
RY
Rl__O . Strong base N/\<
I + R3CHO + R'NHy + NHy ——— &N
R2 0 0°CtoA R?
RZ

1.44 1.40 1.45 ammonia 1.46

Scheme 9: General procedure for the Debus-Radziszewski imidazole synthesis [ref. 100]
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Moreover, diverse strategies for the synthesis of substituted imidazoles have been
reported®®1°t, In particular, the synthetic methods have been evolved to the development of routes
that allow the incorporation of the desired substituents in the imidazole moiety rather than the
preparation of the 1,3-diazole core and subsequent substitution®®1°l, The available synthetic
methodologies typically involve a two-step procedure, with the formation of an open-chain structure
and further intramolecular cyclization, a two- or three-component reaction or the rearrangement of
other heterocyclic structures such as triazoles or tetrazoles. A good example is the synthesis of
imidazoquinolines 1.55 reported by Guan ef a2°? that involves a stepwise Leusen/Staudinger/aza-
Wittig/ carbodiimide-mediated cyclization procedure (Scheme 10). The approach requires the
synthesis of azides 1.51, which are prepared by three-component reaction involving primary
amines 1.48, 2-azidobenzaldehyde 1.50 and toluenesulfonylmethyl isocyanide (TosMIC). Next,
Staudinger reaction of the azides 1.51 by treatment with triphenylphosphine and subsequent
reaction with isocyanates 1.53 afforded derivatives 1.54. The imidazoquinolines 1.55 are finally

obtained in good to moderate yields by thermal intramolecular cyclization at 180 °C.

R1
N/\\N
N CHO K,COs e
RINH, *+ R~ + NCTs ———— R
N3 MeOH/DME N3
1.45 1.47 TosMIC A 1.48
PPhs
rt
N, NN R3NCO N\
N N 1.50 XN
R T T T R@\)j — |FC
ASNENHRS 180°C N=C=NR® rt N=PPhg
152 1.51 1.49

Scheme 10: General procedure for the synthesis of imidazolquinolines 1.52, reported by Guam ef a/[102]

In an extensive review, published in 2020 by Shabalin and Camp®®*, a set of methods for
preparing substituted imidazoles are compiled, which are organized by the number of bonds
formed during the synthetic process. For one-bond formation procedures, a limited number of

recent publications have been described, with a special emphasis to the protocol involving the
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intramolecular cyclization between an amine and a nitrile group, as was proposed by Fang ef aA%
(Scheme 11A).

For two-bond formation procedures, a wider variety of protocols have been described. A
good example is the method reported by Man ef a2 for the synthesis of 2-aminoimidazoles 1.60
involving the reaction of cyanamides with 2Haziridines, which are generated /n sifu from
vinylazides 1.58, followed by reaction with amine 1.59 (Scheme 11B).

For the three-bond formation approaches, is worth highlighting the synthesis of the
trisubstituted imidazoles 1.60 described by Wang ef a4°. This method involves the reaction of two
equivalents of the nitriles 1.62 with the /n situ generated acetylide from alkynes 1.63, in the
presence of 2.5 equivalents of £BuOK, which acts as both base and nucleophile (Scheme 11C).

This methodology allowed the preparation of substituted imidazoles with alkyl, aryl and heteroaryl

substituents.
A
i
1 N
RTONT Ny
1.53
B 3
N Y
3 %
/———< + N=—NH, HZN/<N R*
R® R* b H
1.55 1.56 1.57
C 6
t-BuOK N R
(2.5 equiv.) 7\
=R + N=—R __ . R64N O-t-Bu
c H R®
1.58 1.56 1.59

Scheme 11: Synthetic procedures for the preparation of imidazoles 1.54 (Fang et a/, ref. 103), 1.57 (Man et a,
ref. 104) and 1.59 (Wang et a/, ref. 105) [adapted from 101]; a) R:B(OH), (2.0 equiv.), Ni(PPh,),Br, (10 mol %),
Na,S0O, (3 equiv.), toluene, 120 °C, 24h, 38 examples, 13-90 %; b) Et,N (2.0 equiv.), thermally, EtOH, 85 °C, 14 h or
KOAc (20 mol%), microwave, £BuOH, 125 °C, 20 min. or KOAc (20 mol%), blue light, EtOH, r.t., 2 h; ¢)
cyclohexane, 110 °C, 11 h, silica gel, 30 examples, 49-93%
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1.2.1 Biological importance of the imidazole moiety

The biological importance of the imidazole ring is widely recognized®>*’, with this unit
appearing in several compounds showing antibacterial®®971%6-108  antifungal'®-'1t, anti-
inflammatory2113, antiviral°114115  anticancer®”19%116-119 - gntihistaminic®®120121  among other
recognized biological activities®. There are already several imidazole-based approved drugs for the
treatment of various diseases. For example, metronidazole, a drug approved as antibiotic and
antiprotozoal for several microbial infections, is a 1,2,5-trisubstituted imidazole and is widely used
in clinical practice®®'?212* (Figure 13). Other example is clotrimazole, an antifungal prescribed for
the treatment of fungal skin infections such as athlete’s foot and ringworm, that contains an

imidazole ring fused to a central sp* carbon (Figure 13).

Kl* N=\
\O— —
N/# g/N O

e TG

metronidazole clotrimazole

Figure 13: Chemical structure of metronidazole and clotrimazole

Currently, the imidazole moiety is still being studied for a wide variety of biological
applications. Zheng et a** refer, in a 2020 review article, a series of new imidazole derivatives,
prepared using Van Leusen imidazole synthesis. In 2021, Rodriguez-Arévalo ef a#?® reported the
synthesis of novel benzofuranoyl-2-imidazoles that are able to bind and modulate the activity of
several imidazoyl-l. receptors, whose deregulation is associated with a series of physiological
conditions, including Alzheimer's disease. The most promising compound, LSL60101 (Figure
14), which presented the most relevant pharmacokinetics profile, was able to penetrate the blood-
brain-barrier and demonstrated to be able to reduce the FADD protein content in /77 vivo models.

Also in 2021, Beltran-Hortelano ef 2%’ prepared a series of imidazoles and benzimidazoles
by base-catalysed Michael addition of the appropriate imidazole/benzimidazole to the previously
prepared vinyl ketones. These studies allowed for the identification of compound 1.60 (Figure
14) that proved to be active against Chagas disease. This derivative was selected for having the
most trypanocidal activity throughout the distinct life stages of the parasite, not possessing host

cell genotoxicity and rapidly acting at low administered concentrations (micromolar range).
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Ammazzalorso ef a** reported a series of novel inhibitors of the aromatase enzyme, which
is involved in the biosynthesis of estrogens, that possess either an imidazole or a triazole nucleus.
These new compounds, which were developed for the development of new anticancer therapies,
coordinate to the iron core of the heme group, the substrate of the aromatase enzyme, and
therefore block the estrogen biosynthesis. Among the reported compounds, derivatives 1.61 and
1.62 (Figure 14) were highlighted, with the imidazole-based compounds having lower ICso, in

human breast cancer cells MCF-7, than any of the triazole derivatives tested.

In 2018, Dubovis et a/reported the synthesis of novel substituted1-(1 Aimidazole-4-yl)-1 4
1,2,3-triazoles 1.63 (Figure 14)=. These compounds were tested for their antifungal activity by
assessing the mycelium radius growth of a series of different fungal species and comparing with a
standard (Triadimefon). The results demonstrated that several compounds presented satisfactory
growth inhibition percentages and could be used as starting materials for the preparation of new

antifungal agents.

§ o NO,
@E\>—<\ ] /@)‘\/\ L\/N
o N MeO

{ R
N_/
N//\N/\/<Hj N//\N/\H H ° %—N -
=/ O\n/N —  o. N \=N
o) le} 1.63
R= H, C3H4,
1.61 1.62 SiMeg3, Aryl

Figure 14: Chemical structure of bioactive compounds containing the imidazole moiety [125-129]
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2.1. 2 and 3-substituted 2 4 and 4 F~chromenes

2.1.1 Synthesis and reactivity of 2-imino-2 #£chromene-3-carboxamides

The synthesis of chromene[2,3-dlpyrimidin-4(5A)-ones was reported in 1973* and 1980?
by O'Callaghan. In this work, the author prepared a set of compounds by reacting 2-imino-2 #
chromene-3-carboxamides 2.1 with various aldehydes, to generate the desired product 2.3
(Scheme 12). The synthesis was performed in ethanol and with piperidine catalysis. The author
also referred that these compounds presented biological activity against P388 lymphocytic
leukemia, without further development of this topic. O’Callaghan also referred that a prolonged
refluxing time “causes rearrangement to take place with formation of the high-melting insoluble

isomers”?, here represented by structure 2.4 (Scheme 13).

CHO )

@(ICONHi @ Piperidine (0.2 eq) | XX “NH
RIS >0 SNH /\'Rz EtOH, reflux, 3-6 h RI 07N | X
/\Rz
21 22 2.3

Scheme 12: Synthesis of chromene[2,3-d]pyrimidin-4(5H)-ones 2.3,as proposed by O’Callaghan [ref.1]

(0] OH

XX NH SN

oLy —— W
/ NS

R = o N)\O A %\O
/\Rz
2.3
Scheme 13: Rearrangement promoted by heat, as proposed by O'Callaghan [ref.2]

Later, in 1999, Hadfield ef a/prepared a library of compounds with the core structure 2.3
in order to evaluate their biological activity against several cancer cell lines, including P388
Lymphocytic Leukemia and for their ability to alter cell cycle kinetics®. The compounds reported
were like those obtained by O’Callaghan, but also some derivatives were identified as having
structure 2.4 (Figure 15). After evaluating the ICso values against diverse cancer cell lines,
specifically K562 (human chronic myelogenous leukemia), P388 (murine lymphocytic leukemia)
and A2780 (human ovarian cell lines), compound 2.3a was selected (Figure 15) for further
studies on different cancer cell lines as this was the only compound that presented relevant activity

in the ovarian cancer cell line A2780.
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0o o) 0 OH
0N OMe o )\©/0Me o \N)\© o N&K@
OMe )\@EOMG

2.3a OMe 2.3b 2.3¢ 2.4a
K562: >10 uM K562:2.2 UM K562: 1.55 M K562:7.05 pM
P388:>10 uM P388:0.35 UM P388: 0.3 UM P388: 0.54 iM
A2780: 0.45 M A2780: 6.35 UM

Figure 15: Selection of bioactive compounds described by Hadfield ef a/. The corresponding ICso values obtained
for each cancer cell line are indicated [adapted from ref. 3]

Compound 2.3a was then tested in several ovarian and non-ovarian cancer cell lines,
specifically A549 (adenocarcinomic human alveolar basal epithelial cell line), H460 (epithelial lung
large cell cancer cell line), and the ovarian cancer cell lines Ovcab and Ovca433. Consistently with
previous results, this compound proved to be more active against ovarian cancer cell lines than
against other type of cancer cell lines, although the ICso values were not as promising as those
obtained for the A2780 cancer cell line. To understand if this was due to hormone-derived effects,
compound 2.3a was tested in estrogen-positive MCF7 and estrogen-negative BT20 human breast
carcinoma cell lines. This hypothesis was finally discarded as no relevant cytotoxic activity was
observed. Among many other pyrimidinones tested, some presented strong cytotoxic ability
towards K562, P388 and A2780 cancer cell lines, as it is the case for compounds 2.3a-¢. A small

number of compounds displayed the ability to arrest cells in the G./M phase of the cell cycle.

In 2007, Borisov ef a/ described new protocols for the reaction of 2-imino-2 #chromene-
3-carboxamides 2.1 and 2-imino-2A#chromene-3-(thio)carboxamides 2.5 with a variety of
aldehydes 2.2, to afford derivatives 2.6 and 2.7 (Scheme 14)*. Also, new procedures for the
preparation of O- and S-alkylated derivatives 2.9 and 2.10, respectively, were reported, taking
advantage of the tautomeric equilibrium of compounds 2.6 and 2.7 and their corresponding
phenolic and thiophenolic forms, initially proposed by O’Callaghan?. Through these methodologies,
the authors prepared a set of compounds derived from structures 2.6, 2.7, 2.9 and 2.10 using
an automated parallel synthesis methodology. To improve the reaction yield maintaining the
automated parallel process, the authors used higher boiling alcohols, namely rpentanol (for
reactions involving 2.1) and rbutanol (for reactions involving 2.5), and piperidine as catalyst.
Compounds 2.9 and 2.10 were prepared from 2.6 and 2.7 upon reaction with a slight molar
excess of the appropriate halide (benzyl chloride or alkyl iodide), in DMF, at 80 °C and in the

presence of 3 equiv. of K,COs (oxo analogues) or an excess of triethylamine (thio analogues).
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X X/\R3
X piperidine R*>Cl (1.1 equiv.)
X NH (cat) NH 2.8 N
2 + R2CHO > | DY | P
R 0 NH n-butanol R 07 N7 TR?  forX=0: KyCO3 (3equiv) R 0~ N7 "R?
or n-pentanol DMF, 80 °C
A 2.6 (X=
2.1 (X=0) 22 27 &:g)) for X= S: Et;N, DMF, 80 °C 2.9 (X=0)
2.5 (X=S) 2.10 (X=S)
'71/\ NR*R®

Scheme 14: Reaction conditions optimized by Borisov ef a/for automated parallel synthesis of compounds 2.6,
2.7, 2.9 and 2.10 [adapted from ref. 4]

The present work was a follow-up of these studies. By making use of the vast experience, in our
research group, two main objectives were established:

1) Avoid the usage of high boiling solvents, which are more difficult to handle and less
readily available, and obtain a laboratorial-scale process to prepare a library of
chromene[2,3-dlpyrimidin-4(54)-ones to be tested for their biological activity as
anticancer (triple negative breast cancer) and antituberculosis agents.

2) Obtain a structure-activity relationship (SAR) model that could supply information on

possible structural modifications that could improve their activity.

Our research group have previously reported® a simple and eco-friendly synthetic route for
the preparation of 2-imino and 2-oxo-2 Achromene-3-carboxamides. This procedure started with
the synthesis of AMsubstituted cyanoacetamides 2.12 by direct combination of primary or
secondary amines 2.11 with ethyl acetoacetate, in a solventless reaction (Scheme 15). These
compounds were prepared at room temperature and isolated by filtration after adding a few drops
of diethyl ether. The synthesis of compounds 2.1 occurred when cyanoacetamides 2.13 were
combined with the appropriate salicylaldehyde 2.2 in aqueous sodium carbonate or hydrogen
carbonate solutions, at room temperature (Scheme 15). This reaction occurred via a Knoevenagel
condensation, with the nucleophilic addition of the active methylene compound to the carbonyl
moiety of 2.14, followed by an intramolecular cyclization reaction promoted by nucleophilic attack
of the hydroxyl group to the nitrile group. The Knoevenagel product precipitated from the reaction
mixture and was isolated as the pure compound 2.1 by simple filtration. This methodology afforded

a simple and ecological way to prepare 2-imino-2 A#chromene-3-carboxamides 2.1 in high yields,
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which can be easily transformed into 2-oxo-2 A#chromene-3-carboxamides 2.15 by acid catalyzed

hydrolysis at 80-90 °C (Scheme 15).
@CHO ~
¢} <~ S0H o}

R
NC 0 »
H~NfR2 \)J\OMe NCQJ\N,R1 2.2 WLN,
2
! neat, r.t NaHCO; (aq.) or AANG Coy R

R2

R? 3
NayCOs (aq.) R o\
211 212 rt 2.13
0 0
)
NS N H,0, HCI (¢, cat.) NS NR
\ |
= R = R2
RyZ N0 N0 80-90 °C R3/ 0" NH
215 21
9 0
N NH NC R
| N
N e 213
R3 -HQO
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o
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L R _J

Scheme 15: Preparation of 2-imino- 2.1 and 2-oxo-2 #chromene-3-carboxamides 2.15, via Knoevenagel
condensation, as proposed by Proenca et al. [adapted from ref. 5]

Synthesis of chromeno[2,3-d]pyrimidin-4(5 H)-ones and chromeno[2,3-d]pyrimidin-4(3 H)-

ones

One of the aims of this PhD thesis was to select the best reaction conditions to prepare
chromene[2,3-dpyrimidin-4(5AH)-ones 2.3 and 2.6 in good synthetic yield, while avoiding the use
of alcohols of high boiling as solvents. Following the procedure developed in our group®, a series
of 2-imino-2 Achromene-3-carboxamides 2.1 were prepared using 2-cyanoacetamide and several
salicylaldehydes 2.2a-g, in high to almost quantitative yield for most cases (Scheme 16).

The potential of 2-imino-2 #chromene-3-carboxamides 2.1 for the synthesis of complex
fused heterocycles was then explored. First, the utility of 2.1 for the synthesis of chromene|[2,3-
dlpyrimidin-4(5A)-ones was studied (Scheme 17). The presence of a methoxyl group in 2.1a
(R:= H, R== OMe) allowed a simple method to follow the reaction by 'H NMR and to understand
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the formation of different products incorporating this unit. Moreover, IR monitoring of the changes
in the carbonyl stretching band in 2.1a (around 1710 cm) was used to understand the global

evolution of the process.

o)
NaHCOj or
R! CHO 3 R
Na,CO3 0.05M S

\E;[ + NC CONH, — 223777 NH

OH rt 0" SNH

R2 R2
2.2a-g 2-cyanoacetamide 21a-g

R'=H, Br, Cl, OMe, Me R'=H, Br, Cl, OMe, Me

R?= H, OMe, Me R2= H, OMe, Me

Scheme 16: Synthesis of 2-imino-2 A£chromene-3-carboxamides 2.1a-g from 2-cyanoacetamide and
salicylaldehydes 2.2a-g

The heating at 100 °C for 15 h of a solution of 2-iminochromene 2.1a in triethyl
ortoformate and in the presence of acetic acid did not afford the desired tricyclic compound 2.4b
(Scheme 17). Under these conditions, 2-oxochromene 2.15a was obtained with a 67% vyield.
When the reaction was performed using 1.2 equivalents of triethyl ortoformate, in the presence of
acetic acid and heating under reflux for 2.5 h, mainly no reaction was obtained. The addition of an
additional 3.3 equivalents of triethyl ortoformate and another 4h of reflux, once again provided

chromene-based lactone 2.15%a with a 61% yield.

(0] OH
X NH, HC(OEt)3, A | N
O~ °NH (@) N/)
OMe OMe
2.1a 2.4b
HC(OEt)s, A
O
N NH,
o ~0
OMe
2.15a

Scheme 17: Reaction of chromene 2.1a with triethyl orthoformate

The identification of the chemical structure of 2.15a was carried out by comparison of the
'H NMR and IR signals for this product and the starting material 2.1a. Thus, the absence in the
'H NMR spectrum of 2.15a of the NH signal, at 68.97 ppm, corroborated the transformation of
the imino group in 2.15a. The IR spectra allowed to distinguish both compounds by their C=0
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stretching vibration, which was an intense signal at 1710 cm for 2.15a, masking the signal at
1700 cm for the C=0 stretching vibration of the amide carbonyl group visible in the IR spectrum
of 2.1a. Next, the reaction of 2-iminochromene 2.1a with benzaldehyde to obtain chromene-
based pyrimidinone 2.6a was analyzed under different experimental conditions, which are

summarized in Table 1.

Table 1: Experimental conditions and results obtained for the reaction of 2.1a with benzaldehyde, under different
reaction conditions

o CHO 0 o
NH conditions o N//‘\© o0
OMe OMe
21

(6]
OMe
1a benzaldehyde 2.6a 2.15a

Entry PhCHO base/ solvent T t (h) results
(equiv.) acid (equiv.) (°C)
2.15a
1 1.2 TFA (1.1) EtOH 100 15 (n=50%)
2.15a
2 1.2 - AcOH 100 15 (n=50%)
2.15a
3 1.2 AcOH (1.2) - rt. 22.5 (n=56%)
4 1.2 NaHCO:s NaHCOz 0.05 M 70 24 2.1a+ 2.15a
5 1.2 NMP (1.1) MeCN 100 30 complex mixture
6 1.2 NMP (1.1) FtOAC 70 18 21a(16%)+mixture
(by IR)
2.6a
7 1.2 NMP (1.1) EtOH 70 18 (n< 2%
8 1.2 - EtOH 70 24 2.1a + by-products
2.6a
9 1.2 NMP (1.1) EtOH 100 8 (n= 19%)
2.6a
10 1.2 NMP (1.1) MeOH reflux 8 (n- 17%)
11 1.2 NMP (1.1) EtOH 100 24 2.6a + impurities
12 1.2 pyridine (1.1) EtOH 100 24 complex mixture
N 2.6a
13 1.2 piperidine (1.1) EtOH 100 32.25 (n= 39%)
N 2.6a
14 3 piperidine (1.1) EtOH 100 3 (n= 35%)
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The reaction was initially carried out under acidic conditions. The use of 1.2 equivalents of
benzaldehyde and 1.1 equivalents of trifluoroacetic acid (TFA) in ethanol at 100 °C (entry 1- Table
1), afforded the chromene-based lactone 2.15a with a 50% yield. A similar result was obtained
when the same amount of acetic acid was used (entry 2— Table 1). The same reaction, performed
at room temperature for 22.5h (entry 3— Table 1), also afforded chromene 2.15a with 56% yield.
Thus, it was concluded that performing this reaction under acidic conditions the hydrolysis of the
imino group in 2.1a takes place by an acid-catalyzed process, similarly to what was described in
the literature® for the reaction with concentrated HCI.

The reaction was then performed under basic conditions using aqueous NaHCOs solution.
Conducting this reaction at 70 °C for 24 h afforded a mixture of the starting material 2.1a and
2.15a, as confirmed by IR spectroscopy (entry 4- Table 1). To avoid hydrolysis of the imine
function in the starting material, the reaction was carried out in the presence of an organic base
and a non-aqueous solvent. The use of Mmethylpiperazine (1.1 equivalents) in acetonitrile with
heating at 100 °C for 30 h, resulted in a black complex mixture that could not be characterized
(entry 5- Table 1). Replacing acetonitrile for ethyl acetate, reducing the reaction time to 18 h and
heating at 70 °C, provided a mixture of products that contained the starting material 2.1a as
revealed its IR spectra (entry 6 — Table 1).

When the same reaction was carried out in ethanol, heating at 70 °C for 18 h (entry 7-
Table 1) an orange solid was collected and identified as the desired product 2.6a, in very low
yield (< 2%). A complex mixture was also isolated, after concentrating the reaction mixture in the
rotary evaporator. Carrying out the reaction in ethanol, in the absence of base (entry 8- Table 1)
confirmed that its presence is imperative for the reaction to occur, as compound 2.1la was
collected along with several by-products, most likely due to chromene ring-opening that is known
to occur under prolonged heating.

From the solvents tested, ethanol showed to be the best, and its performance was

compared with that of methanol, using Mmethylpiperazine as base (entries 9 and 10- Table 1).

Compound 2.1a was treated with benzaldehyde for 8 h in both ethanol and methanol, with heating
conditions. In both cases, the chromene 2.1a was added in two portions, to avoid the formation
of side products and thus improve the reaction yield. In both cases, the resulting product,
chromene-based pyrimidinone 2.6a, was isolated in comparable yields (17% for the reaction in
methanol, 19% for the reaction in ethanol). These results prompted us to select ethanol as the best

solvent in terms of safety concerns and the remaining assays were performed in ethanol. To assess
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the effect of the organic base, three experiments were designed where a suspension of chromene
2.1a in ethanol was heated at 100 °C in the presence of Mmethylpiperazine (24h, entry 11—
Table 1), pyridine (24h, entry 12— Table 1) and piperidine (32h, entry 13— Table 1). The use
of pyridine resulted in a complex mixture while with AAmethylpiperazine the desired product 2.6a
was isolated, although in poor yield and contaminated with by-products. Fortunately, in the
presence of piperidine, the desired compound 2.6a was isolated in 39% yield. At this point, it
became clear that piperidine was the best base for this reaction, as it allowed the pure compound
2.6a to be collected in an acceptable yield.

This study led us to conclude that: (i) the best experimental conditions required the use of
ethanol as solvent and piperidine as base; (ii) performing the reaction with benzaldehyde for longer
periods of time did not affect the isolated yield of the product; and (iii) the observed impurities must
be due to temperature-induced evolution of the side products formed in this reaction, since no
starting material was detected after 3 h at 100 °C (entry 14— Table 1). Therefore, the optimized
reaction conditions, summarized in Table 1, entry 14, were adopted as standard conditions for
this process.

The spectroscopic characterization of 2.6a will be used to illustrate the structural features
of this compound family. The *H NMR spectrum (Figure 16) shows two distinct singlets, one at
612.82 ppm, corresponding to the NH group of the pyrimidinone ring, and other at 63.73 ppm,
assigned to the methylene group. In the *C NMR spectrum (Figure 17) the carbonyl group
generates a signal at §164 ppm, which although not visible in the *C NMR spectrum presented,
could be identified in the HMQC and HMBC correlation spectra. The methylene carbon led to a
signal at 621.86 ppm.
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Figure 16: 'H NMR (400 MHz, DMSO-ds, 8 ppm) spectrum of compound 2.6a, in which some relevant signals are

highlighted
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Figure 17: 3C NMR (100 MHz, DMSO-ds, § ppm) spectrum of compound 2.6a, in which some relevant signals
are highlighted

A proposal for the reaction mechanism is presented in Scheme 18. Benzaldehyde is
activated through conjugation with Mmethylpiperazine, which facilitates the nucleophilic attack of

the imine group. Intramolecular cyclization, involving the amide group, affords compound 2.6a.
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Scheme 18: Proposed mechanism for the synthesis of 9-methoxy-2-phenyl-3 #chromeno[2,3-dlpyrimidin-4(5 A)-one
2.6a

After exploring the optimal reaction conditions, a library of chromene-based pyrimidinones
was prepared, starting from diverse 2-imino-2 Achromene-3-carboxamides 2.1 and aldehydes and
the results are presented in Tables 2 and 3. For most cases, some solubilization of the partially
soluble reagents was observed, which typically included imines 2.1 but, in some cases, also
aldehydes (for most of the solid aldehydes used). The desired products tend to precipitate after
some time at 100 °C, most likely shifting the reaction equilibrium to the formation of the product.
The use of orthodisubstituted aromatic aldehydes (Table 2) resulted in the isolation of compounds
2.3 instead of the 2.6 isomer. It is possible that this is due to steric hindrance that shields the
proton on the sp*carbon, hindering its removal and a favorable orbital overlap that would allow
tautomerization to 2.6, as depicted in Scheme 18.

It was identified a selection of aldehydes that did not provide good results for the synthesis
of tricyclic structures 2.3 or 2.6, particularly morpholine-4-carbaldehyde, 4-cyanobenzaldehyde,
2.6-difluorbenzaldehyde and 4-nitrobenzaldehyde. Thus, the use of morpholine-4-carbaldehyde
resulted in a mixture of five products, including the starting material, after 12 h in ethanol, at 100
°C. 4-Cyanobenzaldehyde and 2,6-difluorbenzaldehyde afforded oily mixtures that could not be
identified, and 4-nitrobenzaldehyde, gave a red solid that revealed to be a non-identifiable complex

mixture by IR and 'H NMR.
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Table 2: Reaction conditions for the preparation of compounds 2.3d-i

R! Q R3CHO (1.1 - 2 equiv.)
N NH,  Piperidine (1.2 equiv.)
P © NH EtOH, 100 °C
R
2.1 2.3
Product structure t(h) mn (%) | Product structure tth) n(%)
o o
2.3d X" °NH OMe 2.3g MQOWNH
o \NK/CL 35 63 0 \NK/CEOH 4 48
OMe MeO OMe Br OMe
(o] o]
o \NJ\C[C’> 2.5 31 0" SN 1.5 79
OMe o MeO OMe
[e] [e]
2.3f NpNH 2.3i Bfww oe
o \NAC 65 25 o \Nﬁ@ 1033 28
OMe MeO OMe
Table 3: Reaction conditions for the preparation of compounds 2.6a-k’
R Q R3CHO (1.1 - 2 equiv.)
N NH, Piperidine (1.2 equiv.)
2 o NH EtOH, 100 °C
R
2.1
Product structure tth) n (%) | Product structure tth) n(%)
o o
2.6a NH 2.6e NH
. IN/)\© 3 35 o IN/)\©/0Me 3.5 34
OMe OMe
o (o]
2.6b [ M 2.6f [ NH OMe .
0 N/k@ 333 42 o N/J\©/°Me 36 59
OMe OMe
[e] [e]
2.6¢ | NH 2_6g ‘ NH
oW 28 45 0 ﬁ@ 433 59
OMe 'T‘/ OMe MeO
o (o]
2.6d TN ove 2.6h X
o 35 63 o NJ\Q 17 38
OMe
OMe OEt
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2.6i N 10 54 2.6v MQ‘HC(\/{LNH 25 39
0" N7 oH o N/)\©/CI
(o) (o)
2.6 7ONH o 9 36 2.6x @(\Aﬁw 5 39
0" N7 0" N7
OMe )\©
(o] [e]
2.6k [N 16 27 2.6y @(\ﬁw 5 21
P cl 0" >N”
O N
OMe )\©/ OH
(o] (o)
2.6l o 14 22 2.6z BG 5 56
0 N7 Br 0 N7
OMe )\©/ J\©
[e] o
2.6m M 16 39 2.6a’ CoNH o 17.66 33
o N/)\©\ o0 NP
OMe Br
(o] (o)
2.6n P g 17 | 2.6 MNH 475 62
o N/)\©/F o N/)\©
OMe
(o] o)
2.60 M 25 23 2.6¢’ M““ . 475 T3
o N/’\[j o N/Jj@/ ©
OMe F MeO
o o]
2.6p O 75 21 | 2.6d BFMNH 55 22
OMeO N)\Eﬁ< o N/J\©
(o] (o)
2.6q B 4 17 2.6¢’ B’Mw ove 366  25*
o N/)\/\© o N/)\Ej
OMe
(o] o)
2.6r BL 183 33 | 2.6f B’WNH 12 24
Pz fo) Z OMe
0N o N)\CE
OMe Y oMe
(o) ]
2.65 Me"j@(jfLNH e 133 81 | 2.6¢ BFMNH 11 44
_ /)D/OMe
(o) N [e) N
MeO
[e] (o)
2.6t Me"MNH 133 65 2.6’ °'MN~ 35 32
o N/)\©/OMG o N/J\©/0Me
o (o)
260 | "COIY L. 4 79 | 26w | TCryp 55 o2
o N)j@/ 0" N7 o

MeO
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o

e Cl
2.67 M owe 366 65 | 2.6K Mﬁj 366 62

O” °N
MeO

*Yield after recrystallization

The reaction with polyhydroxylated aldehydes was also troublesome, as none of the
attempts provided pure isolated products. When 2,4,6-trimethoxybenzaldehyde and piperonal were
employed, the final tautomerization involving positions 2 and 5 was not observed, affording tricyclic
products 2.3, with a tetrahedral rearrangement (sp3) at position 2 (Scheme 19). Typically, these
compounds could be recognized by a shift in two signals: (i) the NH group in the pyrimidinone ring
shifts from a singlet at 612-13 ppm (2.6) to a singlet or broad doublet at about 66.4-6.9 ppm
(2.3); and (ii) the methylene group in 2.6, which typically present a singlet at around 63-4 ppm,
shifts to a small doublet at about 67.2-7.8 ppm, which corresponds to the alkene moiety of the

2,3-dihydropyrimidin-4(54)-ones 2.3.

Physical, analytical, and spectroscopic characterization

The chemical structure of compounds 2.1, 2.15a, 2.6 and 2.3 was assigned based on

physical, analytical, and spectroscopic data (elemental analysis, melting point, IR, *H and 2*C NMR).

Physical and analytical characterization

The molecular formula and molecular weight were calculated based on the predicted
structure and the information obtained from the elemental analysis. The melting point intervals
(°C) were also measured, and the data is referred in the following Tables 4-6. Compound 2.15a

has been previously characterized in the literature®.

Table 4: Physical and analytical data obtained for 2-imino-2 #chromeno-3-carboxamides 2.1a-g and 2-oxo-2 4
chromeno-3-carboxamide 2.15a

Molecular calculated
Comp. structure Mp(°C) formula/ /obtained values (%)
Mass (M)
H N 0
CONH,
ol m — CuHuN.0y 21821 005 462 1284 22.00
O NH _ N B B
OMe
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«CONH; 6382 428 1489 17.00
2.1b @fOINH 185188 CuaN.0y/188.18 0000 328 148 1T

MeO «CONH; 6055 462 12.84 22.00
2.1c @;INH 200202 Cutoli0/ 21821 o000 08 LORE 25

Br . CONH; 4497 264 1049 1198
2.1d @;\LNH 202204 CoMBiN:/267.08 )07 s 10an

cl CONH,
22¢ | LI 192194  CuH.OIN.0y/ 222,63 o0 217 1258 11437
(0]

- 53.65 3.16 12.62 -
~CONH, 6534 498 1395 15.82
2.1f [;((;[NH 191193 Cululi0y/ 20221 0000 Joe laog

-CONH; 6534 498 1395 15.82
2.1g mw 222224 CubuN:0y/ 20221 20 o0 v

CONH,
2.15a° @;{ ~ CuMNOy219.19 6027 414639 29.20

[e) - - - -
OMe

aCommercial product

Table 5: Physical and analytical data obtained for 2-aryl-3 #chromeno[2,3-d|pyrimidin-4(34)-ones 2.3d-i

Molecular calculated
Comp. Structure Mp (°C) formula/ /obtained values (%)
Mass (M)
H N 0
o
2.3d ww ove 270271  CoiHyoN,0s/396.39 63.63 509 7.07 24.22
0N 63.92 5.08 7.27 -
OMe  heo OMe
o
2.3e @% 5300 CioHuN,0s/350.32 65.14 403 800 2284
o\N*CE% 65.54 4.14 825 -
OMe o
o
2.3f N ONH 260-262 Ci17H20N,03/300.35 67.98 671 933 1598
O\N*C 67.74 6.53 9.54 -
OMe
[e]
2.3g Me"m\*w 210 CioHisBrN2Os. 5236 355 643 19.29
O\NK/CEOH (dec)  0,25H,0/43124 5036 361 631 -
Br OMe

2.3h Meo\@\/\fLNH Me 252254 C21H20N206/39639 63.63 5.09 7.07 24.22
TN 64.04 513 7.39

2.3i B'\©\/YLNH Me 248-250 Co0H17BrN>0s/ 5395 385 6.29 17.97
o N 445.26 5349 386 6.36
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Table 6: Physical and analytical data obtained for 2-aryl-3Achromeno[2,3-dlpyrimidin-4(54)-ones 2.6a-k’

molecular Calculated
Comp. Structure Mp (°C) formula/ /obtained values (%)
mass (M)
H N 0
(o]
2.6a 7ONH dec CagH14N203/ 70.58 4.61 9.15 15.67
0N (270) 306.32 703 45 9.0 -
OMe
(o)
2.6b 7 NH >300 C19H16N203/ 7124 503 874 1498
0N 320.34 71.11 5.07 878 -
OMe
(o]
2.6¢ [N 297-300 Ca0H19N303/ 68.75 548 12.03 13.74
° NJ\@ 349.38 - - - -
OMe N7
|
(o)
2.6d 7N owe 260-262 C19H16N204/ 67.85 479 833 19.03
0N 336.34 68.22 481 842 -
OMe
(0]
2.6e 8% 296-300 CioHigN204.0,2H, 67.1 48 8.2 19.7
0 N7 OMe 0/339.94 66.8 4.6 8.3 -
OMe
(o]
2.6f 7N e 255-257 Ca0H1sN,0s/ 6557 495 765 21.84
07N OMe 366.37 - - - -
OMe
(0]
2.6g NH 297-300 Ca0H1sN,0s/ 6557 495 765 21.84
o i ove 366.37 6522 503 7.79
OMe MeO
(e}
2.6h o 295-297 Ca0H18N204/ 68.56 5.18 800 18.27
° N/KQ 350.37 6852 505 821 -
OMe OFt
(o]
2.6i o 298-302 C1gH14N,04/ 67.07 438 869 19.88
0" N7 OH 322.31 66.86 4.66 8.66 -
OMe
(o]
2.6j CONH G 262-264 C18H13CIN,03/ 63.44 385 822 14.09
0" N7 340.76 63.70 3.95 8.54 -
OMe
[e]
2.6k NH >300 C1sH13CIN,O3/ 63.44 385 822 14.09
340.76 63.24 378 8.30 -
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2.6l Ao >300 CisHisBrN,0; 5551 344 720 13.17
0 N/K@Bf 02H,0/38881 5541 345 732 -
OMe
(0]
2.6m Horw >300 CisHisBrN,0s/  56.12 340 7.27 12.46
0 N/KQ 38521 5652 343 727 -
OMe Br
(o]
2.6n Ao 270273 CiHisFN,Os/  66.66 4.04 864 14.80
0 N/*@ﬁ 32431 _ - - -
OMe
(o]
2.60 A >300 CigHisFN.Os/  66.66 4.04 864 14.80
= N/AQ 32431 6698 397 891 -
© F
2.6p How >300 CoHisN:0s/ 7187 696 645 1473
' *?\X 434.53 71.96 686 675 -
OH
[e]
2.6q o dec. CaoHiN,0s/ 7228 4.85 843 1444
M@ (275) 332.35 7215 516 875 -
[e]
2.6r Mo >300 CieHN,0. 6402 413 933  22.40
7o 02H,0/299.88 6433 440 955 -
[e]
2.6s MeO\@\/jl\)LNH Me 246-248 C19H16N204/ 67.85 479 8.33 19.03
o N/Ké 336.34 6779 486 854 -
[e]
2.6t MeOMNH 268270  CiHiN:Os/  67.85 479 833 19.03
° N*@/"Me 336.34 67.56 4.76 8.56 -
(]
2.6u M 205207  CaHiN,Os/ 6557 495 7.85 21.84
0 N”ﬁ@we 366.37 65.79 487 7.76 -
MeO
(e}
2.6v MeoMNH 278 CisH1sCIN,0s/  63.44 385 822 14.09
° N/k@rc' (dec.) 340.76 6348 383 833 -
(o]
2.6x MNH dec. CiHLN.0o/ 7390 4.38 1014 11.58
0 N/k© (298) 276.29 7401 448 1009 -
2 6y dec. C25H28N203/ 74.23 6.98 6.93 11.87
’ (300) 404.50 7395 6.84 7.19 -
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H,0/397.79

2.6z Ao >300 CigHuN0o/ 7447 486 965 11.02
0N 290.32 7435 498 965 -

(o]
2.6a’ A g 262265  CigHisCIN,O,/ 6657 4.03 863 985
07N 324.76 - - - -

(o]
2.6b’ MNH 300-303 C1sH14N,0,/ 7447 486 9.65 11.02
0N 290.32 7436 500 960 -

(o)
2.6¢’ WNH 207209  CaoHisN-0/ 6856 5.18 800 18.27
0 Nﬁjwe 350.37 6878 517 807 -

MeO

(o]
2.6d’ BfMNH 290292  CiHuBrN,O,  52.19 386 7.16 20.42
0N 2H,0/374.80 5231 412 716 -

(o]
2.6¢’ Br\cfj‘\)LNH OMe 288 C]nggBI’Nzo?,/ 56.12 3.40 7.27 12.46
0 N/K© (dec.) 385.21 5592 341 729 -

(o]
2.6f BfWNH >300  CiHisBrN,Os/ 5496 364 675 1541
o N/KCEOMQ 415.24 5486 352 706 -

OMe

(o]
2.6¢’ BfMNH 218221  CiHisBrN.Os/ 5496 364 675 1541
0 Mﬁ@(we 415.24 - - - -

MeO

[e]
2.6h’ BFMW >300  CisHuBrN.O,/ 5416 278 7.02 16.03
0 N/*@[% 399.19 5455 273 7.1 -

(o)

(]
2 61" aww ve 274276  CigHisCIN,Os/ 6354 375 822 14.09
0N 340.76 6359 396 855 -

(@]
2.6 C.MNH 290 CisH1:CIN,Os/ 6354 375 822 14.09
o N/KC(OME (dec.) 340.76 6395 379 858 -

(o]
2.6k’ C'Mm 260262  CioHisCIN,0..15 57.31 452 7.03 22.12
° N/ﬁ@/we 5751 413 692 -
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IR spectroscopy

IR spectroscopy allowed to distinguish both compounds 2.1 and 2.15 by the C=0
stretching band, which occurs at 1692 cm for 2.15a. For compound 2.1a, the C=0 stretching
vibration of the amide carbonyl group appears at 1700 cm, while for 2.15a appears at 1706
cm. For compounds 2.1, the N-H stretching vibration can also be observed around 3200-3300
cm?, while for 2.15 are observed at 3392 and 3275 cm (Table 7).

As expected, the IR spectra for compounds 2.3 and 2.6 shares some similarities. In both
cases, the C=0 stretching vibration band is identified around 1630-1700 cm™, and the N-H
stretching vibration band of the amide group is observed around 3000 cm. The latter band is often
broad and tends to show a low intensity (Tables 8 and 9).

RLe A < NH,

T 8807, X
R2
2.1 (X=NH)
2.15a (X=0, R'=H, R?=OMe

Table 7: IR spectroscopic data (Nujol, cm™) obtained for 2-imino-
2 Hchromeno-3-carboxamides 2.1a-g and
2-0x0-2 H-chromeno-3-carboxamide 2.15a

Compound R! R? 4000-3000 1700-1500
2.1a H OMe  3293s, 3149m 1700s (C=0)
2.1b H H 3280m, 3130m 1681s (C=0), 1603m, 1567m
2.1c OMe H 3278s, 3145m 1678s (C=0), 1600m,1575m
2.1d Br H 3278s, 3132m 1684s (C=0), 1611m, 1592sh, 1563m
2.1e Cl H 3272m, 3175m 1675s (C=0), 1596m, 1564m
2.1f H Me  3274m, 3126m 1681s (C=0), 1602m, 1577m
2.1g Me H 3276s, 3154m 1675s (C=0), 1599m, 1577m
2.15a H OMe  3392m, 3275m 1706s (C=0), 1647m, 1612m, 1591m, 1577m

Table 8: IR spectroscopic data (Nujol, cm™) obtained for 2-aryl-3 Hchromeno[2,3-d|pyrimidin-4(34)- ones

2.3d-i
Compound Structure 4000-3000 1700-1500
[e]
Y7 UNH - OMe 3155w 1699s, 1658s (C=0), 1625sh, 1603s
2.3d o \N)\/©\
OMe MeO OMe
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(e}
wNH 3151m 1686m, 1649s (C=0), 1649sh,
2.3e 0 \NJ\CE% 1606m, 1564s, 1517sh
OMe o
(o]
NPONH 3172m, 3040i  1688s, 1653s (C=0), 1619s, 1609s,
2.3f o \NKC 1580m
OMe
[e]
MQOWNH 3358m, 3153m,  1692s, 1643s (C=0), 1619sh, 1579s
2.3g o \NJECEOH 3026m
Br OMe
(o]
MeOC@\ANH ve 3146m 1694s, 16565 (C=0), 1603s, 1584s
2.3h S
MeO OMe
(0]
_ Bﬁ@@\*w e 3150m 1697s, 1657s (C=0), 1625sh,
23i o™ N 1604sh, 1592s, 1564sh
MeO OMe

Table 9: IR spectroscopic data (Nujol, cm™) obtained for 2-aryl-3 A#chromeno[2,3-dlpyrimidin-4(5 A)-ones

2.6a-k’'
Compound Structure 4000-3000 1700-1500
0]
2.6a ] |Nﬁﬂ© 3150m, 3067m 1637s (C=0), 1609sh, 1579s
OMe
o
2.6b . |N)L“©\ 3151m, 3070m  1649s (C=0), 1601m, 1577s, 1554sh
OMe
o]
2.6¢ ] N)L”@\ 3150m, 3074m  1650s (C=0), 1601m, 1577s, 1556sh
OMe T/
o
2.6d . |N/““ e 3314s 1661s (C=0), 1608sh, 1577s, 1558sh
OMe
o
2.6e ] |N/L“©OME 3195m, 3090m  1643s (C=0), 1621s, 1606sh, 1573s,
ove 1555s, 1511sh
o]
2.6f . \N/““ M e - 1637s (C=0), 1611sh, 1582s
OMe
o
2.6g Iy 3282s,3026m  1665s (C=0), 1617sh, 1603m, 1572s,

1526sh
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2.6h . 3075m 1649s (C=0), 1612sh, 1579s, 1559sh,
Sue hoa 1524m
(o}
2 6i [ 1" o4 3493m, 3076w 1671sh, 1642s (C=0), 1609sh, 1582m,
" O” °N
Sve ﬁ 1561m, 1515m
(e}
2.6f B! - 1642s (C=0), 1608m, 1599sh, 1580s
OMe
o
2.6k A o 3060w 1659s (C=0), 1607m, 1579s, 1564s,
OMe /K©/ 1505w
(o}
2.6l Do 3088w 1654s (C=0), 1607m, 1578s, 1533m,
Sue” NA@V 1511w
(e}
2.6m B 3139w, 3066m  1649s (C=0), 1602m, 1578s, 1552m,
" O” °'N
S )\@Br 1510m

3070w 1650s (C=0), 1607sh, 1573s, 1512w

NH
2.6n |
P F
[¢] N
OMe

NH 3156w, 3082m 1650s (C=0), 1612m, 1576s, 1524m

2.60 | /)\@L
0"N
OMe E

2.6p | /)Ni?\/k 3638m, 3622m 1657s (C=0), 1607m, 1580s, 1565s
0" °'N
OMe OH

2.6q [ 3160w, 3068m,  1648s (C=0), 1575s, 1565sh, 1541sh
° */\@ 3040m
OMe
o]
2.6r B 3124m 1650s(C=0), 1602m, 1577s, 1546sh
OMeO " \o/
o
2.65 MeOMwH e 3208m 1660m (C=0), 1617m, 1589sh, 1578m,
0N 1546m
o]
2.6t M6°M~H 3142w, 3077m  1631s (C=0), 1599sh, 1582sh,1556m

2.6u M‘*"j@(oj:/w . 3206m 1662s (C=0), 1618sh, 1590sh, 1578sh,

1553s

MeO
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(o]
2.6v Mec’@ﬁl\*w 3058m 1662s (C=0), 1614sh, 1581sh, 1568m
- o N/)\©/CI
o)
2.6x @(ﬁw 3154w, 3073w 1646s (C=0), 1617sh, 1592m, 1575m,
° N*@ 1554m, 1518m, 1504w
[e]
7 NH 3635m, 3625sh,  1638s (C=0), 1607sh, 1576s, 1566s
2.6y P
° N*EE& 3611sh
OH
o)
2.62 N 3150w, 3073m  1651s (C=0), 1605sh, 1585m, 1555m,
° N*@ 1514w
(o]
2. 6a’ g - 1653s (C=0), 1607m, 1583m, 1565sh,
07N 1503w
(o)
2.6b’ mw 3151w, 3070m  1644s (C=0), 1619sh, 1590sh, 1557m,
o N*@ 1505sh
]
; NH 3331m 1667s (C=0), 1620m, 1578sh, 1560s
2.6¢ . IN/ oMe
MeO
o)
2.6d’ Bf@(ﬁw 3167w, 3060m  1667s (C=0), 1611m, 1570m, 1558m,
° N*@ 1511w
o)
2.6¢’ B’Mm Me 3223w, 3170w,  1650s (C=0), 1614m, 1602m, 1584m,
0N 3088w 1567s, 15565
(o)
; B NH 3151w, 3073w 1641s (C=0), 1603w, 1572m, 1530m
2.6f By ove
OMe
(o)
; B NH 3285m 1679s (C=0), 1614m, 1601m, 1586m,
2.6g | oMo
° Nﬁ@( 1567s
MeO
(o]
2.6h’ BFMNH 3154w, 3066w 1650s (C=0), 1574m, 1518m
’ 0 N7 °>
(o]
o
2 61" 3271m 1663s (C=0), 1623m, 1602sh, 1584m,

/
aae

1545s,
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2.6f C'MNH 3133w, 3055m  1658s (C=0), 1619sh, 1566s, 1509m

1568s

cl _
26K’ M 3293m 1672s (C=0), 1614sh, 1606m, 1586sh,

MeO

NMR Spectroscopy

Compounds 2.1 and 2.15a (Table 10) have characteristic spectroscopic signals. By *H
NMR, it is possible to identify compounds 2.1 from the displacement of the NH, protons of the
amide moiety (69.87-7.75 ppm), which occurs more intensely than in 2.15a (68.06-7.91 ppm),
probably due to the nature of the interaction between the amide protons and imine (2.1) and oxo
(2.15a) groups.

The '*H NMR spectra of 2.15a also corroborates the absence of the imino group as the
characteristic signal at §9.01 ppm corresponding to the NH group in 2.1 was obtained. As referred
by O'Callaghan’, there is an observable ring-opening phenomenon in DMSO-de, with an extent
varying from 0 to 89% depending on the substituents present in the chromene ring. The 'H and **C
NMR characterization of compounds 2.1a, 2.1¢ and 2.1e was performed considering to the
information currently described in the literature’. The most distinctive features in the 2*C NMR
spectra are the amide carbonyl signal, which appears around §164-162 ppm, and the C4 signal
between 6142-140 ppm (except for compound 2.1¢, in which appears at 6119 ppm) (Table 11).

It is possible to observe the chromene ring-opening of compounds 2.1 in DMSO-de, but
for the present work, such structures are not characterized by NMR spectroscopy, as they are not
relevant for the matter and because, for most of the chromenes 2.1 described in this work, there
is already an identification of both these structures and the ratio of the substituent-dependent ring-
closed/ring-opened structures’. For some compounds, another small, broad signal appeared at

612.7-12.5 ppm,
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Table 10: 'H NMR (400 MHz, DMSO-ds, & ppm) spectroscopic data
obtained for 2-imino-2 #chromeno-3-carboxamides 2.1a-g and for

2-0x0-2 H-chromeno-3-carboxamide 2.15a

5
Rl 4

4

3 NHp

%Y 8807, X

R2

2.1 (X=NH)
2.15a (X=0, R'=H, R2=OMe

Comp. R! R? H4 Ar (H5-8) NH CONH, OMe/
Me
8.38 7.32 (t, /= 7.9 Hz, 1H, H6), 9.01 9.61 3.89
21a! | H ome (&1H 7.30(dd, A=7.9Hz, /o=1.0Hz, (s, 1H) (s, 1H) (s, 3H)
1H, H7), 7.25 (d, .~ 7.9 Hz, and 7.90
1H, H5) (s, 1H)
842  7.76 (dd, £=7.5Hz, /=13 Hz,  8.90 9.87
2.1b! | H H (s, 1H)  1H, H5),7.58 (dt, h=7.5Hz, (s, 1H) (s, 1H)
4=1.3Hz, 1H, H7), 7.26 (t, /= and 8.03
7.5 Hz, 1H, H6), 7.22 (d, £ 7.5 (s, 1H)
Hz, 1H, H8)
8.43 7.36 (d, .~ 3.0 Hz, 1H, H5), 9.01 9.87 3.80
2.1¢! |ome H (& 1H 7.16(d, ~£89Hz 1H H8),  (s,1H) (s, 1H)  (s,3H)
7.13(dd, /= 3.0 Hz, /= 8.9 and 8.03
Hz, 1H, H7) (s, 1H)
8.36 7.96 (d, =~ 2.4 Hz, 1H, H5), 9.00  9.48(s,
21d | Br H (&1H  7.64(dd, 4=88Hz /=28 (s, 1H) 1H)and
Hz, 1H, H7), 7.13 (d, .~ 8.4 Hz, 7.81 (s,
1H, H8) 1H)
8.40 7.81 (d, = 2.5 Hz, 1H, H5), 9.02  9.51 s,
21e! | o0 H (&IH)  755(dd, 4=88Hz, /=25 (s, 1H) 1H)and
Hz, 1H, H7), 7.23 (d, .~ 8.8 Hz, 7.80 (s,
1H, H8) 1H)
8.35 7.53 (d, /= 7.6 Hz, 1H, H5), 884  971(s, 232
2.1f H Me (A~ 7.40 (dd, ~A=7.6Hz, =08 (s,1H) 1H)and (s, 3H)
1.6 Hz,  Hz, 1H, H7), 7.17 (t, /= 7.6 Hz, 7.75 (s,
1H) 1H, H6) 1H)
8.31 7.49 (s, 1H, H5), 7.33 (dd, 4= 864  9.48(s, 231
21g | Me H (s 1H  84Hz s=20Hz 1H,H7), (s, 1H) 1H)and (s, 3H)
7.07 (d, =~ 8.4 Hz, 1H, H8) 7.75 (s,
1H)
8.83 7.49 (dd, /= 7.5, A= 1.5 Hz, 8.06 3.88
2.15a2| H oOMe (s1H  1H,H5),7.42 (dd, /=82 Hz, (s, IH (s, 3H)
4=1.5, 1H, H7), 7.35 (t, = 7.8 and 7.91
Hz, 1H, H6) (s, 1H)

1Data obtained from ref. 7; performed using Bruker MSL 400 instrument

2Da‘[a obtained from ref. 6; performed using Bruker MSL 400 instrument; Commercial product
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Table 11: 3C NMR (400 MHz, DMSO-ds, § ppm) spectroscopic data obtained for 2-imino-2 #<chromeno-3-
carboxamides 2.1 and for 2-0x0-2 Hchromeno-3-carboxamide 2.15a

Comp. R! R? c2 c3 c4 Ar (C4a-8a) CONH, OMe/
Me

145.8 (C8), 145.7

21a' | H OMe 1551 1283 141.1 (C8a), 123.8 (CH), 162.9 55.9
121.0 (C6), 119.0

(C4a), 115.4 (C7)

153.6 (C8a), 132.9

21b' | H H 1555 1209 1410 (C7), 129.8 (C9), 162.9
124.0 (C6), 118.5

(C4a), 114.8 (C8)

155.5 (C6), 152.5

2.1¢! [OMe H 1562 1214 1191 (C5), 148.3 (C8a), 163.3 56.1
120.1 (C7), 119.1

(C4a), 116.1 (C8)

152.68 (C8a), 135.01

21d | Br H 15694 12190 13975  (C7),115.26(Cé), 162.41
131.73 (C5), 121.04

(C4a), 117.05 (C8)

154.6 (C8a), 134.5

21e! | ¢ H 1571 1227 1421 (C7), 130.4 (C6), 164.7
129.1 (C5), 122.3

(C4a), 119.0 (C8)

151.78 (C8a), 134.00
21f | H Me 15568 12043 14132  (C7),127.46(CY), 162.99  14.41
123.84 (C4a),
123.44(C6), 118.08
(C8)

151.54 (C8a), 133.24

21g | Me H 15560 12076 14064  (C7),129.22(CH), 162.67  19.75
127.90(C6), 117.99

(C4a), 114.32 (C8)

2.15a’ H OMe - - - -

1Data obtained from ref. 7; performed using Bruker MSL 400 instrument

2Data obtained from ref. 6; performed using Bruker MSL 400 instrument; Commercial product

The most relevant features of the *H and *C NMR spectra of compounds 2.3 are (Tables
12 and 13): (i) the existence of a singlet between §7.99-7.50 ppm and a small doublet at §6.6-
6.3 ppm, attributed to H5 and H2, respectively; (ii) the strong displacement to low field of the NH
signal of the pyrimidinone group, when comparing to what is observed for compounds 2.6; {iii)

two signals, one between §130-133 ppm (C5) and another between §62-70 ppm (C2). For all the
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compounds, the complete assignation of the signals in the *C NMR spectrum was performed by
two-dimensional correlation spectra (HMQC, HMBC). The most relevant cross peaks identified were
between H4 and C4, C4a, Cba, C6, C9, C9a, C1l0aand, in some cases, also with C2, as well as
the correlation between H2 with C1’, C4, C4a, C10a and, in some cases, C5.

The most relevant features of the *H and =C NMR spectra of compounds 2.6 are (Tables
14-17): (i) a singlet between 83-4 ppm, integrating for two protons, which was assigned to H5;
(ii) a broad singlet at around 612.93-12.06 ppm region corresponding to the NH group of the
pyrimidinone moiety; (iii) two signals at around 6161-163 ppm, belonging to both C4 and C10a;
(iv) a signal at around & 155-156 ppm corresponding to C2. HMBC correlation spectra showed
relevant cross peaks, for example between C2' and C6', and between the methylene group at C5

and C4, C4a, Cbha, C6, C9a, C10a and in some cases, C7.
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Table 12: *H NMR (400 MHz, DMSO-ds, 8 ppm) spectroscopic data obtained for 2-aryl-3 Achromeno([2,3-d]pyrimidin-4(3 4)-ones 2.3d-k

Comp. R! R? R3 H2 H5 H6-9 H2’-6’ NH
oMo 6.52 7.93  7.17(d, £8.4Hz 1H,H6), 7.16 (d, =  6.20 (s, 2H, H3'+H5'), 3.74 (OMe),  8.48 (d,
23d | H OMe LK g (s, 1H) (s, 1H) 8.4 Hz, 1H, H8), 7.11 (t, = 80 Hz, 1H, 3.73 (br s, 6H, 2x OMe) £16
¢ H7), 3.81 (s, 3H, OMe) Hz, 1H)
MeO”2 s OMe
93 H oM < ls0 6.13 793 721 ~7.2Hz 1H,H7),7.20(d, = 6.88(t ~ 1.6 Hz, IH, H3'), 6.86 (s, 8.91 (d,
e © LU S (s, 1H) (s, 1H)  7.2Hz, 1H,H8),7.13(d, ~8.0Hz,  1H,H6'),6.81(dd, 4=8.0, b=16  ~1.2
¥ 1H, H6), 3.83 (s, 3H, OMe) Hz, 1H, H2"), 6.98 (s, 2H, H7) Hz, 1H)
Y L o 2 5.27 7.81(d,  7.21(dd, 4= 1.6 Hz, h=7.6 Hz, 1H,  1.42-1.33 (m, 3H), 1.08 (q, 4= 2Hz,  8.49
' ¢ \1'@3' (s, 1H) L£12  H8),7.16(dd, h= 1.6 Hz, h=7.6 Hz,  h=7.2 Hz, Js= 14 Hz 2H), 0.89 (, (s, LH)
LN Hz, IH)  1H, H6), 7.11 (t, .~ 7.6 Hz, LH, H7), J=7.6 Hz, 1H), 0.83 (t, .~ 7.6 Hz,
3.85 (OMe) 1H)
Y Qe 6.52 (dd, 7.86 7.25(d, /= 2.8 Hz, 1H, H6), 7.09-7.02  6.21 (s, 2H, H3'+ H5"), 3.76 (s, 3H,  8.48 (d,
23g [oMe H \ : 4=0.4Hz, (s, 1H) (m, 2H, H8+H9), OMe), 3.75 (br s, 6H, 2x OMe) £ 1.6
MeO 27 “OMe /o= 1.6 Hz, Hz, 1H)
1H)
2.3h e O 6.34(s, 1H 7.99(s,  7.26(d, J=2.8 Hz, 1H, H9), 7.11 (s, 7.07 (s, 1H, H3), 6.73 (s, 1H, H6) 8.89
S OMe  H j@[ 1H) 1H, H6), 7.09 (d, = 2.8 Hz, 1H, H8), (s, 1H)
Br~2 > 4"0OMe
P ’ Y Qe 6.53 (s, 1H) 7.89(s, 7.89 (s, H, H6), 7.60 (dd, /1= 8.8 Hz, 6.21 (s, 2H, H3'+H5'), 3.75 and 8.56
i g 1H)  4=2.4Hz 1H, H8), 7.11 (d, .~ 8.8 Hz, 3.64 (s, 9H, 3x OMe) (s, 1H)
MeO2>7" “OMe 1H, H9),
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Table 13: 3C NMR (400 MHz DMSO-ds, § ppm) spectroscopic data obtained for 2-aryl-3 4chromeno[2,3-d|pyrimidin-4(3 A4)-ones 2.3d-k

Comp. R' R R c2 ¢5 C4a-10a c1-7’ CONH,
154.65 (C10a), 146.47 (C9), 142.68 (C9a),  161.03 (3C, C2'+C4'+C6’), 109.27 (C1),
534 j@ 123.95 (C7), 121.03 (C6), 119.08 (C5a), 91.46 (C3'+C5'), 56.00 (OMe), 55.33
: . 6302 13099 11673 (c4a), 115.54 (C8), 56.22 (OMe) (2C, 2x OMe) 159.50
154.36 (C10a), 146.51 (C9), 142.73 (C9a),  147.59 (C4'), 147.11 (C5'), 136.45 (C1'),
S ﬁ 084 133.60 12420 (C7), 12124 (C6), 119.65 (C5a),  119.90 (C2)), 108.25 (C6'), 106.98 (C3), 150,06
116.08 (C8), 114.77 (C4a) 101.29 (C7')
157.45 (C10a), 146.55 (C9), 142.82 (C9a),  48.73 (C1'), 20.67 (C2'), 12.32 (C3')
23f | H OMe \C 70.50 13270  124.32 (C7), 121.23 (C6), 119.72 (C5a), 160.23
116.00 (C8), 115.45 (C4a), 56.30 (OMe)
155.15 (C7), 154.72 (C10a), 147.61 (Ca), 160.79 (3C, C2'+ C4'+ C6'), 109.24
2.3g | om j@ 62.83 13056 119.51 (C5a), 118.81 (C9), 116.78 (C4a), (C1'), 91.29 (C3+C5'), 55.80 (OMe).  159.61
oo 116.40 (C8), 112.75 (C6), 56.06 (OMe) 55.68 (OMe), 55.34 (OMe)
155.95 (C7), 154.90 (C10a), 147.80 (C9a),  148.62 (C4'), 146.67 (C5'), 132.49 (C1'),
23h |OMe H j@ 70.90 13354  119.93(C9), 119.57 (C5a), 116.83 (C6),  116.19 (C3'), 114.91 (C6'), 109.66 (C2)  159.44
£ OMe 114.93 (C4a), 113.03 (C8), 56.28 (OMe)
154.23 (C10a), 152.61 (C9a), 134.70 (C8),  160.96 (C2'+ C4'+ C6'), 108.84 (C1).
2.3i 6293 12940  131.50 (C6), 121.31 (C5a), 117.84 (C9). 91.32 (C3'+ C5), 55.82 and 55.41(3x  159.32

MeO2i

117.42 (C4a), 115.29 (C7)

OMe)
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Table 14: *H NMR (400 MHz, DMSO-ds, & ppm) spectroscopic data obtained for 2-aryl-3 #chromeno([2,3-d]
pyrimidin-4(5A)-ones 2.6a-k’

Comp. R' R? R3 H5 Ar(H6-9) Ar(H2'-6") NH
26 4 om ' 273 7.06 (1, /28O Hz, 1H, H7), 6.96 (dd, b= 8.18(d, = 7.6 Hz, 2H, H2'+HE), 7.60 (dh, /=84,
-oa € o on B0 =12Hz 1M HE), 684(dd, /=76, =12 Hz IH HA), 7.50 (dt /=80 Kz 4= 16Hz, 1
’ J=1.6 Hz, 1H, H6), 3.83 (s, 3H, OMe) oH, H3'+ H5'), '
. 7.05 (t, 480 Hz, 1H, H7), 6.94 (dd, = 802 (dh, /~B.OHz 2H, H2+6),7.33(d, £ 80Hz,
26b | H OMe 4-Me : 2H)( ' 8.0Hz J=08Hz, 1H, H8), 6.83 (dd, = 2H, H3'+ H5'), 2.38 (s, 3H, CHs) o 11
7.6 Hz, /= 1.2 Hz, 1H, H6), 3.83 (s, 3H, '
OMe)
26 4 oMe 4N 270 7.04(, /- 8O Hz, 1H, H7), 6.79 (dd, = 803 (dh, =88, = 2.0 Hz, 2H, H2' + HE), 679 (dd, -
-o¢ e 4-N(Me), o on 76 4-08Hz 1H HE) 683(dd /=88, =88 - 20Hz 2H HI'+H5), 302(s 6H 2 "
’ J=2.0 Hz, 1H, H6), 3.86 (OMe) Me) '
270 7.06 (t, 480 Hz, 1H, H7), 6.95 (dd, = 8.05 (d, - 8.4 Hz, 2H, H2 + H6), 7.37 (0, £ BAHZ
26d | H OMe 20Me o BOHz - 12tz IH HE), 683 (6, - 2H, H3'+ H5), 2.68 (q, /~ 7.6 Hz, 2H, CH2), 1.21 (t, o 1H
’ 7.6 Hz, /= 1.6 Hz, 1H, H6), 3.82 (s, 3H, J/=7.6 Hz, 3H, CH3) ’
OMe)
26 , 7.06 (t, =~ 8.0 Hz, 1H, H7), 6.94 (d, ~7.2  7.71 (dd, /i= 7.6 Hz, /=1.6 Hz, 1H, HE'), 7.67 (t, /-
e | H OMe  3-OMe (3'%) Hz, 1H, H8), 6.83 (d, /= 7.6 Hz, 1H, H6), 1.2 Hz, 1H, H2'), 7.44 (t, /- 8 Hz, 1H, H5), 7.14 (dd, (12'175)
. 3.83 (s, 3H, OMe) Ji=8.0 Hz, /o= 2.0 Hz, 1H, H4"), 3.84 (s, 3H, OMe) ’
a6t | b ove 2.OM . 7.06 (, 480 Hz, 1H, H7), 694 (dd, = 7.25(d, 4= 6.4, 4= 40 Hz, IH, H4), 721717 (m,
. e - e, . _ — [} ) ! b
SoMe (o oW B4 /4 12Hz 1H HB),684(dd /=76,  2H HS'+HE), 386 (s 3H,C3-OMe), 376 (s, 3H, 1

J=0.8 Hz, 1H, H6), 3.81 (s, 3H, OMe)

C2'-OMe
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7.06 (t, ~8.0Hz, 1H,H7),6.94 (d, ~7.2 7.28(d, ~2.4Hz, 1H, H6"), 7.15-7.12 (d, £ 2.4 Hz, 12.12
Hz, 1H, H8), 6.83 (d, .~ 7.6 Hz, 1H, H6), 2H, H3' + H4'), 3.82 (s, 3H, C3-OMe), 3.77 (S, 3H, (s, IH)
3.84 (s, 3H, OMe) C5-OMe)

26g | H OMe 2-0Me, 371
5.0Me (s 2H)

2 6h , 369  7.04(t ~80Hz 1H, H7),6.93(d, /~7.6 8.09(d, /~8.8Hz 2H, H2 + HE'), 7.04 (d, /~ 8.8 Hz,  12.62
' HoOMe AORL ol Mz 1HHB),6.82(d, 472 Hz IH HE),  2H,H3'+ H5), 411 (q, & 7.6 Hz, 2H, CH2), 134t (s, IH)
’ 3.83 (s, 3H, OMe) J=7.2 Hz, CH3)

261 , 379 7.06(t /8.0 Hz 1H, H7), 694 (d, -84 978 (s, 1H, OH), 7.56 (d, /- 6.4 Hz, 1H, HE), 7.55  12.68
OF | HoOMe 3OH - oy Hz 1HHS),683(dd, 4= 7.6Hz s=12 (5, 1H,H2), 7.32 [t /8.4 Hz, IH, H5), 692 (dd, (5, 1H)
Hz, 1H, HE), 3.84 (S, 3H, OMe) Ji= 9.6 Hz, Ji= 2.0 Hz, 1H, H4')

3.73 7.07 (t, ~7.6Hz 1H,H7),6.95(t, 7.6  8.18(d, ~ 7.6 Hz, 2H, H2' + HE'), 7.64-7.60 (m, 2H, 12.93

260 | H o OMe  2Ch ") Hz IH HB),685(d, /7.2 Hz 1H,HE),  H3' + H6), 7.56 (dt, /i= 8.0 Hz, Ji= L6 Hz, IH, H4) (s, IH)

3.80 (S, 3H, OMe)
e L o ac 375  7.05(t ~£7.6Hz, 1H H7),6.94(d, ~7.6 817 (t, J=1.2 Hz, 1H, H2), 8.09 (dt, s=8.0 Hz, o=  12.83
' ¢ ) (s, 2H)  Hz 1H H8), 6.84(d, ~7.2Hz, 1H, HE), 1.2 Hz, 1H, HE'), 7.63 (dq, i= 8.0 Hz, /= 2.0 Hz, = (5, 1H)
3.85 (S, 3H, OMe) 1.2 Hz, 1H, H4), 7.55 (t, /~ 8 Hz, 1H, H5')
2.6l , 379 7.06(t ~80Hz 1H, H7),6.94(d, ~7.2 831 (t ~£16Hz, 1H, H2), 8.12 (d, /=8 Hz, 1H, 12.86
' H o OMe  3-Br s 2H) Mz 1H,H8),6.83(d, /- 7.6 Hz, 1H, HE),  HE), 7.78 (dd, /o= 8.0 Hz, /o= 0.8 Hz, 1H, H4), 7.49 (s, 1H)
3.83 (s, 3H, OMe) (t, /= 8.0 Hz, 1H, H5')

v , 370 7.06(t ~80Hz 1H,H7),6.94 (d, ~6.8 8.06 (d, 2H, /8.4 Hz, H2' + HE'), 7.38 (d, 2H, ~ 8.4  12.58
om | HoOMe 4% "UH) Hz 1H,H8), 683 (d, 5 6.8 Hz, 1H, He), Hz, H3'+ H5') (s, 1H)
3.83 (s, 3H, OMe)

26 H oM 3F 3.74 7.07 (t, 7.6 Hz, 1H, H7), 6.96 (d, ~ 7.2 7.99 (d, ~ 8.0 Hz, 1H, H6'), 7.93 (dd, /4= 10.0, A= 12.88
= ¢ 62 Mz IHHB) 684(d, - 6.4Hz, IH H6),  2.4Hz 1H, H2), 758 (q, /- 80 Hz, 1H, H5), 7.45 5, 1H)
3.84 (S, 3H, OMe) (dt, 1=8.4, /h=2.0Hz, 1H, H4’)

377 7.06(t, ~80Hz 1H,H7),6.95(d, - 68 8.18(dd, 2H, 4=8.8 Hz, /o= 5.2 Hz, H3'+ HE'), 7.37  12.83
(Sl 2H) HZI ]'Hl H8)1 684 (d1 */: 68 HZI ]'Hl H6)1 (dt, 2H, ‘/1= 88 HZ, ‘/2=20 HZ, H2] + H6,) (sl ]'H)
3.83 (s, 3H, OMe)

2.60 H OMe 4-F
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26 356 370 707 ~8Hz IH H7),695(d, 468 783 (s, 2H, H2 + HE'), 7.65 (5, 1H, OH), 1.43 (s, 9H, 1276
Op | H o OMe . e2n  Hz 1HH8),6.83 (d, £ 6.8 Hz, 1H, He), C3' or C5*#Bu), 1.35 (s, 9H, C3' or C5™-£Bu) (s, 1H)
OH 3.83 (s, 3H, OMe)

370 7.02(d, ~9.2Hz, 1H,H9), 6.84 (d, ~2.8  7.69 (d, IH, /1= 8.0 Hz, o= 2.0 Hz, HE’), 7.53 (dt, 12.15
(s,2H)  Hz 1H,H6),6.79 (dd, /=88 Hz, /,=2.8  1H, /=7.2Hz, h=2.0Hz, H4),7.19(d, 1H, ~ 84 (s, 1H)
Hz, 1H, H8), 3.86 (s, 3H, OMe) Hz, H3'), 7.07 (dt, 1H, /i= 7.2 Hz, 4 =0.8 Hz, HY)

26s [OMe H  2-OMe

26t | om H 3.0Me 372 7.14 (dd, /1= 8.0 Hz, /o= 2.0 Hz, 1H, H8), 7.70 (d, = 7.6 Hz, 1H, H6'), 7.67 (s, 1H, H2’), 7.43 12.79
) € (s,2H)  7.07(d, £8.0Hz, 1H, H9), 6.87 (d, £ 3.2 (t, ~ 8.0 Hz, 1H, HY'), 6.83 (dd, /i=8.8 Hz, ;= 2.8 (s, 1H)
Hz, 1H, Ho), 3.74 (s, 3H, OMe) Hz, 1H, H4'), 3.84 (s, 3H, OMe)

20Me,  3.67 (s, 7.14 (dd, /1= 8.0 Hz, o= 2.0 Hz, 1H, H8),  7.26 (dd, /i= 2.4 Hz, o= 0.8 Hz, IH, H4),7.12 (d, =  12.15

2.6u | OMe  H e oH)  7.07 (t ~8.0Hz 1H,H), 6.87 (d, /=32 2.4 Hz 1H, H3), 7.12 (s, IH, HE'), 3.82 (5, 3H,C6- (s, 1H)
Hz, 1H, H6), 3.73 (s, 3H, OMe) OMe), 3.75 (S, 3H, C2-OMe)

26 3.0l 376  7.06(d, /=88 Hz 1H,H9), 6.86 (d, =~ 2.6  8.16 (t /1.6 Hz, 1H, H2), 8.07 (d, ~7.6 Hz, 1H,  12.84

6v | OMe  H (s 2H) Mz 1H,H6), 681 (dd, /= 8.8 Hz, /=24  HE),7.65 (dd, /i= 8.0 Hz, = 1.2 Hz, 1H, H4),7.56 (s, 1H)

Hz, 1H, H8), 3.73 (s, 3H, OMe) (t, £ 8 Hz, 1H, H5')

sex | Hn ¥ 373 7.30(dd, 4=8.0Hz J= 1.6 Hz, IH, H6),  8.11(dd, /i=8.0, = 1.2 Hz, 2H, H2' + HE'), 7.59  12.82

X (5, 2H)  7.26(dt /= 7.6 Hz, /= 1.2 Hz, 1H, H8),  (dt, /= 7.2 Hz, o= 1.2 Hz, 1H, H4), 7.52 (dt, /=12 (s, 1H)
7.147.11 (m, 2H, H7+ H9) Hz, /o= 6.8 Hz, 2H, H3'+ H5))

”e 354 373 728 £7.6Hz 1H HE), 7.25(t, £ 6.4  7.85(s, 2H, H2 + HE), 7.65 (s, = 7.6 Hz, IH, OH),  12.77
YRR pUaon e oH  Hz 1M HB) 7.14(d, - 8.0 Hz, 1H, H) 1.42 (s, 18H, 2x £Bu) (s, 1H)
7.12 (t, - 7.6 Hz, 1H, H7)

2.6 Hoowm H 375 7.10 (d, ~ 7.6 Hz, 2H, H7 + H9), 7.01 (t,  8.13 (dd, /i= 8.0 Hz, »= 1.2 Hz, 2H, H2’' + H6’), 7.53  12.47
e © (s, 2H) 8.0 Hz, 1H, H8), 2.32 (s, 3H, Me) (dt, /1= 8.0 Hz, /= 2.8 Hz, 1H, H5"), 7.53 (dt, /4=7.6 (s, 1H)
Hz, /= 1.6 Hz, 2H, H3'+ H5)
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2 | . 372 7.06 (br d, /~ 8.0 Hz, 2H, H6 + H8), 7.01 7.59 (br dt, = 7.2 Hz; b= 1.6 Hz, 2H, H3'+ H6), 12.98
o2 ¢ ) (s, 2H) (t, /8.0 Hz, IH, H7), 2.32 (s, 3H, Me) 7.56 (dt, /1= 7.6 Hz, /o= 1.6 Hz, 1H, H4), 7.48 (d, ~ (s, 1H)
7.6 Hz, 1H, H5))
7.09 (d, ~ 1.6 Hz, 1H, H6), 7.04 (dd, ;=  8.10 (d, /= 7.2 Hz, 2H, H2'+ H6'), 7.82 (t, = 7.6 Hz,  12.79
2.6b’ | Me H H 3.68 (s,
2H) 7.6, h=16Hz 1H,H8),7.01(d, ~7.6  1H HY), 7.59 (dt, /=72, ;=12 Hz, 2H, H3'+ HY) (s, 1H)
Hz, 1H, H9), 2.25 (s, 3H, Me)

o0l 358  7.00(dd, s=88Hz, 4 =08Hz 1H,H8), 7.17 (dd, /1= 2.4 Hz, /= 0.8 Hz, 1H, HE'), 7.03 (d, ~  12.06
2.6c’ | Me H 5’-OM(: (s, 2H)  6.94(dd, s=8.4Hz, /=16Hz 1H, HE),  3.2Hz 1H, H3"),7.03 (dd, /= 3.2 Hz, /= 0.8 Hz, (s, 1H)

6.91 (d, ~ 8.0 Hz, 1H, H9), 2.17 (s, 3H, 1H, H4'), 3.74 (s, 3H, C6'-OMe), 3.67 (S, 3H, C3'-

Me) OMe)
2 i ’ ’ 375 7.58 (d, ~ 2.4 Hz, 1H, H6), 7.42 (dd, 4=  8.10 (dd, 4=7.6, h=1.2 Hz, 2H, H2'+ HE'), 7.59 (dt,  12.84
. ' (s, 2H) 8.8, h= 2.4 Hz, 1H, H8), 7.11 (d, ~ 8.4 A=7.2, h=12Hz, IH, H4), 7.54 (dt, 4= 6.0, h= (s, 1H)
Hz, 1H, HI) 3.2 Hz, 2H, H3'+ H5))

373 7.54 (d, /2.4 Hz, 1H, H6), 7.41 (dd, A= 7.66 (dd, = 7.6 Hz, h=1.6 Hz, 1H, HE), 7.54 (dt, 12.25
26e’ | Br H 2:0Me (s 2H) 7.6 Hz, h=2.4Hz, 1H, H8),7.07 (d, /=  =7.6 Hz, h=2.4 Hz, 1H, H4), 7.18 (d, ~ 8 Hz, 1H, (s, 1H)

7.6 Hz, 1H, H9) H3'), 7.08 (dt, 1= 7.6 Hz, A=0.8 Hz, 1H, H5), 3.85

(s, 3H, OMe)

Y - ’ - 372 7.52 (d, £~ 2.4 Hz, 1H, H6), 7.40 (dd, A=  7.79 (dd, 4= 8.4 Hz, = 2.0 Hz, 1H, HE'), 7.74 (d, =  12.71
. ' OI,VIe- (s, 2H) 8.4Hz h=2.4Hz, 1H H8),7.10(d, ~ 84  2.4Hz, 1H, H5), 7.08 (dd, /=88, h=1.2Hz, 1H, (s, 1H)

Hz, 1H, HI) H2’), 3.87 (s, 3H, C4-OMe), 3.85 (s, 3H, C3'-OMe)
26¢ | B ¥ g 374 7.52 (d, /2.4 Hz, 1H, H6), 7.41 (dd, A=  7.25 (dd, 4= 2.4 Hz, 5h=0.8 Hz, 1H, HE'), 7.12 (d, =  12.12
e r OMe- (s, 2H) 88Hz /=2.8Hz, 1H,H8),7.09 (d, ~8.0 2.4 Hz, 2H, H3' + H4), 3.82 (s, 3H, C2-OMe), 3.75 (s, IH)

’ Hz, 1H, HI) (s, 3H, C5"-OMe)

379  7.40(s, 1H,H6), 7.28 (dd, A=88Hz, b= 7.67 (dd, h=7.6 Hz, h= 1.6 Hz, 1H, HE'), 7.54 (dt,  12.25
26 | CI H 2-0Me (s 2H) 2.4Hz, 1H,H8), 7.13 (d, ~ 8.8 Hz, 1H,  4=8.8Hz, /=16 Hz, 1H, H4),7.18 (d, ~ 8.4 Hz, (s, 1H)

HO)

1H, H3"), 7.08 (t, ~ 7.6 Hz, 1H, H5’), 3.86 (s, 3H,
OMe)
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2.6 ol ¥ 3.0M 376 7.39 (t, £~ 2.4 Hz, H6), 7.28 (dd, A= 8.8 7.72 (d, ~ 8.4 Hz, 1H, H6'), 7.68 (t, ~ 2.0 Hz, 1H, 12.86
i e (s, 2H) Hz, A= 2.4 Hz, 1H, H8), 6.87 (d, .~ 3.2 Hz, 2'), 7.43 (t, ~ 8.0 Hz, 1H, HY'), 7.14 (dd, A= 8.0 (s, 1H)
1H, H9) Hz, A= 2.4 Hz, 1H, H4'), 3.85 (s, 3H, OMe)
2.6k’ Cl H 5 372 7.41 (d, ~2.8 Hz, 1H, H6), 7.29 (dd, /1= 7.25(dd, £=2.4 Hz, =1.2 Hz, 1H, H4'), 7.16 (s, 12.12
: OI,VIe- (s, 2H) 8.8 Hz, i=2.8 Hz, 1H, H8), 7.12 (d, .~ 8.8 1H, H6'), 7.12 (d, ~ 6.8 Hz, 1H, H3’), 3.82 (s, 3H, (s, 1H)
Hz, 1H, H9) C2'-OMe), 3.75 (s, 3H, C5’-OMe)
Table 15: 13C NMR (400 MHz, DMSO-ds, § ppm) spectroscopic data obtained for 2-aryl-3 Achromeno[2,3-d|pyrimidin-4(5H)-ones 2.6a-k’
Comp. R! R? R3 Cc5 C2-10a Cl1-6’ c=0
161.61 (C10a), 147.68 (C9), 139.30 (C9a), 131.97 (C4'), 128.73 (C2'+C¢6’), 127.72 (C3'+CH) 163.72
2.6 .
a H OMe H 21.86 124.39 (C7), 120.67 (C6), 120.31 (C2), 120.31
(Cha), 110.82 (C8), 96.83 (C4a), 55.72 (C9-OMe)
, 161.51 (C10a), 155.21 (C2), 147.65 (C9), 139.30 142.14 (C4"), 129.28 (C3'+ChH'), 127.62 (C2'+C6"), 163.59
2.6b - .
H OMe &-Me 21.84 (C9a), 124.29 (C7), 120.31 (Cha), 120.63 (C6), 20.98 (Me)
110.75(C8), 94.41 (C4a), 55.67 (C9-OMe)
, 161.48 (C10a), 154.93 (C2), 147.49 (C9), 139.57 154.43 (C4'), 128.56 (C2'+C6'), 117.55 (C1"), 163.13
2.6 - .
¢ H OMe — 4-N(Me).  21.54 (C9a), 123.58 (C7), 120.42 (Cha), 120.38 (C6), 110.89 (C3'+C5’), 30.60 (2x Me)
110.86(C8), 94.12 (C4a), 55.61 (C9-OMe)
, 161.56 (C10a), 154.68 (C2), 147.70 (C9), 139.31 157.25 (C2’), 133.01 (C4"), 130.44 (C6'), 120.63 162.55
2.6d - .
H OMe ~ 2-OMe  21.87 (C9a), 124.43 (C7), 120.97 (Cha), 120.72 (C6), (C5’), 120.35 (C1), 112.08 (C3’), 55.92 (C2'-OMe)
110.86(C8), 96.82 (C4a), 55.76(C9-OMe)
2.6e H OMe 3-OMe 2187 161.46 (C10a), 154.68 (C2), 147.66 (C9), 139.27 159.39 (C3’), 133.01 (C1"), 129.86 (C5"), 120.05 163.59

(C9a), 124.36 (C7), 120.65 (C6), 120.28 (C5a),
110.77 (C8), 96.62 (C4a), 55.67 (C9-OMe)

(Ce’), 118.33 (C4), 112.19 (C2’), 55.41 (C3'-OMe)
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2 6f OMe 2-OMe 2183 161.33 (C10a), 154.71 (C2), 147.65 (C9), 139.25 152.36 (C3'), 146.75 (C2'), 127.01 (C1’), 124.18  162.52
| 3’-0Me] ' (C9a), 124.39 (C7), 120.67 (C6), 120.30 (C5a), (C5'), 121.19(C6’), 115.61 (C4'), 56.02 (C3'-OMe)
110.85 (C8), 97.05 (C4a), 55.73 (C9-OMe)
2.6g OMe 2-OMe, 21.82 161.40 (C10a), 154.27 (C2), 147.62 (C9), 139.23 15,2.91 (C5"), 15}1.35 (C2'), 12}1.18 (C17), 1}18.60 162.34
5"OMe (C9a), 124.34 (C7), 120.64 (Ce), 120.28 (C5a), (C4'), 114.63 (C6"), 113.41 (C3'), 56.24 (C2'-OMe),
110.76 (C8), 96.88 (C4a), 55.67 (C9-OMe) 55.65 (C5'-OMe)
2.6h OMe 4-OEt 2162 161.59 (C10a), 154.92 (C2), 147.64 (C9), 139.58 161.44 (C4’), 129.28 (C2'+C6’), 120.36 (C1), 163.37
' ' (C9a), 124.04 (C7), 123.64 (C5a), 120.53 (C6), 114.42 (C3'+C5’), 63.40 (CH2), 14.16 (CH3)
111.11 (C8), 95.55 (C4a), 55.79 (C9-OMe)
: , 147.67 (C9), 139.30 (C9a), 124.34 (C7), 120.66 157.59 (C3’), 132.64 (C1’), 119.02 (C4'), 118.22
2.6 - .
! OMe  3-OH 2187 (C6), 120.32 (Cha), 110.79 (C8), 96.67 (C4a), (Ce6’), 114.46 (C2')
55.72 (C9-OMe)
2.6j OMe o) 21 81 161.28 (C10a), 155.11 (C2), 147.70 (C9), 139.20 132.63 (C2'), 132.07 (C4'), 131.29 (C1’), 130.85  162.82
' ' (C9a), 124.56 (C7), 120.72 (C6), 120.27 (C5a), (Ce"), 129.79 (C3'), 127.34 (C5')
110.94 (C8), 97.66 (C4a), 55.79 (C9-OMe)
2.6k OMe 30l 2158 161.62 (C10a), 154.43 (C2), 147.61 (C9), 139.45 134.00 (C3'), 133.33 (C1"), 131.10 (C4'), 130.18  163.47
| ' (C9a), 124.11 (C7), 120.48 (Ce), 120.17 (C5a), (C5'), 127.15 (C2'), 126.02 (C6')
111.16 (C8), 96.88 (C4a), 55.76 (C9-OMe)
2.6l OMe 3By 2186 154.59 (C10a), 147.70 (C9), 139.25 (C9a), 134.51 (C4'), 130.90 (C5), 130.33 (C2’), 126.75  161.59
' ' 124.47 (C7), 120.48 (Ce), 120.17 (C5a), 111.16 (Ce’), 121.98 (C3), C1’ not seen
(C8), 96.88 (C4a), 55.76 (C9-OMe), C2 not seen
2.6m OMe 4By 2159 161.48 (C10a), 154.72 (C2), 147.53 (C9), 139.40  131.25 (C3'+C5’), 129.45 (C1"), 129.34 (C2'+C6’), 163.43

(C9a), 123.96 (C7), 120.38 (Ce), 120.12 (C5a),
111.05 (C8), 96.54 (C4a), 55.67 (C9-OMe)

123.96 (C4')
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2.6n H o OMe 3F o1gg 160.53(C10a), 147.67 (C9), 147.66 (C2), 139.24  160.87 (d, /= 242 Hz, C3), 130.89 (d, = 8.1 Hz, ~ 163.65
: ' (C9a), 124.44 (C7), 120.66 (C6), 120.23 (C5a),  C5’), 123.91 (d, .~ 0.7 Hz, C6), 118.40 (d, .~ 20.0
110.84 (C8), 97.36 (C4a), 55.71 (C9-OMe) Hz, C4'), 114.45 (d, /= 23.7 Hz, C2'), C1’ not seen
2.60 H o OMe 4F 2188 161.63 (C10a), 147.74 (C9), 139.33 (C9a), 164.40 (d, ~ 248.9 Hz, C4'), 130.50 (d, ~ 9.2 Hz, 163.16
124.59 (C7), 120.73 (C6), 120.34 (Cba), 110.89 C3'+C5’), 128.24 (C1’), 115.87 (d, ~ 21.9 Hz,
(C8), 96.75 (C4a), 55.78 (C9-OMe), C2 not seen C2'+C6)
2.6p H OMe 3 5% 2185 L161.55(Cl0a), 156.02(C2), 147.62(C9), 139.33  157.63 (C4), 138.68 (C3'+C5'), 124.79 (C2+C6'),  163.71
: Bu’ n ' (C9a), 124.24 (C7), 120.64 (C6), 120.42 (C5a), 122.60 (C1’), 34.73 (C(CH3)3), 30.20 and 30.13
O’H 110.64 (C8), 95.45 (C4a), 55.59 (C9-OMe) (CH3)
, 161.81 (C10a), 155.99 (C2), 154.70 (C7), 120.47  157.27 (C2’), 133.01 (C4"), 130.39 (C6’), 121.01  162.61
2.6 - .
S |OMe H 2-0Me  22.20 (C5a), 117.50 (C9), 113.83 (C6+C8), 96.33 (C4a), (C1"), 120.66 (C5), 112.11 (C3")
55.92 (C7-OMe)
, 161.66 (C10a), 155.90 (C7), 154.98 (C2), 143.78  159.37 (C3'), 132.93 (C1’), 129.84 (C5'), 119.99  163.61
2.6t g .
OMe  H 3-OMe  22.18 (C10), 120.35 (C5a), 118.28 (C8), 117.44 (C9), (C6"), 113.73 (C4'), 112.77 (C2), 55.43 (C3'-OMe)
113.73 (C6), 96.39 (C4a), 55.38 (C7-OMe)
, 161.70 (C10a), 155.97 (C7), 154.30 (C2), 143.79  152.98 (C2’), 151.45 (C5'), 121.17 (C1’), 118.66  162.48
2.6 - .
u | OMe H 25%':\//"2 22.19 (C9a), 120.42 (C5a), 117.48 (C9), 113.81 (C8),  (C3'), 114.67 (C4'), 113.52 (C6’), 56.33 (C5'-OMe),
113.80 (C6), 96.43 (C4a), 55.50 (C7-OMe) 55.71 (C2'-OMe)
26v | oMe H 3.0l 2216 161.74 (C10a), 155.95 (C7), 143.73 (C9a), 133.53(C3'), 131.57 (C4'), 130.64 (C5’), 127.42 Not
120.30 (C5a), 117.45 (C9), 113.80 (C6), 113.77 (C2), 126.32 (C6'), C1’ not seen seen
(C8), 96.78 (C4a), 55.46 (C7-OMe), C2 not seen
2 6x ¥ ¥ ¥ 2175 161.62 (C10a), 155.43 (C2), 149.98 (C9a), 131.68 (C4’), 131.66 (C1’), 128.72 (C3'+C5'), 163.63

129.62 (C6), 128.06 (C8), 124.59 (C7), 119.57
(C5), 116.58 (C9), 96.97 (C4a)

127.68 (C2'+C6’)
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2.6y H H 35.4 2174 161.65 (C10a), 156.16 (C2), 150.09 (C9a), 157.67 (C4’), 138.86 (C3'+C5’), 124.81 (C2'+C6’), 163.77
| Bu ,4~OH ' 129.59 (Ce), 128.00 (C8), 124.48 (C7), 119.70 122.49 (C1'), 34.74 (C3™-£Bu or C5'-£Bu), 30.13
' (Cb5a), 116.59 (C9), 95.62 (C4a) (C3'-£Bu or C5'-£Bu)
2.62 H Me H 21 60 162.27 (C10a), 161.58 (C2), 148.14 (C9a), 155.29 (C1'), 131.31 (C4), 128.19 (C3'+C5’), 163.19
| ' 128.86 (C8), 126.55 (Co), 125.01 (C9), 123.56 127.32 (C2'+C6’)
(C7), 118.99 (Cba), 96.59 (C4a), 15.04 (Me)
2.6a’ H Me o) 2911 161.78 (C10a), 155.55 (C2), 148.36 (C9a), 132.85 (C2'), 132.45 (C4'), 131.54 (C1"), 131.02  163.32
| ' 129.76 (C8), 127.45 (C6), 125.77 (C9), 124.63 (C3"), 130.04 (C6’), 127.72 (C5')
(C7), 119.31 (C5a), 98.26 (C4a), 15.88 (Me)
2.6b | Me H H 2174 161.65 (C10a), 155.24 (C2), 147.84 (C9a), 133.61 (C1’), 131.90 (C4'), 128.69 (C3'+CYH’), 163.64
| ' 129.72 (C6), 128.48 (C8), 119.09 (C7), 117.43 127.64 (C2'+C6’)
(C5a), 116.31 (C9), 96.81 (C4a), 20.21 (Me)
2.6¢ | Me H 2 OMe. 2173 161.56 (C10a), 154.26 (C2), 147.80 (C9a), 152.91 (C2'), 151.37 (C5), 121.14 (C1"), 118.56  162.37
| 5’-OMe, ' 133.61 (C7), 129.72 (C8), 128.47 (C6), 119.09 (C4"), 114.62 (C6’), 113.42 (C3'), 56.26 (C5-OMe),
(C5a), 116.28 (C9), 96.92 (C4a), 20.21 (Me) 55.64 (C2'-OMe)
26d | Br H H 2162 161.43 (C10a), 155.60 (C2), 149.32 (C9a), 132.02 (C4'), 128.72 (C3'+CH’), 127.68 (C2'+C6’)  163.54
| ' 132.02 (Ce), 130.79 (C8), 122.42 (C5a), 118.78
(C9), 116.07 (C7), 96.71 (C4a),
26¢ | Br H 2 OMe  21.63 161.26 (C10a),154.89 (C2), 149.28 (C9a), 132.03  157.16 (C2'), 132.96 (C4’), 130.71 (C6'), 120.90  162.33
' ' (Ce), 130.76 (C8), 122.45 (C5a), 118.75 (C9), (C1'), 120.55 (C5’), 112.03 (C3’), 55.86 (OMe)
116.06 (C7), 99.69 (C4a)
2.6f Br H 3 4. 9131 161.14 (C10a), 154.84 (C2), 149.22 (C9a), 152.04 (C4'), 148.61 (C3"), 123.59 (C1’), 121.16  163.06
' OiVIe ' 131.55 (Ce), 130.33 (C8), 122.25 (C5a), 118.32  (C6’), 111.63 (C2’), 111.03 (C5'), 55.66 (C4'-OMe),

(C9), 115.59 (C7), 95.32 (C4a),

55.56 (C3'-OMe)
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2.6¢' | Br o 5. 2176 161.40 (C10a), 154.65 (C2), 149.39 (C9a), 153.09 (C5'), 151.59 (C27), 120.99 (CT1’), 118.96  162.51
| OMe ' 132.17 (Ce), 130.99 (C8), 122.51 (C5a), 118.96  (C4’), 114.75 (CE’), 113.67 (C3’), 56.46 (C2'-OMe),
’ (C9), 116.30 (C7), 96.99 (C4a), 21.76 (C5) 55.83 (C5'-OMe)
2.6i Cl 2 OMe  21.79 162.46 (C10a), 154.97 (C2), 148.88 (C9a), 157.28 (C2'), 133.11 (C4'), 130.40 (C6’), 120.89  161.41
' ' 129.20 (Ce), 128.21 (C7), 127.98 (C8), 122.03 (C1'), 120.67 (C5'), 112.13 (C3)
(Cba), 118.47 (C9), 96.69 (C4a), 55.95 (OMe)
2.6 ol 30Me 2148 161.69 (C10a), 148.70 (C9a), 128.72 (C6), 159.24 (C3'), 132.82 (C1), 129.45 (C5’), 119.78 Not
' ' 127.90 (C7), 127.53 (C8), 121.72 (C5a), 118.03  (CE’), 117.97 (C4'), 112.28 (C2’), 55.43 (C3'-OMe) seen
(C9), 96.33 (C4a), 55.19 (OMe)
26K | Cl o 5. 2174 161.25 (C10a), 154.52 (C2), 148.80 (C9a), 152.93 (C5’), 151.40 (C27), 121.05 (C1’), 118.68 Not
| OMe ' 129.13 (C6), 128.13 (C7), 127.89 (C8), 121.95 (C3"), 118.40 (C6’), 114.63 (C4'), 56.28 (C5-OMe), seen

(C5a), 113.47 (C9), 96.74 (C4a), 21.74 (C5)

55.67 (C2'-OMe)

Table 16: 'H NMR (400 MHz, DMSO-ds, § ppm) spectroscopic data obtained for
2-aryl-3 Hchromeno[2,3-dlpyrimidin-4(5A)-ones 2.6q, 2.6r and 2.6h’

Comp. R! R? R® H5 Ar(H6-9) H1-7’ NH

& 3.69 7.05 (t, .~ 8.0 Hz, 1H, H7), 6.94 (dd, 7.91 (d, ~16.0 Hz, 1H, H2'), 7.64 (dd, 12.55
2.6q H OMe > NG 5 (s, 2H) 4= 8.8 Hz, /= 0.8 Hz, 1H, H8), 6.82 4= 8.4 Hz, h=1.6 Hz, 2H, H4'+ HE), (s, 1H)

2 4 (dd, Ji=7.6 Hz, /o= 1.2 Hz 1H, H6), 7.487.42 (m, 3H,H5" +H6' + H7'),

3.83 (s, 3H, OMe) 6.82 (d, .~ 16.0 Hz, 1H, H1)
3.69 7.05 (t, .~ 8.0 Hz, 1H, H7), 6.95 (dd, 7.99 (d, 1H, ~1.2 Hz, H4'), 7.56 (d, 1H,  12.35
2.6r H OMe *\Q (s,2H) /=84 Hz, o=12Hz,88Hz 1H,H8), . 3.6Hz H3'),6.74(d, ~31.6Hz, 1H, (s, 1H)
o W 6.83 (d, .~ 7.6 Hz, 1H, H6), 3.83 (s, 3H, H4')
4 OMe)
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3.72 7.49 (dd, /i= 3.2 Hz, 2= 0.8 Hz, 1H 7.74 (dd, A= 8.0 Hz, A= 1.6 Hz, 1H, 12.66
2.6h’ Br H (s, 2H) H6), 7.40 (dd, Ji= 8.8 Hz, /.= 0.8 Hz, H2"), 7.63 (d, J= 1.6 Hz, 1H, H6E'), 7.00 (s, 1H)
1H, H8), 7.06 (d, .~ 8.4 Hz, 1H, H9) (d, ~8.4 Hz, 1H, H3'), 6.13 (s, 2H, H7’)
Table 17: 3C NMR spectroscopic data (400 MHz, DMSO-ds, § ppm) obtained for 2-aryl-3 Hchromeno[2,3-dpyrimidin-4(54)-ones 2.6q, 2.6r and 2.6h’
Comp. R! R? R3 C5 C2-10a Cc1'-7’ CONH;
161.54 (C10a), 154.13 (C2), 147.68 139.60 (C2'), 134.62 (C3’), 130.14 (C5’ 162.91
2.6q H OMe B 21.96 (C9), 139.33 (C9a), 124.32 (C7), +C77), 129.12 (C6’), 127.84 (C4' + C8'),
> 4 120.65 (C6), 120.34 (C5a), 110.78 119.41 (C1")
(C8), 96.42 (C4a), 55.72 (OMe)
5 163.15 (C10a), 159.87 (C2), 147.65 146.90 (C4'), 145.74 (C1"), 115.20 161.46
2.6r H OMe S Q 2189 (C9), 139.26 (C9a), 124.33 (C7), (C21),112.76 (C37),
I/}“' 120.63 (C6), 120.30 (Cha), 110.81
S (C8), 96.54 (C4a), 55.72 (OMe)
161.22 (C10a), 154.97 (C2), 149.23 150.18 (C4'), 147.46 (C5"), 125.43 163.11
2.6k’ Br H 2127 (C9a), 131.48 (C6), 130.33 (C8), (C11, 122.71 (C2’), 107.85 (C3’),

122.21 (C5a), 118.28 (C9), 115.62
(C7), 95.49 (C4a)

107.07 (Ce’), 101.48 (C7’)
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Chapter 2
Synthesis of 2,3-substituted 24 and 4 Hchromene derivatives and 1Aimidazole-4-carboxamide derivatives

1D Nuclear Overhauser effect (NOE) experiments with compound 2.6x were carried out
to elucidate the two plausible tautomeric forms of the compounds 2.6 in DMSO-ds, thus amide s
phenol forms. Positive cross peaks (with different sign to the inverted signal) were observed, as
expected for a small molecule tumbling rapidly in solution (Figure 18). It was found that the
inversion of the signal at §12.82 ppm enhanced H2' and H6' signals (24%). These results clearly
show that: (i) fast rotation of the aryl substituent around the C2-C1 "bond is taking place in solution;
and (i) the proton studied is located close to the C2-C1 "bond, which is only compatible with the

amide tautomeric form.

2352

Figure 18: 1D transient NOE (400 MHz, DMSO-de) spectrum obtained after inversion of the signal §12.82 ppm in
compound 2.6x (R!=R*=R3=H)

Water-soluble salt formation

In order to prepare water soluble forms of chromene-base pyrimidinones 2.6, the removal
of the NH proton in compounds 2.6a and 2.6x were studied by using NaOH (3 M) under the
experimental conditions described in Table 18.

The treatment of pyrimidinone 2.6a with 1 equivalent of NaOH (3 M) in ethanol at room
temperature for 30 min. converted the initial white suspension into orange (entry 1, Table 18).
The resulting light orange precipitate was collected, and the formation of the sodium salt was

confirmed by spectroscopic data (n= 11%, isolated yield). For compound 2.6x, two simultaneous
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Synthesis of 2,3-substituted 24 and 4 Achromene derivatives and 1 Aimidazole derivatives

experiments (entries 2 and 3 - Table 18) were performed. For both experiments, 1 equivalent of

NaOH (3 M) was employed, while stirring at room temperature in DMSO.

Table 18: Experimental conditions for the preparation of water-soluble sodium salts of 2.6a and 2.6x

(o] 0O
6 5 4 4
B 7MNH
_ 2,2
o) N)\© 8 < 9a Otoa N/J\1©3
OMe 6' 4
2.6a 2.6x 5

Entry compound Experimental precipitation observations 1 (sodium
conditions solvent salt of 2.6)
1 2.6a EtOH/ NaOH (1 equiv., EtOH orange 11%
3 M), rt, 19h suspension
2 2.6x DMSO/ NaOH (1 equiv., - orange 83%
3 M), rt., 19h suspension
3 2.6x DMSO/ NaOH (1 equiv., MeOH orange 35%
3 M), rt, 19h suspension

In both entries 2 and 3 (Table 18), the white suspension turned orange after the addition
of NaOH. After 5 min., the orange colour of the solid gradually evolved to yellow. After 30 min. of
stirring at room temperature, MeOH was added to the reaction (entry 3), while no solvent was
added to the suspension in entry 2 and both samples were kept at -9°C overnight. Both samples
in entries 2 and 3 generated a yellow and a brown suspension, respectively. The solid products
were filtered and washed with cold MeOH and H-0, respectively. A second crop of the same product
was collected by addition of diethyl ether to the filtrate from entry 2, resulting in a total yield of the
salt of 83%.

The IR spectra of the resulting salts revealed that no significant differences between the
neutral and deprotonated forms of compound 2.6a. It was theorized that the removal of the NH
proton of the pyrimidinone ring would lead to a negatively charged nitrogen, generating a
tautomeric equilibrium with the vicinal carbonyl moiety, delocalizing the electron pair throughout
the amide bond, and that this phenomenon should lead to a shift in the carbonyl signal in IR
spectroscopy, but this fact could not be verified. By *H NMR spectroscopy, the disappearance of
the NH signal (612.82 ppm), as well as a shift of the methylene signal, at C5, from 6 3.73 ppm

to & 3.58 ppm was considered indicative of the formation of the salt. There was also a significant
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shift in several 2C signals: C2 shifted from §155.37 ppm to §160.46; C4 shifted from 6 163.72
ppm to & 174.50 ppm; C4a shifted from §96.83 ppm to §92.95 ppm; and C10a shifted from
0161.61 to 6162.44 (Table 19).

For the reactions involving compound 2.6x, the products obtained for entries 2 and 3 were
characterized by IR and NMR spectroscopy, showing a similar pattern: C2 NMR signal shifted from
6155.43 ppm to 6159.62; C4 NMR signal shifted from & 163.63 ppm to 6 172.68 ppm; C4a
NMR signal shifted from §96.97 ppm to §93.91 ppm; and C10a NMR signal shifted from §161.62
to §162.39 ppm. From these results, it was concluded that the corresponding anion 2.19 could
be formed, under the basic conditions used (Table 19). This could explain the deshielding effect
on the jpso and meta positions, and the shielding effect on the ortfi0 and para positions of the

newly formed enolate group.

Table 19: Selection of 1*C NMR (100 MHz, DMSO-de, & ppm) chemical shifts obtained for 2.6a (R*=0Me) and
2.6x (R'=H) vs 2.19a and 2.19x, respectively

O@Na

(0]

; © 5a 5 4a 4NH3 NaOH(1 equiv,)
WL QTP

8 o] 9a O10a N 3 2

| EtOH or DMSO
R ¢ &
4
2.6
Compound c2 c4 C4a Cl0a
2.6a 155.37 163.72* 96.83 161.61*
2.19a 160.46 174.50 92.95 162.44
2.6x 155.43 163.63* 96.97 161.62*
2.19x 159.62 172.68 93.91 162.39

*Interchangeable

Although requiring more studies, which include further adjustments in the experimental
conditions, these results point out that it is possible to develop a generic protocol to prepare the
sodium pyrimidinolate salts 2.19 from the respective pyridiminone 2.6 in good to high yields.
Also, the results are pointing out that a DMSO/H,0 or DMSO/MeOH system for salting out is less
adequate than the DMSO/Et,O mixture, probably because of the increased solubility that is

obtained with the salt form.
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2.1.2 Synthesis and reactivity of 2-imino-24#chromen-3-amines and 2-oxo-2/4

chromen-3-amines

The 2-imino-2 #chromen-3-amine and 2-oxo-2 A#chromen-3-amine moiety has been
extensively studied, mainly due to their biological importance observed in diverse chromene
products® 4, as well as in synthetic ones, such as anticancer®>¢, anti-inflammatory®,
antituberculosis?®2, antiviral?*%¢, cannabinoid receptor agonist?’ or antiprotozoarian activity®,
among many others.

As previously demonstrated, the benzopyran ring has proven to be a very interesting
building block for the synthesis of new bioactive compounds, with a series of diversified biological
activities and several coumarin-based compounds used in clinical practice. Among the chromene
family, the coumarin ring has attracted particular interest. A review article?® resumed the most
relevant existing synthetic methods for preparing coumarins and noted their wide distribution in
plants for various functions. In 1994, a review?® covering all literature articles about natural
coumarins between 1988 and 1994 reported a series of extraction methods for coumarins from
their natural products and a few synthetic pathways as well.

In the last decades, several articles summarizing the most relevant approaches for the
synthesis of coumarins have been reported®3140-42.3250.3339 in which appeared as the main building
block for several new biologically active compounds*s%5? including anticancer*®>536254-61
antibacterial?+%-%, antioxidant’®’* and others’>7’. There was an increasing scientific interest
towards novobiocin, coumermycin Al and clorobiocin (Figure 19). These compounds were
obtained from their natural sources and proved to be effective as antimicrobial agents against
several infectious sources, in particular novobiocin’®”. Their activity was associated with the
capacity to inhibit the B subunit of the DNA Gyrase®. Since its identification and clinical approval,
DNA Gyrase inhibitors based on the aminocoumarin scaffold have been extensively studied, to
better understand the interaction with HSP90 and other molecular targets®®#* or to develop new
novobiocin-based HSP90 inhibitors>3#223, as well as for the development of novel anticancer agents

against several cancer cell lings>*8493.85-92,
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Figure 19: Chemical structures of novobiocin, coumermycin Al and clorobiocin

There are only a few methods available for preparing the 3-aminocoumarin scaffold. The
first reported method was attributed to Linch®, and since then there have been several attempts
to improve this synthetic process®* 84889293997 |n 2014, Costa et a/* reported a new protocol
involving  1-(imino-2 #chromen-3-yl)pyridine-1-um chlorides 2.21 (Scheme 19) as the key
intermediate. This compound is obtained by the reaction of an appropriate salicylaldehyde with the
prepared 1-(-cyanomethyl)pyridinium chloride 2.20. Moreover, compound 2.21 is transformed
into 2-imino-3-aminochromenes 2.22 by pyridine ring-opening by treatment at room temperature
with 5 equivalents of Mmethylpiperazine. A similar approach is employed for the synthesis of 3-
amino-2-oxocoumarins 2.25, but in this case, it is first required the hydrolysis of the imino group

in compound 2.21 to give the coumarin 2.24.

AN /—\ . _“
HN  N—(1equiv) 7 N A
CHO @_ s \CIN\ | HN  N— (5equiv) “NH,
©: + '\LC| ethanol, acetone Q\/I acetone @\/I + 223
O” "NH
ort CN ice-bath, 0.5-1 h o N

R 45-86% R t24h R
2.2 2.20 2.21 2.22
R=H, OMe
HCI (c) H,0
(3 equiv) 80 °C
2-3h

HN/_\N 5 i
L ) (5 equiv)

g

Cly

SNSLEN acetone, rt, 24 h or X NH2

N P _ + 223
N/ﬁ KN (SN acetone, H,0, 70 °C SNY

2.23: K/N\/WN\) R 39h R

o cl 2.24

Scheme 19: Synthesis of 3-aminochromenes 2.22 and 2.25, as proposed by Costa et al [adapted from ref. 41]
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Also in 2014, Das et a/* reported the two-step synthesis of the 3-aminocoumarins 2.25
from salicylaldehydes 2.2 and Macetylglycine (Scheme 20). This involves the formation of the 3-
amidocoumarins 2.26, followed by hydrolysis via treatment with H.SO. (70%) (Scheme 20).

NaOAc
C[CHO N AGO AN NHAC  H,S0, (70%) @(INHZ
+ HOzc NHAC —— »
R “oH A R oo 1520 min, A  R~F ~0" Yo
2.2 2.26 2.25

Scheme 20: Synthesis of 3-aminocoumarins 2.25 from Nacetylglicine and salicylaldehydes 2.2, as proposed by
Das et al [adapted from ref.43]

In this work, the goal was to prepare new compounds based on 2-imino-3-aminochromenes
2.22 and 3-aminocoumarins 2.25, in a continuation of the previous exploratory work performed
in our research group and following the methodology also developed in the group?. In the article,
the authors explore the reactivity of compounds 2.22 and 2.25 with a group of electrophiles, to
unravel new compounds via a simple and efficient synthetic methodology. The 2-imino-3-
aminochromenes 2.22 and 3-aminocoumarins 2.25 were prepared via the methodology
previously unravelled by our research group*. It starts with the preparation of pyridinium salts
2.20 by refluxing 2-chloroacetonitrile and pyridine, which precipitate during the reaction and was
isolated by simple filtration as a light-brown solid after 10-15 min (Scheme 20). Then, the
treatment of the pyridinium salts 2.20 with diverse salicylaldehydes 2.2 afforded 1-(2-imino-2 4
chromen-3-yl)pyridin-1-ium chlorides 2.21. From this point, compounds 2.21 can either react
with Mmethylpiperazine to afford the appropriate 2-imino-3-aminochromene 2.22 or be converted
into  1-(2-oxo-2 Hchromen-3-yl)pyridin-1-ium chlorides 2.24 by acid-catalyzed hydrolysis and
subsequent treatment with Mmethylpiperazine to afford the oxo counterpart 2.25. For the
presented study, only compounds 2.22a and 2.25a were synthesized (Figure 20). This choice
was related not only to the presence of the methoxy group, that possesses a characteristic *H NMR
singlet that can aid in the identification of the number of chromeno units present in the isolated

products or mixtures, but also to the fact that both compounds were already fully characterized.

2.22a 2.25a

Figure 20: Chemical structure of the synthesized compounds 2.22a and 2.25a
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Synthesis of 3-(aryldeneamino)-2 H#chromen-2-ones and 3-(alkylideneamino)-2 #-chromen-2-
ones

It was proposed that the amino group of both compounds 2.22a and 2.25a (Figure 20)
could react as nucleophiles and thus be involved in nucleophilic additions with electrophiles such
as aldehydes. It was theoretically proposed that, due to the presence of the 2-oxo moiety,
compounds 2.25 would only react with one equivalent of aldehyde, with less probability of
generating side products. For this reason, and to explore this reactivity, a series of reactions were
performed involving only compound 2.25a. The reactions were performed in ethanol, in a closed

vial, under reflux conditions (Table 20).

Table 20: Reaction conditions and results obtained for the reaction of 2.25a with aldehydes 2.2, in ethanol under

reflux
CHO N 7
NH, N SULN \'_R1 X Hﬁ/@ R B HQR1
OMe OMe OMe OMe oo
2.2 OMe
2.25a (2 equiv.) 2.27 2.28 2.29
results
Entry R t (h) product ratio 1N (%)
1 2-OMe 2 2.27 30
2 2,4-0H,3-Me 5 2.2a/2.25a/2.27* 3.5/2.3/1
3 2,3,4,5,6-F 4 2.28 51
4 4-Br 1 2.29 13
5 4-CF3 8 2.25a/2.2b! 1/1

lpy IH NMR

The heating under reflux of a solution of coumarin 2.25a in ethanol with aldehydes 2.2
provided three distinct reaction products (entries 1,3 and 4 - Table 20): compounds 2.27, 2.28
and 2.29. When using 2-methoxybenzaldehyde, the expected imine derivative 2.27 was obtained
with a 30% yield. On the contrary, when more electrophilic aldehydes were employed, such as 4-
bromobenzaldehyde and pentafluorobenzaldehyde, further nucleophilic addition reactions in the
imine moiety were observed, which would be promoted by the inductive effect of the electron-
withdrawing substituents of the phenyl ring (Scheme 21). Thus, by using 4-bromobenzaldehyde,

compound 2.29 was isolated in a poor yield, which would result from the nucleophilic attack of
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the remaining starting material. By using pentafluorobenzaldehyde, only compound 2.28 could be
isolated as a pure product. The formation of the latter could be explained by nucleophilic attack of

the solvent over the imine group.

4, 7o
> .N H2 é
[ X6) R!
OMe ¥ R’

gy H,0 7 g
N. ! 2 -—R
X o X l N N A
0o O oo
oM
° 230 OMe o7

2.25a 2.29 OMe

Scheme 21: Proposed mechanism for the formation of compounds 2.27-2.29

Compounds 2.27 can be easily identified by *H NMR spectroscopy by a singlet at around
69.20 ppm corresponding to the imino moiety (Figure 21). The structure of compound 2.28 was
supported by the presence of two correlated doublets at §6.66 ppm and 66.08 ppm (.~ 8.0 Hz),
corresponding to the NH and the CH groups, respectively (Figure 23). Compounds 2.29 possess
a very distinctive triplet signal at about 66.15 ppm (& 8.8 Hz), attributed to the methylidene group,
as well as the doublet (£ 8.8 Hz), integrating for two protons, which correspond to the two NH
groups (Figure 25). However, during the collection of the *C and correlation NMR spectra in

DMSO-ds, the sample evolved to regenerate the starting material 2.25a (Figure 26).
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Figure 21: 'H NMR (400 MHz, DMSO-de, & ppm) spectrum of compound 2.27 in which some signals are
highlighted
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Figure 22: 13C NMR (100 MHz, DMSO-ds, § ppm) spectrum of compound 2.27, in which some signals are
highlighted
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Figure 23: 'H NMR spectrum (400 MHz DMSO-ds, 8 ppm) of compound 2.28 in which some signals highlighted
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Figure 24: 13C NMR spectrum (100 MHz, DMSO-ds, & ppm) of compound 2.28 in which some signals highlighted
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Figure 25: 'H NMR spectrum (400 MHz, DMSO-ds, 8 ppm) of compound 2.29 in which some signals are
highlighted
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Figure 26: 'H NMR spectrum (400 MHz, DMSO-ds, § ppm) of a freshly prepared sample of compound 2.29 in
DMSO-ds, taken after obtaining *3C NMR and bidimensional correlation spectra, where compound 2.25a can be
identified
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Although the selected approach afforded a simple and efficient method for developing the
desired compound 2.27 it is possible that, with appropriate conditions, the formation of 2.28 and
2.29 can also be prepared with broader extent. These studies were abandoned due to the relative
instability of compounds in solution, namely DMSO-de. In fact, there was a clear evolution in DMSO-
dsin a period of just a few days, which was recurrent in several of the obtained compounds. As the
main objective of the synthesis of new coumarin derivatives was to assess their biological activity,
and the samples for such assays are prepared in a small amount of DMSO, the low stability of

these discourages further work on the reaction with aldehydes.

Synthesis of 2-(5-methoxy-1,9-dihydrochromeno[2,3-d]imidazol-9-yl)malononitrile
The reactivity of the 2-imino-3-aminochromenes was further investigated with the reaction
of compound 2.22a and (ethoxymethylene)malononitrile (2.31) (Scheme 22). It was
hypothesized that once the Michael addition have taken place and therefore the imine 2.32 was
formed, the amino group in 2.32 would undergo an intramolecular nucleophilic addition to the
imidate moiety with the subsequent elimination of malononitrile. To test this hypothesis, 1 molar
equivalent of (ethoxymethylene)malononitrile (2.32) was added to a suspension of compound
2.22a in acetonitrile, at room temperature and stirred for 5 days. Under these conditions, the
product isolated was identified as compound 2.35 (n= 31%). The formation of this product can be
explained via 1,4-nucleophilic addition to 2.31 with elimination of ethanol, to afford the imine
intermediate 2.32 (Scheme 22). Intramolecular cyclization of 2.32 with concomitant elimination
of malononitrile would afford intermediate 2.34. Finally, nucleophilic attack of the released

malononitrile anion would lead to the isolated product, identified as 2.35.

The *H NMR spectra of compound 2.35 presented a very distinctive set of signals (Figure
27). In particular, a singlet at §12.07 ppm, which was attributed to the NH group, and another at
67.53 ppm, corresponding to the C-H group of the imidazole ring (Figure 27). Also remarkable
are two doublets at 65.25 ppm and 65.20 ppm (£ 2.8 Hz), each integrating for one hydrogen,
corresponding to the other methylene groups (H1 and H1 "hydrogens) in 2.35. In the *C NMR
spectra of 2.35 highlighted the two peaks at 6 117.85 and § 118.05 ppm corresponding to the
nitrile groups linked to C1’ (Figure 28). The signals for C1 and C1’ carbons were assigned to

636.90 and 631.92 ppm, respectively. The signal corresponding to C9 appears at 6 132.93 ppm.
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Scheme 22: Proposed mechanism for the formation of compound 2.35

WOw 10 Y

{ ) «M i

E

NT2 _

-

ppm

Figure 27: 'H NMR (400 MHz, DMSO-de, 8 ppm) spectrum of compound 2.35 with three signals highlighted
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Figure 28: 13C NMR (100 MHz, DMSO-ds, § ppm) spectrum of compound 2.35 with some signals highlighted

Physical, analytical, and spectroscopic characterization

The structure of compounds 2.27, 2.28, 2.29 and 2.35 was determined in consonance
with physical, analytical, and spectroscopic data (elemental analysis, meting point, IR, *H and *C
NMR). This information is presented in the following section. Complete analytical and spectroscopic

characterization of compounds 2.22a and 2.25a is available in previously published literature*'.

Physical and analytical characterization

The molecular formula and molecular weight were calculated based on the predicted
structure and the information obtained from the elemental analysis. The melting point intervals

(°C) were also measured, and all the data is referred in the following Table 21.
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Table 21: Physical and analytical data obtained for compounds 2.22,2.27-2.29 and 2.35

molecular calculated
Comp. Structure Mp (°C) formula/ /obtained values (%)
mass (M)
C H N 0
o NH:
2.22a' @fot\[NH 115-117 C10H10N20,/ 63.16 526 1474 16.82
OMe 190.20 63.20 5.27 14.74 -
N NH,
2.25a’ @(O\LO 128-129 C10H9NO3/ 62.83 471 7.33 2511
OMe 191.18 62.81 495 7.05 -
MeO
2.27 0 20002 C1sH1sNOs. 69.02 492 447 2147
@(01[0 0.2 H,0/312.92 69.03 530 454
OMe
F
2.8 H:I;[F C19H14FNOy/ 5495 340 3.37 1541
' @@ﬂ P 168170 415.31 5473 368 321
o OOEtF
OMe
yen
N C,7H21BrN,Os. 58.27 392 5.03 18.41
2.29 ©\/OIOHN g 193194 4H,0/55600 5836 400 488 -
OMe om
OMe
NC CN
2.35 N C14H10N40,/ 63.15 3.79 21.04 12.02
. W B 266.25 - - -
o0~ N
OMe

1Data obtained from ref. 41

IR spectroscopy

The IR spectra of compound 2.27 corroborated the transformation of the amino group in
the starting material as no signals were observed in the 4000-3000 cmregion. In addition, an
intense band centred at 1719 cm, corresponding to the C=0 carbonyl stretching vibration,
confirmed the formation of the imine group. The IR spectra of compound 2.28 highlighted a
medium intensity band centred at 3365 cm, corresponding to the N-H stretching vibration. The
IR spectra of compound 2.29 presents four distinct signals centred at 3409, 3369, 3330 and
3056 cm?, attributed to the N-H stretching vibration (Table 22).
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Table 22: IR spectroscopic data (Nujol, cm?) obtained for compounds 2.27-2.29

F
MeO F. F Br
T “
o NH o Ns Y . N N\(©/
OMe OMe OMe OMe oo

Compound 4000-3000 1720-1500
2.22a' 3453, 3362 1706, 1635, 1612, 1573
2.25a' 3422, 3235-3078 (br) 1645, 1620, 1557
2.27 - 1719s (C=0), 1682sh, 1613s, 1601sh, 1582m, 1562s
2.28 3365m 1694s (C=0), 1655w, 1629m, 1606w, 1578m, 1504s
2.29 3409m, 3369m, 3330m 1697s (C=0), 1630m, 1616m, 1578m, 1507sh

1Data obtained from ref. 41

NMR Spectroscopy

All NMR spectroscopic data obtained for compounds 2.22, 2.25, 2.27-2.29 and 2.35
is presented in Tables 23-27. The most relevant signal of the *H NMR spectra of compound 2.27
is a singlet at §9.23 ppm (s, 1H), attributed to the imine hydrogen (Table 24). In the *C NMR
spectra highlights the peaks at §157.46 ppm, 6129.78 ppm and 6158.88 ppm, corresponding to
C2, C4 and imine group, respectively. The structure of compound 2.27 was further confirmed by
HMBC, in which highlights the cross peak between the imine group at §9.23 ppm and the peaks
corresponding to C1’, C2’, C6’ and C3.

. 5 4a 4\ 3NH2 N NH,
757 880 2 NH 0" "o
OMe OMe
Table 23: 'H NMR and 3C NMR 2.22a 2254 (100
MHz, DMSO-ds, 6 ppm) spectroscopic data obtained for compounds 2.22a ' and
2.25a
OMe Ar(2-8a) NH, H4/C4 NH/
Cc=0
H | 381 (s, 6.79-6.74 (m, 2H), 6.95 (t, .~ 8.1 Hz, 1H) 5.43 6.18 8.30
2.223! 3H) (s,2H) (s, I1H) (s, 1H)
3¢ 55.5 153.4,137.2,134.8, 123.1, 123.0, 116.3, - 145.8
107.8, 100.9
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"H | 385(s, 7.12(t ~8.0Hz 1H),6.96 (dd, s1=7.6, 5.68(s, 6.67 (s,
3H) A=1.2 Hz, 1H), 6.91 (dd, /4= 8.2, /=12 2H) 1H)

2.25a! Hz, 1H)

3¢ | 558 136.9, 133.5, 124.4, 122.4, 116.6, - 146.2  158.3
108.2, 107.7

1Da‘[a obtained from ref.41; compound 2.22a was determined using 400 MHz, DMSO-ds, & ppm for 'H NMR and 100 MHz,

DMSO-ds, & ppm for 3C, while compound 2.25a was determined using 300 MHz, DMSO-ds, 6 ppm for 'H NMR and 75 MHz,
DMSO0-ds, & ppm for 3C

MeO._2 4 4
5 4a 4 N ,
Table 24: 'H NMR (400 MHz, DMSO-d, 8 ppm) and *C NMR ° NSO
(100 MHz, DMSO-ds, 6 ppm), spectroscopic data obtained for compound 2.27 TR7 8070 H
OMe
OMe Ar(2-8a) Ar(1'-6’) imine
391 (s,3H,  7.78(s, 1H, H4), 7.29-7.23 8.01 (dd, /4= 7.6 Hz, ,=1.6Hz, 9.23 (s,
1H C8-OMe), (m, 3H, H5+ H6+ H7) 1H, H6'), 7.57 (dt, A= 7.2 Hz, /= 1H)
3.90 (s, 3H, 2.0 Hz, = 1.2 Hz, 1H, H4), 7.17
C2'-OMe) (d, = 8 Hz, 1H, H3"), 7.07 (t, £
8.4 Hz, 1H, H5')

56.04 (C&- 157.46 (C2), 146.28 (C8), 159.60 (C2'), 134.02 (C4'), 126.80
13¢ | OMe), 55.81  140.90 (C8a), 137.01 (C3), (C6'), 123.44 (C1), 120.74 (C5’), 15888
(C2'-OMe) 129.78 (C4), 124.68 (C6), 112.14 (C3)
120.45 (C4a), 119.49 (CH),
113.02 (C7)

The 'H and *C NMR spectra of compound 2.28 highlighted the signals corresponding to
the generated methylidene group, specifically a doublet at $6.08 ppm integrating for one hydrogen
atom and the signal at 677.50 ppm, respectively (Table 25). Also relevant is the doublet in the
'H NMR spectrum at §6.66 ppm integrating for one hydrogen atom corresponding to NH group.
In the C NMR spectrum also stands out the signals corresponding to C2 (6157.76 ppm) and C4
(6109.81 ppm). The carbon atoms for the pentafluorbenzene ring are not evident in the spectrum,
due to extensive coupling with the fluorine atoms in the jpso, ortho, meta and para positions.
Nevertheless, some of the carbon signals identified by HMBC through correlation between the CH
group of the imino acetal moiety and signals at & 112.51, § 143.54 and 6 146.41 ppm, were
tentatively assigned to C1’, C2'/C6’ and C3'/C5’, respectively.
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Table 25: ‘H NMR (400 MHz, DMSO-ds, § ppm) and
13C NMR (100 MHz, DMSO-ds, 8 ppm) spectroscopic data obtained for compound 2.28 7 3¥8a 072 0

OMe
OMe OEt Ar (2-8a) Ar (1'-6’) c* N-H
3.87 3.44and 3.71  7.21 (t, = 8 Hz, 1H, H6), 6.08 6.66
iy | (s,3H,  (dq, s=7.2Hz,  7.12 (dd, /= 8.0 Hz, /o= i d, £ (d £
OMe)  h=2.0Hz, 2H, 1.2 Hz, 1H, H5), 7.02 80Hz 8.0Hz
CH.), 1.13 (t, £  4=8.0Hz, /= 1.6 Hz, 1H) 1H)
7.2 Hz, 3H, CHs)  1H, H7), 7.02 (s, 1H, H4)
157.86 (C2), 146.41 146.00 (C2'+
15.01 (CH5) 130.70 (C3), 124.90 (C3'+C5)),
(C6), 121.47 (C4a), 112.45 (C1)),
117.79 (C5), 109.91 C4' not seen
(C4), 109.58 (C7)

In the 'H and *C NMR spectra of compound 2.29 stands up the signals at §6.13 ppm (t,
/8.4 Hz 1H) and 6 63.61 ppm, respectively, attributed to the methylidene group, as well as by
the doublet at 66.59 corresponding to the NH group (Table 26). In the 3C NMR spectra stands
out the peaks at 6157.28 ppm and 6107.72 ppm corresponding to C2 and C4, respectively. The
proposed structure was further determined by HMBC, thus, cross peaks between the methylidene

group and C1', C2'/C6' and C3, and between the NH group and C2 and C4 were observed.

2'3'4-Br
H

4a
6 B 3 >
7 82072 oHN =
Table 26: *H NMR (400 MHz, DMSO-ds, & ppm) and *3C NMR (100 MHz, SOMe %;
DMSO-ds, 8 ppm) spectroscopic data obtained for compound 2.29 0~ O
OMe
OMe Ar (2-8a) Ar (1'-6’) C-H N-H

7.96 (dd, A= 8.0, A= 1.2 Hz, 1H, 7.59 (d, ~ 8.8 Hz, 6.13(,  6.59 (d,

M| 386 H5), 7.95 (d, = 8.0 Hz, 1H, H7),  2H, H3' + H5'), 7.57 £ 84 £ 88

(s,3H)  7.15(t ~8.0Hz 1H,H6),6.81  (d, ~88Hz, 2H,H2"  Hz, 1H)  Hz 2H)
(s, 1H, H4) + H6')

157.28 (C2), 146.32 (C8), 130.95 138.69 (C1'), 131.49 63.61
(C3), 130.69 (C8a), 124.86 (C6), (C3" + C5'), 129.06
121.72 (C4a), 117.17 (C5), 109.10  (C2' + C6’), 121.38
(C7), 107.72 (C4) (C4)

13¢ | 55.88
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The most relevant signals in the 'H NMR spectra of compound 2.35 are two singlets at
612.07 ppm and 67.53 ppm, attributed to the NH and H9 groups, respectively, and a doublet at
65.22 ppm attributed to both the H1 and the H1' hydrogens (Table 27). By HMBC, cross peaks
between H9 with both C2 and C3, and between H1 and C2, C3, C4a, C8a, C8 and the CH(CN);

moiety were identified.

Table 27: 'H NMR (400 MHz, DMSO-ds, § ppm) and *3C (100 MHz,
DMSO-ds, 6 ppm) spectroscopic data obtained for compound 2.35

OMe Ar (1-8a) C9/H9 CH(CN)2 N-H
3.86  7.157.05(m, 3H, H68),5.22 (dd, A=  7.53(s,  5.22(dd, A= 12.07
1H | (5, 3H)  19.6 Hz, = 2.8 Hz, H1), 5.22 (dd, A= 1H) 19.6 Hz, 5=2.8 (s, 1H)
19.6 Hz, = 2.8 Hz, H1) Hz)
149.85 (C3), 148.27 (C5), 141.95 (C4a), 117.85 and
13c | 5580 123.35(C6), 120.64 (C7), 112.98(C8a), 139 93 118.05 (CN),
112.10 (C8), 99.62 (C2), 36.90 (C1) 31.92 (C1)

2.1.3 Synthesis and reactivity of 2-amino-4-(2-oxo-2-arylethyl)-4 Achromene-3-
carbonitriles

As was previously mentioned, the chromene moiety is present in several biologically
important compounds with interesting chemical and biological properties and can afford a versatile
and stable scaffold for the synthesis of new structures. 4/4chromenes, in particular, are well
described in the literature for several biological and pharmacological activities®®*°, as diverse as
antibacterial'®®1°2 anticancer®-1%  antihyperglycemic'’, antialzheimer'®®, antioxidant'®?, among
others'®. In combination with cisplatin, crolibulin (Figure 29), which is a substituted 44
chromene with anticancer activity, is currently in phase /1l of clinical trials for the treatment of
solid tumors with a focus on anaplastic thyroid cancer'®. Its biological activity is related to tubulin
inhibition, leading to induction of apoptosis, disruption of neovascular endothelial cells and

disruption of blood flow to the tumor®s,
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Figure 29: Chemical structure of (4A)-2,7,8-triamino-4-(3-bromo-4,5-dimethoxy phenyl)-4 Achromene-3-carbonitrile
(crolibulin)

Some procedures for the synthesis of chromenes involving o,-unsaturated carbonyl
compounds have been reported®+112112 |n the research group, a series of new 4/4<chromenes has
been recently described!® via a two-step eco-friendly approach, involving o, 3-unsaturated carbonyl
compounds (Scheme 23). The first step involves the base-catalysed aldol condensation between
salicylaldehydes 2.2 and acetophenones 2.36, which are carried out by treatment, at room
temperature or under mild heating, with aqueous NaOH (3M) in ethanol as solvent. Under these
conditions, compounds 2.3 are isolated in yields ranging from 46% to 100%. The second step
consists on the treatment of a,B-unsaturated ketones 2.37 with active methylene compounds,
such as methyl malononitrile or cyanoacetate, in the presence of triethylamine as a base and using
either methanol or ethanol as solvent, to afford 4/A-chromenes 2.39 and 2.40, respectively, in
yields ranging from 12% to 94%. This study allowed the identification of some compounds of general
structure 2.37, 2.39 and 2.40 with relevant anticancer activity against MCF-7, Hs578t and

MCF10A cancer cell lineo4,

Several findings encouraged us to explore the synthesis of new analogues based on this
scaffold, in particular: (i) 2-amino-3-cyano-4 #chromenes are frequently referred in the literature as
biologically active for a series of diseases®®'®3; (i) the c-aminonitrile moiety can participate in
several reactions involving both nucleophiles and electrophiles, including the formation of new 6-
membered heterocyclic rings™+17: and (iii) the presence of a carbonyl group in compounds 2.39

and 2.40 can envisage a broader spectrum of possibilities.
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NaOH 3M

S

R4 CHO
+
R? R RS EtOH

R2 RS rt. to 40-60 °C
2.2 2.36 2.37
R'=0H RS5=H,Br, Cl, Me R'= OH
R?=H,OMe,F  R®=H, OMe
R3= H, OMe
R*=H,F,CIBr

NC™R?
2.38 (R’=CN)

>
Et;N (2 equiv.)
EtOH, r.t.

NG R?
2.38 (R"= CO,Me)

Et3N (2 equiv.)
MeOH, r.t.

R3

R3

Scheme 23: Synthesis of 4Hchromenes 2.39 and 2.40 [adapted from ref.104]

For this reason, the work on 2-amino-3-cyano-4/chromenes 2.39 presented in this

chapter, stands on two main objectives:

1) Explore the reactivity of the c-aminonitrile moiety of 2-amino-3-cyano-4 #chromenes 2.39

under different reaction conditions, including in the formation of new heterocyclic rings.

2) Inspect the potential anticancer, antimicrobial, and/or antimalarial activity of the newly

prepared heterocyclic compounds.

Synthesis of 2-amino-4-(2-oxo-2-arylethyl)-4 #chromene-3-carbonitriles

Using the previously reported methodology**, compounds 2.38a-1 were prepared with

good to high yields (Table 28). Compounds 2.37c, 2.37e, 2.37h and 2.37i, which were

obtained in the first step of the synthetic approach, were slightly contaminated with the

corresponding salicylaldehyde 2.2, and were used without further purifications in the following

steps involving formation of chromenes 2.39 (Table 29).
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Table 28: Reaction conditions and yields for the preparation of compounds 2.37 from salicylaldehydes 2.2 and
acetophenones 2.36

o]
o}
R! CHO NaOH 3M RK‘\/\)‘\‘\
+ _—
\C[OH EtOH O OH O R2
R2 r.t.
2.2¢c (R'=H) 2.36a (R?= H) 2.37a(R'=H, R?=H) 2.37f (R'= Br, R>= Me)
2.2d (R'=Br) 2.36b (R?= Me) 2.37b (R'=H, R?= Me) 2.37g (R'=Br, R?=Br)
2.2e (R'=Cl) 2.36¢ (R?=Br) 2.37¢ (R'=H, R2=Br) 2.37h (R'=Br, R?= ClI)
2.36d (R%= Cl) 2.37d (R'=H,R?=Cl) 2.37i (R'=CI, R%=H)
2.37e (R'=Br, R*=H)
Comp. R! R t n(%) ratio Comp. R' R t 1n(%) ratio
(h) 2.2:2.38 (h) 2.2.:2.38
2.37a H H 24 62* 2.37f | Br Me 3 53 -
2.37b H Me 30 68 2.37g | Br Br 166 64 -
2.37c H Br 72 0.17:12 2.37h | Br CI 3 - 0.6:12
2.37d H Cl 22 53 237 | CI H 24 81 traces?
2.37e Br H 3 69

3Slightly contaminated with aldehyde

Table 29: Reaction conditions and yields of synthesis of 4 #chromenes 2.39a-i from a,p-unsaturated ketones
2.37a-i

CN
(2 equiv.)

Et;N (4 equiv.)

EtOH, r.t.
237aR'=H,R=H) 2:37e R'= Br, R%= H) 2.39a(R'=H,R?=H) 2:3% (R'=Br, R?= H)
2.37b (R'= H, R%= Me) 2.37f (R'=Br, R?= Me) 2.39b (R'= H, R?= Me) 2-39f (R'=Br, R*= Me)
2.37¢ (R'=H, R?=Br) 2.379 (R'=Br, R?=Br) 2.39¢ (R'=H,R?=Br) 2-399 (R'=Br, R’=Br)
2.37d (R'=H,R?=Cl) 2.37h (R"=Br, R*=Cl) 2.39d (R'=H,R?=Cl) 2-3%h (R'=Br, R*=C))
2.37i (R'= CI, R?= H) 2.39i (R'= CI, R?= H)
Compound R! RZ t(h) 1 (%) | Compound R! R t(h) n(%)
2.41a H H 2 30 2.41f Br Me 1.bh 46
2.41b H Me 1.33 50 2.41g Br Br 1h 40
2.41c H Br 333 45 2.41h Br Cl 3h 42
2.41d H Cl 55 53 2.41i Cl H 1h 51
2.41e Br H 1h 54
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Reactivity of 2-amino-4-(2-oxo-2-arylethyl)-4 H#-chromene-3-carbonitrile in aqueous
acidic conditions

With compounds 2.39 in our hands, we explored the acid-catalysed hydrolysis of its nitrile
group to afford the amides 2.44 (Scheme 24). To attempt this reaction, compound 2.39a was
suspended at room temperature in a mixture of (1:1) EtOH/H0 in the presence of a catalytic
amount of H,SO. (c). After stirring for 4 h, a new beige suspension was obtained and filtered.
Unfortunately, the desired product 2.44 could not be identified, but instead a new set of signals
were assigned to product 2.50a (n= 61% crude product (entry 1 — Table 30). The formation of
compound 2.50a could be explained by nucleophilic attack of a water molecule to position 2 of
the chromene ring, transforming C3 into a chiral carbon (Scheme 24). The process evolved with

the elimination of ammonia that is present in solution as ammonium chloride. No evidence of the

Ph Ph
o] 0 o) o]
| jl\l-' - I NH,
07 NTR!' 0”7 "NH,
2.45

244

Ph Ph
@ ..
0 OH :
(e) NH 2 (0] kOH@
cN sto4 © | NH | GNH;
O | 0”7 "NH, 0”7 “NH,
0”7 "NH,
2.42 243

1:1) EtOH/HZO
NH,

formation of the expected amide 2.44 was observed.

o)

CN  H,S04(c) H,0
— .
Z
1:1) EtOH/H,0 0~ "NH NH
NH, (1:1) ) 7 S 2 o OH, oy
®
2.47a 2.48 2.49 2.50a

Scheme 24: Proposed mechanism for the formation of compound 2.50a from 2.39a after treatment with H.SO4
(c). The formation of compound 2.44 was not detected

The chemical structure of compound 2.50a was determined based on its spectroscopic
data. Figure 30 shows the *H NMR spectrum of 2.50a, where two sets of signals between §3.5
5.5 ppm, assigned to H3, H4 and Ha, were considered indicative of two diastereomers in a 2.1:1

ratio.
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Figure 30: 'H NMR (400 MHz, DMSO-ds, § ppm) spectrum of 2.50a

After two-dimensional correlation spectroscopic analysis, the major isomer was identified
by a doublet centred at 65.22 ppm (& 7.2 Hz) and the multiplet centred at 64.14 ppm, assigned
to the H3 and H4, respectively, and a doublet of doublets centred at approximately 63.54 ppm
(/i= 6.8 Hz; /= 18.4 Hz) and 63.73 ppm (/= 4.0 Hz; /= 18.4 Hz), assigned to both protons of
Ha (Figure 31). The minor isomer was identified by the presence of a doublet centred at §4.95
ppm (&~ 10.8 Hz) and of a multiplet centred at 64.29 ppm, assigned to the H3 and H4,
respectively, and by the presence of a doublet of doublets centred at approximately §3.72 ppm (/
could not be calculated) and §3.85 ppm (/= 4.0 Hz; /.= 18.8 Hz), assigned to both Ha protons.

Based on the Karplus equation, which allows the prediction of the relative dihedral torsion
angles using the 3w constantstete, a calculation was made using the 3Jinvalues of H3 and H4, for
both isomers. Thus, the C-H3 signal of the major isomer (2.50aMaj) would have a dihedral angle
of 41° or 134° with C-H4. For the minor isomer (2.50amin), the dihedral angle of C-H3 with C-
H4 should be 24° or 148°.
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Figure 31: Expansion of the 'H NMR (400 MHz, DMSO-ds, § ppm) spectrum of 2.50a between §5.25-3.50 ppm

The proposed chemical structure for compound 2.50a was also supported by IR
spectroscopy, in which two intense bands centred at 1769 and 1681 cm, assigned to the C=0
stretching vibration of both carbonyl groups, were identified. The nitrile stretching vibration shifted
from 2179 cm in 2.39a to 2259 cm! in 2.50a, accompanied by a change in intensity from

medium to weak.

Compounds 2.50b-f could be prepared using the conditions described in Table 30. The
results showed that the isomeric ratio does not vary significantly with the presence of different
substituents in the starting material. Lower reaction yields were obtained as the number of
equivalents of H,SO. (98%) w. as increased. However, additional experiments are needed to

confirm, including using other R* and R? substituents.

In summary, a synthetic procedure was designed and optimized for the preparation of
lactones 2.50 in good to high yields. By suspending the appropriate 2-aminochromene 2.39 in
aqueous ethanol in the presence of concentrated H,SO.at room temperature, diastereoisomeric

mixtures of lactones 2.50 could be isolated.
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Table 30: Reaction conditions and results obtained from the treatment of chromenes 2.39 with concentrated
H>S04in aqueous ethanol to afford compounds 2.50

R2
0
CN H,SO, (98%) R! CN
NH, EtOH/H,0 O o o
2.39a (R'=H, R=H) 2.50a (R'= H, R%= H)
2.39b (R'= H, R%= Me) 2.50b (R'=H, R?= Me)
2.39¢ (R'=H, R%= Br) 2.50c (R'= H, R%= Br)
2.39e (R'= Br, R?= H) 2.50d (R'= Br, R%= H)
2.39g (R'= Br, R2= Br) 2.50e (R'= Br, R?= Br)
2.39h (R'=Br, R%= Cl) 2.50f (R'= Br, R%= Cl)
2.39 solvent H,S0, isomeric
Entry "R RZ  EtOH/H,0 (e9UV) T(°C) t(h) n(%) product  ratio
1 H H 11 1.7 r.t. 4 61 2.50a 2.1/1
2 H Me 11 1.7 r.t. 4 84 2.50b 2.5/1
3 H Br 1:4 3.7 50 1 78 2.50c 2.7/1
4 Br H 11 3 r.t 4 57 2.50d 2.7/1
5 Br Br 1:1 45 r.t. 2 17 2.50e¢! 2.9/1
6 Br Cl 11 4 r.t. 2 17 2.50f! 2.9/1

Lidentified by *H NMR and IR spectroscopy; evolved during 3C and bidimensional NMR spectra collection

Reactivity of 2-amino-4-(2-oxo-2-arylethyl)-4 #chromene-3-carbonitriles with primary
amines: synthesis of novel 6-imino-/N,9-diaryl-6 #benzo[ c]chromen-7-amines and 6-
oxo-/N,9-diaryl-6 H#benzo[ c]chromen-7-amines

The reactivity of 2-amino-4-(2-oxo-2-arylethyl)-4 Hchromene-3-carbonitriles 2.39 with a

selection of primary amines was also studied. The goal was to introduce a 6-membered ring in the

scaffold by transforming the nitrile group in 2.39 into an amidine moiety able to promote an

intramolecular cyclization with the ketone group, as represented in Scheme 25. To this end,

compound 2.39e was employed as a model to study and optimize the reaction conditions, with

aniline as the amine. The experiments performed were summarized in Table 31.
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R2
6]
1
R CN conditions
| + R3-NH, —>
0~ "NH,
2.39 2.51

2.55 2.54

Scheme 25: Predicted reaction sequence that would allow the formation of products 2.55

Table 31: Experimental conditions tested, in the reaction of compound 2.39e with aniline

2.39 2.55a (X=NH) 2.57a ’ 2.59a (R'=OEt)
m=0.150 g 2.56a (X=0) 2.68a (R'=OEY) 2.60a (R'=NHPh)
conditions results

Entry aniline gglyent AcOH H,SO0, T t(h) product® ratio yield

(equiv.) (equiv.) (equiv.) (°C) (%)

. complex - -
1.2 EtOH - - 80 92 mixture
2.58a +

2 i EtOH 05 : 80 22 5,59, /4 '
s L o 05 20 2 2.56a +

: to : - 2.57a+ 2/9/2 -
2.60a
2.55a +

4 2 MeCN 05 - 80 22,390 U9 -
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5 2 Dioxane 0.5 - 80 22 2.39¢ - b
6 2 EtOAc 0.5 - 80 22 2.39%¢ - 35
2.55a +
7 2 EtOH 0.5 - 80 22 2 56a 9/1
8 2 EtOH - - 80 22 2.39%¢ - 70
9 2 EtOH 1 - 80 22 2.55a - 18
10 3 EtOH 0.5 - 80 22 2.55a - 25
2.55a +
11 ) .
3 EtOH 0.5 80 63 2 56a 9/1
2.55a +
12 ) .
2 EtOH 0.5 50 70 2.60a 1/4
13 2 EtOH - 0.5 80 0.33 2.60a - b
2.55a +
14 2 EtOH - 0.5 80 22 2.56a+ 5/1/4
PhNH-CI
3By 1H NMR

bslightly contaminated product; no yield was calculated

Observing the results from Table 31, a series of conclusions can be noted:

Performing the reaction without an acid catalyst results in a complex mixture after 92 h of
reaction (entry 1).

The absence of aniline led to the formation of products 2.58a and 2.59a, where ethanol
acted as nucleophile (entry 2), while adding 1.2 equivalents of aniline led to the formation of
products 2.56a, 2.57a and 2.60a (entry 3).

When comparing the reactions performed using different solvents (entries 3-7), it is observable
that ethanol was the best solvent to perform this reaction (entry 7), with acetonitrile affording
a mixture of 2.55a and 2.39e of 1/9 (entry 4) and both dioxane and ethyl acetate leading to
the isolation of the starting material 2.39e (entries 5 and 6).

When comparing the reactions performed in ethanol for 22 h (entries 7-10), it is possible to
conclude that the addition of 1 equivalent of acetic acid (entry 9) improves the isolation yield
of 2.55a (18%) and without the presence of impurities, when compared with the use of 0.5
equivalents of acetic acid (entry 7). However, the best results were obtained when 0.5

equivalents of acetic acid and 3 equivalents of aniline were used (entry 10), which afforded the
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isolation of 2.55a with 25% yield. Removing the acetic acid from the reaction leads to the
isolation of the starting material 2.39e with 70% yield (entry 8).

e Comparing the reactions where 3 equivalents of aniline were used (entries 10 and 11), which

differ in the reaction time, it is possible to observe that prolonging the reaction time from 22 h
(entry 10) to 63 h (entry 11) leads to the isolation of a mixture of 2.55a with 2.56a, which
indicates that prolonging the reaction might lead to the hydrolysis of 2.55 into 2.56.

e Comparing the reactions where sulfuric acid was used (entries 13 and 14), it is possible to

observe that the reaction occurred at an accelerated rate when comparing with the ones where
acetic acid was used, as after 20 min. of reaction, compound 2.60a was isolated as a slightly
contaminated product (entry 13). However, performing the reaction for 22 h (entry 11) led to
a faster hydrolysis rate of 2.55a, as compound 2.56a was detected in the mixture ina 5/1
ratio with 2.85a, which is a higher proportion when comparing to entry 7 where acetic acid
was used.

e |t was also possible to identify a set of signals attributed to anilinium salt, which was formed
due to the presence of a strong acid such as sulfuric acid (entry 14). This might be responsible
for a decrease in the formation of 2.55a by decrease of the availability of aniline to act as a

nucleophile.

The chemical structures of the products described in Table 31 were determined by NMR
spectroscopy. The *H NMR spectra of compound 2.55a possesses distinctive singlets at 612.78
(C4-NHPh), 6 9.32 (C5=NH) and 68.14 ppm (C1-H) (Figures 32 and 33). Compound 2.56a
presents several peaks that possess similar chemical shifts to those observed for 2.55a, with the
main difference being the absence of the singlet at 9.32 ppm and the presence of a new singlet
at §10.75 ppm (Figure 34), which was attributed to the C4-NHPh after HMBC and HMQC
correlation studies. *C NMR spectra of compound 2.56a presents a group of signals with similar
chemical shifts to those presented by 2.55a, with the distinction of C5 (6155.46 ppm) (Figure
35).
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Figure 32: *H NMR (400 MHz, DMSO-ds, § ppm) spectrum of compound 2.55a, in which three signals are
highlighted
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Figure 33: 3C NMR (100 MHz, DMSO-ds, § ppm) spectrum of compound 2.55a, in which three signals are
highlighted
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Figure 34: 'H NMR (400 MHz, DMSO-ds, § ppm) spectrum of compound 2.56a, in which two signals are
highlighted
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Figure 35: 3C NMR (100 MHz, DMSO-ds, § ppm) spectrum of compound 2.59a, in which three signals are
highlighted

It is worth highlighting that the chemical shifts of the NH groups in compounds 2.55 and
2.56 showed to be highly different, specifically the singlets appearing at §12.74 ppm and §10.73

ppm, respectively. This may be explained by the strength of the expected intramolecular hydrogen
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bonding interaction between the NH group and the imine and ketone groups in compounds 2.55

and 2.56, respectively, which are disposed in a 6-membered ring fashion (Figure 36).

2.55a 2.56a

Figure 36: Representation of the expected intramolecular hydrogen bonding interaction between the NH group and
the imine group or ketone groups in 2.55a and 2.56a, respectively

The identification of compound 2.60a was performed by 'H and *C NMR spectroscopy
on a mixture of compounds 2.60a and 2.39e (Figures 37 and 38) considering the NMR signals
previously obtained from the pure compound 2.39e. The characterization of compound 2.60a
was based on the presence of a doublet centred at §4.68 ppm (&= 5.6 Hz) corresponding to H4
hydrogen atom, the double doublet at §5.26 ppm (A= 1.2 Hz; 5= 5.6 Hz) assigned to H5 hydrogen
atom, and three singlets, one attributed to the pyridine NH group (8 8.81 ppm), the second to the
exocyclic amine (68.51 ppm) and the third to the hydroxy group (69.94 ppm), respectively.

The studies on the reaction of 2.39e with aniline, summarized in Table 31, showed that
performing the reaction in ethanol, at 80 °C, and in the presence of acetic acid afforded compound
2.55a after 22 h. It was then theorized that compounds 2.55, 2.56, 2.58 and 2.59 could be
selectively obtained by controlling the reaction conditions. Also, the isolation of compounds 2.58
and 2.59 when performing the reaction in the absence of aniline (entry 2 — Table 31) led to the
hypothesis that these compounds were being generated in a stepwise fashion, with compound

2.58a being a precursor of compound 2.59a.

Additionally, the isolation of compound 2.60a by using 2 equivalents of aniline, in a
reaction performed in the presence of 0.5 equivalents of sulfuric acid, in ethanol and at 80 °C, for
20 min. (entry 13- Table 31), could mean that there could exist a precursor of 2.60a whose
structure would be analogue to 2.58a, but that had incorporated aniline instead of ethanol. It was
also theorized that compound 2.60a could be a precursor of compound 2.55a, which could

generate compound 2.56a by hydrolysis.
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Figure 37: 'H NMR (400 MHz, DMSO-de, 8 ppm) spectrum of a mixture of compounds 2.39e and 2.60a, in
which several signals of compound 2.39e (black circles) and of 2.60a (blue circles) are highlighted
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Figure 38: 3C NMR (400 MHz, DMSO-ds, § ppm) spectrum of a mixture of compounds 2.39e and 2.60a, in
which several signals of compound 2.39e (black circles) and of 2.60a (blue circles) highlighted

In search of the optimal conditions for the isolation of each of these compounds, a series
of experiments were performed using these conditions in an EtOH/H,0 system to promote a

solubility-controlled reaction in which the products reacted while in suspension (Table 32).
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Table 32: Conditions tested for the reaction of compound 2.39e with aniline, in an EtOH/H20 system

o NH,
Br CN © conditions B
+ - =
(0] NH,

wores M T pmesen eeven
Entry aniline AcOH t (h) products’ ratio’ yield
(equiv.) (equiv.) (%)
1 2 0.25 0.5 2.60a + 2.39%¢ 1/5
2 2 0.25 1 2.60a +2.6la+2.39¢ 1/1/3
3 2 0.25 1.5 2.61a + 2.39%¢ 1/3
4 2 0.5 1.5 2.61a - 65
5 2 1 1.5 2.60a + 2.61a 1/9
6 2 2 1.5 2.55a + 2.61a 1/4
7 2 0.5 15.5 2.55a + 2.61a 1/4
8 2 1 15.5 2.55a + 2.61a 1/4
9 2 2 15.5 2.55a + 2.61a 1/4
10 1.2 0.5 22 2.55a+2.60a+2.6la 1/1/8
11 2 0.5 22 2.55a + 2.61a 1/4
12 3 0.5 63 2.55a + 2.61a 1/1
2By 'H NMR

From the results presented in Table 32, a series of conclusions can be pointed out as well:

e When 0.25 equivalents of acetic acid were used (entries 1-3), longer reaction times favoured
the formation of compounds 2.60a and 2.61a.

e When fixing the reaction time in 1.5 h (entries 3-6), an increase in the acetic acid equivalents
resulted in the isolation of different products mixed with 2.61a. The order of identification of
these different products follows the previously proposed stepwise order of formation for
compounds 2.55a, 2.60a and 2.61a, which corroborate the theory that 2.61a is the
precursor of 2.60a, which in turn is the precursor of 2.55a.

e When the reaction time was fixed in 15.5 h (entries 7-9), it was verified that an increase in the

acetic acid equivalents did not result in any change of the isolated mixture of 2.55a and
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2.61a, as the ratio was the same for all three experiments (1/4). This might indicate that, at
this point, the reaction may be mainly controlled by other variables other than the amount of
acetic acid in solution.

e Fixing the reaction time in 22 h (entries 10 and 11) and varying the aniline equivalents, while

fixing the amount of acetic acid in 0.5 equivalents, showed that the amount of aniline bears an
important role in the reaction, as the use of 1.2 equivalents (entry 10) led to the isolation of a
mixture of 3 products (2.55a, 2.60a and 2.61a) in a 1/1/8 ratio, while the use of 2
equivalents increased the ratio of the product 2.55a in relation to 2.61a (entry 11).

e When the reaction time and aniline equivalents were increased to 63 hours and 3 equivalents,
respectively, it was verified that a mixture of 2.55a and 2.61a was still present, in a ratio of

1/1.

From the results presented in Table 32, it was possible to confirm that compounds
2.61a, 2.60a and 2.55a are being generated in a stepwise fashion. The reaction is promoted
by acetic acid catalysis, but an increase in the amount of acetic acid is not directly proportional to
an increase in the formation of 2.55a. An increase in the reaction time is not directly related to
an increment in the formation 2.5%a as well, as a ratio of 2.55a and 2.61a of 1/4 was found
in entry 6 (2 equivalents of aniline, 2 equivalents of acetic acid, 1.5 hours), entry 9 (2 equivalents
of aniline, 2 equivalents of acetic acid, 15.5 h) and entry 11 (2 equivalents of aniline, 0.5

equivalents of acetic acid, 22 h).

These findings suggested that the newly formed product 2.61a would be quite insoluble
in the aqueous ethanol (50%) employed in the reaction, thus facilitating the evolution of the reaction
to the formation of compound 2.55a. Therefore, this solvent mixture does not seem to be suitable
for preparing compounds 2.55, 2.56 and 2.60, but an option for the synthesis of compounds
2.61, as provided compound 2.61a with a 65% yield (entry 4). It is important to note that, for
entry 4, 2.61a was found after 1.5 h of reaction, while for 0.5 h of reaction time (entry 1)
compound 2.60a was found; this can be explained considering the evolution that compounds
2.61a suffers in DMSO-d¢, generating 2.60a, which could have occurred during the collection of
the *H NMR spectrum in entry 1. For this reason, the percentages of both compounds 2.60a and
2.61a that were identified in the crude mixtures must be analysed with a certain caution, as even
though the collection of the *H NMR spectrum was readily performed after the preparation of the

sample, the conversion of 2.60a into 2.61a rapidly occurs in DMSO-ds.
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Compound 2.61a was identified by 'H NMR as a pure product (Figure 39A). However,
an evolution of 2.61a into 2.60a was observed in the NMR tube (DMSO-ds solution) during the
collection of the *C NMR spectra (Figure 39B). As compound 2.60a had been previously
characterized, the *C NMR signals for compound 2.61a could be assigned (Figure 40). In the
'H NMR spectra of compound 2.61a stands out two doublet of doublets at around 62.16 and
62.41 ppm (/4= 9.2 Hz; = 3.2 Hz), which correspond to the H3 hydrogen atoms. It also
possesses a triplet at around §3.72 ppm (£ 2.8 Hz), corresponding to H4, and two distinct singlets
at 68.02 and 68.12 ppm, which are attributed to the NH-Ph and the endocyclic NH groups,
respectively. Compounds 2.58a and 2.59a could be identified due to the presence of the
characteristic signals previously identified for 2.60q and 2.61a, by *H NMR, and for the existence
of an additional triplet and quartet, typical of the methyl and methylene groups of ethoxyl groups.

The results pointed to the involvement of dihydropyridine 2.60 and spiro derivative 2.61
in the formation of imine derivative 2.595, with 2.61 being a precursor of 2.60, which in turn is
a precursor of 2.55. These findings led us to review the mechanism proposed in Scheme 25,
suggesting that the reaction occurs through path B (Scheme 26) as a possible reaction
mechanism for the formation of imino chromenopyridine 2.55 and lactone chromenopyridine
2.56, instead of path A (Scheme 26). It is expected that prolonging the reaction time after
compound 2.55 is formed will lead to an increased hydrolysis rate, and thus generating 2.56
from 2.55 (Scheme 26). As observed in Table 31, compound 2.57a was found when the
amount of aniline was decreased from 2 to 1.2 equivalents or removed. Therefore, it was concluded
that the formation of the lactone 2.57 would follow a similar pathway to that proposed for imine
2.55, competing with the added nucleophile (anilines in the present study) for the attack at C2.
This will tend to occur when less amount of amine is used, or a less nucleophilic amine is chosen.
Dihydropyridines 2.59 and 2.60 are expected to have been generated during the formation of

lactones 2.57, following a similar reaction mechanism than that presented in Scheme 26.
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Figure 39: A: *H NMR (400 MHz, DMSO-ds, § ppm) spectrum of compound 2.61a, in which several signals are
highlighted. B: *H NMR (400 MHz, DMSO-de, 8 ppm) spectrum of a mixture of compounds 2.60a and 2.61a,
generated from a sample of 2.61a, in DMSO-ds, while collecting the 13C NMR (100 MHz, DMSO-ds, 8 ppm) spectra,
in which several signals of compound 2.60a (blue circles) and of 2.61a (red circles) highlighted
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Figure 40: 3C NMR (100 MHz, DMSO-ds, & ppm) spectrum of a mixture of compounds 2.60a and 2.61a,
generated from a sample of 2.61a, in DMSO-de, in which several signals of compound 2.61a (red circles)
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Since reactions carried out using 50% aqueous ethanol did not enhanced the formation of
imines 2.55, the reactivity of the chromenes 2.39 with diverse anilines 2.51 using ethanol as

sole solvent was then explored (Tables 33-40).

The treatment of chromene 2.39a (R'= H, R?= H) with aniline, 4-toluidine, 4-
methoxyaniline and 4-bromoaniline provided the imines 2.55, which were isolated as light-yellow
solids in yields ranging from 48% to 68% (Table 33). The reaction starts as a suspension that
gradually solubilizes and later leads to a new suspension that is filtered. For the reactions involving
ptoluidine (entry 2) and 3-bromoaniline (entry 4), a slight contamination with the 5-oxo derivative

2.58 was obtained (below 5% of the total amount).

© AcOH

O | CN gy, @5 e

. + - —_—
Table 33: Results for the reaction of chromenes 0" “NH, 2 EXOH. 80 °C
2.39a with anilines 2.51 (2 equivalents) and

acetic acid (0.5 equivalents) in ethanol at 80 °C 2.39a 2.51 2.55 (X=NH)
(2 equiv.) 2,56 (X=0)
results
Entry R t(h)  products® yield (%) contamination’ %
1 Ph 22 2.55b 61 -
2 4-MeCeH4 22.66 2.55¢ 66 2.56b 3.6
3 4-OMeCegH4 22.25 2.55d 68 -
4 3-BrCeHa 22 2.55e 48 2.56¢ 4.8
2By 'H NMR

The results of the reactions carried out with compound 2.41c (R'= H, R?>= Br) are
summarized in Table 34. This compound showed to be more soluble in EtOH. To accelerate the
reaction conditions and therefore avoiding the conversion of the desired imino chromenopyridine
2.55 into lactone chromenopyridine 2.56, 3 or 4 equivalents of aniline, 4-toluidine, 4-
methoxyaniline and 4-aminobenzonitrile were employed. In contrast to compound 2.39a, the
reaction mixture started as a thin suspension that quickly solubilized and resuspended. In this
case, a small amount of a yellow solid precipitated after 3 days at -9 °C. However, the higher
degree of solubility of chromene 2.39¢ seems to be promoting the formation of other products,

leading to the formation of complex reaction mixtures. Performing the reaction with 4-

103



Chapter 2
Synthesis of 2,3-substituted 24 and 4 Achromene derivatives and 1 Aimidazole derivatives

aminobenzonitrile, for 30.25 h, afforded a complex mixture, from where it was possible to identify

a set of signals that could be assigned to intermediates 2.58b and 2.59b.

Table 34: Results for the reaction of chromenes 2.39c¢ with anilines 2.51 (3-4 equivalents) and acetic acid (0.5
equivalents) in ethanol at 80 °C

AcOH
(0.5 equiv.)
+ R“NH, ———
EtOH, 80 °C
239 281 22'_556(&1%-)') 2.58b Br 2.59b
results
Entry R! amine t (h) . - o
(equiv.) products ratio yield (%)
1 Ph 3 14 2.55f - <5
2 4-MeCeH,4 3 22 complex mixture - -
3 4-OMeCgHq 3 14h 2.55g - 22
4 | 4CNCeH, 4 30.25 | Midurecontaining .55 :
2.58b + 2.59b?

@By 'H NMR

The reaction of chromene 2.39d (R'= H, R?= Cl) with aniline, 4-toluidine, 4-methoxyaniline
and 4-aminobenzonitrile led to very similar results to those obtained for chromene 2.39¢ (Table
35). When the desired product 2.55 was isolated, its formation occurred in very low yields and
the product was often contaminated with unknown impurities. When 4-methoxyaniline was
employed (entry 3), imino chromenopyridine 2.55g was obtained by simple filtration, with 22%
yield. The filtrate was concentrated and resuspended in a small amount of EtOH/Et,0. After filtering
the suspended orange solid, an 'H NMR spectrum was obtained from which lactone
choromenopyridine 2.56d was identified, as well as to the respective precursors 2.61c and
2.60c. A subset of signals, related to minor products, are also present, but remain unidentified.
This strongly indicates the possible formation of other unidentified side products, which could
explain the low isolated yield of 2.55g. For the reaction involving 4-aminobenzonitrile (entry 4),
the *H NMR spectrum of the collected solid was comparable to that obtained for the reaction with

chromene 2.39c¢ with the same aniline, which indicates that a similar phenomenon is occurring.
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Table 35: Results for the reaction of 2.39d with anilines 2.51 (3-4 equivalents) and acetic acid (0.5 equivalents)
in ethanol at 80 °C

cl cl
o
AcOH
CN !
O I + R'NH, (0.5 equiv.) .
0~ “NH, EtOH, 80 °C
2.39d 2.51 2.55 (X=NH)
2.56 (X=0)
results
Entry R ami|_1e t products® yield contamination® %
(equiv.) (h) (%)
1 Ph 3 31 2.55h 13 2.56d 12.5
2 4-MeCegHa 3 6.5 2.55i <5 2.56¢ 17
3 4-OMeCeH4 3 6.5 2.55j 8 -
a ACNCeHa 4 o5 mixture containing i i
2.58c + 2.59c¢
@By 1H NMR

The reactivity of compound 2.39e (R!= Br, R?>= H) against a selection of anilines (aniline,
ptoluidine, 4-methoxyaniline, 4-chloroaniline and 3-bromoaniline) and aliphatic amines such as 2-
aminoethan-1-ol under acidic conditions was also studied (Table 36). It was expected that the
higher nucleophilicity of aliphatic amines would accelerate the reaction, and precipitation of the
product from the reaction medium would avoid its permanence, and subsequent evolution, in
solution. Unfortunately, the formation of the desired products was not observed. For this reason,
the use of aliphatic amines may require further adjustments of the reaction conditions, but this

possibility was not further explored.

The results obtained for the more nucleophilic anilines, such as ptoluidine and in particular
4-methoxyaniline, not only when chromene 2.39e was used but as a rule for all compounds 2.39,
confirm that they lead to better yields of the desired imino chromenopyridine 2.55I. The use of p
toluidine led to a mixture of compounds 2.55k and 2.57a, in a similar ratio even when the
number of equivalents were increased from 2 to 5 and the reaction time was expanded from 22 h

to 47 h (entries 4 and 5, Table 35). 4-chloroaniline, in which the chloride would act as an electron-
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withdrawing substituent by inductive effect, more than it can contribute as an electron-donating

substituent by resonance effect, led to a complex mixture (entry 7, Table 36).

Table 36: Results for the reaction of 2.39e with amines 2.51 (2-5 equivalents) and acetic acid (0.5 equivalents) in
ethanol at 80 °C

AcOH
(0.5equiv.) Br
+ R\NH, ———
EtOH, 80 °C
2.39% 2.51 2.55 (X=NH) 2.57a
2.56 (X=0)
results
Entry R ami|_1e t products® ratio® yield contamination® %
(equiv.) (h) (%)
1 (CH,),0H 2 24 complex i i
mixture
2 (CH3)sOH 2 2 2.39¢ - 24 -
3 Ph 3 22 2.55a - 25 -
4 2.55k +
4 . § }
MeCsHg4 3 22 2.57a /1.2
4 2.55k +
5 . - -
MeCsHg4 S 47 2.57a /13
6 &~ 2 22| 258l : 55 2.56f traces
OMeCeH4 ) )
7 4-ClCeH4 2 29 complex i i
mixture
8 3-BrCeHa 2 19 2.55m - 19 -
@By 1H NMR

The results of the reaction of chromene 2.39f (R!= Br, R*= Me) with aniline, /7#toluidine,
ptoluidine, 4-methoxyaniline, and 3-methoxyaniline, under the aforementioned reaction conditions,
afforded the imino chromenopyridines 2.55 in yields ranging from 17% and 37% (Table 37). Only
the reaction involving r#toluidine led to lactone chromenopyridine 2.57b as the major product
and imino chromenopyridine 2.550 as the minor product (entry 3). For the reactions involving

aniline (entry 1) and ptoluidine (entry 4), a small contamination with lactone
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chromenopyridine 2.56g for the first case and a small unidentified contamination was observed

for the latter.

Table 37: Results for the reaction of 2.39f with anilines 2.51 (2-3 equivalents) and acetic acid (0.5 equivalents) in
ethanol at 80 °C

AcOH
(0.5 equiv.)
+ R-NH, ——
EtOH, 80 °C
2.39f 2.51 2.55 (X=NH) 2.57b
2.69 (X=0)
results
Entry R* amifle t (h) products® ratio® yield contamination® %
(equiv.) (%)
1 Ph 2 22 2.55n - 17 2.56g 6
2 Ph 2 15 2.55n - 15
3- 2.550 +
3 MeCeHa 2 21.25 2.57b 1/2 '
4 4 2 2125| 2.55p i 34 unknown
M6C6H4 ' )
5 4 3 22 2.55p i 37
M6C6H4 )
6 & 2 1725| 2.55q i 32
OIVIeCsH4
7 3 2 21.25 2.55r - 31
OIVIeCsH4

3By 'H NMR

Similar results were also obtained for compound 2.39g (R'= Br, R?>= Br) with aniline, o
toluidine, 4-methoxyaniline, and 3-methoxyaniline (Table 38). Thus, for less nucleophilic anilines,
such as 3-methoxyaniline (entry 5) and 4-bromoaniline (entry 6), a complex mixture or a mixture
containing imino chromenopyridine 2.39x, traces of lactone pyridines 2.56j and 2.57¢ were
obtained. It should be noted that the most prevalent contamination observed for these reactions
involved the formation of lactone chromenopyridine 2.57¢, where ethanol is competing as a
nucleophile. Compound 2.57¢ was identified from the mixture obtained from the reaction

described in entry 5. The structural identification, by NMR, of compound 2.57¢ from this mixture
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allowed for the confirmation that the ethoxy group is indeed part of the structure and was neither
solvent traces nor co-crystallized ethanol molecules, as the CH, moiety correlates, by HMBC NMR

spectroscopy, with C4 (& ppm) (Figures 41 and 42).

Compounds 2.57 are much likely formed due to nucleophilic competition between the aniline
2.51 used and ethanol, which seems to be occurring more extensively when the solubility of the
used chromene 2.39 decreases. This competition may also be favoured when less nucleophilic or
less soluble anilines 2.51 are employed. The possible replacement of the existing secondary
aniline at position C4 in either imino chromenopyridines 2.55 and/or lactone pyridines 2.56 by
nucleophilic reagents such as ethanol, or vice-versa, was not further explored.

Table 38: Results for the reaction of 2.39g with anilines 2.51 (2-3 equivalents) and acetic acid (0.5 equivalents)
in ethanol at 80 °C

o
AcOH
Br CN (O.SCequiv.) Br
O | + RWNH, ———
0" “NH, EtOH, 80 °C
2399 2.51 255 (X=NH) 2.57¢
2.56 (X=0)
results
Entry R amifle t (h) products? ratio® yield contam.* %
(equiv.) (%)

2.55s + 2.56h

1 . . - - -
Ph 2 72 2 57¢ 2/0.11/0.33

2.55t + 2.56i +
2 4-MeCeH4 2 22 2.57c 4.4/0.4/0.5 - - -
3 4-MeCeH4 3 35.25 2.55u - 17 - -
4 4-OMeCgH4 2 22 2.55v - 56 | 2.57¢ 11

2.55x + 2.56j
5 3-OMeCgH4 2 39 +2.57¢ 1/traces/0.7 - - -
6 4-BrCeH4 2 22 complex mixture - - - -

@By 1H NMR
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Figure 41: 'H NMR (400 MHz, DMSO-ds, & ppm) spectrum of the crude solid obtained from the reaction described
in Table 38 (entry 5), with the identification of several signals belonging to compounds 2.55x, 2.56j and 2.57¢
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Figure 42: HVMBC NMR (100 MHz, DMSO-de, 6 ppm) spectrum of the crude solid obtained from the reaction
described in Table 38 (entry 5), with the identification of the signals belonging to compounds 2.55x, 2.56j and
2.57c
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Chromene 2.39h (R'= Br, R>= Cl) was also used in the reaction with aniline, ptoluidine,
mroluidine, 4-methoxyaniline, and 3-methoxyaniline (Table 39). For most of the reactions
performed (entries 1-5), a mixture of the desired imino chromenopyridine 2.55 was identified in a
mixture with either its corresponding precursor dihydropyridine 2.60 or with lactone
chromenopyridine 2.57d, formed by the nucleophilic attack of ethanol. This indicates that an
extensive nucleophile competition may be occurring when 2 equivalents of the aniline derivative
are used, specifically with aniline (entry 1) and ptoluidine (entry 3). The reaction was also
performed with 3 equivalents of aniline (entry 2) and ptoluidine (entry 5), with similar results. When
comparing the same amine (ptoluidine, entries 4 and b), in the reactions where 2 equivalents
were used in a reaction that lasted for 48 h (entry 4) and 3 equivalents were used in a reaction
that lasted for 20 h (entry b), it is possible to observe that the ratios of formation of imino
chromenopyridine 2.55a’ and lactone chromenopyridine 2.57d, collected in the mixture and

analysed by *H NMR, were comparable.

Table 39: Results for the reaction of 2.39h with anilines 2.51 (2-3 equivalents) and acetic acid (0.5 equivalents)
in ethanol at 80 °C

AcOH
(0.5 equiv.)
+ R-NH, ——— +
EtOH, 80 °C
2.39h 2.51 2.55 (X=NH)
results
Entry R amifle t (h) products® ratio® yield contamin.® %
(equiv.) (%)
2.55y +
1 Ph 2 38 2 57d 2/1.6
2.55y +
2 Ph 3 27 2.60b 2/1.6 - -
2.55z +
3 3-MeCgH4 2 21 2.57d 1.7/1 - -
2.55a’ +
4
4-MeCeH4 2 48 2.60c 1/3
2.55a’ +
5 4-MeCeHa 3 20 2.60c 2/2.4 - -
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4 14.66 +
6 2.55b’ . 2.60d
OMeCgHa 2 6.5+ 6P 21 traces
7 > 2 39 2.55¢’ - <5 ]
OMeCeH.

aBy 'H NMR; bThe reaction was stopped two times, with the suspended product being filtered and an *H NMR spectrum was collected from the
crude product. Then, the reaction continued for an additional period of time.

The experiment described in entry 6 was performed differently from those presented up to
this point: (i) after stirring at 80 °C for 14.66 h, the suspended solid was isolated, and a sample of
the obtained crude product was analysed by *H NMR (Figure 43); (i) the solid was resuspended
in the filtrate and proceeded to stir at 80 °C for an additional 6 h. After this time, the suspended
solid was isolated, and a sample of the obtained crude product was once again analysed by 'H
NMR (Figure 44); (i) the solid was resuspended in the filtrate and proceeded to stir at 80 °C for
an additional 6 h. After this time, the suspended solid was isolated, and a sample of the obtained
crude product was analysed by *H NMR a third time (Figure 45). The *H NMR spectra
demonstrate that the reaction was not completed neither after 14.66 h (Figure 43) nor after 6
additional hours (Figure 44), with a mixture of imino chromenopyridines 2.55b’, dihydropyridine
2.60d and spiro derivative 2.61b being identified in both cases. The product collected after 26.66
h of reaction appeared, by *H NMR spectroscopy, as a sole product, identified as imino

chromenopyridines 2.55b’ (n= 21%), with traces of dihydropyridine 2.60d (Figure 45).
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Figure 43: 'H NMR (400 MHz, DMSO-de, & ppm) spectrum recorded form the crude product of the reaction
described in entry 6 (table 39) after 14.66 h of reaction. Among the observed mixture, it is possible to observe the
same pattern belonging to compounds 2.55b’ (blue circles), 2.60d (red circles) and 2.61b (black circles circles)
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Figure 44: 'H NMR spectrum (400 MHz, DMSO-ds, § ppm) recorded form the crude product of the reaction

described in entry 6 (table 39) after 20.66 h of reaction. Among the observed mixture, it is possible to observe the
same pattern belonging to compounds 2.55b’ (blue circles), 2.60d (red circles) and 2.61b (black circles circles)
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Figure 45: 'H NMR (400 MHz, DMSO-ds, § ppm) spectrum recorded form the crude product of the reaction

described in entry 6 (table 39) after 26.66 h of reaction. Among the observed mixture, it is possible to observe the
same pattern belonging to compounds 2.55b’ (blue circle) and traces of 2.60d (red circles)
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In general, the reactions involving compound 2.39i (R'= Cl, R%= H) with aniline, p
toluidine, m#oluidine, 4-methoxyaniline, and 3-bromoaniline afforded good results, with a series of
imino chromenopyridines 2.55 being synthesized with yields ranging from 16-55% and with minor
impurities (Table 40). In general, similar results to those obtained for compounds 2.39b and
2.39f, where a series of chromenopyridines 2.55 derivatives could also be prepared with minor
or no contamination. This seems to reinforce the idea that the solubility of the starting materials

greatly influences the course of the reaction.

Table 40: Results for the reaction of 2.39i with ¢ (O_QZ(ZUHN_) cl
anilines 2.51 (2-3 equivalents) and acetic acid (0.5 + RI-NH2 W
equivalents) in ethanol at 80 °C '
2.39i 2.51 2.55 (X=NH)
2.56 (X=0)
results
Entry R* amifle t(h)  product® ratioc® yield contamination® %
(equiv.) (%)
1 Ph 2 88 2.55d’ - 16 2.56k 6
2 Ph 3 22 2.55d’ - 5%
2.55¢’ +
3 4-MeCgH4 2 22.25 2,561 1.5/1 -
4 4-MeCgH4 3 21 2.55f - 22
5 4-OMeCgH4 2 39.25 2.55g’ - 5%
6 | 3BrCeHs 2 15n | COmPIeX : :
mixture
3By 'H NMR

The best reaction conditions for the selective preparation of the lactone pyridines 2.56
from imino chromenopyridines 2.55 was also explored. The use of concentrated H.SO.as catalyst,
instead of AcOH, was also attempted but led to the formation of complex mixtures. Remarkably,
when a mixture containing compounds 2.55a, 2.56a, 2.60a and 2.61a was used the reaction
was successful. Thus, the heating at 80 °C for 3.5 h of a solution of the mixture in ethanol in the
presence of approximately 2.5 equivalents of concentrated H.SO. and a catalytic amount of water

afforded compound 2.56a, by simple filtration, with 26% yield (Scheme 27).
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NHPh

HySO4 (98%, 2.5 equiv.)

OH * "NH Br
_ H,0 ( cat.)
NHPh + NHPh +
CN EtOH, 80°C, 3.5h
Br
2.55a (X=NH) 2.60a 261a 2.56a
2.56a (X=0)

Scheme 27: Conversion of a mixture of compounds 2.55a, 2.56a, 2.60a and 2.61a into the desired compound
2.56a by heating at 80 °C with concentrated H2SOa.

In conclusion, it is possible to affirm that:

1) A new synthetic method for the preparation of novel 5-imino-2-aryl-Msubstituted-5+
chromeno[3,4-dpyridin-4-amines 2.55, with yields ranging from 5-68%, has been
discovered.

2) The best reaction conditions to afford imino chromenopyridines 2.55 involved the use of 2-
4 equivalents of the appropriate aniline, 0.5 equivalents of AcOH, ethanol as solvent and
heating at 80 °C.

3) The reaction mechanism for the synthesis of 2.55 would involve spiro derivatives 2.61 and
dihydropyridines 2.60 in a sequential fashion, with these compounds have been successfully
identified by NMR spectroscopy.

4) It is possible to generate the lactone pyridine 2.56 by a two-step procedure involving the
formation of a mixture of imino chromopyridines 2.55 and lactone pyridines 2.56 with their
precursors dihydropyridine 2.60 and spiro derivatives 2.61, followed by heating at 80 °C

with concentrated H,SO0,.

Reactivity of 2-amino-4-(2-oxo-2-arylethyl)-4 #chromene-3-carbonitriles in aqueous
base

The observed competition between nucleophiles (anilines vs ethanol), during the formation
of imino chromenopyridines 2.55, brought the idea of developing new synthetic pathways involving
other types of nucleophiles as a way to expand the chemical space. It was then proposed that
compounds 2.39 could also engage in ring-opening processes, under basic conditions, and that
the nucleophile could be the used solvent itself, in a similar mechanism to that verified when
aromatic amines were used (Scheme 26, page 103). To test this possibility, a selection of

reactions was performed under various experimental conditions, and the results are presented in
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Table 41. The goal was to study the effect of a nucleophilic solvent (namely MeOH or EtOH) on

the evolution of 2.39 to different products that incorporate the solvent.

Table 41: Reaction conditions and results obtained from the
reaction of compounds 2.39 with NaOH/MeOH

2.39 NaOH Ratio T t results
Entry g g cmy (equiv.) (NaOH/MeOH) (°C) (h) oroduct 1 (%)

1 H H 05 0.1 1/1 rt. 99 2.39a 80
2 H H 035 5.8 1/1 rt. 175  2.68a 10
3 H H 022 4.6 1/2 rt. 64 2.68a 21
4 (Br H 020 9.8 1/1 80 0.25 degradation -

5 (Br H 020 9.8 1/1 rt. 27 2.68b 35
6 (Br H 020 9.8 1/1 rt. 41 2.68b 46

Concentration of the starting material

From the results presented in Table 41, there are some conclusions that can be drawn:

o Among the reactions performed with chromene 2.39a (entries 1-3), it can be concluded
that using lower NaOH equivalents (0.1 equivalents, entry 1 vs 5.8 and 4.6, entries 2 and
3), even for a longer reaction time than the other two experiments (99 h vs 17.5 and 64
h), is not sufficient to promote the conversion of chromene 2.39a into the desired pyridine
2.68a, as mainly no reaction was observed and the starting material 2.39a was isolated
with 80% yield. However, by increasing the equivalents of NaOH the desired product 2.68a
can be obtained in low yields (entries 2 and 3).

e Comparing the reaction that involved 2.39e (entries 4-6), the best results are obtained
when the reaction is performed at room temperature and using 9.8 equivalents of NaOH.
Under these conditions, the desired product 2.68b can be obtained up to 46% yield. High
temperatures (80 °C) mainly provided product degradation after 0.25 h of reaction (entry
4). Longer reaction times slightly increased the reaction from 35% (entry 5) to 46% (entry
6).
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It was found that pyridines 2.68a can be transformed into lactone pyridine 2.69a by acid-

catalysed intramolecular cyclization with a yield of 21% (Scheme 28).

= |N H,SO, (98%, 1 equiv.)
N
O OMe EtOH, rt, 1h
0 CN 21%
H
2.68a 2.69a

Scheme 28: Synthesis of lactone pyridine 2.69a by acid-catalysed intramolecular cyclization of pyridine
2.68a

The formation of lactone pyridine 2.69a was corroborated by NMR spectroscopy (Figures
46 and 47). The 'H NMR spectrum of 2.69a possesses two distinctive singlets at about 64.14
ppm and 68.48 ppm, attributed to the H1 hydrogen atom and the methoxy group, respectively
(Figure 46). The most characteristic signals in its *C NMR spectrum are the signals at §163.63
ppm (C4), §158.35 ppm (C2) and 6155.86 ppm (C5) (Figure 47).
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Figure 46: 'H NMR (400 MHz, DMSO-ds, § ppm) spectrum of compound 2.69a, in which
two signals are highlighted
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180 170 160 150 140 130 120 110 100 20 80 70 60 50 40 30 20

Figure 47: 3C NMR (100 MHz, DMSO-ds, § ppm) spectrum of compound 2.69a, in which
several signals are highlighted

To attempt the development of a one-pot methodology that afforded lactone pyridines 2.69
from chromenos 2.39 by a two-step procedure, involving (i) chromene ring-opening in aqueous
basic conditions, and subsequent (ii) acid-catalysed chromene ring-closing step, a series of

experiments were performed (Table 42).

Table 42: Experimental conditions used to perform the one-pot synthesis of compounds 2.69

R2
() 1
1) NaOH (2 M), AN
MeOH or EtOH, r.t, t4 p1 | NC CN
- . R N Nu + OMe + | A
~
2) H*, MeOH or EtOH o ©N HNT N7 “OMe
rt, t2 |1|
2.39 2.68 (Nu= OMe) 2.69 2.7

2.70 (Nu= OEt)

2.39 reaction time results?®
Entry R: Rz  solvent Nu t t, ratio  1(%)°
1 H H MeOH MeO  0.75 4 2.68a+2.71a 3/1 -
2 H Me MeOH MeO  3.75 4 2.71b - 10
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mixture containing

3 |H Br| MeOH MeO 525 7 2.68c and 2.71c

4 Br H MeOH MeO 62 26 complex mixture -

5 Br H MeOH MeO 133  0.33 2.69b - 38
6 Br Me MeOH MeO 15 35 2.68d + 2.71d 3/2

7 Br Br MeOH MeO  5.25 7 2.68e + 2.71e 2/1

8 Br ClI MeOH MeO 2 1 2.68f + 2.71f 7/4

9 Br ClI MeOH MeO  5.25 7 2.68g + 2.71g 2/1

10 Cl H MeOH MeO 14 3.66 complex mixture -

11 Cl H EtOH EtO 2 1.2 2.70a - 84

aBy H NMR; bPos‘[-recrys‘[alyzation yield (EtOH/n-hexane 1:1)

The results presented in Table 42 show that:

e The tandem process is less efficient than the stepwise process, affording in most of the
assays mixtures of the base-hydrolysed compounds, pyridines 2.68, and a new compound
identified as pyridine 2.71.

e The yields are generally poor and a careful selection of the reaction conditions
(concentration of NaOH, volume ratio of base/alcohol and reaction time) is required and

should be optimized for each starting material 2.39.

The formation of pyridines 2.71, containing the acetophenone moiety in the starting
material, led us to propose that these pyridines could have been generated through other reaction
pathways in which the a,B-unsaturated carbonyl compounds 2.37 could be involved (Scheme
29). For this reason, in a separate experiment, compound 2.7 1a was prepared by treatment of
compound 2.37e (R'= Br, R*= H) with 2 equivalents of malononitrile in a (1:6) mixture of NaOH
(3 M)/MeOH and stirring for 2 h at room temperature to afford pyridine 2.7 1a as a white solid by
simple filtration (n= 17%) (Scheme 29). The formation of this compound was corroborated by
NMR (Figures 48 and 49), which confirms the structure previously assigned to the product

detected in the experiments described in Table 42.
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0 NC._CN (2 equiv.)
Br O A O NaOH (3 M), MeOH NC /I CN
NS
OH rt,2h HN™ "N™ "OMe
17%
2.37e 2.71a

Scheme 29: Synthesis of pyridine 2.71a from compound 2.37e and malononitrile

——
o ] 2955
O

Figure 48: 'H NMR (400 MHz, DMSO-ds, & ppm) spectrum of compound 2.7 1a, in which two signals are
highlighted
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Figure 49: 3C NMR (100 MHz, DMSO-de, 8 ppm) spectrum of the isolated compound 2.7 1a, in which several
signals highlighted
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The formation of compounds 2.68-2.70 proceeds through an ANRORC-type (Addition of
the Nucleophile, Ring Opening and Ring Closure) mechanism (Scheme 30).

R2

0]

4
R O i CN R3 = Me, Et
—_—

A

239 HO-R?

OR®

— R2

SN
—_

;
OR? R O Z > 0R?
oN

- 2.68(R°= Me)
2.69(R°= Et)

2H]

H*, H,0

NHs

(O]

2.70 (Nu= OMe)

Scheme 30: Plausible ANRORC-type mechanism for the formation of compounds 2.68 (R*=Me), 2.69 (R3<Et) and
2.70 (R3=Me) via a three-step procedure involving (i) addition of the nucleophile, ring-opening, and ring-closure; (ii)
lactonization; and (i) aromatization.

Compounds 2.71 result from a more complex reaction pathway, where the ring-opening
process that follows nucleophilic attack at C2 of chromene 2.39, culminates with the elimination
of malononitrile. Two equivalents are required for the formation of 2.79 from the a,B-unsaturated
carbonyl compound 2.37, through an elaborate mechanism, which finally leads to the formation
of pyridine 2.71 (Scheme 31). The formation of complex reaction mixtures often observed when
temperature or reaction time were increased suggests that compound 2.37 may evolve through
different reaction pathways in the presence of aqueous base, generating other unidentified

products.
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R O ] CN NaOH (aq.)
07 "NH, MeOH

B
CN
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CN
1,2-nucleophilic addition
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+ R
NC X CN
CN CN
279
Ry Rz Ry Rz
MeOH NC i CN NC CN
NC._~ CN e NC.__~ CN _ y |
-, LY S
CN CON YN oMe HN” “N” “OMe HN" N7 OMe
2.79 2.80 2.81 2.71

Scheme 31: Plausible mechanism for the formation of compounds 2.71 from chromenes 2.39 by treatment with
2 equivalents of malononitrile and NaOH (3 M) in MeOH, which include chromene ring-opening and retro Michael
addition for the regeneration of the a,B-unsaturated ketone 2.37 (A), formation of the intermediate 2.79 (B) and

pyridine 2.71 synthesis (C)

In conclusion:

1) Chromenes 2.39 react in aqueous NaOH/alcoholic systems to originate diverse reaction
products that, to the best of our knowledge, involve ring-opening and ring-closing processes
involving its carbonyl group of the 4-(2-oxo-2-arylethyl) moiety.

2) The mechanism proposed in Scheme 31 was supported by the results obtained when
performing the reaction of a,B-unsaturated carbonyl compound 2.37e with 2 equivalents of
malononitrile in agueous NaOH/MeOH mixture, where pyridine 2.71a was isolated. This

strongly points to the possibility of compounds 2.39 following several reaction pathways when
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in the presence of NaOH, and possibly generating several other unidentified products (apart
from compounds 2.71).

3) Nevertheless, compounds 2.68a-b, 2.69a-b, 2.70a and 2.7 1-ab were isolated as pure
products and underwent physical, analytical and spectroscopical characterization.

4) To successfully design a synthetic procedure for selectively produce compounds 2.68 and/or
2.69, further development of the reaction conditions is necessary. In particular, the balance
between solubility and reaction rate, which is delicate, must be carefully controlled to avoid the
formation of side products.

5)

Reactivity of 2-amino-4-(2-oxo-2-arylethyl)-4 #-chromene-3-carbonitriles with
phenylhydrazine

In an attempt to prepare imino chromomenopyridines 2.5 and lactone pyridines 2.56
from chromenes 2.39 using hydrazines as nucleophile, instead of amines as described in previous
sections, compounds 2.39 were reacted with phenylhydrazine under similar conditions to those

tested for other primary aromatic amines (Scheme 32).

R3NH,
2.51
AcOH (0.5 equiv.)

EtOH, 80 °C

2,55

Scheme 32: Synthesis of imino chromenepyridines 2.55 from chromenes 2.39 and primary amines in acidic
media

Compound 2.39e was selected to explore this reaction (Scheme 33). The first assays
were carried out following our previously developed protocol, thus, treatment with 1.7 equivalents
of phenylhydrazine and 0.5 equivalents of acetic acid using ethanol as solvent and heating at 80
°C. An orange suspension was obtained immediately after the addition of phenylhydrazine to the
beige suspension of 2.39e in EtOH. After 8 min., the suspension was fully converted into a light
orange solution and one hour later, a yellow solid started to resuspend from the orange solution.
After 2 h, all the starting material had been consumed [by TLC, (1:1) EtOAc/ r+hexane], and the
beige solid that was isolated could be identified as compound 2.88a (n= 53%). Using the same
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reaction conditions, compound 2.88b was also prepared (Scheme 33), being isolated as a pure
product with 45% yield after 1 h of reaction. In contrast to the reaction of chromenes 2.39 with

primary amines, no formation of chromenepyridine-base compounds was observed.

R1
O NHNH,
@ (1.7 equiv.)
0
Br O | CN AcOH (0.5 equiv.)
0~ "NH, EtOH, 80 °C
2.39% (R'=H) 2.82a (R'=H), 53%
2.39g (R'=Br) 2.82b (R'=Br), 45%

Scheme 33: Reaction conditions for the preparation of compounds 2.82a-b

The spectroscopic data of compounds 2.82 corroborated its formation. Thus, IR spectra
of compounds 2.82 showed five bands centred at 3484, 3465, 3370, 3360 and 3305 cm*, which
were assigned to the N-H stretching vibrations, and an intense band centred at 2185 cm,
attributed to the CN stretching vibration. The carbonyl stretching signal of 2.39e, at 1674 cm?,

was absent.

The 'H NMR spectra of 2.82 shows two characteristic singlets, one at & 9.21 ppm,
corresponding to the NH group of the hydrazine moiety, and other at 6 6.84 ppm corresponding
to the NH. group (Figure 50). The peak corresponding to the methylene group appear at about &
3.15 ppm, while the methylidene group appear at around & 3.85 ppm. The *C NMR spectra of
2.82 corroborate the transformation of the carbonyl group, which appears at §197.91 ppm in the
starting material 2.39e, which is shifted to high field in 2.82a appearing at 6140.39 ppm (Figure
51).
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Figure 50: 'H NMR (400 MHz, DMSO-de, & ppm) spectrum of compound 2.82a, in which several signals are
highlighted
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Figure 51: 3C NMR (100 MHz, DMSO-ds, 8 ppm) spectrum of compound 2.82a, in which several signals are
highlighted

Altogether, the treatment of chromenes 2.39 with phenylhydrazine in acidic media does
not provide access to chromenopyridine derivatives, instead the expected hydrazone derivatives
are obtained. A new synthetic method for the development of novel 2-amino-4-(2-aryl-2-(2-

phenylhydrazono)ethyl)-4 #chromene-3-carbonitriles 2.82a and 2.82b was developed via a
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simple, rapid, and easily controlled procedure. The selectivity towards nucleophilic attack to the
ketone group instead of the C2 position of the chromene moiety is probably due to the high
nucleophilicity of hydrazines, mainly due to the alpha effect!®. The alpha effect states that
nucleophiles that possess a second lone pair on the atom in the alpha position relative to the
nucleophilic centre, tend to have abnormally increased nucleophilicity when compared to their
amine counterparts (phenylhydrazine vs aniline, for example). The mechanism for the formation of
compounds 2.82 may involve a simple nucleophilic attack to the carbonyl group of 2.39,

generating an imine through acid-catalysed elimination of a water molecule (Scheme 34).

Scheme 34: Proposed mechanism for the formation of compounds 2.82

Physical, analytical, and spectroscopic characterization

The chemical structure of compounds 2.37, 2.39, 2.50, 2.55, 2.56, 2.60a, 2.61a,
2.68, 2.69a, 2.70, 2.71 and 2.82 was assigned in consonance with physical, analytical, and
spectroscopic data (elemental analysis, meting point, IR, *H and *C NMR). This information is
presented in the following section. Complete characterization of compounds 2.37a, ¢ and e-i, as

well as 2.39a, f and g, were already described in the literature!®.

Physical and analytical characterization

The molecular formula and molecular weight were calculated based on the predicted
structure and the information obtained from the elemental analysis, the melting point intervals (°C)

were also measured, and all the data is referred in Tables 43-48.
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Table 43: Physical and analytical data obtained for 3-(2-hydroxyaryl)-1-arylprop-2-en-1-ones 2.37a-i

molecular calculated
Comp. structure Mp formula/ /obtained values (%)
(°C) mass (M) ) g 5
0
2.37a N 169171 CisHi,0,/ 22425 7961 625 - -
¢ 7964 622 - -
OH
0
2.37b O N O 161-162  CyeH10,/23828 8065 592 - 1343
OH - - - -
o}
2.37¢c? O A O C1sH11Br0,/303.15 59.43 3.66 - 10.56
OH Br - - - i
0
2.37d O N O 155156 CisHiiClO,/258.70 6964 429 - 123/
OH ¢ - - - -
0]
2.37e*? Br. O X O C15H11Br0,/303.15 59.43 3.66 - 10.56
OH - - - -
0
2.37f1 | N 191193 CieHisBr0,/317.18 6020 475 - 10.09
O O 5093 477 - -
OH
0
2.37g" | B AN 171-173  CisHioBr.0,/382.05 4690 316 - -
O ® 4712 310 - -
OH Br
0
2.37h%2 | & O N O C1sH10BrCIO,/ 53.37 2.99 - 948
OH al 337.60 B B - -
O
2.37i'? Cl O N O C1sH1:Cl0,/258.70 69.64 4.29 - 12.37
OH - B - -

1data obtained from ref. 104; 2The product was contaminated with aldehyde according to :H NMR data and was used as starting material in the
next step, without furtherpurification

Table 44: Physical and analytical data obtained for 4 A#chromene-3-carbonitriles 2.39

calculated

Compound structure Mp (°C) molecular formula/ /obtained values (%)

mass (M) c H N 0

2.39a’ 136-138 C18H14N20,/ 7447 487 9.65 11.02

290.32 74.18 477 9091 -
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2.39b 150-152 CisH16N:05/ 7498 530 920 10.51
304.34 - - - -
2.39¢ 198200  CisHiBrN,0,/ 5856 3.55 7.59 8.67
369.21 - - - -
2.39d 147-149  CwHiCIN,O,/ 6657 403 863 9.85
324.76 - - - -
2.39% 192194 CisHiBrN,0/ 5856 355 7.59 8.67
369.21 58.48 3.44 748 -
2.39f! 183185  CiHisBN,0,/ 5955 395 7.31 835
383.24 59.39 396 7.38
2.39¢! 186-188  CisHuBrN.0y/ 5231 293 678 7.14
448.11 5235 269 6.53
2.39h 183185  CiHuBCINO;/ 5356 300 694 7.93
403.66 - - - -
2.39i 184186  CiHiCIN,O;/ 6657 403 863 9.85
324.76 - - - -

LData obtained from ref. 104
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Table 45: Physical and analytical data for 4 A#chromene-3-carbonitriles 2.50

molecular formula/

calculated

Compound structure Mp (°C) mass (M) /obtained values (%)
© H N 0
2.50a o 195-197 C1sH13NOs/ 7422 450 481 1648
O CN 29130 - - - -
0o
2.50b’ 106-108 C1oH1sNO3/ 7474 495 459 15.72
[¢]
O oN 305.33 - - - -
0o
Br
2.50c O 158-160 C4sH12BrN0Os.0,5H,0/ 57.01 3.46 3.69 14.77
o} 379.20 57.1 32 39 -
304
0o
2.50d o 115-117 C4sH12BrNO5.0,5H,0/ 57.01 3.46 3.69 14.77
Br O CN 370.20 56.8 34 3.7 -
o0 o
Br
2.50e O 220 C1sH11BroNOs/ 48.14 247 3.12 10.69
o (dec.) 449.09 - - - -
Br. O CN
0 o
2.50f 108-110 C1sH11BrCINOs/ 53.43 274 3.46 11.86
404.64 - - - -

Br

Q
W
Jd oo
=z

1Degradation in the solid form
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Table 46: Physical and analytical data for chromenopyridines 2.55, 2.56 and 2.69

molecular calculated
Comp. structure Mp (°C) formula/ /obtained values (%)
mass (M) ) \ 5
2.55a e 200202  CuHi6BrNsO/  65.17 3.65 9.50 3.62
o O g NQ 44231 _ - i} _
H
(0] NH
2.55b P >300 Ca4H17N30/ 79.32 472 1156 4.40
O A N/(j 363.41 _ _ _ _
O NHH
2.55¢ A >300 CasH1sN30/ 79.55 5.07 11.13 4.24
S 4 HQ 377.44 -
(0] NH
2.55d P OMe >300 CasH19N30,/ 76.32 487 10.68 8.13
0 | NQ 393.44 - - -
(6] NHH
o,
2.55¢ Ay >300  CuHiBrN:0/  65.17 365 950 3.62
O S Ay 442.31 _ _ _ _
H
O NH
Br
2.55f O 221-223 C24H16BrNsO/ 65.17 365 950 3.62
Z "N
N i g 44231 S
H
O NH
Br
2.55¢g O ou 205206  CysHisBrN;O,/ 6357 3.84 890 6.77
2N © 472.33
O NS | N/©/ - - - -
H
(®) NH
Cl
2.55j O 199-201 CzsH1sCIN3O,/  70.18 424 982 748
OMe
A N 427.88
|
~ T
O NH
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2.55i ome 225227  CysHisBrN:O»/  63.57 3.84 890 6.77
ZN
N ~ _ NO 472.33 L _
[©) NHH
O Br
2.55m P >300  CauHisBrN:O/ 5531 290 806 3.07
Br O NN 521.20
N - - _ -
O~ °NH
2.55n O >300  CysHisBrN:0/ 6580 398 921 351
7N @ 456.33
Br NN - - - -
CLL
O~ “NH
2.55p O 239241  CaH20BrN:0/ 6639 429 893  3.40
7N @( 470.36
Br NN - - - -
LS
O~ “NH
2.55q ove 212214 CyH20BrN:O»/ 6421 414 864 658
Z "N
03 ¢ HQ 486.36 S
O~ “NH
2.55r O OMe  >300  CaH20BrN:O»/ 6421 414 864 658
7N 486.36
Br X N - - - -
L
O~ “NH
Br
2.55u O 292-294  CysHi7BrNsO/  56.10 320 7.85  2.99
AN 535.23
Br X N - - - -
CLL
O~ “NH
Cl
2.55b’ O o 222224 CosHiBICIN:O/ 5925 338 829 6.3
e
2N Q 506.78
Br X N
LY
O~ "NH
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Cl
2.55¢’ O OMe - CasHi/BrCIN:O,/  59.25 3.38 829  6.31
N 506.78
Br \I N - - - -
L LR
O NH
2.55d’ A 198200  CuHiCINsO/ 7245 405 1056 4.02
@ 397.86 ) ) ) )
2.55¢f 228229 CysHisCIN3O.  71.58 4.48 10.02 5.34
cl J@/ 0,4H,0/419.08 7170 4.41 9.87 -
2.55g’ J 226-228  CsH1sCIN:0,/  70.18 424 982  7.48
o -~ 4 PN@ 427.88 L _
O NHH
2.56a N 268270  CaHieBrN,0,/  65.05 3.41 6.32  7.22
: N NO 443.29
CLL -
0~ ~0
2.69a N >300 CaoHisNOs/ 7570 476 441 15.13
|
O NS OMe 31734 _ _ _ _
0" ~0
2.69b N >300 CooH1BrNOs/  60.62 3.56 3.53 12.11
) 396.23
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Table 47: Physical and analytical data for compounds 2.60a, 2.61a, 2.68a,b, 2.70a and 2.71a,b

molecular calculated
Compound structure Mp formula/ /obtained values (%)
(°c) mass (M)
C H N 0
2.60a’ OH /NHQ — Ca4H16BrNsO/ 65.17 365 950 362
O N 44231 - - - -
CN
Br
2.61a Br = 159-161 C24H18BrNs0O/ 64.88 408 946 3.60
® e 444.32
& .
2.68a oH Bl C1oH14N20,/ 75.48 467 927 10.58
O N 0Me 302.33 - - -
CN -
2.68b O — Ca0H16N20,/ 7593 5.10 886 10.11
OH N 316.35 - - - -
O X OMe
CN
>300 C20H15CIN,0,/ 68.48 431 799 9.12
2.70a OH AN
| 350.80 - -
O OEt
CN
Cl
2.71a NC N 220-222 C14H10N4O/ 67.19 403 2239 6.39
X
® 250.26 L .
H,N"N” OMe
2.71b >300 C1sH12N40/ 68.14 458 2120 6.05
NC N 264.28 _ _ _ _

H,N" N7 SOMe

1Could not be isolated as a pure product
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Table 48: Physical and analytical data obtained for 2-amino-4-(2-aryl-2-(2-phenylhydrazono)ethyl)-4 #chromene-3-
carbonitriles 2.82a,b

molecular calculated
Compound structure Mp (°C) formula/ /obtained values (%)
mass (M)

C H N 0

H

2.82a \N’N\© 212-214 C24H19BrN4O/ 62.75 4.17 1220 3.48
CN

459.34 - - - -
NH,

2.82b 210212 C24H1sBroN4O/ 53.56 3.37 10.41 2.97

538.23 - - - -

IR spectroscopy

A group of key patterns in the IR spectra could be identified for each of the synthesized
compounds. Compounds 2.37 show a characteristic band for the O-H stretching vibration around
3300 cm, as well as for the C=0 stretching vibration signal of the carbonyl group of the a,[3-
unsaturated system, at around 1640-1650 cm™ (Table 49). The N-H stretching vibration signals
of the amino group in 2.39 give rise to multiple signals in the 3190-3460 cm-region. The carbonyl
group also shifts to values between 1670-1690 cm* (Table 50). The stretching vibration for the
cyano groups is always present as a medium intensity band in the 2179-2194 cmregion. Most of
the information relating to compounds 2.37, as well as some for chromenes 2.39, has already

been previously published?*.

o v
Table 49: IR spectroscopic data (Nujol, cm?) obtained for 3-(2-hydroxyaryl)- 4 2OH € R2
3 5

larylprop- 2-en-1-ones 2.37

Compound R® R 4000-3000 1700-1500
2.37al H H 3364m 1655s (C=0), 1598m; 1586s; 1569w
2.37b H Me 3265w 1649s (C=0), 1607m; 1585s; 1563w
2.37c H Br 3223m 1642s (C=0), 1595s; 1585s; 1551m
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2.37d H Cl 3326w 1643s (C=0), 1595sh; 1581s; 1561s

2.37e!? Br H

2.37f Br Me 3375w 1644s (C=0), 1606m; 1559s

2.37¢" Br  Br 3285m 1645s (C=0), 1593s; 1568s; 1554w

2.37h!? Br Cl

2.37i'? Cl H

Ldata obtained from ref. 104; 2The IR spectrum was not registered as the product was slightly contaminated with aldehyde
according to 'H NMR data. The solid was used as starting material in the next step, without further purification

Table 50: IR spectroscopic data (Nujol, cm?) obtained for 4 #chromene-3-carbonitriles 2.39

Compound R! R? 4000-3000 CN 1700-1500
2.39a’ H H 3409m; 3325w; 3204w 2182m 1689s (C=0); 1649m; 1609m;
1579s
2.39b H Me 3458m; 3328m; 3238w; 2179m 1679s C=(0); 1645s;
3204w 1607m;1580m
2.39¢ H Br 3463m; 3324m; 3240w; 2189m 1687s (C=0); 1641s; 1608m;
3198w 1580m
2.39d H Cl 3467m; 3321m; 3237w; 2191m 1687s (C=0); 1642s; 1606m;
3197w 1588sh; 1579m
2.39e Br H 3459m; 3320m; 3279w; 2194m 1673s (C=0); 1650s; 1603m;
3232w; 3191w 1566w
2.39f' Br Me 3461w; 3320w 2193m 1668s(C=0); 1649m; 1602m;
1568s
2.39g! Br Br 3463w; 3320w 2193m 1677s(C=0); 1650s; 1600m;
1568s

2.39h Br CI 3463w; 3320w; 3280w; 2193m 1678s(C=0); 1651s; 1599m:;
3235w; 3189w 1598sh; 1567m

2.39i Cl H 3462m; 3320m; 3278w; 2193m 1674s(C=0); 1650s; 1603m;
3232w; 3192w 1572s

Ldata obtained from ref. 104
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Compounds 2.50 were identified by their two intense C=0 stretching vibration bands: one
in the 1765-1770 cmregion and another in the 1676-1868 cmregion. The cyano group leads
to a weak band around 2260 cm* (Table 51).

Table 51: IR spectroscopic data (Nujol, cm?) obtained for 4 H#chromene-3-carbonitriles 2.50

Compound R! R? CN 1700-1500
2.50a H H 2259w 1769s (C=0); 1681s (C=0); 1612sh; 1590m
2.50b H Me 2259w 1765s (C=0); 1676s(C=0); 1609m
2.50c H Br 2258w 1767s (C=0); 1682s(C=0); 1610m; 1586s
2.50d Br H 2260w 1776s (C=0); 1678s(C=0); 1595m
2.50e Br Br 2262w 1774s (C=0); 1686s(C=0); 1587m
2.50f Br (I 2261w 1772s (C=0); 1683s(C=0); 1588m

The IR spectra of compounds 2.55 and 2.56 show a small signal for the N-H stretching
vibration at around 3300-3400 cm™, and a set of signals ranging from around 1550-1630 cm-,
which correspond mainly to the C=C stretching vibration of the aromatic rings and the N-H bending
signals (Table 52). In the IR spectra of compounds 2.56 and 2.69 stand out the presence of
intense bands at 1701 cm? (for 2.56a) or around 1740 cm? (for 2.69a and 2.69b),

corresponding to their carbonyl groups.

Table 52: IR spectroscopic data (Nujol, cm*) obtained for 5-
imino and 5-oxo-/V,2-diaryl-5 #chromeno[3,4-c]pyridin-4-amines
2.55, 2.56 and 2.69

2.56/2.69
Comp. R! R? R® 4000-3000 1650-1450

255a [ Br H CeHs 3311w 1642m; 1629m; 1602m; 1579w; 1549m
2.55b | H H CeHs 3349w; 3313w 1638m; 1608m; 1578w; 1559m; 1507w

2.55¢c | H H  4MeCeH4 3443w; 3349w 1634m; 1609m; 1575w; 1553m; 1510w
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2.55d

H

4-O|V|€C6H4

3440w; 3348w;

1637m; 1606m; 1578w; 1555m; 1509s

3328w
255e | H H  3BrCH, ¥ 3350W 6360 1610m; 1592w; 1572w; 1547m
3310w; 3288w
255f | H Br CeHs 3312w 1629m; 1608m; 1579w; 1556m; 1542sh
2.55g | H Br 4-0MeCeHs 3307w 1635m; 1610m; 1582w; 1561m; 1510s
2.55j H ClI 4-OMeC¢H. 3308w 1638m; 1610m; 1582m; 1563m; 1510s
2551 | Br H 4-OMeC¢H. 3290m 1629m; 1600sh; 1559m; 1508m;
255m | Br H 3BrCeH. 3298w 1629m; 1600w; 1577sh; 1574w; 1548m;
1487m
2.55n | Br Me CeHs 3315w 1636m; 1601m; 1578w; 1549m
2.55p | Br Me 4-MeCeHq4 3318w 1630m; 1596w; 1575w; 1551m; 1511m
2.55q | Br Me 4-OMeCsH,4 3319w 1632m; 1598w; 1580w; 1558m; 1509m
2.55r | Br Me 3OMeCcHs 3315w 1638m; 160?;2;;3?%;?“ 1559w,
2.55u | Br Br  4MeCeHs 3317w 1631m; 1601w; 1574w; 1551m; 1512m
2.55b" | Br Cl  4-OMeCcHs 3319w: 3304w: 1637m; 1613m; 1604sh; 1582w; 1556m;
3077w 1509m
2.55¢’ [ Br Cl 3-OMeCeH4 3303w 1636m; 1595w; 1582w; 1557w; 1543w
255d" [ CI H CeHs 3310w 1630m; 1599w; 1577w; 1533m
255f [ CI H  4MeCeH4 3318w 1630m; 1603w; 1576w; 1551m; 1511m
2.55g" [ CI H 4-OMeCeHa4 3289w 1632m; 1608sh; 1557w; 1509m
256a | Br H NHCHs 3305w: 3281w 1701s; 1650w; 116503225;h1576sh; 1552m;
2.69a | H H OMe - 1741s; 1602m; 1597m; 1550m
2.69b | Br H OMe - 1742s; 1603m; 1591m; 1547m

Compounds 2.60a could not be characterized by IR spectroscopy because it was obtained

as a mixture with 2.39e and most of the signals are superimposed, preventing a correct

identification. The IR spectra of compound 2.61 presents a NH stretching vibration band at 3388

cmtand a CN stretching vibration band at 2195 cm. The IR spectra of compounds 2.68 and

2.70a present bands for the OH stretching vibration at around 3300-3600 cm-?, with compound

2.70a presenting a broad band at 3261 cm™. The CN stretching vibration band was also observed,
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close to 2230 cm™. The IR spectra of compounds 2.7 1 show either one or two bands for the CN
stretching vibration, also in the 2195-2239 cm region, as well as the N-H stretching vibration

(Table 53).

Table 53: IR spectroscopic data (Nujol, cm*) obtained for compounds 2.60a, 2.61a, 2.68, 2.70a and 2.71

2.61a 2.68 (R®= OMe) 2.7
2.70 (R3= OEY)

Comp. R! R? 4000-3000 CN 1700-1500
2.60a' | Br H - - -
26la | Br H 3388m 2195m 1635s, 1603m, 1551w
268a | H g 3441m, 3352s, 3271w, 2912m 1638s, 1607s, 1588sh,
3193w 1550m, 1518m
268b | Br H 3614m, 3578m, 2230m 1654m, 1584m, 1574sh,
3341m, 3199w 1551m, 1526m
270a | CI H 3261br 2239m 1589m, 1580sh, 1546m
271a | H H  3400m, 3335m, 3244m 2216m 1651m, 1585sh, 1559s
271b | H Me 3407m, 3348m, 3254m  2223m, 2212m 1661m, 1571m, 1556sh

1Could not be isolated as a pure product

Compounds 2.82 can easily be identified by the presence of the NH stretching vibration
in the IR spectra, with two distinct pairs of weak bands and another with medium intensity (Table
54). A strong CN stretching band at around 2185 cm for the nitrile group was also identified. The
IR spectra of 2.82 also corroborate the absence of the carbonyl group because no C-O stretching

vibration band as for compound 2.39, at around 1670-1680 cm?, was identified (Table 54).

137



Chapter 2
Synthesis of 2,3-substituted 24 and 4 Achromene derivatives and 1 Aimidazole derivatives

Table 54: IR spectroscopic data (Nujol, cm?) obtained for 2-amino-4-(2-aryl-2-(2-
phenylhydrazono)ethyl)-4 Achromene-3-carbonitriles 2.82a and 2.82b

Compound R! 4000-3000 CN 1700-1500

2.82a H 3482w; 3465w; 3372sh; 3360m; 2185s  1646s; 1600m; 1582m; 1569sh
3305m

2.82b Br  3476w; 3467w; 3369sh; 3362m;  2184s  1648s; 1599s; 1572m; 1556sh;
3306m 1514w

NMR spectroscopy

All the NMR spectroscopic data for the compounds of this section is presented in Tables
55-65. Compounds 2.37 can be identified for the singlet around 610.6-10.3 ppm (hydroxyl
group) and for the C-H signals of the alkene group that appear as doublets with = 16 Hz (Table
55). In the *C NMR spectra, the signals of the carbonyl group appear at around 6 188-189 ppm,
while Cat and CPB appear at around 6137-140 and §120-122 ppm, respectively (Table 56). Two-
dimensional correlation experiments allowed to identify the remaining carbon signals. H « proton
correlates with both C1 and HB and Hf3 proton correlates with both Hat and the carbonyl carbon

atom. A correlation between the OH group and C1 and C3 carbon atoms was identified.

Compounds 2.39 (Tables 57 and 58) can be readily identified in their *H NMR spectra
through their characteristic NH, signals, which appear as a singlet at around 66.80-6.90 ppm, and
for their H4 and Hasignals at around & 4.10 and 3.30-3.50 ppm, respectively. In the *C NMR
spectra of compounds 2.39 stand out the peak at around & 197 ppm corresponding to the
carbonyl group, as well as two peaks, at around & 46 ppm and & 30-31 ppm corresponding to Ca
and C4, respectively. Full characterization of the NMR signals was achieved by two-dimensional
correlation experiments. Thus, cross peaks between H4 and C2, C3, CN, C=0, CH2, C4a, C5 and
C8a were identified. Haa and Haf3 also correlate with the carbonyl carbon atom, with C1’, C3 and

with C4a.

The 'H NMR spectra of compounds 2.50 present a correlation between H3 and C2, C4

and Ca. It also presents two characteristic sets of signals, one for each isomer (cis and #rans)
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(Table 59). It is possible to distinguish both isomers through the coupling constant between H3
and H4. For the minor isomer, the signal corresponding to the H3 hydrogen atom appears as a
doublet at §4.91-4.95 ppm with a coupling constant of approximately 11 Hz, while for the major
isomer, H3 appears as a doublet around 65.20-5.22 ppm with a coupling constant of
approximately 7 Hz. The signals corresponding to the H4 and Ha hydrogen atoms also differ from
the starting material, which appear as a multiplet at around 6 4.10-4.40 ppm, and a doublet of
doublets at around § 3.82-3.49 ppm, respectively, for the major isomer and around & 3.85-3.65
ppm for the minor isomer. The most relevant signals in the *C NMR spectra (Table 60) are the
existence of a new peak at around 6 161-162 ppm corresponding to the carbonyl group at C2, the
signals between 37.43 and 36.95 ppm (major isomer) and between & 37.65 and 37.17 ppm
(minor isomer) corresponding to C3 and C4, as well as Ca between & 40.95 and 40.58 ppm (major
isomer) and between & 39.76 and 38.85 ppm (minor isomer). All the presented compounds had

a clear tendency of evolution in DMSO-de, to a non-identified mixture.

As expected for the structural similarity, no relevant differences in the NMR spectra of
compounds 2.55, 2.56a and 2.69 were identified (Tables 61 and 62). The signals
corresponding to the NH-R? group in compounds 2.55 appears as a small singlet in the §12.30-
13.10 ppm region and the imino group around §9.10-9.30 ppm, while for compound 2.56a the
NH-R? group appears as a singlet at 6 10.68 ppm. The *C NMR signals for C5 are located between
6150-160 ppm for 2.55 and §160-170 ppm for 2.56 and 2.69.

Compounds 2.55, 2.56 and 2.69 present very similar two-dimensional C-H correlation
patterns. For compounds 2.55, the spectra revealed that the imines NH group correlate with C4a
and C5 in a regular basis, but for some derivatives, it can also correlate with C10a. The NH-R3
proton can correlate with C1” and C2"" and C6" of the R® substituent (when R®is an aromatic ring),
but also with C2 and C4a. In some cases, it also correlates with C4. H2 can correlate with C2,
C4a, C6a, C10 and C10a, and in some cases with Cla. The spectra of compounds 2.56 present
the same correlations, except for the imine NH correlation that is absent. As for compounds 2.69,
they also exhibit the same H2 correlations as 2.55 and 2.56, and none of the additional
correlations. A correlation between the hydrogen atoms of the methoxy group with C4 is also
observed. Compound 2.55e was evolved in DMSO-ds during the collection of the =C NMR spectra,

which did not allow for a correct attribution of its 'H and =C NMR signals.
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Table 55: 'H NMR (400 MHz, DMSO-ds, § ppm) spectroscopic data obtained for 3-(2-hydroxyaryl)-1 arylprop-2-en-1-ones 2.37 4 J'\&mﬁ s O 4 ,
270 R
3% 5

Compound R! R? H3-6 C2'-6’ Ha, HB
2.37 H H 10.29 (s, 1H, OH), 7.84 (dd, 4=8.0, £=1.6 Hz, 1H, H6), 7.27 7.56 (t, £ 7.2 Hz, 2H, H2'+H6'), 7.79 (d, 8.02 (d, £16.0 Hz,
=/a (td, A=7.2, h=1.6 Hz, 1H, H4), 6.95 (dd, /4=8.0, £=0.8 Hz, /8.8 Hz, 2H, H3'+ HY') Ha), 7.86 (d, ~£16.0
1H, H3), 6.87 (t, &~ 7.6 Hz, 1H, H5) Hz, HpB)
2.37b oM 10.45 (s, 1H, OH), 7.82 (dd, A=8.0, ,=1.6 Hz, 1H, H6), 7.24 7.89 (d, £ 8.0 Hz, 2H, H2'+H6’), 7.35 (d, 7.99 (d, £16.0 Hz,
) € (td, A=7.2, /h=2.0 Hz, 1H, H4), 7.02 (d, /=8.0 Hz, 1H, H3), /8.0 Hz, 2H, H3'+ HY'), 2.39 (s, 3H, Me) Ha), 7.81 (d, ~16.0
6.84 (td, /4=7.6, /,=0.8 Hz, 1H, HH) Hz, HPB)
2.37¢2 H B 10.32 (s, 1H, OH), 7.85 (dd, A=8.0, 4=2.0 Hz, 1H, H6), 7.27 8.02 (dd, /4= 8.8 Hz, 4= 1.6 Hz, 2H, 8.06 (d, £16.0 Hz,
=ie r (td, A£=7.2, /= 2.0 Hz, 1H, H4), 6.95 (d, /=8.0 Hz, 1H, H3), H2'+H6'), 7.77 (dd, /1= 8.8 Hz, h=2.4Hz, Ha), 7.84 (d, ~16.0
6.86 (td, /1=7.6, = 0.8 Hz, 1H, H5) 2H, H3'+ HY') Hz, HpB)
2.37d H ol 10.41 (s, 1H, OH), 7.84 (dd, A=7.6, /»=1.6 Hz, 1H, H6), 7.26 8.09 (dd, /4= 8.8 Hz, /4= 1.6 Hz, 2H, 8.04 (d, £16.0 Hz,
: (td, £=7.2, /=1.2 Hz, 1H, H4), 6.96 (dd, /1=8.0, .= 1.6 Hz, H2'+H6’), 7.60 (dd, /1= 8.8 Hz, b= 2.4 Hz, Ha), 7.81 (d, ~£16.0
1H, H3), 6.86 (dt, /4= 8.0, /4= 0.8 Hz, 1H, H5) 2H, H3'+ HY') Hz, HPB)
2.37e12 B H 10.45 (s, 1H, OH), 8.15 (d, .~ 4.8 Hz, 1H, H6), 7.56 (t, ~ 6.4 8.13 (d, £ 4.8 Hz, 2H, H2'+H®6'), 7.92 (d, 7.97 (d, £ 16.0 Hz,
/e ' Hz, 1H, H5), 7.42 (dd, 4=8.8, i=2.4 Hz, 1H, H4), 6.90 (d, =/ ~£8.0 Hz, 2H, H3'+ HY'), 6.40 (dd, 4= 8.8, Ha), 7.95 (d, .~ 16.0
8.8 Hz, 1H, H3) h=2.4Hz, 1H, H4') Hz, HPB)
2.37f B M 10.55 (s, 1H, OH), 8.13 (d, .~ 2.4 Hz, 1H, H6), 7.56 (t, ~ 6.4 8.06 (d, £~ 8.0 Hz, 2H, H2+H#6'), 7.37 (d, 7.94 (d, £ 16.0 Hz,
: ' € Hz, 1H, H5), 7.40 (dd, /4=8.8, /=2.4 Hz, 1H, H4), 6.89 (d, = £8.0 Hz, 2H, H3'+ HY'), 2.40 (s, 3H, Me)  Ha), 7.93 (d, .~ 16.0
8.8 Hz, 1H, H3) Hz, HPB)
2.37g" B B 10.49 (s, 1H, OH), 8.04 (d, .~ 2.4 Hz, 1H, H6), 7.56 (t, .~ 6.4, 7.98 (d, £ 6.4 Hz, 2H, H2'+H6'), 7.67 (d, 7.86 (d, £~ 16.0 Hz,
. r Br

Hz, 1H, H5), 7.31 (dd, /i=8.8, /o= 2.4 Hz, 1H, H4), 6.79 (d, £
8.8 Hz, 1H, H3)

J= 6.8 Hz, 2H, H3'+ HY')

Ha), 7.83 (d, = 16.0
Hz, HP)
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10.49 (s, 1H, OH), 7.56 (t, £ 6.4 Hz, 1H, H5), 7.63 (dd, /1= 8.18 (d, £ 8.8 Hz, 2H, H3'+ H5’), 7.95 (d,  7.97 (d, £ 15.6 Hz,

2.37h'2 | Br Cl TP
8.4, /r=2.0Hz, 1H, H6), 7.27 (dd, /=8.8, /o= 2.0 Hz, 1H, H4), J= 7.6 Hz, 2H, H2'+H6’) Ha), 7.93 (d, £ 15.6
6.84 (d, = 8.4 Hz, 1H, H3) Hz, HB)
23702 | ¢ 10.57 (s, IH, OH), 7.56 (t, ~ 6.4, Hz, 1H, H5), 7.65 (t, = 7.2  8.14 (d, ~ 8.8 Hz, 2H, H3'+ HY’), 6.40 (dd, 7.97 (d, ./~ 16.0 Hz,

Hz, 1H, H4), 7.30 (dd, /= 8.8, /b= 2.8 Hz, 1H, H6), 6.96 (d, /= 4= 8.8, b= 2.4 Hz, 1H, H4), 7.56 (t, ~ Ha), 7.94 (d, £ 16.0

8.0 Hz, 1H, H3) 7.6 Hz, 2H, H2+H6’) Hz, HPB)
Lata obtained from ref. 104; 2The product was slightly contaminated with aldehyde according to *H NMR data and was used as starting material in the next step, without further purification
Table 56: 13C NMR (100 MHz, DMSO-ds, & ppm) spectroscopic data obtained for 3-(2-hydroxyaryl)-1arylprop-2-en-1-ones 2.37
Compound R! R? Cl-6 Ccl’-6’ Cc=0 Ca,CB

2.37al H H 157.25 (C2), 132.03 (C4), 128.70 (C6), 137.90 (C1'), 132.86 (C4), 128.75 (C3' + CH'), 189.50 139.54 (Ca),
121.33(C1), 119.38 (Cb), 116.22 (C3) 128.31 (C2' + C6') 120.92 (CB)
2.37b H Me 157.38 (C2), 131.87 (C4), 128.69 (C6), 143.27 (C4'), 135.38 (C1’), 129.34 (C3' + CbH'), 188.98 139.30 (Car),
121.36 (C1), 119.28 (C5), 116.34 (C3) 128.48 (C2' + C6’), 21.18 (Me) 120.88 (CB)

2.37¢? R Br - - - -
2.37d H Cl 157.47 (C2), 132.30 (C4), 128.84 (C6), 137.92 (C4'), 136.61 (C1’), 130.31 (C2' + C6'), 188.49 140.15 (Ca),
121.32 (C1), 119.48 (C5), 116.37 (C3) 128.94 (C3' + CH) 120.58 (CB)

2.3761’2 Br H - - - -
2.37f Br Me 156.28 (C2), 134.06 (C4), 130.26 (C6), 143.51 (C4'), 134.09 (C1’), 129.30 (C3' + CbH'), 188.59 137.11(Ca),
123.75(C1), 118.28 (C3), 110.83 (CH) 128.66 (C2' + C6’), 21.17 (Me) 122.01 (CB)
2.37g! Br Br 156.43 (C2), 134.38 (C4), 130.34 (C6), 136.59 (C1'), 131.80 (C3’ + CbH), 188.24 137.94 (Ca),
123.56 (C1), 118.33 (C3), 110.15 (CH) 130.55 (C2' + C6), 127.25 (C4) 121.56 (CB)

2.37h1‘2 Br Cl - - - -

2.37i12 ClH - - - -

Lata obtained from ref. 104; 2The product was slightly contaminated with aldehyde according to *H NMR data, and the 3C NMR spectrum was not registered
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Table 57: *H NMR (400 MHz, DMSO-ds, 8 ppm) spectroscopic data obtained for 4 Hchromene-3-carbonitriles 2.39

Comp. R! R? H5-8 H2'-6’ H4 Ha NH,
o 7.23 (m, 2H, H5 + H6), 7.05 (td, /= 7.2, /= 1.2 7.90 (dd, A= 8.4, /o= 1.2 Hz, 2H, H2'+ HE'), 4.10 3.36  6.82 s,
-394 Hz, 1H, H7), 6.98 (dd, /= 8.0, A= 0.8 Hz, 1H, H8)  7.60(tt, 4= 7.6, /o= 1.2 Hz, 1H, H4), 7.47 (t,  (t, J= 5.6Hz, (m, 2H)

J=8.0 Hz, 2H, H3' + H5') 1H) 2H)
ot T 7.22 (dt, 4= 7.6, h=1.2 Hz, 1H, H7),7.19 (dd, /i=  7.80 (dd, 4= 8.0, = 1.2 Hz, 2H, H2' + H6'), 4.10 3.31  6.84 s,
: © 76 4=16Hz IH, H5), 7.05 (dt, A=7.2, h=1.2 7.27 (d, /= 8.0 Hz, 2H, H3' + H5’), 2.10 (s, (t, /6.0Hz, (m, 2H)
Hz, 1H, H6), 6.96 (dd, /= 8.0, = 1.2 Hz, 1H, H8) 3H, Me) 1H) 2H)
2.39 - 7.25 (dt, Ji= 7.6, h= 1.2 Hz, 1H, H7), 7.20 (dd, /i=  7.83 (dd, Ji= 7.6, /o= 2.0 Hz 2H, H2' + H6"), 4.10 3.35  6.85 s,
-39¢ 80, 4= 1.2 Hz, 1H, H5), 7.06 (dt, h= 7.2, h=1.2  7.67 (dd, i= 8.4 %=1.6Hz, 2H, H3' +H5)  (t, ~56Hz,  (m, 2H)
Hz, 1H, H6), 6.96 (dd, /= 8.0, = 0.8 Hz, 1H, H8) 1H) 2H)
oall 1 o 7.26 (dd, 4= 7.6, h= 1.6 Hz, 1H, H5), 7.21 (dt, A=  7.91 (dd, /i= 8.4, /o= 2.0 Hz 2H, H2" + HE'), 4.10 3.61 6.84 s,
: 8.0, b= 1.6 Hz, 1H, H7), 7.06 (dt, 4= 7.6, h=1.2  7.53 (dd, /= 8.8, ~h=2.4 Hz, 2H, H3' + H5")  (t, =5.6 Hz,  (m, 2H)
Hz, 1H, H6), 6.96 (dd, /= 8.0, 5= 0.8 Hz, 1H, H8) 1H) 2H)
ol - ’ 7.46 (dd, /= 2.4, /»=0.8 Hz, 1H, H5), 7.35 (dd, /o=  7.88 (dd, A=8.4, J/i= 1.2 Hz, 2H, H2'+ HE"), 4.10 342  6.78 s,
i ' 8.8, /o= 2.4 Hz, 1H, H7), 6.94 (d, /=88 Hz, IH,  7.60 (dt, /= 8.8, b= 1.2 Hz, 1H, H4), 7.48 (t, (t, ~5.6Hz,  (m, 2H)
H8), /7.6 Hz, 2H, H3' + H5') 1H) 2H)
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azen T 7.38 (dd, /= 8.8, h=2.4 Hz, 1H, H7), 7.23 (dd, 1=  7.81 (dd, /i= 6.4, b= 1.6 Hz, 2H, H2' + HE), 408 343  6.89 (s,
. r M€ 24 4=08Hz 1H, H5), 6.94 (d, /= 8.8 Hz, 1H, 7.28 (d, J= 8.0 Hz, 2H, H3' + H5), (t, £56Hz,  (m, 2H)
H8) 2.35 (s, 3H, Me) 1H) 2H)
2.39¢' | Br B 7.52 (d, £ 2.4 Hz, 1H, H5), 7.38 (dd, /4= 8.8, /o=  7.84(d, ~ 8.8 Hz, 2H, H2' + H6), 7.70 (d, =  4.08 (t, ~ 3.45  6.90 (s,
2.4 Hz, 1H, H7), 6.92 (d, .~ 8.4 Hz, 1H, H8) 8.8 Hz, 2H, H3' + H5') 5.6 Hz, 1H) (m, 2H)
2H)
el - o 7.52 (d, /= 2.4 Hz, 1H, H5), 7.37 (dd, /i=8.4, b=  7.92 (dd, /1= 9.2, /o= 2.4 Hz, 2H, H2’ + HE'), 4.08 (t, £ 3.42 691 s,
: ' 3.2 Hz, 1H, H7), 6.93 (d, /= 8.4 Hz, 1H, H8), 7.54 (d, J=9.2, /o= 2.4 Hz, 2H, H3' + H5') 5.6 Hz, 1H) (m, 2H)
2H)
aeer I 7.39 (d, /= 2.4 Hz, 1H, H5), 7.24 (dd, A= 7.2, b=  7.91 (dd, J1=7.2, = 0.8 Hz, 2H, H2'+ H6'), 4.09 342 691 (s,
w23 2.8 Hz, 1H, H7), 6.99 (d, .~ 8.8 Hz, 1H, H8), 7.61 (dt, A=7.2, b= 1.2 Hz, 1H, H4)), 7.48 (t,  (t, =5.2Hz,  (m, 2H)
J/=8.0 Hz, 2H, H3" + H5') 1H) 2H)
1data obtained from ref. 104
Table 58: 1*C NMR (100 MHz, DMSO-ds, & ppm) spectroscopic data obtained for 4 Achromene-3-carbonitriles 2.39
Comp. R! R? C2-8a Cl1-6’ Ca CN Cc=0
239a! | H H 161.64(C2), 149.35 (C8a), 128.11 (C5), 128.10 (C6), 124.54  136.74 (C1'), 133.34 (C4), 128.76 (C3'+ 4590 120.64 197.94
(C7), 123.92 (C4a), 115.94 (C8), 54.18 (C3), 31.09 (C4) C5'), 128.08 (C2' + C6')
239 | H Me 161.50(C2),149.25 (C8a), 128.03 (C7), 127.95 (C5), 124.40 14357 (C4'), 13424 (C1'), 129.18 (C3'+ 4681 12051 19726
(C6), 123.95 (C4a), 115.83 (C8), 54.15 (C3), 31.10 (C4) C5'), 128.13 (C2' + C6'), 21.10
239¢ | H pr 161.54(C2),149.26 (C8a), 128.06 (C7), 128.02 (C5), 124.43  135.64 (C1'), 131.68 (C3' +C5'), 130.05 4688 12048 19713
(C6), 123.74 (C4a), 115.83 (C8), 53.96 (C3), 31.08 (C4) (C2’ + C6), 127.35 (C4)
239d | H o 161.56(C2),149.28 (C8a), 128.08 (C5), 128.04 (C7), 124.45  138.15(C4’), 135.35 (C1), 129.97 (C2' + 4690 12050 196.96

(Ce), 123.75 (C4a), 115.85 (C8), 53.97 (C3), 31.10 (C4)

C6’), 128.75 (C3’ + C5)
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161.45 (C2), 148.83 (C8a), 130.88 (C7), 130.67 (C5), 126.51

136.71 (C1’), 133.49 (C4’), 128.85 (C3" +

2.39¢' [Br H 4690 12047 197.91
(C4a), 118.25 (C8), 116.03 (C6), 53.90 (C3), 30.87 (C4) C5'), 128.12 (C2' + C6))

230F |Br Me 161.64(C2),149.35(C8a), 128.11 (C5), 128.10 (C6), 124.54  136.74 (C1'), 133.34 (C4), 128.76 (C3' + 4690 12064 19794
(C7), 123.92 (C4a), 115.94 (C8), 54.18 (C3), 31.09 (C4) C5’), 128.08 (C2’ + C6'), 21.12 (Me)

2.39g" | Br B 161.62(C2), 14867 (C8a), 130.72 (C7), 130.61 (C5), 12630 13558 (C1'), 131.69 (C3' +C5),130.05 4520 12022 197.01
(C4a), 118.04 (C8), 115.86 (C6), 53.62 (C3), 30.76 (C4) (C2' +C6), 127.41 (C4)

2.30nt2 | Br ¢ 16127 (C2), 148.67 (C8a), 130.72 (C7), 130.61 (C5), 12630 138.19 (C4'), 135.26 (C1), 129.96 (C2' + 4623 12023 196.80
(C4a), 118.05 (C8), 115.86 (C6), 53.62 (C3), 30.77 (C4) C6'), 128.74 (C3' + C5))

230p2 | o n  161.20(C2), 148.22 (C8a), 127.90 (C6), 127.81 (C7), 127.70  136.59 (C1), 133.29 (C4), 128.66 (C3' + 4612 12028 19768

(C5), 126.00 (C4a), 117.67 (C8), 53.70 (C3), 30.78 (C4)

C5’), 127.99 (C2’ + C&')

Ldata obtained from ref. 104

Table 59: 'H NMR (400 MHz, DMSO-ds, § ppm) spectroscopic data for 4 Hchromene-3-carbonitriles 2.50

Major isomer Minor isomer
Comp. R! R2 H5-8, H2'-6’ H3 H4 Ha H5-8, H2'-6’ H3 H4 Ha
7.93 (d, £ 7.6 Hz, 2H, H2 + 522 414  3.73(dd, A= 8.04 (d, = 7.2 Hz, 2H, H2' + 495 429  3.85(dd,
250a | H H H6'), 7.48 (t, /= 7.6 Hz, 1H, (d, = (m, 18.4, A= 4. H6'), 7.69 (t, = 7.6 Hz, 1H, H4)), (d, =  (m, 4=18.8,
H4'),7.60 (t, = 7.6 Hz, 2HH3' 7.2Hz, 1H)  Hz 1H), 3.54 7.56 (t, /= 7.6 Hz, 2H, H3' + 10.8 1H)  A=4.0Hz,
+H5'), 7.40 (dd, A= 7.2, /= 1H) (dd, £=18.4, H5'), 7.35 (dd, 4=7.2, 4= 0.8  Hz, 1H) 1H), 3.72
A= 6.8 Hz, 1H) (dd, 1H)
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0.8 Hz, 1H, H5), 7.20-7.10 (m,

Hz, 1H, H5), 7.20-7.10 (m, 2H,

2H, H6,H7) H6, H7)

520 412 3.65(dd, A= 491 434  3.72(dd,

7.81 (d, = 8.4 Hz, 2H H3' + (d, = (m, 180 4=40 | 7.94(d, ~£80Hz,2HH3 +H5), (d,.= (m,  .4=184
2.50b | H Me | H5),7.51-7.0 (m, 6H, H2 + H6', 6.8Hz, 1H)  Hz 1H),3.49 | 7.517.0 (m, 6H, H2 + H6', H5, 108  1H)  4=4.0Hz
H5, H6, H7, H8) 1H) (dd, A=18.0, H6, H7, H8) Hz, 1H) 1H), 3.65

4= 6.0 Hz, (dd, 1H)

1H),

7.81 (dd, /= 8.8, = 1.2 Hz, 520 414  3.69(dd, A= | 7.97 (d, ~8.8Hz, 2HH2 +H6E'), 492 426  3.82(dd,

2H, H2' + H6'), 7.70 (dd, Ji= (d, = (m, 184, 4=40 |7.78(d, £84Hz 2HH3 +H5), (d, L= (m,  4=184,
250c | H Br| 64, 4=16Hz 2H,H3' +H5) 6.8Hz, 1H)  Hz 1H),3.51 | 7.30 (dd, /4i=8.0, h=0.8Hz, IH  11.2  1H)  A=44Hz
7.38 (dd, /= 7.6, = 1.6 Hz, 1H) (dd, £=7.2, H5) Hz, 1H) 1H), 3.67

1H, H5), 7.18-7.10 (m, 3H, H6, h=18.4 Hz, 7.187.10 (m, 3H, H6, H7, H8) (dd, 1H)

H7, H8) 1H)

7.94 (dd, /= 8.0, 4= 0.8 Hz, 522 415 3.82(dd, 4= | 8.04(dd, 4=8.4, h=1.2Hz, 2H, 494 430  3.97 (dd,

2H,H2' + H6'), 7.64(t, 9.2  (d, 5 (m, 188, 4A=40 | H2' +H6),7.69 (dt, h1=7.2, /= (d, L  (m, 4=19.2,
2.50d | Br H | Hz, 1H, H4)), 757 (t, /=8.0Hz, 7.2Hz, 1H)  Hz 1H),357 | 1.2 Hz 1H, H7), 7.64 (t, = 9.2 108  1H)  h=4.4Hz
1H, H7), 7.52 (m, 1H, H5), 7.50  1H) (dd, /4=18.8, | Hz, 1H, H4"), 7.52 (m, 1H, H5),  Hz, 1H) 1H), 3.82

(t, /= 8.4 Hz, 2H, H3' + H5), A= 6.4 Hz, 1H) 7.50 (t, /= 8.4 Hz, 2H, H3' + (dd, 1H)

7.10 (d, .~ 8.8 Hz, 1H, H8) H5'), 7.16 (d, /= 8.8 Hz, 1H, H8)

7.87 (d, /= 8.8 Hz, 2H, H2' + 520 414  3.76 (dd, /= 7.96 (d, = 8.4 Hz, 2H, H2' + 491 428  3.86(dd,

H6'), 7.71 (d, /= 8.8 Hz, 2H, (d, = (m, 188, 4=4.0 | H6),7.78(d, ~88Hz 2H,H3  (d, = (m, 4=18.28,
2.50e' | Br Br | H3' +H5) 7.63(d, £L24Hz, 7.6Hz, 1H  Hz 1H),3.53 | +H5), 7.63(d, /2.4 Hz, 1H, 108  1H)  4=4.0Hz
1H, H5), 7.49 (dd, /= 8.4, A= 1H) (dd, 4= 18.8, H5), 7.54 (dd, /= 8.8, h=2.4  Hz, 1H) 1H), 3.76

2.4 Hz, 1H, H7),7.10 (d, ~ 8.4 4=6.8Hz, 1H) | Hz, 1H, H7), 7.15 (d, ~ 8.4 Hz, (dd, 1H)

Hz, 1H, H8) 1H, H8)

7.95 (d, £ 8.4 Hz, 2H, H2' + 521 415  3.82(dd, /= 8.04 (d, = 8.4 Hz, 2H, H2' + 492 429  3.92(dd,

H6'), 7.64 (m, 1H, H5), 7.57 (d, (d, & (m, 192, 4=4.0 | H6),7.64(m, IH, H5),7.57 (d, (d ~E  (m, 4=19.2,
2.50f" | Br Cl | ~84Hz2H,H3 +H5),7.50 7.2Hz, 1H)  Hgz 1H),3.57 | .~ 8.4Hz, 2H, H3 +H5), 7.53 108 1H)  4=48Hz
(dd, /= 8.4, h= 2.4 Hz, 1H, 1H) (dd, /4= 18.8, | (dd, /= 8.8, h= 2.4 Hz, 1H, H7), Hz, 1H) 1H), 3.79

H7), 7.10 (d, .~ 8.8 Hz, 1H, H8) 4= 6.8 Hz, 1H) 7.15 (d, /=~ 8.4 Hz, 1H, H8) (dd, 1H)
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Table 60: *C NMR (100 MHz, DMSO-de, 8 ppm) spectroscopic data for 4 Achromene-3-carbonitriles 2.50

Major isomer

Minor isomer

Compound R' R2  C2-8a clr-e c3/C4/a CN  C= Cc2-8a clr6  C€3/C4/a CN C=
161.13 (C2), 161.14 (C2), 14431
1152%1097((%856;): 14431 (C4),  37.37(C3), 1152%1138((%856;): 1(534,%33 37.59 (C3)
250a | H H ' o 13332(C1),  3275(C4). 11531 196.79 ' ’ ) 33.17(C4). 11560 196.79
126.75(C6). 12928 (C3'+  40.71 (Ca) 126.84(C6),  (C1), 3385 (Ca)
12473 (C7),  ¢5), 12821 12505 (C7), 12934 (C3
12271 (Cha),  (c2' 4 C6) 12353 (C4a),  +C5),
116.67 (C8) 116.67 (C8)  128.02 (C2
+C6))
161.22 (C2), 16155 (C2),  136.06
112%2016(5385&;)1 135.68 (C1'),  37.43(C3), 112%2178(5385&;)1 1(3(331 ’5)3:8 37.65 (C3),
250b | H Me ' ' 13388(C4),  3317(CA). 11538 197.44 ' ! : 3251 (C4), 11567 197.30
12693 (C6),  17883(C3'+  40.95 (Ca) 127.96 (C6),  (C4),
12454 (C7), ¢85 128,16 12513(C7), 12891(C3 3976 (Cal
12351 (C4a), (02 + Cg) 122.69 (C4a),  +C5),
116.76 (C8) 116.76 (C8)  128.16 (C2
+C6)
161.20 (C2), 16143 (C2),  135.05
2.50c 1152% 1065((%856;): 134,68 (C1'),  37.42(C3), 1152%212((%856;)1 1(2071 ’34 37.58 (C3)
: ©12800(C4),  33.08(C4) : : -
H Br 115.28 196.55 , 3269 (C4), 11558 196.63
12690 (C6),  13184(C3'+  40.58 (Ca) 12690 (C6),  (C4),
12481 (C7), (59, 13017 12508 (C7), 131.92(C3' 3886 (Ca)
12270 (C4a),  (c2' 4 Cg) 123.40 (C4a),  +C5),
116.74 (C8) 116.74(C8)  130.17 (C2
+C6))
160.65 (C2), 160.95 (C2),
149.48 (C8a), 149.64 (C8a), 37.17 (C3),
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2.50d Br H 131.80 (C7), 135.48 (C1),
131.63 (C5), 133.90 (C4),
124.99 (C4a), 128.81 (C3' +
118.93 (C8), C%), 128.16
116.31 (C6) (C2' +C6')

36.95(C3), 115.04
32.74 (C4),
40.77 (Ca)

197.49

131.70 (C7),
129.58 (C5),
126.07 (C4a),
118.93 (C8),
116.87 (C6)

136.01  32.62 (C4), 115.37 197.22
(CL), 38.87 (Ca)

133.78

(C4),

128.77 (C3'

+Cb),

128.16 (C2'

+C6))

2.50¢! Br Br -

2.50f" Br Cl -

Lidentified by H NMR and IR spectroscopy; the sample evolved during 3C and two-dimensional NMR spectra collection

Table 61: *H NMR (400 MHz, DMSO-des, & ppm) spectroscopic data obtained for 5-imino and 5-oxo-/A,2-diaryl-5 #chromeno[3,4-clpyridin-4-amines 2.55, 2.56a and 2.69

Compound R! R? R® H7-10

H2'-6’

R3 (H2"-6’v)

Hl1 NH-Ar NH OMe/Me

H.)

8.77 (d, = 2.4 Hz, 1H, H,,),
2.55a Br H CeHs 7.70 (dd, /= 8.0, A= 1.2 Hz,
1H, H,), 7.19 (d, .~ 8.0 Hz, 1H,

7.80 (d, £ 7.6 Hz, 2H, H2" + H6"), 7.57- 8.13 1275 931
7.37 (m, 5H, H3" +H5’, H4’, H3"" +H5""), (s, (s, 1H) (s, 1H)
7.05 (t, £ 8.0 Hz, 1H, H4")

1H)
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8.51 (dd, /1= 8.0, /o= 1.2 Hz, 1H, H10), 8.30 (dd, /i= 8.0, o= 1.6 Hz, 2H, H2' + 810 12.84  9.26
2.55b H CeHs  HEY),7.83(dd, /1= 8.8, /o= 1.2 Hz, 2H, H2""+ H6"), 7.60-7.32 (m, 4H, H8, H4', (s, (s, 1H) (s, 1H)
H3' +H5'), 7.40 (t, /& 7.6 Hz, 2H, H3" + H5'), 7.34 (dt, /1= 7.6, b= 1.2 Hz, 1H,  1H)
H8), 7.26 (dd, /i= 8.0, /o= 1.2 Hz, 1H, H7), 7.04 (dt, /= 7.2, /o= 1.2 Hz, 1H,
H4")
8.50 (dd, 4= 8.0, A= 1.2 Hz, 1H, H10),8.30  7.70(d, = 7.6 Hz, 2H, H2"+  8.07 1272  9.21 2.90
2.55¢ H 4 (dd, £=8.0, A= 1.6 Hz, 2H, H2'+ H6'), 7.69-  H6"),7.20 (d, £ 8.4 Hz, 2H, (s, (s, 1H) (s, 1H) (s, 3H)
MeCeHs  7.48 (m, 4H, H8, H3' +H5’, H4'), 7.33 (dt, H3" + H5") 1H)
4=8.4, h=1.2 Hz, 1H, H9), 7.24 (dd, /=
8.0, 4= 0.8 Hz, 1H, H7),
8.49 (dd, Ji= 8.0, /o= 1.2 Hz, 1H, 7.72(dd, /i= 6.4, o=2.0Hz 2H,H,» 808 1259  9.17 3.77
H10), 8.28 (dd, /= 8.0, /o= 1.6 Hz,  +Hg), 6.97 (dd, /1= 6.8, o=2.0Hz, (s, (s, 1H) (s, IH) (s, 3H)
2.554 H A 2H, H2' + H6'), 7.59-7.46 (m, 4H, H8, 2H, Hz» + Hs") 1H)
OMeCeH,  H3'+H5', H4'), 7.33 (dt, 4= 8.4, /o=
1.2 Hz, 1H, H9), 7.23 (dd, /= 8.4, /o=
1.2Hz, 1H, H7)
8.53 (dd, Ji= 7.6, /o= 1.2 Hz, 1H, H10), 8.52 (d, .~ 2.0 Hz, 1H, H6"), 8.31 (dd, 8.16 13.03  9.31
P H 3BrCH. Ji=7.6, /s=2.0 Hz, 2H, H2' + H6'), 7.60-7.52 (m, 5H, H8, H3' + H5', H4', H2"), (s, (s, 1H) (s, 1H)
7.32 (dt, J= 8.4, s=1.2 Hz, 1H, H9), 7.31 (d, £ 8.0 Hz, 1H, H4), 7.23 (dd, =  1H)
8.0, = 0.8 Hz, 1H, H7), 7.22 (dd, /= 8.0, /o= 0.8 Hz, 1H, H3")
8.48 (dd, Ji= 8.4, /»,=1.6 Hz, 8.24 (dd, =  7.79(dd, /4=8.8, =12 808 1281 924
1H, H10), 7.57 (dt, /i= 8.4, o= 8.8, h=2.4 Hz, Hz, 2H, H2” + H6”), (s, (s, 1H) (s, 1H)
2.55f Br  CeHs 1.2 Hz, 1H, H8), 7.33 (dt, 1=  2H,H2' +H6), 7.38(dt, 4=7.6, 5=08 1H)

7.6, »=1.2 Hz, 1H, H9), 7.23 7.74 (dd, /= Hz, 2H, H3" + H5"),
(dd, /= 8.4, /=12 Hz, IH, H7) 88, /4=2.0Hz, 7.06(dt /=76, /o=12
2H, H3' + H5) Hz, 1H, H4")
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8.45 (dd, /= 8.0, /=1.2 Hz, 8.21 (dd, A=  7.68 (dd, 4=6.8, sh=2.0 802 1253 9.17 3.76
2.55¢ H o Br N 1H, H10), 7.56 (dt, 4= 7.2, o= 8.8, sh=2.0 Hz, Hz, 2H, H2"" + H6"), (s, (s, 1H) (s, 1H) (s, 3H)
OMeCeH,  1-2Hz IH,HE), 7.33(dt, = 2H, H2' + HB), 6.96 (dd, 4= 9.2, h=2.4 1H)
7.2, 4h=1.2 Hz, 1H, H9), 7.22 7.72 (dd, A= Hz, 2H, H3" + H5")
(dd, /4= 8.4, = 1.2 Hz, 1H, H7) 6.8, /i= 1.6 Hz,
2H, H3' + H5)
8.44 (dd, /= 8.0, /=1.2 Hz, 8.27 (dd, A=  7.67 (dd, 4=6.8, sh=2.0 800 1257 9.17 3.76
2.55i HoQ N 1H, H10), 7.56 (dt, /4= 8.8, = 6.8, /=2.0 Hz, Hz, 2H, H2" + H6"), (s, (s, 1H) (s, IH) (s, 3H)
OMeCeH, ~ 0-8Hz IH,HE), 7.32(dt = 2H, H2' +HB), 6.96 (dd, 41=8.38, /=20 1H)
8.0, 4=0.8 Hz, 1H, H9), 7.22 7.58 (dd, /= Hz, 2H, H3"" + H5")
(dd, /4= 8.0, /=0.8 Hz, 1H, H7) 8.4, /i= 1.6 Hz,
2H, H3' + H5)
. . L 8.71 (d, = 2.4 Hz, 1H, H10), 8.29 (dd, /= 8.0, b= 1.6 Hz, 2H, H2'+ H6), 803 1249 9.13 3.75(s, 3H)
OMeCaHe 7.69-7.65 (m, 3H, H8, H2" + H6"), 7.56-7.44 (m, 3H, H3'+ H5", H4'), 7.15(d, (s, (s, 1H) (s, IH)
/8.0 Hz, 1H, H7), 6.96 (dd, /A= 9.2, A= 1.2 Hz, 2H, H3” + H5") 1H)
8.78 (d, = 2.4 Hz, 1H, H10),  8.32 (dd, 4= 8.0, oi= 1.2 Hz, 2H, H2'+ H6'), 8.32 12.86 9.36
255m |B H 3BrCH, 7.70(dd, =88, s=2.4Hz 7.90 (dd, A= 8.8, = 2.0 Hz, 2H, H4" + (s, (s, 1H) (s, IH)
1H, H8), 7.18 (d, &~ 8.8 Hz, 1H,  H6"), 7.57-7.51 (m, 5H, H3'+ H5', H4’, 1H)
H7) H2"" H5")
8.71 (d, .~ 2.4 Hz, 1H, H10), 820(d, £7.6 7.78(dd, A=8.4, 4h=0.8 805 1271 922 2.37 (s, 3H)
7.68 (dd, /= 8.8, A= 2.4 Hz, Hz, 2H, H2 + Hz, 2H, H2" + H6"), (s, (s, 1H) (s, 1H)
2.55n Br Me  CeHe 1H, H8), 7.18 (d, ~ 8.4 Hz, IH, HE'),7.58 (dd, 7.37 (dt, A=7.2, h=16 1H)
H7) h=8.4, h=16 Hz, 2H, H3"" + H5"),
Hz, 2H, H3' +  7.05 (dt, A= 7.6, A= 1.2
H5’) Hz, 1H, H4")
2.55p Br Me 4 8.75 (d, = 2.4 Hz, 1H, H10), 822(d, 80 767(d, ~84Hz2H, 809 12.62 9.23 2.38(s, 3H,
MeCeHs  7.68 (dd, 4= 8.8, = 2.4 Hz, Hz, 2H,H2'+  H2” +H6"),7.18(d, = (s, (s, 1H) (s, 1H) C.,-Me), 2.29
H6'),7.33(d, = 8.4 Hz 2H,H3" + H5")  1H) (s, 3H, C,-
Me)
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1H, H8), 7.17 (d, = 8.8 Hz, 1H, 8.4 Hz, 2H, H3’
H7) + H5')
8.65 (d, £ 2.4 Hz, 1H,H10),  8.15(d, 84 7.64(dd, 4=8.8,A=2.0 795 1244 910 3.74(s, 3H)
2.55q |Br Me 4 7.65 (dd, /= 9.2, = 2.0 Hz, Hz, 2H, H2" + Hz, 2H, H2" + H6"), (s, (s, 1H) (s, 1H)
OMeCeH. 1H, H8), 7.14 (d, 8.4 Hz, 1H, H6),7.29(d, = 6.94(dd, A=8.8, 5=2.0 1H)
H7) 8.0 Hz, 2H, H3’ Hz, 2H, H3" + H5”)
+ H5')
8.75(d, £ 2.0 Hz, 1H,H10),  826(d, .~84  7.64(d, ~80Hz 2H, 811 1263 929 2.29(s, 3H)
255u | Br Br 4 7.70 (dd, 4= 9.2, A= 2.0 Hz, Hz, 2H,H2'+  H2"+H6"),7.18(d, = (s, (s, 1H) (s, 1H)
MeCeH,  1H, H8),7.18 (d, =88 Hz, 1H, HE),7.72(d, = 8.4 Hz 2H,H3" +H5")  1H)
H7) 8.8 Hz, 2H, H3’
+ H5')
8.70 (d, £ 2.4 Hz, 1H, H10), 8.28 (dd, A=  7.53(dd, A=9.2, 5=2.0 800 1246 9.19  3.75(s, 3H)
7.65 (dd, 4= 8.8, h=2.4Hz, 88, h=2.0Hz Hz 2H,H2"+H6"),6.93 (s, (s, 1H) (s, 1H)
2,550’ | Br Cl 4- 1H, H8), 7.12 (d, /= 8.8 Hz, IH, 2H,H3 +H5),  (dd, A=9.2, h=2.4Hz, 1H)
OMeCeHa H7) 7.54 (dd, 4= 2H, H3"" + H5")
8.8, h=2.0 Hz,
2H, H2 + H6')
8.54 (d, J=2.4 Hz, 1H, H10), 8.26 (dd, /= 7.61(t £ 2.4Hz, 1H, 795 1256 892  3.79 (s, 3H)
7.65(dd, /i= 8.4, h=2.4Hz, 84, h)=2.0Hz,  H2"), 7.24 (t, = 8 Hz, (s, (s, 1H) (s, 1H)
285¢ | B Cf 3 1H, H8), 7.15 (d, =88 Hz, 1H, 2H, H3'+H5"),  1H, H5"),7.16 (dd, A=  1H)
OMeCeH. H7) 7.53 (dd, /= 8.0, /= 0.8 Hz, 1H,
8.8, 4=2.0Hz, H6"), 6.63 (dd, /= 8.0,
2H, H2" + H6) J=1.2 Hz, 1H, H4")
8.56 (d, £ 2.4 Hz, 1H, H10), 8.28 (dd, /= 8.4, /»=2.0 Hz, 2H, H2' + H"), ~ 8.05 1270  9.21
2550 |C H  CeHe 7.77 (d, /i= 8.4, 5= 1.2 Hz, 2H, H2"+ H6"), 7.55-7.49 (m, 4H, H8, H3'+H5', (s, (s, 1H) (s, 1H)
1H)

H4'), 7.37(dt, /4= 8.4, /o= 1.6 Hz, 2H, H3" +H5"), 7.10 (d, .~ 8.0 Hz, 1H, H7),
7.04 (dt, A4=7.6, /o= 0.8 Hz, 1H, H4")
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8.60 (d, £ 2.4 Hz, 1H, H10), 829 (dd, h=  7.66(dd, /=84, h=2.0 806 1260 9.22 228(s, 3H)
2.55f | Cl 4 7.56 (dd, 4=8.8, h=2.4Hz, 84, h=2.0Hz, Hz, 2H H2"+H6"),7.18 (s, (s, 1H) (s, 1H)
MeCeHs  LH, H8),7.24 (d, £ 88Hz, IH, 2H,H2' +H6), (d, ~84Hz 2H H3"+ 1H)
H7) 7.547.48 (m, H5")
3H, H3' + H5",
H&)
8.58 (d, = 2.4 Hz, 1H, H10), 827 (dd, h=  7.67 (dd, 4=9.2, A=2.0 801 1249 9.17 3.75(s, 3H)
2.55¢' | Cl 4 7.53(dd, A= 8.8, h=2.4Hz, 80, h= 1.6 Hz, Hz, 2H,H2"+HE"),6.95 (s, (s, 1H) (s, 1H)
OMeCgHs  1H, H8),7.19 (d, /=88 Hz, 1H, ~2H,H2' +H6),  (dd, A=9.2, h=24Hz,  1H)
H7) 7.52-7.48 (m, 2H, H3" + H5”)
3H, H3' + H5",
H&)
879 (d, /= 2.4 Hz, 1H, H10),  8.29 (dd, A= 8.8 Hz, 2H, H2' + HE'),7.79 817 10.68
2.56a | Br CeHs 778 (dd, 4=8.8, sh=2.0Hz,  (d, 7.6 Hz, 2H, H2" + H6"), 7.557.51 (s, (s, 1H)  _
1H, H8), 7.36 (d, = 8.8 Hz, 1H,  (m, 3H, H3' +H5', H4), 7.40 (dt, 4=7.2,  1H)
H7) 4=2.0 Hz, 2H, H3" + H5"), 7.12 dt, /=
7.2, 4= 0.8 Hz, 1H, H4")
8.65(dd, 4= 8.0, h=1.2Hz,  8.40 (dd, 4= 8.48 4.14 (s, 3H)
1H, H10), 7.68 (dt, /4=7.6, h= 8.0, b= 2.0 Hz, ) (s, ]
2.69a | H 1.2 Hz, 1H, H8), 7.43 (dt, = 2H, H2' + HE)), 1H)
8.0, 4= 0.8 Hz, 1H, H9), 7.39  7.60-7.53 (m, 3,
(dd, A= 8.0, h= 1.2 Hz, 1H, H7)  H3' +H5', H4)
8.60 (d, .= 2.0 Hz, 1H, H9), 8.41 (dd, A= 8.50 4.14 (s, 3H)
7.80 (dd, £=8.8, h=2.4Hz, 8.0, h=2.0Hz, ) (s, ]
2.69b | Br 1H, H8), 8.65 (dd, =80, h=  2H, H2'+ HE)), 1H)
1.2 Hz, 1H, H10), 7.34 (d, = 7.60-7.55 (m, 3,
H3' + H5', H4')

8.0 Hz, 1H, H7)
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Table 62: *C NMR (100 MHz, DMSO-de, 8 ppm) spectroscopic data for 5-imino and 5-oxo-/,2-diaryl-5 Achromeno[3,4-cpyridin-4-amines 2.55, 2.56a and 2.69

Compound R! R? R3 C2-10a Cl1-6’ R3(C1-6") c1 Cc5 OMe/Me
157.71 (C2), 154.45 (C4), 150.78 138.04 (C1'), 128.77 139.93 (C1"), 128.96 102.31 155.37
2.552a Br H CeHs (Céa), 140.62 (Cla), 134.80 (C8), (C4'), 130.12 (C3' +CH’), (C3" +ChH"), 122.56
127.56 (C10), 119.14 (C10a), 127.36 (C2' + C6') (C47), 120.18 (C2" +
118.40 (C7), 116.19 (C9), 99.88 Ce6")
(C4a)
157.49 (C2), 154.53 (C4), 151.61 138.18 (C1'), 128.80 140.01 (C1"), 128.92 102.04 155.85
2.55h H H CeHs (Céa), 141.66 (Cla), 132.36 (C8), (C4"), 129.98 (C3' + CH"), (C3" +C(Ch"), 122.41
125.22 (C10), 124.00 (C9), 116.84 127.21 (C2' + C6) (C4'), 120.07 (C2" +
(C10a), 116.10 (C7), 99.93 (C4a) C6")
157.48 (C2), 155.86 (C4), 151.61 138.21 (C1'), 128.77 140.01 (C1"), 131.35 102.04 155.85 20.44
2.55¢ H H 4 (Céa), 141.60 (Cla), 132.31 (C8), (C3'+(ChH"), 129.85(C4"), (C4), 128.92 (C3" +
MeCeHa 125.19 (C10), 123.98 (C9), 116.88 127.18 (C2' + C6') Cb5"), 120.17 (C2" +
(C10a), 116.09 (C7), 99.71 (C4a) Ce6")
157.51 (C2), 154.60 (C4), 151.61 138.23 (C1'), 128.72 154.84 (C4"), 133.05 102.04 155.86 55.22
2.55d H H 4- (Cea), 141.55 (Cla), 133.24 (C8), (C3'+(CH’), 129.88 (C4"), (C1"),121.79 (C2" +
OMeCeHs  125.16 (C10), 123.93 (C9), 116.89 127.16 (C2' + C6’) C6"), 114.05 (C3" +
(C10a), 116.06 (C7), 99.71 (C4a) Ch")
157.29 (C2), 154.16 (C4), 151.59 138.01 (C1'), 128.79 141.77 (C1"), 130.77 102.73 155.76 54.93
(C6a), 141.59 (Cla), 132.47 (C8),  (C4’), 130.12 (C3' + CH’), (CH"), 124.60 (C4"),
2.55e H H 3BrCeHs 125.26 (C10), 124.04 (C9), 116.73 127.20 (C2' + C6) 122.21 (C6"), 121.77
(C10a), 116.12 (C7), 100.39 (C4a) (C37), 118.66 (C2")
156.24 (C2), 154.49 (C4), 151.63 137.38 (C1'), 131.74 139.90 (C1"), 128.94 102.05 155.80
2.55f H Br CeHs (Cea), 141.81 (Cla), 132.41 (C8), (C3' +Ch"), 129.21 (C2’ (C3" +Ch"), 122.50

125.21 (C10), 123.98 (C9), 116.78
(C10a), 116.11 (C7), 100.23 (C4a)

+(C6’), 134.70 (C4)

(C47), 120.13 (C2" +
C6H)
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156.25 (C2), 154.56 (C4), 151.63 137.43 (C1'), 131.67 15490 (C4"), 132.92 101.37 155.81 55.20
2.55¢ H Br 4 (Céa), 141.71 (Cla), 132.30 (C8), (C3'+Ch), 129.17 (C2' (C1"),121.89 (C2" +
OMeCeHa 125.16 (C10), 123.92 (C9), 116.83 +(C6'), 134.70 (C4) C6"), 114.06 (C3" +
(C10a), 116.07 (C7), 99.74 (C4a) C5")
156.16 (C2), 155.82 (C4), 151.63 137.07 (C1'), 134.70 15491 (C4"), 132.94 101.39 154.57 55.22
2.55j H Cl 4 (Céa), 141.69 (Cla), 132.29 (C8), (C4'), 128.91 (C2’' + C6"), (C1"), 121.90 (C2" +
OMeCeH, 125.15(C10), 123.92 (C9), 116.84 128.74 (C3' + C5') C6"), 114.06 (C3" +
(C10a), 116.08 (C7), 99.70 (C4a) C5")
157.67 (C2), 154.46 (C4), 150.72 138.08 (C1'), 128.63 154.88 (C4"), 132.96 101.59 155.34 55.23
2.55]| Br H 4 (Céa), 140.43 (Cla), 134.60 (C8), (C4'), 129.95 (C3' +CH"), (C1"), 121.84 (C2" +
OMeCeHa 127.29 (C10), 119.15 (C10a), 127.46 (C2' + C6) C6"), 114.03 (C3" +
118.28 (C7), 116.09 (C9), 99.33 C5")
(C4a)
157.69 (C2), 154.19 (C4), 150.78 137.89 (C1'), 128.83 139.27 (C1"), 131.69 102.78 155.33
2.55m Br H 3BrCH, (C6a),140.69 (Cla), 134.89 (C8),  (C4'), 130.18 (C3'+C5’),  (C5"), 131.19 (C2"),
127.60 (C10), 119.06 (C10a), 127.41 (C2' + C6') 122.05 (C4", C6"),
118.43 (C7), 116.23 (C9), 100.18 113.83 (C3")
(C4a)
157.89 (C2), 155.59 (C4), 150.88 140.08 (C4'), 135.41 140.12 (C1"), 129.09 101.96 154.55 21.12
(Céa), 140.63 (Cla), 134.90 (C8), (C1"), 127.42 (C2' +C6'), (C3" +Ch"), 122.68
2.55n Br Me CeHs 127.59 (C10), 119.26 (C10a), 129.09 (C3' + C5') (C4'), 120.27 (C2" +
118.57 (C7), 116.31 (C9), 99.67 C6")
(C4a)
157.63 (C2), 154.35 (C4), 150.70 139.76 (C4'), 135.30 137.37 (C1"), 131.31 101.48 155.32 20.94
2.55p Br Me 4 (Céa), 140.38 (Cla), 134.59 (C8), (C1'), 129.25 (C3' +CH"), (C4"), 129.25 (C3" + (C4'-Me),
MeCeHs 127.47 (C10), 119.17 (C10a), 127.23 (C2' + C6') C5"), 120.12 (C2" + 20.44
118.26 (C7), 116.07 (C9), 99.29 C6") (C4'-Me)

(C4a)
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157.90 (C2), 154.60 (C4), 150.86 139.97 (C4'), 135.48 155.02 (C4"), 133.17 101.28 155.62 55.41
2.55q Br Me 4 (Ceéa), 140.48 (Cla), 134.74 (C8), (C1"), 129.45 (C3' + C5"), (C1"), 122.00 (C2" +
OMeCeHa 127.52 (C10), 119.31 (C10a), 127.38 (C2' + C6’) C6"), 114.18 (C3" +
118.49 (C7), 116.25 (C9), 99.16 Ch")
(C4a)
156.36 (C2), 154.38 (C4), 150.76 137.20 or 137.24 (C1), 137.20 or 137.24 101.13 155.26 20.48
2.55u Br Br 4 (Cea), 140.69 (Cla), 134.76 (C8), 131.64 (C3' + CH'), (C1'), 131.54 (C4'™),
MeCeHa 127.55 (C10), 119.07 (C10a), 129.30 (C2' + C6'), 129.33 (C3" + C5"),
118.32 (C7), 116.12 (C9), 99.96 123.74 (C4)) 120.26 (C2"" + C6")
(C4a)
156.21 (C2), 154.34 (C4), 150.68 136.83 (C1'), 134.80 154.88 (C4"), 132.80 101.15 155.21 55.19
2.55b’ Br CI 4 (C6a), 140.51 (Cla), 134.60 (C8), (C4'), 128.58 (C3' + C5'), (C1"), 121.85(C2" +
OMeCeHa 127.46 (C10), 119.03 (C10a), 128.97 (C2' + C6’) C6"), 113.98 (C3" +
118.21 (C7), 116.06 (C9), 99.55 Ch")
(C4a)
2.55¢’ Br Cl 3. 156.39 (C2), 154.24 (C4), 150.47 136.77 (C1'), 134.66 159.70 (C3"), 140.84 101.94 155.25 54.93
OMeCeHa (Cea), 140.29 (Cla), 134.37 (C8), (C4"), 128.66 (C3' + CH"), (C1"), 129.07 (C5"),
126.96 (C10), 118.71 (C10a), 128.22 (C2' + C6H) 112.46 (C6'""), 108.54
117.97 (C7), 115.77 (C9), 99.92 (C4™), 105.75 (C2")
(C4a)
157.82 (C2), 154.54 (C4), 150.41 138.13 (C1'), 128.89 140.03 (C1"), 129.06 102.33 155.57
2.55d’ Cl H CeHs (Cea), 140.72 (Cla), 132.08 (C8), (C4"), 130.24 (C3' +Ch"), (C3" +Ch"), 122.68
128.46 (C9), 127.56 (C10), 118.73 127.44 (C2' + C6') (C4'), 120.29 (C2" +
(C10a), 118.19 (C7), 99.93 (C4a) C6")
157.88 (C2), 154.61 (C4), 150.46 138.18 (C1'), 128.92 137.46 (C1"), 131.73 102.04 155.61 20.65
2.55f ¢ H 4 (Cea), 140.77 (Cla), 132.05 (C8), (C4"), 130.27 (C3' + CH"), (C4"), 129.50 (C3" +
MeCeHa 128.47 (C9), 127.79 (C10), 118.81 127.42 (C2' + C6) C5"), 120.42 (C2" +

(C10a), 118.26 (C7), 99.77 (C4a)

C6")
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2.55g’

Cl

4-
OM6C6H4

157.62 (C2), 154.41 (C4), 150.24
(Céa), 140.44 (Cla), 131.68 (C8),
128.19 (C9), 124.61 (C10), 118.67
(C10a), 117.90 (C7), 99.30 (C4a)

138.05 (C1"), 128.59
(C4"), 129.90 (C3" + C5'),
127.25 (C2' + C6')

154.84 (C4""), 132.95

(C17), 121.77 (C2" +

C6'"), 113.98 (C3" +
C5")

101.56

155.33

55.20

2.56a

Br

CeHs

160.17 (C2), 160.65 (C4), 150.47
(Céa), 143.52 (Cla), 134.80 (C8),
127.13 (C10), 118.49 (C10a),
118.24 (C7), 116.87 (C9), 97.54
(C4a)

137.32 (C1'), 128.44
(C4’), 130.09 (C3' + C5'),
127.28 (C2' + C6')

138.68 (C1"), 128.35

(C3" +(C5"), 122.92

(C4™), 120.64 (C2" +
C6")

102.43

155.47

2.69a

163.63 (C4), 158.35 (C2), 152.57
(Céa), 146.81 (Cla), 133.03 (C8),
125.50 (C10), 124.51 (C9), 119.49
(C7), 118.61 (C10a), 101.96 (C4a)

136.99 (C1'), 130.77
(C4"), 128.92 (C3" + C5'),
127.59 (C2' + C6')

105.59

155.86

2.69b

Br

163 .76(C4), 158.88 (C2), 151.86
(Cea), 145.94 (Cla), 135.69 (C8),
127.96/127.90 (C10), 119.49 (C7),
118.61 (C10a), 117.00 (C9),
101.99 (C4a)

137.02 (C1'), 131.17
(C4'), 129.12 (C3' + C5'),
127.96/127.90 (C2' +
Co’)

106.02

155.82
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Compounds 2.60a, 2.61a, 2.68, 2.70a and 2.7 1 spectroscopic data is described in
Tables 62 and 63. Compound 2.60a can be identified, by *H NMR, by its double doublet at &
5.26 ppm (H4), its doublet at & 4.68 ppm (H5), and its singlets at 6 8.81 (N1-H), 8-51 (NH-R?)
and 9.94 (OH) ppm. In the #C NMR spectra, the most relevant signals correspond to the
dihydropyridine ring, which are observed at § 148.96 (C2), 134.95 (C6), 101.19 (Cb), 64.04 (C3)
and 34.48 ppm (C4) (Scheme 35).

Compound 2.61a has a group of distinctive signals: two singlets at § 8.12 (NH-R?) and &
8.02 (N3-H) ppm corresponding to the NH groups, a triplet at 6 3.72 ppm (H4) and two double
doublets at § 2.41 and 2.17 ppm (H3). The most relevant signals in the *C NMR spectra are at &
33.89 (C3), 21.54 (C4), 152.02 (C3’), 66.24 (C4’) and 118.93 ppm (CN). The two-dimensional
correlation spectra of compound 2.61a revealed several important correlations, between H4 and

C2, C3, C4a, C8a, C3' and C4', and H3 correlating with C2, C4, C4a and C4’' (Scheme 35).

Compounds 2.68 and 2.70a can be recognized by 'H NMR signals at 6 7.65 (2.68a),
67.95 (2.68b) and & 7.66 ppm (2.70a), which belong to the aromatic hydrogen atom in the
pyridine ring (H5), as well as by the singlets corresponding to the MeO groups (64.12 ppm for
2.68a, 6 4.08 ppm for 2.68b) or by the typical signals of a OEt group, thus a quartet [~ 4.60
ppm (CH>)] and a triplet [ ~8 1.41 ppm (CHs)]. In the *C NMR spectra, the signals corresponding
to the pyridine ring are easily identifiable for all three compounds, with the nitrile groups’ signals
appearing at 6 115.37 ppm (2.68a), 6 116.14 ppm (2.68b) and 6 115.45 ppm (2.70a)
(Scheme 35).

The 'H NMR spectra of compounds 2.71 present two characteristic singlets, one
corresponding to the NH group & 7.66 ppm (2.71a) and & 7.69 (2.71b), and the second
belonging to the OMe group at 6 3.99 ppm (2.71a and 2.71b). By *C NMR, compounds 2.71
are recognizable by the pyridine pattern, very similar between both compounds, with C3 and C5
signals proving the presence of different substituents at C2 and C6 [6 86.93 ppm (C5) and 75.91
ppm (C3) for 2.71a; 6 87.06 ppm (C5) and 76.14 ppm (C3) for 2.71b]. Two-dimensional
correlation experiments showed that H2' and H6’ correlate with C4, C3 and C5 (Scheme 35).

Compounds 2.60a, 2.68 and 2.70a detain a similar HMBC pattern to
chromenopyridines 2.55, 2.56 and 2.69, thus, H1 correlates with C3 and C5 and the exocyclic
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NH proton with the aromatic ring C2 and C6 (for 2.60a) (Scheme 35). The CH hydrogen atoms
of the MeO group correlate with C2 (for 2.68 and 2.70).

2.60a

2.68 (R3=OMe) 27
2.70a (R'= Cl, R>= H, R3=0Et)

Scheme 35: Selection of correlations, observed by HMBC, for compounds 2.60a, 2.61a, 2.68, 2.70a and
271

Compounds 2.82 can be mainly recognized by two singlets in the '"H NMR spectra
attributed to its NH groups: 69.33 and 9.21 ppm (N=C-NH) and & 6.85 (NH>), as well as for the
triplet at 63.82 ppm and the multiplet at §3.12 ppm corresponding to H4 and Ha, respectively
(Table 65). The most characteristic signals of these compounds in the 13C NMR corresponds to
C4 (632.30 and 32.08 ppm), Ca (6 34.80 and 34.39 ppm), nitrile (§120.56 and 120.31 ppm)
and C=N-N (6140.39 and 139.07 ppm). The correlation experiments showed that H4 and Ha
possess a similar pattern to compounds 2.39 Ha and H4, to which is added the correlation of the

hydrazines' NH proton with C1"’, C6"' and the imines’ carbon atom (Table 66).
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Table 63: 'H NMR (400 MHz, DMSO-ds, § ppm) spectroscopic data obtained for compounds 2.60a, 2.61a, 2.68a-b, 2.70a and 2.71a-b

Compound R! R? R® H2-8 H2'-6’ H2"-6" NH-Ar NH OH OMe/OEt
(HZ’"-
67")
5.26 (dd, A= 7.62 (d, ~ 2.4 Hz, H6'), 7.43-7.27 (m, 8H, H2" + H6", 8.81 (s, 9.94
2.60a .. . 56 ,L=12Hz, 7.21(dd, s=88, 4=2.8  H3"+H5" H4" H3” +H5"  1H NI-H), (s, 1H) )
1H, H4), 4.68 Hz, 1H, H4'), 6.82 (d, =  H4™), 7.02 (A= 8.4, /o= 0.8 Hz, 8.51 (s,
(d, & 5.6 Hz, 8.8 Hz, 1H, H3) H2"" + H6") 1H, NHR?)
1H, H5)
7.67 (dd, /i= 8.8, /o= 1.6 Hz, 2H, H2"'+ H6"), 7.51-7.34 (m, 5H, H7, H3' + H5’, 8.12 (s,
2.61a _ .. H3"+H5"),7.30(dd, 4=7.2, /= 2.4 Hz, 1H, H5), 7.20 (t, £ 8.0 Hz, 1H, H4"™),  1H, NHR), ) )

6.92 (d, = 7.6 Hz, 3H, H8 H2' + H6'), 6.85 (t, /= 7.6 Hz, 1H, H4'), 3.72 (t, =~ 2.8 8.02 (s,
Hz, 1H, H4), 2.41 (dd, /= 9.2, /b= 3.2 Hz, 1H, H3a), 2.17 (dd, /A= 9.2, /= 3.2 Hz, 1H, H1)

1H, H3a)
8.10 (d, = 8.4 Hz, 1H, HE'), 7.31 (d, /= 8.4 Hz, 5H, H3', H2" + - 10.04 4.12 (s, 3H)
2.68a H Me OMe 7.65(s, 1H, H5) H6"", H3"" + H5"), 7.00 (d, .~ 8.0 Hz, 1H, H3’), 6.94 (dt, Ji= (s, 1H)

7.6, /2= 1.2 Hz, 1H, HY'), 2.36 (s, 3H, Me)

7.23(d, ~2.8Hz, 1H,  8.12(dd, /i= 8.4, 4= 4,08 (s, 3H)
H3'), 6.97 (dd, /1= 8.8, A= 2.0 Hz, 2H, H2" +
2.68b Br H OMe 7.95(s, 1H, H5) 2.8 Hz, 1H, H4), 6.35 (d, H6'), 7.52-7.46 (m, - -
/8.8 Hz, 1H, HE') 3H, H3" + H5", H4")

7.39 (t, = 2.4 Hz, 1H, 8.17 (dd, /1=7.6, So= 10.49 460 (g, £7.2
2.70a H Cl OFt 7.66(s 1H, H5), H4), 7.35(d, ~2.4Hz 2.0 Hz, 2H, H2"" + i B (s, 1H) Hz, 2H, CH,),
IH, H6'), 7.00 (d, = 8.8  HE'), 7.52-7.50 (m, 141t 7.2
Hz, 1H, H3') 3H, H3" + H5', H4") Hz, 3H, CHs)
2.71a 7.82 (dd, 4=7.6, s=1.6 7.69 (s, 3.99 (s, 3H)
Hz, 2H, H2"" + H6"'), 7.58- 2H)
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H - - 7.51 (m, 3H, H3"" + H5", -
H4'")
7.65 (dd, /1= 8.0, ,=1.6 7.66 (s, 3.99 (s, 3H)
2.70b Me - . Hz, 2H, H3'+H5'), 7.34 (d, _ 2H)
/£ 8.0 Hz, 2H, H2'+H6"),
2.38 (s, 3H, Me)
Table 64: 1*C NMR (100 MHz, DMSO-ds, § ppm) spectroscopic data obtained for compounds 2.61, 2.76, 2.77 and 2.78
Compound R! R? R® Cl-10 Ccl’-6’ Cl17-6” NH-Ar(C2''-6'"") CN OMe/OEt
148.96 (C2), 134.95 (C6), 153.12 (C2'), 134.82 135.22 (C1"), 142.22 (C1"), 121.41
2.63a ) 101.19 (C5H), 64.04 (C3), (C17), 130.51 (C6), 128.47 (C3" + 129.00 (C3" + CH"),
34.48 (C4) 130.02 (C4'), 117.32  Cb"), 128.43 (C2" 120.43 (C4"),
or 117.39 (C37), +C6"), 125.25 117.32 0r 117.39
115.84 (C5) (C4™) (C2" +C6")
151.13 (C8a),130.44 (C4a), 152.02 (C3'), 66.24 141.42 (C1"), 152.23 (C1'"), 118.93
2.64a 130.24 (C5H), 129.84 (C7), (C4") 128.46 (C4"), 128.80 (C3"" +
118.93 (C8), 84.90 (C2), 128.28 (C3" + C5'"), 120.94 (C4™"),
33.89 (C3), 21.54 (C4) Ch"), 12591 (C2"+ 118.47 (C2"" + C6™)
C6")
163.69 (C2), 156.78 (C4), 154.39 (C2'), 129.54 140.47 (C4"), 115.37 54.80
2.67a H Me OMe 154.82 (C6), 114.50 (CH), (C4), 127.25 (C6), 134.03 (C1"), )
94.04 (C3) 123.36 (C1'), 119.18 130.04 (C3" +
(C5’), 116.04 (C3') Ch"), 129.54 (C2"
+C6"), 20.95 (Me)
164.04 (C2), 155.06 (C4), 156.90 (C2'), 133.14 137.50 (C1"), 116.14 53.94
2.67¢ Br H OMe 154.82 (C6), 114.50 (C5), (C4), 131.44 (C6'), 129.91 (C4"), )
94.04 (C3) 128.78 (C3" +
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126.40 (C5), 124.62  C5"), 127.04 (C2"
(C1), 122.77 (C3) +C6")
163.59 (C2), 157.46 (C6), ~ 153.56 (C2),130.96  136.93 (C1"), 11545  63.39 (CH2),
268a |14 c oOft 15356(C4),114.84(C5),  (C6), 129.81 (C4), 130.98 (C4"), ) 14.63 (CH3)
94.73 (C3) 125.26 (C1), 122,98 129.30 (C3" +
(C5), 117.96 (C3)  C5"), 128.59 (C2"
+C6")
166.00 (C6), 163.63 (C4),  136.87 (C1'), 130.76 11343, 5477
278a | . u .  15941(C2),130.78(Cl),  (C4), 128.74(C3 + _ ) 115.62
87.06 (C5), 76.14 (C3)  C5), 128.38(C2' +
c6)
165.91 (C6), 163.52 (C4),  140.86 (C4'), 134.03 11344, 5470
278 | - Me .  159.42(C2),86.63(C5),  (C1),128.94 (C2' + _ ] 115.70
75.91(C3), 20.97 (Me) ~ C6'), 128.73 (C3' +
c5)

Table 65: 'H (400 MHz, DMSO-ds, § ppm) and *3C NMR (100 MHz, DMSO-ds, 8 ppm) spectroscopic data
obtained for 2-amino-4-(2-aryl-2-(2-phenylhydrazono)ethyl)-4 #chromene-3-carbonitriles 2.82a and 2.82b

Compound R! R? H5-8 H2'-6’ H2"-6" NH NH, H4 Ca
7.35(d, £2.8Hz, 1H, 7.69(d, ~7.6Hz, 2H, 7.16(t, ~88Hz 2H, H3" + 9.21 6.85 382  3.12(m,
2.82a W |Br H H5),7.26(dd, 4=7.2, H2' + H6'), 7.35 (t, = H5"),7.08 (d, ~7.6Hz, 2H, (s, 1H) (s,1H)  ~£7.2 2H)
A=2.0Hz, 1H, H7),6.89 7.6 Hz, 2H, H3' + H5'), H2" + H6"), 6.72 (dt, A= 7.2, Hz, 1H)
(d, = 8.8 Hz, 1H, H8) 7.26 (t. £ 7.6 Hz, 1H, 4= 0.8 Hz, 1H, H4")
H4')
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R R C2-8a c1-6' c1".6" C4 Ca CN C=N-N
2.82a 161.72 (C2), 14875  138.89 (C1), 12850  145.98 (C1"), 129.01 (C3" + 32.30 3480 12056  140.39
e |Br H  (C8a), 131.01 (C7), (C3'+C5),127.63  C5"), 119.25 (C4"), 113.17
130.91 (C5), 126.07 (C4"), 125.69 (C2' + (C2" + C6")
(C4a), 118.25 (C8), c6),
116.02 (C6), 53.56 (C3)
R R H5-8 H2'-6' H2""-6" NH  NH, H4 Ca
7.46(d, £24Hz 1H,  7.66(dd, 4=84, /b=  7.17(dt, h=72 s=12Hz, 933 685 382(t  3.13(d,
14 | Br Br H5),7.29(dd, A=88,  1.6Hz 2H H2' +HE),  2H, H3"+H5"),7.11(dd, (s, 1H) (s, 1H) £72  £72
J=24Hz 1H, H7),6.90 7.51(dd, /=88, =  Ji=8.8, /= 1.2 Hz, 2H, H2" Hz, 1H)  Hz 2H)
d, ~88Hz 1H H8)  2.0Hz 2H H3 +H5)  +H6"), 6.74 (dt, A= 7.2, /=
2.82b 1.2 Hz, 1H, H4')
R R C2-8a c1-6' c1"-6" c4 Ca CN C=N-N
161,58 (C2), 148.65  131.08(C1), 131.08  145.64 (C1"), 128.26 (C3" + 32.08 3439 12031  139.07
g | Br B (C8a), 130.88 (C5), (C3'+C5),127.54  C5"), 119.26 (C4"), 113.10

130.84 (C7), 126.10 (C2' + C6'), 120.51
(C4a), 118.05 (C8), (C4)
115.87 (C6), 53.55 (C3)

(C2" +C6")
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2.1.4 Synthesis and reactivity of ethyl /-(3-cyano-4-(2-arylethyl)-4 H-chromen-2-
yl)formimidate

There are several examples in the literature where triethyl orthoformate is used to prepare
imidates, which are suitable precursors for the synthesis of diverse heterocyclic compounds!?2. In
addition, chromenes bearing an oaminonitrile moiety have been successfully employed for the
synthesis of new formimidate chromene derivatives, which were used as precursors in the
preparation of new chromene-based heterocyclic compounds. For example, in the research group,
it was possible to synthesize a diaminomaleonitrile imidate by reaction of diaminomaleonitrile
(DAMN) with triethyl orthoformate under reflux conditions, and this compound was a versatile
starting material for the preparation of imidazoles'?>*>4, dihydropurines!?®, purines'?®, triazepines?’,
oxazoles'?’, oximes'?, pyrroles'?®, among others. In the synthesis of chromene derivatives, there
have been some studies that involve chromenes bearing an o-aminonitrile moiety to generate new
formimidate derivatives, that are used as precursors in the formation of new heterocyclic rings

fused to the chromene skeleton30-133,

However, to the best of our knowledge, none of the chromene derivatives reported includes
a 2-oxo-2-arylethyl moiety at C4, but rather, quite frequently, these chromenes possess an aromatic
ring linked to C4. This fact encouraged us to explore the reactivity of this functionality in the 2-
amino-4-(2-oxo-2-arylethyl)-4 Hchromene-3-carbonitriles 2.39, with triethyl orthoformate and,
subsequently, with nucleophiles, and thus expanding the chemical space of this scaffold. The

carbonyl moiety offered a new reactive point for intramolecular and intermolecular reactions.

For this reason, the main objectives that were proposed for this topic were:

1) Develop a facile and scalable process to prepare ethyl M(3-cyano-4-(2-oxo-2-arylethyl)-4 A4
chromen-2-yl)formimidates.

2) Explore the reactivity of ethyl M(3-cyano-4-(2-oxo-2-arylethyl)-4 Achromen-2-
yl)formimidates with nucleophiles, under several reaction conditions.

3) Evaluate the biological potential of the newly prepared heterocyclic structures.
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Synthesis of ethyl M/(3-cyano-4-(2-oxo-2-arylethyl)-4 H#.chromen-2-yl)formimidates

For the preparation of compounds 2.85, the procedure previously described by our
research group to generate this type of imidate moiety in the synthesis of adenine derivatives was
employed®*. To this end, 2-amino-3-nitrile chromenes 2.39 were heated under reflux in excess of

triethyl orthoformate (8 molar equivalents) and acetic anhydride (3 molar equivalents) to led to the

desired chromeno-based imidates 2.85 in excellent yields (Table 66).

Table 66: Reaction time and isolated yield of chromene-based imidates 2.85

2.85a (R'= H, R?=H)
HC(OEt); (8 equiv.) 2.85b (R'=H, R?=Br)
_ 2.85¢ (R'= H, R?=Cl)
Ac0 (3 equiv.) 2.85d (R'= Br, R2=H)
R 2.85e (R'= Br, R>=Me)
2.85f (R'= Br, R?=Br)
2.85¢g (R'=Br, R2=Cl)
2.39a,c-i 2.85h (R'= CI, R%=H)
Compound t (min) N (%) Compound t (min) 1 (%)
2.85a 40 95 2.85e 40 86
2.85b 30 89 2.85f 30 91
2.85c 30 95 2.85g 12 91
2.85d 35 96 2.85h 40 87

The spectroscopic data of compounds 2.85 confirmed its formation. Thus, the IR spectra
of compounds 2.85 corroborated the absence of the NH stretching vibration, which is present in
the synthetic precursors 2.39. The 'H and *C NMR spectra showed signals at around & 8.59 ppm
(singlet) and 6 163.52 ppm (for 2.85d), respectively, attributed to the imidate C-H group, as well
as the typical quartet (about & 4.30 ppm and & 63.97 ppm, respectively) and triplet (about 6
1.30 ppm and 13.90 ppm, respectively) signals for an ethoxy group (Figures 52 and 53).
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G \\Wi V%

H3'+ H4
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9.5 8.0 85 8 7.5 7.0 6.5 6.0 5.5 5.0 45 4.0 3.5 3.0 25 2.0 1.5 1.0 0.5 ppm

Figure 52: 'H NMR (400 MHz, DMSO-de, & ppm). spectrum of compound 2.85d, in which several signals are
highlighted

i W L]

c=0

T T T T T T T T T T T T T T T T T T T
200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 ppm

Figure 53: 3C NMR (100 MHz, DMSO-ds, & ppm) spectrum of compound 2.85d, in which several signals are
highlighted
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Reactivity of //(3-cyano-4-(2-oxo-2-arylethyl)-4 H-chromen-2-yl)-

arylformimidamides with primary amines

The reactivity of compounds 2.85 against diverse anilines was then explored. The best
reaction conditions were explored using compound 2.85a and aniline, which results are

summarized in Table 67.

Table 67: Reaction conditions and results of the reaction of compound 2.85a with aniline

Ph-NH,
- " O O NHPh +
Conditions o X
2.85a
2.55b (X=NH)
2.56m (X=0)
Entry solvent aniline additives T°C) t product n
(equiv.) (h) (%)
1 DMSO Ph 1.5 - r.t. 18.5 2.85a 28
2 dioxane Ph 1.2 - 40 120 2.85a 44
3 MeOH Ph 1.5 PhNH;CI (cat.) r.t. 18.5 2.86a 51
4 MeOH Ph 1.5 PhNHsCI (cat.) 50 18.5 2.87a 15
r.t 30
5 EtOH Ph 1 - 30 17 2.86a 23
6 EtOH Ph 1.5 - 40 142 2.86a 41
7 | EOH Ph 1.2 H2804 rt. 3 complex
(0.2 equiv.) mixture
8 | FtOH Ph 1.2 AcOH 80 166  2-86a 14
(0.5 equiv.)
9 | FtOH Ph 1.2 AcOH 80 6 2.86a 29
(0.5 equiv.)

When the reaction was performed in DMSO and at room temperature for 18.5 h, a mixture
of reaction products could be observed by TLC, from which only the starting material 2.85a could
be collected by simple filtration (n= 28%) (entry 1 — Table 67). A similar result was obtained by
performing the reaction in dioxane with mild heating (40 °C) for 120 h, in which case the starting

material 2.85a was recovered in 44% yield (entry 2 — Table 67), or by using methanol at room
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temperature in the presence of a catalytic amount of anilinium chloride for 18.5 h (entry 3 — Table
67), which provided 2.85a in 51% yield. For the latter case, performing the reaction at 50 °C led
to amidine 2.87a in 15% yield.

Fortunately, more positive results were achieved by using ethanol as solvent (entries 5-9
- Table 67). Thus, while using 1 equivalent of aniline and after 30 h stirring at room temperature
mainly gave no reaction, the heating of the reaction mixture at 80 °C for 17 h afforded compound
2.86a in 23% isolated yield (entry 5 — Table 67). The yield of the reaction was increased up to
41% by using 1.5 equivalents of aniline under mild heating (40 °C) for an extended period of 142
h (entry 6 — Table 67).

To try to improve the reaction yield, the effect of the presence of acid was explored. The
results showed that 0.2 equivalents of sulfuric acid resulted in the formation of a polymeric black
mixture (entry 7 — Table 67). Better results were obtaining using 0.5 equivalents of acetic acid,
although without involving an improvement in the reaction yield. Thus, using 1.2 equivalents of
aniline in ethanol and heating at 80 °C for either 1.66 h (entry 8 — Table 67) or 6 h (entry 9 -
Table 67) afforded compound 2.86a in 14% and 29% isolated yield, respectively. It became
evident that increasing the reaction temperature to 80 °C and the reaction time, resulted in higher

yields of 2.86a. Nevertheless, the isolated yield never surpassed 50%.

The isolation of these new derivatives supported the assumption that different side
reactions could occur, involving both compound 2.85a and its synthetic precursor 2-amino-3-
nitrile chromene 2.39a that can be formed by hydrolysis of the imidate moiety in 2.85. These

reactions may even occur in the absence of a catalytic amount of acid.

To the best of our knowledge, no such compounds were described in the literature. To
better understand this reactivity, to explore the scope of the reaction, as well as to improve the
reaction yield, a set of experiments was performed using chromene-based imidate 2.85d and

aniline. The conditions, and results, are summarized in Table 68.
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Table 68: Reaction conditions and results of the reaction of compound 2.85d with aniline

Ph-NH,  Br

Conditions O 0 Xx
2.85d 2.55a (X=NH)
2.56a (X=0)
Entry solvent aniline conditions results
(equiv.) AcOH T (C) t product ratio yield
(equiv.) (h) (%)
1 EtOH 2 - 50 9 2.85d - 72
2 EtOH 2 0.5 50 9 2.87b - 67
3 EtOH 1.2 - 50 60 2.87b - 28
4 MeOH 1.2 - 50 60 2.87b - <2
5 EtOH 1.2 - 80 96 2.55a + 2/3 -
2.56a
6 EtOH 1.5 0.5 80 96 2.55a + 1/1 -
2.56a
7 EtOH 1.5 0.5 80 2 2.87b - 46
8 EtOH 1.5 0.5 80 4.66 2.86b : 16
9 ACN 1.5 0.5 80 4.66 2.87b : 51
10 EtOH 2 0.5 80 2 2.87b - 55

Based on the results obtained with chromene-based imidate 2.85a showing that
temperature was a key feature to induce a chemical transformation, the initial assays were
performed at 50 °C (entries 1-4- Table 68). Unfortunately, no reaction was observed by using 2
equivalents of aniline for 9 h, and ethanol as solvent, affording the starting material 2.85d in 72%
yield (entry 1-Table 68). However, reproducing these conditions but in the presence of 0.5
equivalents of acetic acid led to the formation of compound 2.87b in 67% yield (entry 2-Table
68). However, in the absence of acetic acid, the aniline equivalents reduced to 1.2 and when the

reaction time was increased to 60 h, only 28% yield of compound 2.87b was obtained (entry 3-
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Table 68). The use of methanol as solvent (entry 4-Table 68) resulted in a further reduction of
the isolated yield (<2%). The latter results highlighted that the formation of compound 2.87b

requires acid-catalysed conditions.

A series of assays were then performed at 80 °C (entries 5-10-Table 68). Only good
results were obtained when 1.5-2 equivalents of aniline were used and short reaction times, since
a mixture of imino chromenepyridine 2.55a and oxo chromenepyridine 2.56a were isolated when
1.2 equivalents and long reaction periods were employed (entries 5-6-Table 68). However, short
reaction times (2 h), a greater excess of aniline (1.5-2 equivalents) in the presence of 0.5
equivalents of acetic acid, whether using ethanol or acetonitrile as solvent, favored the formation
of 2.87b (entries 7-10-Table 68), which was obtained in yields ranging from 46% to 55%.
Remarkably, compound 2.86b was obtained in 16% yield when longer reaction times (4.66 h)
were used (entry 8). Therefore, the best reaction conditions for the synthesis of compound 2.87b
from chromene-based imidate 2.85e could be the use of 0.5 equivalents of acetic acid, 2

equivalents of aniline, in ethanol as solvent, either heating at 50 °C for 9 h or at 80 °C for 2 h.

Compounds 2.86 were identified by IR and NMR spectroscopy. In the IR spectra, a broad
band appears at around 3300 cm (O-H stretching), together with a sharp, medium intensity, peak
at 1670-1640 cm™, corresponding to the C=0 stretching vibration. For compound 2.86b, these
values are 3305 cm™ (OH) and 1682 cm™ (C=0). The most characteristic signals in the *H NMR
spectra of 2.86b are three singlets at §10, 6 8.5 and 6 7.8 ppm corresponding to the hydroxyl
group and the two CH groups of the pyridopyrimidinone core (H2 and H6), respectively (Figure
54). For compound 2.86b, these three singlets appear at 6 10.05, 6 8.63 and § 7.88 ppm,
respectively. In the C NMR spectra stand out the signals for the carbonyl, C2 and C6 carbons,
which are distinctive of this scaffold. For compound 2.86b, these signals are at § 167.84 ppm
(carbonyl, C4), 6 153.30 ppm (C2) and 6 121.22 ppm (C6) (Figure 55).

The results presented in Tables 67 and 68 led us to conclude that amidines 2.87 can
generate pyrido-pyrimidinones 2.86 under the reaction conditions used. However, the isolation
yield of compounds 2.86 is still unsatisfactory. Also, the isolation of a mixture of
chromenopyridines 2.55 and 2.56 led us to conclude that the reaction conditions used can
parallelly promote the cleavage of either the imidate or the amidine moiety of compounds 2.85
and/or 2.86. For this reason, a new approach was explored, involving the optimization and
preparation of amidines 2.87 to further use as starting material for the preparation of 2.86.
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Attempts to understand the reaction mechanism that leads to the formation of compounds 2.86
would allow to adjust the experimental conditions leading to its selective formation. This new

strategy will be discussed in the following sections.
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Figure 54: 'H NMR (400 MHz, DMSO-de, & ppm) spectrum obtained for compound 2.86b, in which three signals
are highlighted
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Figure 55: 3C NMR (100 MHz, DMSO-ds, § ppm) spectrum obtained for compound 2.86b, in which three signals
are highlighted
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To further optimize the reaction conditions that lead to the formation of compounds 2.86,
the synthetic method to obtain amidines 2.87 was investigated. This study started by testing a
dual solvent system in the reaction of 2.85d with aniline to induce the removal of compound
2.87b from the reaction mixture (Table 69). Five assays were performed at 80 °C (entries 1-5-
Table 69) and two at 100 °C (entries 6 and 7- Table 69). In entries 1-4, only the reaction time

was allowed to vary (3, 5, 15.5 and 48 h for entries 1, 2, 3 and 4, respectively), with 2 equivalents

of aniline, 0.5 equivalents of acetic acid and a (1:1) EtOH:H-0. The results clearly show that 5 h is
the optimal reaction time to isolate amidine 2.93 and that above this threshold, the reaction starts

to progress to the formation of compounds 2.55/2.56.

The fact that, after 3 and 5 h of reaction (entries 1 and 2, respectively - Table 69), no
traces of compound 2.91e can be found, and that amidine 2.93b was isolated in good to excellent
yield (77% for entry 1, 85% for entry 2- Table 69), supports the assumption that cleavage of the
amidine moiety is responsible for the formation of the starting material 2.39, and not cleavage of

the imidate unit.

Table 69: Reaction conditions and results, of the experiments performed with compound 2.85e and aniline in a
dual solvent systems

H @ NH
0 Ph-NH, (2 equiv.) O 0 P Br
Br CN Br NHPh  * R
N Conditions CN
0~ >N Ot 0" X
B' 260

2.85¢ 2.55a (X=NH)
2.56a (X=0)
solvents (ratio) AcOH T t results
(equiv.) (°C) (h)

Entry EtoH ACN H,0 product ratio (%)
1 1 - 1 0.5 80 3 2.87h - 77
2 1 - 1 0.5 80 5 2.87b - 85
3 1 - 1 0.5 80 155 2.55a+2.56a+ 1.2/1/2.8

2.61a
4 1 - 1 0.5 80 48 2.55a + 2.56a + 1/1.6/2.1/
2.61a + 2.87b 2.7
5 - 1 1 0.5 80 5 2.55a + 2.56a + 1.8/1/20
2.87b
6 1 - 1 0.5 100 6 2.55a + 2.56a + 1/1.5/1.6
2.61a
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7 1 - 1 1 100 6 2.55a+2.56a+ 2.4/39/7.3/
2.61la + 2.60a 1

Replacing ethanol by acetonitrile, in the dual solvent system (entry 5 — Table 69) led to
the isolation of a mixture of compounds 2.55a, 2.56a and 2.87b in a 1.8:1:20 ratio. Although
present as a minor contaminant, the isolation of chromenopyridines 2.55a and 2.56a after 5
hours of reaction suggests that the use of acetonitrile as a reaction solvent, in this dual system,
tends to lead to the cleavage of the amidine moiety in compound 2.87b with a higher extent than
that observed when ethanol was used, (by comparison with entry 2— Table 69). Heating at 100
°C (entries 6 and 7 — Table 69) led to the formation of a mixture of products, with compounds
2.55a, 2.564a, 2.61a being isolated in a 1:1.5:1.6 ratio (entry 6) or compounds 2.55a, 2.56a,
2.61a and 2.60a being isolated in a 2.4:3.9:7.3:1 ratio (entry 7). Performing the reaction under
these temperature conditions increases the extent of the amidine cleavage in amidine 2.87b and

its evolution to the spiro compound 2.61a.

The best reaction conditions identified in Table 69 for the preparation of amidine 2.87b
[aniline (2 equiv.), acetic acid (0.5 equiv.), (1:1) EtOH:H,0, 80 °C, 5 h] were used as a starting
point for the preparation of new formamidine derivatives. The conditions and results obtained for
each imidate 2.89, as well as for each amine used, are described in Table 70. The percentage
of contamination in the starting material, detected by *H NMR, was registered together with the
corresponding ratio when the contaminant was identifiable by NMR. The evolution of the reaction

was followed by TLC.

Table 70: Experimental conditions and results for the reaction of imidates 2.85 with amines

R4
R3NH, (2.54, 2 equiv.)

NH OH #NH
AcOH (0.5 equiv.) o . e

(1:1) EtOH/H,0 O O o

R2 R!

2.85a-h 2.87 2.55 (X=NH) 2.58 (R*=0Et) 2.59 (R*=OEt)

2.56 (X=0) 2.61 (R*=NHPh) 2.60 (R*=NHPh)
2.85 results
Entry R: R2 R3 T t main contamination® n
° .
(°C) (min)  product (%) (%)
1 H H CeHs 60 25 2.87a - 33
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2 H H | 4MeCeH, 60 25 2.87¢c - 56

3 H H 4 60 40 2.87d 2.85a (5) 47b
OIVIeC6H4

4 H Br CeHs 60 45 2.87b - 40

5 H Br | 4MeCeH, 60 120 2.87e 2.85b (7) 67

6 H Br 4- 60 120 complex - -
OMeCeH,4 mixture

7 H Cl CeHs 60 120 2.87f - 77

8 H Cl | 4MeCeH, 60 120 complex - -

mixture

9 Br H | 4MeCsHs 50 20 2.87g - 68

10 | Br H 4 50 120 2.87h - 77
OMeCgH4

11 | Br H | 3-MeCeHs 50 100 2.87i - 77

12 Br H 3- 80 30 2.87j unknown contaminant -
OMeCsH4

13 |Br H | 4BrCeHs 80 8 2.87k 2.58b/2.61c + 2.59b -

/2.60e (60)

14 | Br H | 4CICsH4 80 20 2.871 - 67

15 Br H | 4CNCeHs 80 50 2.87m unknown contaminant -

16 | Br Me CeHs 60 100 2.87n - 48

17 | Br Me | 4MeCsHs 80 50 2.870 2.85f (14)

18 | Br Br CeHs 80 120 2.87p unknown contaminant -

19 | Br Br | 4MeCsH, 80 120 2.87q unknown contaminant -

20 | Br Br 4 80 120 2.87r unknown contaminant -
OIVIeC6H4

21 Br Br | 4-CIC¢Hs 80 60 2.87s unknown contaminant -

22 | Br Br | 3-ClCsH4 80 60 2.87t 2.58c /2.61d + -

2.59¢/2.60f (53)

23 | Br Br | 4CNC¢Hs 60 140 2.87f - 63

24 | Br Cl CeHs 60 80 2.87u unknown contaminant

25 | Br Cl | 4MeCeHs 60 80 2.87v 2.86¢g (11) -
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26 |Br Cl 4 60 70 2.87x 2.85g + 2.59d/2.60g (21)
OMeCeH,4

27 | Br CI | 3BrCsHs 80 930 2.87y - 57

28 | Cl H CeHs 60 190 2.87z - 75

29 |(Cl H | 4MeCeHs 60 180 2.87a - 59

30 [ClI H 4 60 120 2.87v 2.85h + 2.59¢/2.60h (25)
OMeCeH4

31 |Cl H | 3MeCeH, 60 130 2.87¢’ unknown contaminant

32 | Cl H | 4CNCeHs 60 120 2.87d’ unknown contaminant

aSlightly contaminated; bBy H NMR; %ield of the crude product

When imidate 2.85a (R'=R’=H) was used as starting material (entries 1-3 — Table 70),
amidines 2.87a,b and ¢ could be prepared in good yields, with only a slight contamination with
2.85a (5%) when the reaction was performed with 4-methoxyaniline (entry 3). The reactions
carried out with 2.85b (R'=R*=Br; entries 4-6- Table 70) could only lead to the formation of the
corresponding amidine 2.87e (with 7% contamination of 2.85b) when 4-methylaniline was used,
in a reaction kept at 60 °C for 120 minutes (entry 5- Table 70). Using 2.85c¢ (R'=R*=Cl; entries
7 and 8- Table 70) led to the formation of amidine 2.87f with good yield (77%), when the reaction
was performed with aniline, at 60 °C for 120 minutes (entry 7).

The reaction of imidate 2.85d (R'=Br;R’>=H) with 4-methylaniline led to amidine 2.87g
(68% isolated yield) when the reaction was performed at 50 °C (entry 9- Table 70) for 20
minutes. Compound 2.87h was prepared using 4-methoxyaniline and reacting at 50 °C and
performing the reaction for 120 minutes (entry 10- Table 70). Compound 2.87i was prepared
by using 3-methylaniline and reacting at 50 °C for 100 minutes (entry 11- Table 70). Compound
2.871 was prepared by reacting 4-chloroaniline at 80 °C for 20 minutes (entry 14— Table 70).
The remaining amidines 2.87j,k and m were obtained as a mixture with other products, such as

compounds 2.55, 2.56 and 2.58-2.61, in variable ratios (entries 12, 13 and 15). Imidate

2.85h (R*=Cl; R?=H) led to the isolation of pure amidines when the reaction was performed with
aniline, at 60 °C for 190 minutes (2.87z, 75% vyield, entry 28— Table 70), and with 4-
methylaniline, at 60 °C for 180 minutes (2.87a’, 59% yield, entry 29— Table 70).
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The most insoluble imidates in the ethanol/water mixture were compounds 2.85e-g.
Using 2.85e (R'=Br;R?=Me), the pure amidine 2.87n was isolated when the reaction with aniline
was performed at 60 °C for 100 minutes (48% yield, entry 16— Table 70). Using imidate 2.85f
(R*=Br;R?>=Br) , amidine 2.87q was obtained in the reaction with 4-methylaniline for 120 minutes
and at 80 °C, with a slight contamination with an unknown contaminant (entry 19— Table 70). For
the reactions involving 2.85g (R'=Br;R?>=Cl), only when 3-bromoaniline was used, in a reaction
performed at 80 °C for 930 minutes, could the pure amidine, 2.87y, be isolated (57% yield, entry
27).

These studies indicate that the best reaction conditions must be adjusted for each imidate
2.85 used and for each amine and are most likely related to the solubility of these compounds in
ethanol/water. For the most soluble imidates used, compounds 2.85a-d, the best results are
typically involved lower temperatures (50-60°C) and shorter reaction times (15-40 min.). For the
less soluble imidates, derivatives 2.85e-h, the best results are obtained at 80 °C and longer
reaction times (100-930 min.). However, when a mixture was collected, the contaminants
contained products that were formed through the hydrolysis of the amidine moiety of 2.87. It also
became clear that, although the EtOH/H,O system is theoretically helping the formation of
amidines 2.87 by keeping imidates 2.85 in suspension throughout the reaction and precipitating
amidines 2.87 as they were generated, there seems to be some residual fraction that remains
soluble enough to reverse its formation, regenerating the c-aminonitrile 2.39, as expected for a
reaction carried out with large amounts of water and acidic conditions. Under this scenario, the
resulting oaminonitrile 2.39 is known to react with nucleophiles, either amines or ethanol, to give
compounds 2.58/2.61 and/or 2.59/2.60, which was discussed in section 2.1.3. This appears
to happen even without the full consumption of the starting material 2.85, as is the case of

experiments reported in entries 26 and 30 (Table 70). The experiments performed using the

EtOH/H,0 solvent system allowed to develop a novel synthetic procedure for the preparation of

amidines 2.87, as well as a better understanding on how to adjust the reaction conditions.

The chemical structure of amidines 2.87 was identified by *H and *C NMR spectroscopy,
including two-dimensional correlation experiments. In the *H NMR spectra of 2.87 (Figure 56),
four characteristic signals can be highlighted, that correspond to the NH/CH groups of the amidine
fragment, present as two different tautomeric forms, namely 2.87A and 2.87B (Scheme 36).

These signals typically appear between & 8.5-11 ppm as four doublets, two for each tautomer. The
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signals corresponding to the H4 and Ha hydrogen atoms typically appear as a single set of signals,

superimposed in the 6 4.0-4.5 ppm (H4) and & 3.4-3.8 ppm (Ha) region.

R2 R?

NH: 10-11 ppm NH: 10-11 ppm
o CH: 8.8-9.0 ppm o CH: 8.3-8.4 ppm
R! CN _ R! CN _
[ — O N
—~ . AN
o) NA;J}J \Rs 0" NZ N R3
H H
2.87A 2.87B

Scheme 36: Tautomeric forms for amidines 2.87 observed in DMSO-ds
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Figure 56: 'H NMR (400 MHz, DMSO-ds, 8 ppm) spectrum obtained for compound 2.87b, in which the amidine
NH and CH signals, for both tautomers, are highlighted

The most relevant signals in the 3C NMR spectra of 2.87 (Figure 57), illustrated for
compound 2.87b, are the peaks corresponding to the carbonyl group (& 197.46 ppm), C2 (6
160.63 and 160.43 ppm), Cb (8 151.27 and 149.21 ppm), C3 (6 74.23 and 73.63 ppm), Ca (6
45.37 and 45.30 ppm) and C4 (6 31.95 and 31.67 ppm).
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Figure 57: 3C NMR (100 MHz, DMSO-ds, § ppm) spectrum obtained for compound 2.87b, in which several
signals, for both tautomers, are highlighted

Pyridopyrimidines 2.86b-h could also be prepared in low yields from imidates 2.85 and
primary aromatic amines (Table 71). Thus, the treatment of imidates 2.85 with 1-2 equivalents
of primary amines 2.51 and 0.5 equivalents of acetic acid in ethanol and heating at 80 °C for 1.5-
22 h afforded compounds 2.86 in yields ranging from 16% to 28%.

Table 71: Reaction conditions and results for the reaction of imidates 2.85 with different primary amines, in
ethanol

R3NH, (2.51, 1-2 equiv.)
AcOH (0.5 equiv.)

EtOH, 80°C
2.85 2.86 2.87
Entry 2.85 2.51 additive t(h) results n
R! R? R3 equiv. (%)
1 H|H CH2CeHs 1 - 5.5 2.86¢ 19
2 H | H]| 3MeCsH,4 1.2 - 2.25 2.86d 27
3 Br | H CeHs 1.5 - 4.66 2.86b 16
4 Br | H | 4MeCeH4 1.2 - 3.5 2.86¢ 28
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5 Br | Br | 4-OMeC¢H, 2 - 2 2.86f 26
6 Br | Cl | 4-MeC¢H,4 1.5 - 22 2.86g 27
7 Br | Cl | 40MeC¢H. 1.5 - 15 2.86h 22
8 Br | H| 3-BrCeHs 2 - 7 2.86i + 2.87¢’ (0.83:
2.87)
9 Br | Br | 3MeCeHs 1+0.22 H,0 8.5+ 2.86j + unknown
(cat.) 32 contaminant

%The reaction was performed for 8 hours in the presence of 1 equivalent of /7methylaniline, after which an additional 0.2 equivalents of 7+
methylaniline were added, and the reaction was left at 80 +C for 3 h.

Amidines 2.87 were also converted into pyridopyrimidinones 2.86 by heating at 80 °C
in ethanol (Table 72). This conversion was explored either using amidines 2.87 as a pure product
or combined with spiro derivatives 2.58/2.61 and dihydropyridines 2.59/2.60, which were
present in <20%. When 2.87 was not used as a pure product, the reaction yields presented were
calculated considering that 2.87 was pure (entries 2-5 - Table 72). Under these conditions,
compounds 2.86k and 2.861 were obtained with yields of about 49% and 17% (entries 2 and 3 -
Table 72). For some experiments, amidines 2.87g,z and m’ were recovered as a pure product,
and it might be necessary to increase the reaction time in order to obtain the respective compound

2.86 (entries 1, 4 and 5- Table 72). Moreover, the assays performed with mixtures that did not

contain spiro derivatives 2.59/2.60, only amidines 2.87 were only obtained (entries 3, 4 and

7- Table 72). Most compounds 2.58-2.61 were soluble in ethanol, and this may explain their
absence in the isolated products.

Table 72: Results of the heating, at 80 °C in ethanol, of samples of amidines 2.87 also containing spiro
derivatives 2.58/2.61, and dihydropyridines 2.59/2.60

OH #Z NH oK 80°C_ OH P NH OH @ N
CN R! NHR2 . + g N,R2
R? O
07 X o N/)

R!
2.86

2.58 (R2—OEt) 2.59 (R?=OFEt) 287 2.55 (X=NH) 2.59 (R?=OEt)
2.61 (R2=NHR3) 2.60 (R=NHR?) 2.56 (X=0) 2.60 (R2=NHR3)
2.87
Entry R R reagents (%)° m (g) additive  t(h) results (0;1)1)
0
1 Br | 4-MeCeH4 2.87g 0.117 H.0 (cat.) 3 2.87¢g 63
2.87h (81) + 0.121 - 18.25 2.86k  49*

2 | Br| 40MeCiHs 5 5gara G1e (12) +

2.59a/2.60i (7)
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3 |B| acicH, 287 (9?6))+2.86d 0.087 - 1466 2.861 13
2.87z(83) + 0133 | HO(cat) 4 2.87z 67

4 [ci| CH
o 2.59¢/2.60j (17%)

5 Cl'| 4-MeCeHs 2.87a’ 0.117 | HzO (cat.) 25 2.87m’ 61

2.87b’ (92) + 0.175 | HzO (cat.) 5 2.86m 65

6 || 20MeCH
¢ e 2 59d/2.60k (8)

aBy 'H NMR; bFor the cases where mixtures were used, the yields were calculated assuming that the used compound 2.87 is pure

Studies on the reactivity of A(3-cyano-4-(2-oxo-2-arylethyl)-4 #chromen-2-yl)-Maryl-
formimidamides

The reactivity of M(3-cyano-4-(2-oxo-2-arylethyl)-4 Hchromen-2-yl)-Maryl-formimidamides
2.87, under basic conditions, was also studied. To understand the effect of both the nature and
concentration of the base in the reaction, amidine 2.87b was used as a model. The experiments

and results are summarized in Table 73.

Table 73: Results of the treatment of amidine 2.87b with diverse type of bases

o \gN Base BIOH
O c)| NAH/Q rt.to 80°C
2.87b 2.55a (X=NH) 2.88a 2.89a 2.90
2.56a (X=0)
base results
Entry [2.87h] equiv. T t (h) product ratio 1(%)
(M) )
0.06M 2.89a
2 0.20 NaOH 2M 0.25 r.t 7.5 2.89a - 53
' 2.56a + 2.90

4 0.17 EtsN 1 rt. 23 2.88a - 43
5 0.16 DBU 1 r.t. 135 2.88a - 51
6 0.14 DBU 1 r.t. 195 2.88a ) 60
7 0.10 DBU 1 50 5+1.5° 2.88a + 2.89a 5/].

8 0.13 DBU 1 60 6.33 2.89a+290 14/1
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. 255a+  35/1.

9 0.13 DBU L 80 3+15 5 5ea+2900 4/1

10 010 DBU 1 80 4+25 2.90 - 42
11 0.14 DBU cat. 80 5.6+ 15 2.90 - 27

@ The addition of DBU occurred after stirring for a certain period of time; after the addition, the mixture was left stirring for an additional period

From these results presented in Table 73, the following conclusions were drawn:

1)

2)

3)

At room temperature, two competing intramolecular cyclization reactions between the
phenylformimidamide moiety and the cyano group to give rise to the 5+chromeno [2,3-
dlpyrimidine core were observed. One path provided derivatives 2.89a, and the other
evolved further to a second condensation reaction involving the ketone group to afford
derivatives 2.88a. Under these conditions, organic bases favoured the formation of
chromenopyrimidine 2.88a as a single isolated product, while with agueous inorganic

bases derivative 2.89a was the major compound in the reaction (entries 1-2 vs 4-6).

Increasing the reaction temperature up to 80 °C, which was only explored with organic
bases, led to further intramolecular condensation between the ketone and the aniline
substituent in chromenopyrimidine 2.88a took place to afford a polycyclic derivative
2.90. The latter compound is obtained in higher yield when 1 equivalent of DBU is

employed instead of a catalytic amount (entries 10 vs 11). In both cases, DBU was added

after an initial stirring in ethanol, at 80°C.

The treatment of a solution of imidamide 2.87b in ethanol with one equivalent of DBU at
room temperature for 19.5 h affords chromenopyrimidine 2.88a with 60% yield as a sole
reaction product. On the contrary, as expected, under the same reaction conditions but
heating at 80 °C, compound 2.88a undergoes a second cyclization reaction to afford a

polycyclic derivative 2.90 in a 42% yield.

Compound 2.88a was identified by IR and NMR spectroscopy. In the IR spectrum

highlights the small and broad band centred at 3185 cm-?, assigned to the stretching vibration of

the hydroxyl group. In addition, the typical band for the ketone group, at 1680-1670 cm™, is absent.

In the 'H NMR spectroscopy, there are two sets of signals for the structure due to the formation of

a diastereoisomeric mixture, in virtue of the two chiral centres present in the molecule (Ca and

C11b) (Figure 58). It is recognizable by its singlets at 6 8.10 and 6 8.04 ppm (H5, major and
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minor isomers); its singlets at § 5.80 and 6 5.61 ppm (hydroxyl groups, major and minor isomers);
doublet of doublets, attributed to H1 (ot and () at § 4.21 (J/i= 12.4, A= 4.8 ppm) and 6 2.72 21
(/i= 12.8, 4= 4.8 ppm) for the major isomer, and at 6 3.43 and & 2.80 ppm, respectively, with
the same coupling constants, for the minor isomer; two triplets at 6 1.76 (&~ 12.8 Hz, minor

isomer) and & 1.30 ppm (& 12.4 Hz, major isomer), assigned to H11b.

Vi Vo Sy

T T T T T T T T T T T T T T T T
95 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 45 4.0 35 30 25 20 1.5

14 1] 1)
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=i =l 7|2 | |3 el <

Figure 58: 'H NMR (400 MHz, DMSO-de, & ppm) spectrum obtained for compound 2.88a, in which several
signals are highlighted
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The C NMR spectrum of 2.88a highlight two signals at 151.07 and 6 150.76 ppm,
which correspond to the C5 minor and major signals, respectively, as well as its Cland Clla
carbon signals, which appear at 6 38.49 and 6 38.30 ppm (C1, major and minor isomers), and &
27.41 and 6 26.40 for both C11b (minor and major) (Figure 59).
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Figure 59: 3C NMR (100 MHz, DMSO-ds, & ppm) spectrum obtained for compound 2.88a, in which three signals
are highlighted

Compound 2.89a was identified by IR and NMR spectroscopy In the IR spectrum
highlights a sharp, medium intensity band centred at 3399 cm™, corresponding to the stretching
vibration of the exocyclic NH group, and a strong and sharp carbonyl C=0 stretching vibration
band, very similar to the signal presented in the starting material, at 1673 cm™. In the *H NMR
spectrum (Figure 60), and using compound 2.89a as example, two singlets, one at § 8.96 ppm
corresponding to the NH proton, and another at 6 8.23 ppm that corresponds to the H2 hydrogen
atom of the pyrimidine ring, can be highlighted. The C5 and Ca signals, also present in the starting
material, remain almost unaltered, with only the H4 signal shifting to §5.00 ppm (t, /= 4.8 Hz)
and the Ha multiplet remaining at around 6 3.66 ppm. The most remarkable signals in the 3C
NMR spectrum are the carbonyl signal at 6197.85, the C2 signal at § 155.87 ppm and the Ca
and Cb, of the 4-(2-oxo-2-arylethyl) moiety, at 644.18 ppm and 628.80 ppm, respectively (Figure
61).
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Figure 60: 'H NMR (400 MHz, DMSO-de, & ppm) spectrum obtained for compound 2.89a, in which several
signals highlighted
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Figure 61: 3C NMR (100 MHz, DMSO-ds, § ppm) spectrum obtained for compound 2.89a, in which several
signals highlighted

Compound 2.90 was also identified by IR and NMR spectroscopy In the IR spectrum a
group of signals in the 1650-1630 cm* region, assigned mainly to the aromatic C-H stretching

vibrations are identified. The most characteristic signals in its 'H NMR spectrum are two doublets
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at  8.43 ppm and at 8 6.77 ppm, corresponding to H5 and H6a, as well as a singlet at 6 8.22
corresponding to H1 (Figure 62). In the *C spectrum stands out the signals corresponding to C5

(6 154.91 and 154.81 ppm), C1 (6 38.49 and 38.30 ppm) and C11a (6 27.41 and 26.40 ppm),

as they appear duplicated (Figure 63).
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Figure 62: 'H NMR (400 MHz, DMSO-ds, 8 ppm) spectrum obtained for compound 2.90, in which several signals
highlighted

T T T T T
50 40 30 20 10 ppm

Figure 63: 3C NMR (100 MHz, DMSO-ds, & ppm) spectrum obtained for compound 2.90, in which several signals
highlighted
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The formation of compounds 2.89 can be explained by intramolecular cyclization followed
by a base catalysed Dimroth rearrangement (Scheme 37). The latter reaction is well-known?35-138,
having examples of acid®®” or base catalysed processes***°, In this case, the rearrangement
occurs via a base-catalysed ring opening of intermediate 2.91, followed by bond rotation and
nucleophilic attack of the imine moiety generated, to promote ring closure. Final aromatization of
the dihydropyrimidin-2-ol intermediate 2.94 resulted by elimination of a water molecule, providing

chromenopyrimidine 2.89.

Scheme 37: Proposed mechanism for the formation of compounds 2.89, via base-catalysed Dimroth
rearrangement

Compound 2.89a was also isolated from the reaction of 2.88a with (1:3) NaOH
(2M)/ethanol, at room temperature, for 14 h and 40 min. The product was isolated in 73% yield,
which is higher than when amidine 2.87b was used (73% vs 53%). Nevertheless, the overall
isolated yield is superior when the reaction is performed using amidine 2.87, as it does not involve
the previous formation of compound 2.88, which adds one step further to the procedure.

For this reason, the standard procedure that was adopted for the preparation of
compounds 2.89 uses amidines 2.87 as starting material, in NaOH (2M)/ethanol, at room
temperature. The experimental conditions and results are described in Table 74. Compounds

2.89 could be isolated as a pure product (entries 1, 3, 4, 8, 10, 11) or as a major product in a

mixture containing 2.55 (entries 2, 5,6, 7, 9).
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Table 74: Reaction conditions, and results for the reaction of compounds 2.87 with NaOH (2 M) in EtOH at room
temperature

N
H

2.87 2558 (i) 288 289
Entry 2.87 NaOH t (h) results ratio 1 (%)
” - . (equiv.)

1 H H H 9 16 2.8% - 17
2 H H 4-Me 5.6 3 2.55c +2.88b 1/12.5
3 Br H 4-Me 21 14.33 2.89¢c - 65!
4 Br  Me H 18.5 13.5 2.89d - 42
5 Br  Br H 9.2 4 2.55s +2.89¢ 1/20
6 Br  Br 4-Me 12.5 1433  2.55u +2.89f 1/12.6
7 Br  Br 4-OMe 10.5 13 2.55v + 2.89g 1/1.5
8 Br  Br 4-CN 18.2 14 2.89h - 2312
9 Br Cl 3-Me 6.5 4.33 2.55z + 2.89i 1/10
10 cl H H 5 1.66 2.89j - 62
11 Cl H 4-Me 8.2 15 2.89k - 53!

1S‘[arting material was a crude mixture of 2.87 and other minor contaminants; 2Yield after recrystalyzation

The results presented in Table 74 were performed using an NaOH 2M/EtOH ratio
according to the amount of ethanol needed to solubilize the used amidine 2.87. Compounds
2.89c, d, j and k were obtained with good yields (42-65%), using 5-21 equivalents of NaOH. For
amidines 2.87 containing two halogen atoms (entries 5-9), the reactions led to the isolation of a
mixture of the corresponding chromenopyridine 2.55 and 2.89, in variable ratios, except when a
crude mixture containing the 4-cyano substituted amidine was used (entry 8), which led to the
isolation of 2.89h after recrystallization. These results show that the conditions used (NaOH
equivalents, amount of ethanol, time) must be adjusted for each amidine used, in order to
maximize the results. Nevertheless, compounds 2.89a-k were prepared with low to good yields

(17-65%).
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Discussion of possible reaction mechanism

With the intent of understanding the reaction pathway that leads to the formation of
compounds 2.86, a series of experiments were carried out with the polycyclic derivative 2.88a
(R'= Br, R?= H, R*= Ph). First, a suspension of compound 2.88a in ethanol was heated at 80 °C
for 12.5 h, and the reaction was followed by TLC (Scheme 38). The formation of a yellow solid
was observed, which was filtered and washed with cold ethanol, and the collected product was
studied by *H NMR. The spectrum of the solid revealed the presence of pyridopyrimidinone 2.86b
as the major component of a mixture, along with chromenopyridines 2.55a and 2.56a, in a

5.7/1/1.7 ratio, respectively (Figure 64).
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Figure 64: 'H NMR (400 MHz, DMSO-ds, § ppm) spectrum of a mixture of compounds 2.55a, 2.56a and
2.86c¢, obtained after heating an ethanolic solution of compound 2.88b at 80 °C, for 12.5 hours
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In a separate experiment, a suspension of compound 2.88a in a mixture of EtOH/H.0
(3:1) was stirred at room temperature, and the reaction was followed by TLC (Scheme 39). As
no evolution was observed after 16 h, the mixture was heated to 50 °C for 12.5 h. The yellow solid
was filtered and washed with cold ethanol and studied by *H NMR, which revealed the formation
of pyridopyrimidine 2.86b, together with compound 2.88a as a diastereoisomeric mixture, and
an unidentified compound (unknown n®1) (Figure 65). The most relevant signals of the latter

compound are two doublets, centred at 66.44 ppm (=~ 8.4 Hz) and & 6.98 ppm (.~ 8.4 Hz).

1) EtOH/H,0 (3:1) OH

rt., 16h

2) 50 °C, 12.5h

12.5h

i zv'zhh'vs$&%Jf4% il
H6 sy ! unknown H3’  unknown

1 ‘ I |” nel  (2.86h)  nel
il “ /\ r +
n

. ,: “Hh UMLN- ‘. Mnﬂwm I“L]—-
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Figure 65: ‘H NMR (400 MHz, DMSO-ds, & ppm) spectrum of a mixture of compounds 2.86b and 2.88a,
obtained after stirring a solution of compound 2.88c in an (3:1) EtOH/H20, at room temperature for 16 h, and

additional heating at 50 °C for 12.5 h. Two new doublets were also identified (black circles), along with signals from
2.86b (blue circles) and 2.88a (red circles)
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Moreover, the 'H NMR spectrum of this DMSO-ds sample recorded after heating at 80 °C
for 2.5 h, revealed a complete conversion of the previous mixture into compound 2.86b, with very
little contamination, confirming that 2.88 is indeed a precursor of 2.86 (Figure 66). The
identification is possible due to the presence of the characteristic singlets for OH, H2 and H6 that

appear at 6 9.84, 6 8.64 and & 7.89 ppm, respectively.
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Figure 66: 'H NMR (400 MHz, DMSO-ds, 8 ppm) spectrum of compounds 2.86b, obtained after heating the
DMSO-ds sample containing the mixture, presented in Figure 65, at 80°C for 2.5 hours, with three signals
highlighted

ppm

Another experiment consisted in heating at 50 °C, for 5h, a suspension of compound
2.94a in a EtOH/H,0 (20:1) mixture, in the presence of 0.5 equivalents of acetic acid. The
resulting yellowish solid was filtered, washed with cold ethanol, and studied by 'H NMR (Scheme
40 and Figure 67). In this case, the spectrum revealed the formation of a mixture of
pyridopyrimidinone 2.86b with another unidentified compound (unknown n22), which has two
characteristic signals [the singlet at 6 10.77 ppm and the small doublet at 6 8.95 ppm (.~ 2.0
Hz)].
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AcOH (0.5 equiv.)

EtOH/H,0 (20:1) + Unknown n°2

50 °C, 5h

Scheme 40: Reaction of 2.88a in a suspension of EtOH/H20 (20:1), at 50 °C for 5 h, in the presence of 0.5
equivalents of acetic acid
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Figure 67: 'H NMR (400 MHz, DMSO-de, & ppm) spectrum of a mixture of compound 2.86¢ (blue circles) and an
unidentified compound (black circles), obtained after obtained after heating at 50 °C for 5 h of a suspension (100:5)
EtOH/H20 solution of compound 2.88c in the presence of 0.5 equiv. of AcOH

T
7.5 ppm

The yellow solid collected in the previous reaction was solubilized in ethanol and heated at
80 °C for 4 h. A new NMR spectrum of the reaction revealed the complete conversion of the latter

compound into pyridopyrimidinone 2.86c¢ (Figure 68).
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Figure 68: 'H NMR (400 MHz, DMSO-de, & ppm) spectrum of compounds 2.86¢, obtained after heating, at 80°C
for 4 h, the sample containing the mixture, presented in Figure 67, in EtOH, with three signals highlighted

T
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To get an insight into the chronological formation of the previously unidentified compounds,
a solution of amidine 2.87a in a mixture of EtOH/H,0 (3:1), and in the presence of 0.5 equivalents
of acetic acid, was heated at 80 °C, and the reaction was stopped at three different times [after
20 min (Scheme 41), 2 h and 30 minutes (Scheme 42) and 4 h and 20 minutes (Scheme
43)]. The resulting suspension was filtered, washed with cold ethanol, and analysed by *H NMR.
After 20 min, no starting material was observed, but rather another product that contains the two
previously identified doublets at §6.98 (& 8.4 Hz) and & 6.44 ppm (£~ 8.4 Hz) was identified
(Figure 69).

OH
EtOHH0 B:1) o /@ +  Unknown n°1
ey N
80 °C, 20 min. )

2.88a

Scheme 41: Reaction of 2.88a in a mixture of EtOH/H.0 (3:1), at 80 °C for 20 min.

190



Chapter 2
Synthesis of 2,3-substituted 2/ and 4 #chromene derivatives and 1 Aimidazole-4-carboxamide derivatives

o T ? o

L RAL

1 1]
\ H
; | unknown unknown
l f\ngl n21 Br-4o
I "
! 1
! I 1
I ﬂ‘ 1 1
I I
W | i '
¥, — £
e ey LB ¥ iy
unknown
n2l
H1lb
(2.88a)
-~
' \
| | | 1
[ 1
_— Ap!
7
-
T T T T T T T T T T T T T T T
1.0 105 100 95 0 75 0 45 40 35 30 25 20 15 10 ppm

! T!ﬂ E{S E,‘G 5‘.5 5.
| I Il
el B[
Figure 69: 'H NMR (400 MHz, DMSO-ds, & ppm) spectrum of a mixture of compound 2.88a (red circles) and an

unidentified compound (black circles), obtained after heating a solution of compound 2.88a in EtOH/H20 (3:1), and
in the presence of 0.5 equivalents of acetic acid at 80 °C for 20 min.
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After 2 h and 20 minutes, pyridopyrimidine 2.86b becomes visible in the crude mixture.
The aforementioned doublets at 66.44 (= 8.4 Hz) and 66.98 ppm (= 8.4 Hz) remained, although
in a slightly smaller proportion, and the three signals, at 6 10.77 ppm (s), § 8.95 ppm (d, .= 2.0
Hz) and at § 8.31 ppm (s) also appear in the spectrum (Figure 70).

EtOH/H,O (3:1)

B

80°C,2.33h

+ Unknown + Unknown
n°1 n°2

2.88a

Scheme 42: Reaction of 2.88a in a mixture of EtOH/H20 (3:1), at 80 °C for 2 h and 20 min
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Figure 70: 'H NMR (400 MHz, DMSO-ds, § ppm) spectrum of a mixture of compound 2.86b (blue circles) and
other unidentified compounds (black and green circles, for unknown n°1 and 2, respectively), obtained after heating
a solution of compound 2.88a in a (3:1) EtOH/H20, and in the presence of 0.5 equivalents of acetic acid at 80 °C

for 2.33 h

After 4 h and 20 minutes, the 'H NMR spectrum revealed complete disappearance of the
two doublets at & 6.44 and § 6.98 ppm was observed, as well as a proportional increase in the
remaining unidentified signals at 6 10.77 ppm, 6 8.95 ppm and at 6 8.31ppm. The signals

assigned to compound 2.86b also increased (Figure 71).

EtOH/H,0 (3:1)

—_—

80°C,4.33h

+ Unknown
n°2

2.88a

Scheme 43: Reaction of 2.88a in a mixture of EtOH/H,0 (3:1), at 80 °C for 4 h and 20 min.
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Figure 71:'H NMR (400 MHz, DMSO-ds, § ppm) spectrum of a mixture of compound 2.86b (blue circles) and
other unidentified compound (green circles), obtained after allowing compound 2.88a to stir, at 80 °C, in an EtOH/
H20 3:1 system and in the presence of 0.5 equiv. of AcOH, for 4.33 hours
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Finally, two experiments were performed simultaneously, and under the same
experimental conditions, but using amidine 2.87b (Scheme 44) and polycyclic derivative 2.88a
(Scheme 45). In both reaction, 0.5 equivalents of acetic acid, in an ethanolic solution, were used,
and the mixtures were heated at 80 °C for 7 h. For amidine 2.87b, almost no reaction was
observed. However, it appears to have a mixture with pyridopyrimidinone 2.88c¢ and possibly with
one of the previously detected, but still unidentified, products that possess the 610.77 ppm, 6
8.95 ppm and at 6 8.31 ppm signals (unknown n®1 and n°2 - Figure 72).

AcOH (0.5 equiv.)

B ——

EtOH, 80 °C
7h

Scheme 44: Reaction of 2.87b in ethanol and at 80 °C, in the presence of 0.5 equivalents of acetic acid, for 7 h
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Figure 72: 'H NMR (400 MHz, DMSO-de, 8 ppm) spectrum of a mixture of compounds 2.86b (range circles) and
2.87b (red and blue circles), obtained after heating a solution of compound 2.87b in EtOH and in the presence of
0.5 equiv. of AcOH, at 80 °C for 7 h. Several signals are highlighted

For the experiment where polycyclic derivative 2.88a was used, compound 2.86b was

detected as the major product, with the set of three signals, at 6 10.77 ppm, 6 8.95 ppm and at

0 8.31ppm, being detected once more, in a (1:4) ratio with 2.86b as the major product (Figure
73).

AcOH (0.5 equiv.) + Unknown
_— n°2
EtOH, 80 °C

7h

2.88a

Scheme 45: Reaction of 2.88a in ethanol and at 80 °C, in the presence of 0.5 equivalents of acetic acid, for 7 h
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Figure 73: 'H NMR (400 MHz, DMSO-ds, § ppm) spectrum of a mixture of compounds 2.86b (blue circles) and
an unidentified component (green circles, unknown n*® 2), obtained after heating a solution of compound 2.88a in

EtOH and in the presence of 0.5 equiv. of AcOH, at 80 °C for 7 h. Several signals are highlighted

The described experiments demonstrated that:

1)
2)

3)

4)

5)

Polycyclic derivative 2.88 is indeed a precursor of pyridopyrimidinone 2.86.

The ring-opening and subsequent oxidation of 2.88 to generate 2.86 occurs easilunder
heating in ethanol.

Depending on the experimental conditions, the formation of pyridopyrimidinone 2.86 can
be accompanied by the formation of 2.55 and/or 2.56.

The evolution of polycyclic derivative 2.88 to pyridopyrimidinone 2.86 involves at least
two intermediates: (i) one of them (the first identified in the mixture and labelled as
unknown n®1) showing two doublets at §6.44 (&~ 8.4 Hz) and 66.98 ppm (= 8.4 Hz);
(ii) the second intermediate (labelled as unknown n¢2) shows at §10.77 ppm and 68.95
ppm that do not correspond to a C-H bond (according to the C-H correlation spectra), but
probably to a N-H or an O-H bond. The singlet at § 8.31 ppm, however, did correspond to
a C-H bond, associated to a carbon atom at 6 102.17 ppm.

Although we could not perform a full characterization of the unidentified precursors

observed by H NMR, it was possible to confirm that are participating in the reaction
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pathway, that leads to the formation ofpyrimidinones 2.86. This was confirmed by the fact
that, whenever these signals appear, it was possible to generate compound 2.86 as a

pure product upon heating the crude mixture in either EtOH or DMSO-ds.

Another experiment was designed to understand if polycyclic derivative 2.88a could also
be the precursor of 2.89a when the reaction was performed in ethanol at 80 °C and in the
presence of 1 equivalent of DBU (Scheme 46). Compound 2.88a was used in this study, and
the solid isolated after heating the mixture for 1.5 h was a mixture of 2.89a and 2.90aina 1/11
ratio (Figure 74).
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Figure 74: 'H NMR (400 MHz, DMSO-de, 8 ppm) spectrum collected from the crude product obtained after the
addition of 1 equiv. of DBU to a suspension of 2.88a in EtOH, at 80 °C, that was left stirring for 1.5 hours (400
MHz, DMSO-ds, & ppm)

The experiments performed in this section, involving chromenylimidate 2.85 and/or from

chromenylamidine 2.87 show that several competitive reactions may operate, leading to different
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maijor products. Scheme 47 summarizes the most relevant conclusions. It is evident that
pyridopyrimidinones 2.86 could be isolated from imidate 2.85, amidine 2.87 or polycyclic
compounds 2.88. The possibility of amidine 2.87 or 2.88 evolving to 2.86 through a pathway
where compound 2.88 was initially formed, led us to perform a selection of experiments, where

the evolution of 2.88 was studied under different experimental conditions

ACOH (0.5 equiv.), EtOH, 80 °C

R? R2
0 R3NH,
R! CN AcOH (0.5 equiv.) R! CN AcOH (0.5 equiv.)
O | EtOH
0" N> 0Et (1:1) EtOHH,O, 0" ON"ONHR®  ggoc
60-80 °C
2.85 2.87
ACOH (0.5 equiv.) NaOH (2 M) ;g{:'
EtOH E:?H Y ACOH (0.5 equiv.),
80°C t EtOH, 80 °C

2.58 (R*= OEt)
2.61 (R*= NHR®)

AcOH (0.5 equiv.)
EtOH
80°C

2.59 (R*= OFEt)

2.55 (R*= NHR®, X=NH
2.60 (R*= NHR?) ¢ ' )

2.56 (R*= NHR?®, X=0)
2.69 (R*= OEt, X=0) 2.90

Scheme 47: Summary of the reaction conditions and products for the isolation of compounds 2.86-2.90. The
formation of compounds 2.55, 2.56 and 2.69 was also observed

Based on these results, a mechanistic approach was proposed (Scheme 48). This proposal
considers that the formation of 2.86, isolated from the evolution of amidine in ethanol and acetic
acid (0.5 equivalents), at 80 °C, could effectively follow a pathway initiated by the formation of

2.88. The use of base at room temperature would induce intramolecular cyclization to 2.91 that
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can either evolve to 2.89 by Dimroth rearrangement in the presence of NaOH, or cyclize
intramolecularly to afford 2.88 using DBU, in ethanol and at room temperature. Compound 2.88
was isolated and fully characterized and could almost be quantitatively transformed into 2.86 by

heating at 80 °C, in ethanol and in the presence of DBU, or in DMSO-ds solution.
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ACOH (0.5 equiv.)

EtOH, 80 °C DBU

_—
EtOH, 80 °C
[1,3] proton shift

EtOH, 80 °C
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EtOH, 80 °C
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=
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X N .R : .
O P -[2H] R w,? .
0] N N _
R SN
286 - 2.99 - - 2.98 -

Scheme 48: Proposed mechanism for the evolution of compound 2.87 to generate 2.86 and 2.88-2.90

The reaction sequence must involve elimination of H,O with formation of 2.97 (possibly
unknown n® 1 in the NMR spectra presented in Figures 65, 69 and 70; Scheme 48).
Nucleophilic attack of a water molecule on the common carbon between the chromene and the
pyrimidine ring leads to 2.98, that by ring opening affords 2.99. Either 2.98 or 2.99 could be
considered as unknown n®2, identified in the NMR spectra presented in Figures 67, 70, 71
and 73. Aromatization of the pyridine ring could be the driving force for the oxidation process
leading to 2.86. The formation of 2.90 from 2.97 can be envisaged by thermal or base-induced
a [1,3]-proton shift.
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Reaction of Ethyl A/(3-cyano-4-(2-oxo-2-arylethyl)-4 Achromen-2-yl)formimidates
with phenylhydrazines

The reactivity of imidates 2.85 with hydrazines was explored under various reaction
conditions. As previously described in Scheme 30, the reaction of 2.85 with amines involved a
nucleophilic attack to the imidate moiety, which ultimately resulted in the chromene ring-opening
via a water-promoted mechanism. This was also expected for the reaction with hydrazines.
Phenylhydrazine was used for this study.

The treatment of compounds 2.85d-f with 2 equivalents of phenylhydrazine in MeOH at
room temperature gave compounds 2.100 in 53% yield (entry 1 - Table 75). When the reaction
was performed at 60 °C and using only 1.2 equivalents of phenylhydrazine, the reaction yield was
lower (30%). For compound 2.85f (R'= Br), mainly no reaction was obtained as the starting

material was collected with 50% yield after 14 h stirring at room temperature.

Table 75: Reaction conditions and results obtained for the reaction of compounds 2.85d-h with phenylhydrazine

PhNHNH, (1.2-2.5 equiv.), MeOH

conditions

Entry 2.85 R! PhNHNH;(equiv.) T (°C) t(h) product 1(%)

1 2.85d H 2 rt 21 2.100a 53
2 2.85d H 1.2 60 3 2.100a 30
3 2.85e Me 1.7 rt 13.5 2.100b 32
4 2.85f Br 2.5 r.t. 14 2.85f 50

The chemical structure of compounds 2.100 was determined by NMR spectroscopy. As

an example, the *H and *3C NMR spectrum of compound 2.100a, is presented in Figures 75

and 76. The most relevant signals in the 'H NMR spectra are four singlets, one at & 6.85 ppm

corresponding to the hydroxyl group, two at & 11.19 ppm and 6 9.51 ppm corresponding to the

hydrazine N-H moieties and at § 8.14 ppm the relative to the CH group of the pyrimidine ring. In

the 3C NMR spectra three main signals are noteworthy: at § 152.65 (pyrimidine CH), correlating
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with two signals at §156.13 (C4) and §153.38 (C8a) ppm, and the 6 32.54 (C6) and & 30.63
(C5) ppm signals.
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Figure 75: 'H NMR (400 MHz, DMSO-de, 8 ppm) spectrum of compound 2.100a, in which several signals are
highlighted
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Figure 76: 3C NMR (100 MHz, DMSO-ds, & ppm) spectrum of compound 2.100d, in which several signals are
highlighted
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Compounds 2.100 can be formed by a similar mechanism to that described for the
synthesis of pyridopyrimidines 2.86 (see Scheme 48) with the difference that the nucleophile
that promotes the ring-opening process would now be phenylhydrazine, a highly nucleophilic amine
(Scheme 49). The fact that the oxidation process, that leads to the formation of an aromatic ring
in the pyrido[2,3-d]pyrimidine moiety of 2.85, was not observed, is also noteworthy. Instead,

1,4,5,6-tetrahydropyrido[2,3-d]pyrimidin-5-yl derivatives 2.100 have been characterized.

R? R2

0 @ 0
HoN ~
1 1
R O | oN / R O | SNuHNHPR
o H o

Scheme 49: Proposed mechanism for the formation of compounds 2.100

Reaction of ethyl /A(3-cyano-4-(2-oxo-2-arylethyl)-4 #chromen-2-yl)formimidates
with ammonium acetate

The reaction of 2.85 with ammonium acetate was also explored. This reaction was
performed in ethanol, and compound 2.105 was isolated as a pure product in 53% yield (Scheme

50).

NH,OAc (1.2 equiv.), EtOH

OEt rt(@23h) —= A(2h)
53%
2.85a 2.105

Scheme 50: Synthesis of compound 2.85a into 2.105 by treatment with ammonium acetate
The formation of this product can be explained through a similar mechanism to that

described previously, but in this case the final product is fully aromatic (Scheme 51).
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® o
NH,; CHsCO,

|

: NHz CH,CO,H

-EtOH

Scheme 51: Proposed mechanism for the formation of compounds 2.105 from the reaction of 2.85a with
ammonium acetate

In the *H NMR spectrum obtained for compound 2.105 stands out two singlets at § 9.04
and 6 8.81 ppm belonging to the CH groups (Figure 77). In the *C NMR spectrum, a set of
signals at high chemical shift values corroborate the presence of the fully aromatic system: &
164.76, 6164.20, §159.93, 6159.22 and §151.67 ppm. The absence of the characteristic signals

for a nitrile group also corroborates the formation of the tetracyclic ring system.
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Figure 77: 'H and 3C NMR (400 and 100 MHz, DMSO-de, 8 ppm) spectra of compound 2.105 with H1 and H5
signals highlighted
Physical, analytical and spectroscopical characterization
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The structure of compounds 2.85-2.90, 2.100 and 2.105 was assigned by physical,
analytical, and spectroscopic data (melting point, IR, 'H and *C NMR). This information is

presented in the following section.

Physical and analytical characterization

The molecular formula and molecular weight were determined based on the information
obtained from the elemental analysis and are presented, along with the respective melting point

values (°C), in the following Tables 76-82.

Table 76: Physical and analytical data obtained for imidates 2.85a-h

molecular calculated
Compound structure Mp (°C) formula/ /obtained values (%)
mass (M)
C H N 0
2.85a 119-120 C21H18N203/ 72.82 524 8.09 13.86
346.38 _ _ _ _
2.85b 155-156 Cy1H17BrN,Os/  59.31 4.03 6.59 11.29
425.28 _ _ _ _
2.85¢ 155-156 C15H11ClO,y/ 66.23 450 7.36 12.60
380.82 66.18 4.48 7.16 -
2.85d 164-166 Cy1H17BrN,Os/  59.31 4.03 6.59 11.29
425.28 _ _ _ _
2.85e 160-162 C22H16BrN,03/ 60.15 436 6.38 10.93
439.30 _ _ _ _
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2.85f 192-194 C21H16BroN,03/  50.03 3.20 5.56 9.52
504.14 _ — _
2.85g 178-180  C:H1¢BrCIN2,Os/ 54.86 3.51 6.09 10.44
459.72 _ — _
2.85h 152-153  CysH11CI0..H,0/  63.24 476 7.02 12.60
398.45 6351 437 649 -
Table 77: Physical and analytical data for pyridopyrimidinones 2.86
molecular calculated
Compound structure Mp (°C) formula/ /obtained values (%)
mass (M)
H N 0
2.86a oH AN @ 228 CasH17N30,. 7492 449 10.49 9.99
0 \'/)N (dec)  0.5H,0/391.42 7498 443 1020 -
O” °N
2.86b o N @ 275 CasH1eBrN3O,  63.84 3.43 893  6.80
. O A N (deC) /47032 _ _ - —
07 N7
Br
2.86¢ 216 Ca26H19N30; 77.02 472 10.36 7.89
(dec.) /405.46 _ _ _ _
2.86d >300 C26H19N30; 77.02 472 10.36 7.89
/405.45 _ _ — _
2.86e 232 CosH1sBrNsO,.  61.08 4.11 8.22 10.96
(dec.) 1.5H,0/511.34 138 4.07 7.95 _
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2.86f 276278  CyHi7BraNsOs 5391 296 7.25 829
/579.24 _ _ — _
2.86g’ 263-266  Cy6H17BrCIN5O, 60.19 330 8.10 6.17
/518.79
2.86h 215 Co6H17BrCIN3O;  58.39 3.20 7.86 8.98
(dec.) /534.79 _ _ _ _
2.86k 248 CosH1sBrN3Os.  61.47 3.70 8.27 10.72

(dec)  0.4H,0/507.54 187 378 7.85 -

2.861 215 CasH1sBrCINsO,.  57.59 322 8.06 8091
(dec)  0.9H,0/520.96 5772 341 791 -

2.86m 220 CsHisCIN:Os  68.50 3.89 922 1053
(dec.) /455.89 _ _ _ _

1Sample degraded while in storage and was not submitted for elemental analysis

Table 78: Physical and analytical data for amidines 2.87

molecular calculated
Comp. structure Mp formula/ /obtained values (%)
(°C) mass (M)

C H N 0

2.87a 145- CasH19N30,/ 76.32 487 10.68 8.13

146 393.44 7621 480 1062 -
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2.87b 187- CasH1sBrNs0, 63.57 3.84 890 6.77
189 /472.33 _ _ _ _
2.87c 106-  CyH2iN30,.0.4H,0 7524 526 10.13 9.26
108 /414.66 75.32 5.19 1001 -
2.87f 134- CasH1sCIN30, 70.18 424 982 7.48
136 /427.88 _ _ _ _
2.87g 189- CasH20BrNs0, 64.21 4.14 864 6.58
191 /486.36 _ _ _ _
2.87h 157- CasH20BrNz0s. 61.08 4.11 821 10.95
159 0.5H,0/511.36 5138 3.88 7.94 -
2.87i 189- CaH20BrNsO,/  63.68 4.12 857 6.86
191 489.96 6353 385 892 -
2.87I 193- CasHisBrCIN;O,/  59.25 3.38 829  6.31
195 506.78 _ _ _ _
2.87n 165- CzeHzoBI’NaOz. 63.21 4.25 8.50 8.10
166 0.4H,0/493.56 5346 388 811 -
2.87y 189- CasHieBrCINSO,/ 5127 275 7.17 546
191 585.67 51.74 254 668 -
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2.87z 174- CasH15CIN3O,/ 70.18 424 982 7.8
176 427.88 7041 397 929 -
2.87a’ 181- C26H20CIN302/ 7067 456 951 7.24
182 44191 _ _ _ _
Table 79: Physical and analytical data for polycyclic compounds 2.88a-c
molecular calculated
Compound Structure Mp (°C) formula/ /obtained values (%)
mass (M)
H N 0
2.88a 195-197 CasH18BrNs0, 63.57 384 890 6.77
/472.33 - - - -
2.88b 195-196 Ca6H21N30,/ 76.64 519 1031 7.85
407.46 7691 521 1032 -
2.88c 198-200 Ca26H20BrN30O» 64.21 4.14 8.64 6.58
/486.36 _ _ _
Table 80: Physical and analytical data for chromenopyrimidines 2.89
molecular calculated
Compound Structure Mp (°C) formula/ /obtained values (%)
mass (M)
C H N 0
2.89a 193-195 Cas5H18BrNs0,. 63.33 387 886 7.09
0.1H,0/474.14 6337 356 846 -
2.89b - CasH19N30,/ 76.32 487 10.68 8.13
393.44 -

207



Chapter 2

Synthesis of 2,3-substituted 2/ and 4 #chromene derivatives and 1 Aimidazole-4-carboxamide derivatives

2.89¢c 229-231 C26H20BrNsO,/ 64.21 4.14 8.64 6.58
486.36 _ _ _ _
2.89d 170-172 Ca6H20BrN30,/ 64.21 414 8.64 6.58
486.36 _ _ _ _
2.89e 264-265 Ca6H16BraN40O2/ 54,19 280 9.72 5.55
576.24 _ _ _ _
2.89f 181-183 C2sH1sCIN3Oy/ 70.18 424 9082 7.48
427.88 70.18 396 955 -
2.89g 212-214 C26H20CIN3O,/ 70.67 456 951 7.24
441.91 71.06 425 943 -
Table 81: Physical and analytical data for compounds 2.90 and 2.105
molecular calculated
Compound Structure Mp (°C) formula/ /obtained values (%)
mass (M)
C H N 0
2.90 AN @ 290 (dec.) CasH16BrNsO/ 66.09 355 925 3.52
Br O NN 454,32 _ _ _ _
(0] g N/)
2.105 >300 C19H11N30/ 76.76 3.73 14.13 5.38
297.31
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Table 82: Physical and analytical data obtained for compounds 2.100a,b

calculated
Compound  Structure Mp (°C) molecular formula/ /obtained values (%)
mass (M) c H N 0
2.100a ANH 215 (dec) C31H25BrNgO/ 64.48 436 1455 2.77
577.47

2.100b | ¢ \NEE 182-184 CoHyBrNO/ 6498 4.60 1421 2.70
(I 591.50 -

IR spectroscopy

In Tables 83-89, all the IR spectroscopic data regarding compounds 2.85-2.90,
2.100a,b and 2.105 is presented. The main characteristic of the IR spectra of these compounds
is the absence of the N-H stretching vibration peaks that were present in the precursor 2.39

(Table 83).

Table 83: IR spectroscopic data (Nujol, cm™) obtained for imidates 2.85a-h

Compound R' R? 4000-3000 CN 1700-1500
2.85a H H - 2203s 1682s (C=0), 1640s, 1605s, 1582sh
2.85b H Br - 2202s 1683s (C=0), 1638s, 1603s, 1584sh
2.85¢ H Cl - 2201s 1683s (C=0), 1638s, 1602s, 1585sh
2.85d Br H - 2210s 1685s (C=0), 1652m, 1613s, 1577sh
2.85e Br Me - 2202s 1674s (C=0), 1639m, 1606s, 1572w
2.85f Br Br - 2203s 1682s (C=0), 1645m, 1609s, 1587sh
2.85g Br Cl - 2201s 1679s (C=0), 1638m, 1604s, 1569sh
2.85h Cl H - 2206m 1677s (C=0), 1647w, 1613s, 1572sh
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The IR spectra of compounds 2.86 present a broad, or no detectable, band at around

3300 cm™, corresponding to the hydroxyl O-H stretching vibration band, and a variable and

medium intensity C=0 stretching vibration band in the 1700-1500 region (Table 84).

Table 84: IR spectroscopic data (Nujol, cm™) obtained for compounds 2.86

Compound R! R? R® 4000- 1700-1500
3000

2.86a H H CeHs 3056w 1672m (C=0),1635w, 1611s, 1595sh, 1536m

2.86b H H CH2CgHs 3056w 1667m (C=0), 1636m, 1612s, 1570sh, 1534m

286c |B H  Cg. 3305w 1658m (C=0), 1637m, 16125, 1590sh, 1569m,
1533m

286d | H H  3MeCH, 3303w  1670m (C=0), 1645sh, 1608s, 1587sh, 1571sh,
1536m

286 | B H AMeCH. 3279  1641s(C=0), 1610m, 1574sh, 1553w, 1530m,
1511w

286f |B H 40MeCH. 3540w  1673m (C=0), 1612m, 1601m, 1582sh, 1573m,

1537m, 1508w

2.86g Br H 4-ClCeH4 3374b 1655m (C=0), 1638m, 1609m, 1598sh, 1534m

2.86h | B Br A4OMeCiH, 3267b  1640s (C=0), 1612m, 1578m, 1570sh, 1529,
1511w

286i |B C 4MCH, 3272b 16495 (C=0), 1608m, 1594s, 1569sh, 1530w,
1512w

2.86j |Br C 4OMeCH, 3361b  1651sh (C-0), 1645m, 1609m, 1580sh, 1520w,
1511w

2.86k Cl  H 4O0MeCeH,  3280b 1641s (C=0), 1611m, 1595sh, 1575w, 1532m

The IR spectra of compounds 2.87 revealed three-four bands for the stretching vibration

of the N-H group, between 3300-3100 cm*. The CN stretching vibration and the C=0 stretching

vibration bands are identified at around 2200-2190 cm*and 1680-1660 cm™, respectively (Table

85).
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Table 85: IR spectroscopic data (Nujol, cm™) obtained for amidines 2.87

Compound R: R® R® 40003000 CN 1700-1500
287 3326m, 3206b, 21955 1682s (C=0), 1650m, 1648m.
87a | H H H 3144w 16215, 1614s, 1590sh, 1588s,
1556m
2875 3387sh, 3347m, 2197s  1675s (C=0), 1648sh, 1632s,
: Br H H 3515y 3141w, 1594s, 1572sh, 15335
3087w
2587 H K 4Me 3383sh,3307m, 2197s  168ls (C=0), 1651s, 1618sh,
e 3208w, 3133w 16055, 1587s, 1582sh, 1525m
og7 |H O W 3288w3249w, 22075 168ls(C=0), 1647, 1616sh,
' 3204m, 3126w, 1598s, 1587s, 1574sh
3039w
287g | B H 4Me 3298w3274m 22015 16765 (C=0), 16495, 16005, 1585s
: 3233w, 3057w, 1572, 1519m
3027w
287h | Br H 40Me 3294m, 3203w, 2190s 16825 (C=0), 1619sh, 1603s,
3135w, 3090w 1593sh, 1574sh, 1554s, 1508s
287 |Br H  3Me 3301w,3275m, 22025 1676s (C=0), 1650s, 1601s, 1585s,
3236w 1572, 1519m
2871 3321m, 3297m,  2197s 16765 (C=0), 1644s, 1628s, 1616s,
: Br H  4Cl 3505w 3126w, 1603m. 1587s, 1544s
3068w
287n |Br Me H  3325m, 3210w, 2197  1673s(C=0), 1642m, 1621s,
3141w, 3100w 16065, 1590s, 15525
257 3283m, 3188m,  2208s  1681s (C=0),1642m, 1621sh,
87y | Br CI 38 3121m 1608s, 1584s, 1572sh, 1543s
2872 | W n 3345m 3215w, 21955  1675s (C=0), 1644s, 1631sh,
3141w, 3058w 1621s, 1594s, 1574sh, 1522s
3340,3298m, 2200s  1678s (C=0), 1645s, 1614sh,
2872 |C H 4Me

3272m, 3170w

1601s, 1585sh, 1572s, 1551sh,
1522s
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The most relevant bands in the IR spectra of compounds 2.88 are in the 4000-3000 cm-
region, corresponding to the O-H stretching vibration, and in the 1700-1490 cm-region, a set of

bands relative to the aromatic C=C stretching vibration (Table 86).

Table 86: IR spectroscopic data (Nujol, cm™) obtained for compounds 2.88a-c

Compound R' R> R®  4000-3000 1700-1490

288a |Br 4  3185b 3062w, 16463, 1606sh, 1597m, 1593m, 1583sh,
3026w 1550s, 1491m

288 |1 H Me 3307b, 3068w, 1644s, 1595m, 1577m, 1559sh, 1552m,
3033w 1510m

288c |Br N4 Me 3168, 3055w, 1646s, 1595m, 1580sh, 1552s, 1510m
3024w

In the IR spectra of compounds 2.89 stands out a sharp, medium intensity band in the
3400-3300 cm-* region, followed by a weak band at around 3060 cm?, which corresponds to the
N-H stretching vibration (Table 87). The C=0 stretching vibration appears between 1680-1650
cm™. The IR spectra of compounds 2.90 and 2.105 possess several bands in the 1650-1500
cm? region, assigned to the aromatic rings (C=C stretching vibration) (Table 88). Compounds
2.100 present several characteristic bands in the IR spectra, with 4-5 bands in the 3500-3000
cmregion, which are attributed to the N-H stretching vibration of the hydrazine moiety, as well as
to the O-H stretching vibration of the hydroxyl group; also, a set of very strong bands in the region
for the alkene and aromatic C=C stretching vibration appear, between 1650-1500 cm™ (Table

89).
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Table 87: IR spectroscopic data (Nujol, cm™) obtained for chromenopyridines 2.89

Compound R' R2 R®  4000- CN 1700-1500
3000

280a |Br 4 n  339m 1673m (C=0), 1616sh, 1603m, 1593m,
3065w 1577sh, 1560s, 1512m

2.89b! H H H - -

289 |or W ame 3407m, 1673m (C=0), 1614sh, 1598m, 1593m,
3180w 1577sh, 1560s, 1512m

289d |Br Me n  339Im, 1670m (C=0), 1601m, 1590m, 1558s,
3066w 1508m

289 |Br B acN 3386m,  2217m  1669m (C=0), 1603m, 1558s, 1553s,

3097w 1509s

28 |c 4 n  339%6m, - 1674(C=0), 1616sh, 1599s, 1580sh,
3066w 15615, 1512m

289 |Cl H 4Me 3404m, - 1676m (C=0), 1616sh, 1597s, 1577m,
3065w 1561s, 1515m

Yow yield: only characterized through NMR

Table 88: IR spectroscopic data (Nujol, cm™) obtained for
compounds 2.90 and 2.105

Compound 4000-3000 1700-1490
2.90 - 1653m, 1601m, 1592m, 1577sh, 1549m
2.105 - 1651w, 1620s, 1598s, 1567s, 1541m, 1504m
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Table 89: IR spectroscopic data (Nujol, cm?) obtained for compounds 2.100a,b y@
-

Compound R! R? 4000-3000 1700-1500

2.100a Br H 3309m, 3226w, 3182m, 3098m 1646s, 1602m, 1573sh, 1555m

2.105b Br Me  3314m, 3230m, 3102w, 3058w 1645s, 1599s, 1574m, 1555s

NMR spectroscopy

The most relevant signal in the *H NMR spectra of compounds 2.85 is a singlet at around
68.5 ppm corresponding to the CH group of the imidate moiety. By HMBC, a set of similar
correlations can be identified for each compound family (Tables 90 and 91). Compounds 2.85
present a correlation of the newly formed CH of the imidate and both CH, of the ethoxide moiety
and C2. In the *C NMR spectrum, the presence of the cyano group is confirmed by a signal around
6 118 ppm. The imidate C-H shows a signal at § 161-162 ppm.

The 'H NMR spectra of compounds 2.86 possess three characteristic singlets: one at
610-9.5 ppm, 6 8.8-8.5 ppm and &7.9-7.7 ppm, corresponding to the OH group, H2 and H6,
respectively (Tables 92 and 93). The pyrimidinone backbone is identified in the *C NMR spectra
by signals at 6166-167 ppm (C=0), 6154-157 ppm (C2), 6121-122 ppm (C6), 6150-152 ppm
(C8a) and & 112-113 (C4a) ppm. Correlation spectra show cross peaks between H2, H6 and OH
group. H2 correlates with C4, C8a and to the C1' of the R® group; H6 correlates with C4a, C5, C7,
C1"and C1"”. The OH group correlates with C2’.

The DMSO-ds spectra of compounds 2.87 shows the presence of two tautomers as the
NH of the amidine moiety can be located at both nitrogen atoms. Two sets of characteristic signals
are present in the H and in the *C NMR spectra (Tables 94 and 95). Thus, the signals at §10.7-
12 ppm and 610.2-10.5 ppm for the NH group, and at 6 8.8-9 ppm and & 8.3-8.4 ppm for the
aromatic CH group. In the *C NMR spectra, the chemical shift difference is most evident for the
amidine CH group, with one set of signals around & 151 ppm and another at 6 148-149 ppm.

The *H NMR spectra of compounds 2.88 exhibit three characteristic signals, at 6 4.21
and 2.72 ppm (both for H1), and & 1.05 ppm and 6 5.79 for H11b and OH group, respectively

(Tables 96 and 97). The signals of the expect pair of diastereomers are observed, with one of

214



Chapter 2
Synthesis of 2,3-substituted 2/ and 4 #chromene derivatives and 1 Aimidazole-4-carboxamide derivatives

the isomers being clearly the major component (ratio ranging from 5/1 to 3/1). the *C NMR
spectra highlight several signals around 6 80 ppm, mainly assigned to the aliphatic carbons, and
the presence of two signals at & 30-40 ppm and & 20-30 ppm, assigned to C1l1lb and C1,
respectively, indicate that the aromatization of the upper ring did not occur. Two-dimensional *H-
13C correlation studies for compounds 2.88 showed cross peaks between H1 and C2, C11b and
Cl’, of H11b with C1, C3a, C3b, C6a, C7a, C11 and C11a, and of H5 with C3a, C6a and C1"".

The 'H NMR spectra for compounds 2.89 show two characteristic singlets at around &
8.5-9 and & 8.0-8.5 ppm assigned to the exocyclic amine proton and the pyrimidine C-H group
(H2), respectively (Tables 98 and 99). Two signals at around 6 5.2 and & 3.0-3.8 ppm, assigned
to H5 and to Ha, respectively. These signals, usually present as multiplets, are often unresolved,
leading to broad singlets (2.89¢, 2.89d, 2.89j and 2.89k). The typical 1*C NMR spectrum
shows three signals (C2, C4 and C10a) in the 6 150-165 ppm region, for the pyrimidine carbon
atoms, and C4a is consistently present at 6 98-99 ppm. Correlation spectra for these compounds
shows cross peaks between H2 and both C4 and C10a, as well as correlations of the NH group
with C4, C1" and C2"/C6".

Compounds 2.90 and 2.105 present similar "H NMR patterns, with one singlet assigned
to the CH groups of the pyridine ring, and another assigned to H5, for both, as they all share the
tetracyclic backbone (Table 100). Compound 2.90 shows a doublet at  6.79 ppm (.~ 2.0 Hz),
which is attributed to H6a and the small coupling constant may be due to long-range coupling with
H5. Correlation spectra for compounds 2.90 shows that H6a correlates with C3a, C3b, C5, C7a
and C11b, and for compound 2.105 shows that H5 correlates with C3a and Céaand the pyridine
H1 correlates with C1’, C11a, C11 and C3b.

The *H NMR spectra for compounds 2.100 show a singlet at § 9.5 ppm, assigned to the
hydrazine NH group, but the hydroxyl group cannot be seen (Table 101). The presence of a
doublet at § 3.22 ppm (£ 13.2 Hz) and a doublet of doublets at 6 3.03-3.04 ppm (A= 13.6-14.0,
4= 10.8 Hz) shows that the pyridine ring is not fully aromatic. It also presents two singlets at &
8.15-8.21 ppm and & 9.35-9.51 ppm, attributed to the H2 and NH groups, respectively. By *C
NMR, C2 (around & 152 ppm) and C4 (around & 156 ppm) help to determine the skeleton of this
group of compounds. By correlation NMR studies, the most distinctive correlation observed are of
H4 and H5, C7 and C4a; of H2 and C8a and C4; and of H5 with C4a, C6, C7, C1’ and C6'. The

hydrazine NH protons correlate with the aromatic C1 and C2/C6 to which are linked.
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Table 90: 'H NMR (400 MHz, DMSO-de, § ppm) spectroscopic data obtained for imidates 2.85a-h 7 Z520 TN o~
Compound R! R? H5-8 H2'-6’ H4 CH2 CH OEt

7.30 (dd, 4=8.0, h=1.2 Hz, IH, 7.92(dd, A=8.4, J=12Hz,2H, 4.26(t,  3.66 (dd, A=18, h= 856 4.31(q, ~6.8

2.85a H H H5),7.25(td, 4=8.0, ~,=2.0Hz, H2'+HE'),7.61(tt s=76, L= J=b56 5.6 Hz, 1H, Ha), (s, Hz, 2H, CH,),
1H, H6), 7.09 (td, /=88, h=1.2 1.2Hz, 1H,H3 +H5),7.49 , Hz, 1H) 350 (dd, A=18, A= 1H) 1.31(t, ~6.8

Hz,1H, H7), 7.08 (d, .~ 8.8 Hz, 1H, J=8.0 Hz, 2H, H4) 5.2 Hz, 1H, HP) Hz, 3H, CHs)

H8)

7.30 (dd, 4= 7.2, h=1.2 Hz, 1H, 7.84 (dd, /= 8.0, /o= 2.0 Hz 4.30 (t, 3.64 (dd, A=17.6, 858 4.31(q, ~6.8

2.85b H Br H5),7.24(dt, /=80, h=1.2 Hz, 2H, H2' + H6), 7.69 (dd, Ji= J=56 4=5.6 Hz, 1H, Hav), (s, Hz, 2H, CH,),
1H, H7), 7.11 (dt, 4= 8.0, h=1.2 8.0, h=2.0 Hz, 2H, H3' + H5")  Hz, 1H) 3.47 (dd, A= 17.6, 1H) 131 £7.2

Hz, 1H, H6), 7.09 (d, .~ 8.0 Hz, 4=5.2 Hz, 1H, HP) Hz, 3H, CHs)

1H, H8)

7.30 (dd, /= 8.4, A= 1.6 Hz, 1H, 7.93 (dd, /= 8.4, /= 1.6 Hz, 431 (, 3.65(dd, A=17.6, 858 4.31(q, ~6.8

2.85¢ H ¢ Hb),7.24 (dt, 4=8.0, h= 1.6 Hz, 2H, H2' + H6), 7.55 (dd, /= ~56 4= 5.6 Hz, 1H, Hov), (s, Hz, 2H, CH,),
1H, H7), 7.11 (dt, 4=8.4, h=12 8.4, h=1.6Hz, 2H,H3 +H5)  Hz, 1H) 3.48 (dd, A= 17.6, 1H) 1.31(t, ~7.2

Hz, 1H, H6), 7.09 (d, £ 7.6 Hz, 4=5.2 Hz, 1H, HP) Hz, 3H, CHs)

1H, H8)

7.56 (d, = 2.0 Hz, 1H, H5), 7.41 7.91 (dd, A= 8.8, /= 1.6 Hz, 4.30 (t, 3.74 (dd, A= 18.4, 858 4.31(q, ~6.8

2.85d Br H (dd, /=88, /=2.4Hz, 1H, H7), 2H, H2'+ H6'), 7.61 (t, = 7.2 ~ 5.6 4= 5.6 Hz, 1H, Hov), (s, Hz, 2H, CH,),
7.07 (d, = 8.8 Hz, 1H, H8), Hz, 1H, H4), 7.49 (t, ~ 8.0 Hz, Hz, 1H) 3.53 (dd, A= 18.4, 1H) 130 (t, £ 7.2

2H, H3' + H5) 4=5.2 Hz, 1H, HP) Hz, 3H, CHs)
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7.55 (d, = 2.0Hz, 1H, H5), 7.41 7.81 (d, £80Hz 2H, H2' +  4.32-4.27  3.69(dd, A= 18.0, 859  4.32-4.27 (m,
2.85e Br Me (dd, /=88, /=24 Hz, IH, H7), H6'), 7.29 (d, 1= 8.0 Hz, 2H, (m, 3H,  4=5.6 Hz, IH, Ha), (s,  3H,H4+CHy),
7.07 (d, /= 8.8 Hz, 1H, H8) H3' + H5'), 2.35 (s, 3H, Me) H4 + 3.49 (dd, 4= 18.0, IH  1.29( £6.38
CHa) h=5.2 Hz, Hz, 1H, Hz, 3H, CHs)
HB)
7.57 (d, /= 2.0 Hz, 1H, H5), 7.42 7.85 (dd, /= 6.8, J=2.4 Hz, 4.20 (t, 3.73(dd, 4= 18.0, 859 4.30(q, .~ 6.8
2.85f Br Br (dd, /=8.4, /=24 Hz, IH, H7), 2H, H3' + H5"), 7.70 (dd, /= /~56  h=56Hz 1H, Ha), (s, Hz, 2H, CH,),
7.07 (d, /1= 8.8 Hz, 1H, H8), 6.8, h=2.4Hz, 2H, H2' + H6')  Hz, 1H) 3.52 (dd, A= 18.0, H) 129t £7.2
A=5.2 Hz, Hz, 1H, Hz, 3H, CHs)
HB)
7.53 (d, /= 24 Hz, 1H, H5), 7.40 7.91 (dd, /= 6.8, /= 2.0 Hz, 4.28 (t, 3.72 (dd, 4= 18.0, 860 4.30 (g, ~6.8
2.85¢ Br cl (dd, 4=88, /=2.4Hz, 1H,H7), 2H,H2' +H6)),7.54(d, 4=6.8, ~56  4=56Hz IH, Ha), (s, Hz, 2H, CH.),
7.07 (d, /= 8.8 Hz, 1H, H8), J=2.0 Hz, 2H, H3' + H5') Hz, 1H) 3.56 (dd, A= 18.0, 1H) 1.29(t, £7.2
A=5.2 Hz, Hz, 1H, Hz, 3H, CHs)
HB)
7.45 (d, /= 2.4 Hz, 1H, H5), 7.30 7.92 (dd, /= 7.2, h=1.2 Hz, 432 (t, 3.76 (dd, 4= 18.0, 859 4.29(q, ~6.8
2.85h ol H (dd, 4=88, /s=2.8Hz, 1H,H7), 2H, H2'+HE),7.62 (dt, s/=7.6, 52  h=56Hz IH, Ha), (s, Hz, 2H, CH,),
7.13 (d, /= 8.4 Hz, 1H, H8), J4=1.2 Hz, 1H, H4'), 7.50 (dt, Hz, 1H) 3.54 (dd, /= 18.0, H) 128 (t 7.2
4= 8.0, h=1.6 Hz, 2H, H3' + A=5.2 Hz, Hz, 1H, Hz, 3H, CHs)
H5’) HB)
Table 91: *C NMR (100 MHz, DMSO-ds, & ppm) spectroscopic data obtained for imidates 2.85a-h
Compound R! R? Ar(C2-8a) Ar(C1’-6’) CH2 CN CH Cc=0 OEt
159.12 (C2), 149.55 (C8a), 128.20 (C5), 136.59 (C1"), 133.73 (C4"), 64.18 (CH.),
2.85a H H 125.37 (C6), 128.61 (C7), 122.21 (C4a), 128.95 (C3' +C5), 128.20 (C2' 4549 11834 16157 197.66 14.10 (CHs)

116.65 (C8), 78.53 (C3), 31.93 (C4) +C6’)
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158.88 (C2), 149.35 (C8a), 128.28 (C7), 135.44 (C1'), 131.77 (C3' + 63.87 (CH),
116.41 (C8), 78.34 (C3), 31.73 (C4) (C4)
158.88 (C2), 149.36 (C8a), 128.38 (C7), 138.15 (C4'), 135.35 (C1), 63.87 (CH,),
285¢c | H o  12810(C5) 12512(C6), 12201 (C4a),  129.97 (C2'+C6), 128.75(C3' 4566 11799 16131 19643 1387 (CHs)
116.40 (C8), 78.35 (C3), 31.73 (C4) +C5H’)
158.66 (C2), 148.83 (C8a), 131.17 (C7), 136.40 (C1"), 133.57 (C4'), 64.02 (CH,),
2854 |g 1 130.63(C5), 12476 (C4a), 11886 (C8),  128.79 (C3' +C5), 12806 (C2 4471 11784 16155 19730 1393 (CHa)
116.85 (C6), 78.32 (C3), 31.53 (C4) + C6')
128.51 (C2), 148.75 (C8a), 130.55 (CH), 143.86 (C4'), 133.93 (C1"), 63.89 (CH,),
285 | B Me  116.45(C6), 13102 (C7), 12476 (Cda), 12921 (C3'+C5), 128.11(C2° 4488 11773 16144 196.65 1385 (CHs)
118.55 (C8), 78.35 (C3), 31.48 (C4) +C6’), 21.13 (Me)
158.60 (C2), 148.77 (C8a), 131.10 (C7), 135.34 (C1"), 131.74 (C3’ + 63.92 (CH,),
2.85¢f Br Br 130.62 (C5), 124.57 (C4a), 118.58 (C8), C5'), 130.05 (C2' + C6'), 127.57 42478 117.70 16151 197.01 13.85(CHs)
116.50 (C6), 78.19 (C3), 31.45 (C4) (C4)
158.83 (C2), 148.94 (C8a), 131.30 (C7), 138.62 (C4’), 135.16 (C1’), 64.19 (CH,),
285g |B ©  13073(C5), 12468 (Ca), 11881 (C8),  130.12(C2'+C6),129.00 (C3 4485 11796 16171 19655 14.02 (CHs)
116.70 (C6), 78.28 (C3), 31.65 (C4) +C5H’)
158.59 (C2), 148.30 (C8a), 128.51 (C6), 136.33 (C1"), 133.45 (C4), 63.89 (CH,),
el 128.16 (C7), 127.70 (C5), 124.29 (Cha),  128.69 (C3' +C5), 127.99 (C2' 4464 11773 16144 19716 1384 (CHa)

118.19 (C8), 78.20 (C3), 31.53 (C4)

+C6’)
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Table 92: 'H NMR (400 MHz, DMSO-ds, § ppm) spectroscopic data obtained for pyridopyrimidines 2.86

Comp. R* R? R H2'-6' H2"-6" H2"""+H6"” H2 H6 OH
7.267.20 (m, 2H, H&' + HE'),  7.94 (dd, 4=8.0, h=1.6 7.70 (=7.2Hz,2H,H3"”" +H5""), 865  7.83  9.48
286a | H H  CeHs 6.90 (t, /= 7.6 Hz, 1H, H5), Hz, 2H, H2" + H6"), 7.59 (t, = 8.4 Hz, 1H, H4™), 7.42  (s,1H) (s, 1H) (s, IH)
6.87 (d, = 7.6 Hz, 1H,H3")  7.65 (t, /=~ 7.2 Hz, 2H, (= 7.6 Hz, 2H, H2""+ HE"™)
H3" + H5"), 7.41 (t, ~
7.2 Hz, 1H, H4")

7.94 (dd, /= 8.0, /o= 1.6 Hz, 2H, H2" + H6"), 7.70-7.60 (m, 4H, H2"" + H6'", H3""" + H5""), 8.63  7.88  10.05
2.86b | Br H  CeHs 7.59 (d, &~ 6.8 Hz, 1H, H4'), 7.45-7.39 (m, 3H, H3" + H5"', H4"), 7.38 (d, /= 2.8 Hz, 1H, HE'), (s, 1H) (s, 1H) (s, 1H)
7.36:7.34 (m, 1H, H4""), 6.91 (d, .~ 8.4 Hz, 1H, H3))

7.20 (dt, 4=8.0, o= 1.6 Hz, 8.14(dd, s=6.8, h=3.2 7.45(dd, h=7.2, h=1.6Hz,2H, 885  7.76  9.46
2.86¢c | H H CH)CeHs  2H,H4'),7.15(dd, 4=7.6, Hz, 2H, H2" + H6"),  H2"" +HE™), 7.34 (td, h=7.2, = (s, 1H) (s, 1H) (s, 1H)
4=20Hz, 2H,H6'), 6.83 (dt,  7.51(t £7.2Hz, 1H, 1.6 Hz, 2H, H3"" + H5™), 7.27 (td,

4=76, /=16 Hz, 2H, H5'), H4"), 750 (t, ~7.2Hz, =7.2, J=1.6Hz, 2H, H4™"), 5.52
6.81 (d, £ 7.6 Hz, 2H, H3') 2H, H3" + H5") (s, 2H, CH,)
7.22 (dd, 4= 8.0, /= 1.6 Hz,  7.92(dd, /i= 7.2, /o= 1.6 Hz, 2H, H2" + H6"), 7.53-7.38 (m, 858 779 961
286d | H H 3 1H, H6'), 7.19 (dt, A= 7.6, o= 7H, H3" + H5", H4", H2"", H3"", H5", H6""), 2.48 (s, 3H, Me) (s, 1H) (s, 1H) (s, 1H)
MeCeH: 1.6 Hz, 1H, H,), 6.88 (d, &
8.0 Hz, 1H, H3'), 6.87 (dt, /=
7.2, /= 1.2 Hz, 1H, H5)
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7.36 (dd, /= 8.4, /o= 2.4 Hz, 7.96 (dd, /i= 6.8, /o= 2.0 Hz, 2H, H2"" + H6"), 7.55 (dd, /i= 6.4,  8.58 7.86  10.03
286e | Br H 4 1H, H4'), 7.34 (d, /= 2.4 Hz, J=2.0Hz, 2H, H2"" + H6'"), 7.45-7.40 (m, 5H, H3" + H5", (s, 1H) (s, 1H) (s, 1H)
MeCeHs  1H, H6), 6.90 (d, .~ 8.4 Hz, H4”, H3"" + H5'"), 2.44 (s, 3H, Me)
1H, H3)
7.37 (dd, /= 8.4, ;= 2.4Hz, 7.92(dd, /=8.8, sh=2.4  7.64(dd, 4=8.4, /=16 Hz, 2H, 8.58 791  10.06
2.86f | Br Br 4 1H, H4), 7.34 (d, = 2.8 Hz, Hz, 2H, H2"+ H6"),7.59 H2"" + H6'), 7.15 (dd, 4=9.2, /= (s, 1H) (s, 1H) (s, 1H)
OMeCeH, 1H,H6),6.91 (d, ~88Hz, (dd, s=88, /b=1.6Hz,  2.4Hz, 2H, H3" + H5""), 3.86 (s,
1H, H3') 2H, H3”" + H5") 3H, OMe)
7.37 (dd, 4=8.8, s=2.0Hz, 7.95(dd, s1=8.4, sh=2.0  7.53(dd, /i= 8.4, /i= 2.0 Hz, 2H, 8.56 7.85 997
2.86g | Br Cl 4 1H, H4'), 7.34 (d, .~ 2.4 Hz, Hz, 2H, H3" + H5"), H2" + HE™"), 7.41 (d, £8.4Hz, (s, 1H) (s, 1H) (s, 1H)
MeCeHs,  1H, HE), 6.82 (d, £ 8.4 Hz, 7.48(dd, s=8.4, /p=2.4 2H H3" +H5"), 2.42 (s, 3H, Me)
1H, H3) Hz, 2H, H2" + H6")
7.37 (dd, /=88, s=2.4Hz,  7.96(d, £88Hz,2H,  7.57 (dd, 4=9.2, /= 2.0 Hz, 2H, 8.56 7.85  9.99
2.86h | Br CI 4 1H, H4),7.33(d, £2.4Hz, H2"+H6"),759(d, A  H2”+HE"),7.14(d, £9.2Hz, (s, 1H) (s, 1H) (s, 1H)
OMeCeH,  1H,H6),6.84 (d, £~ 8.4Hz,  8.4Hz 2H, H3" + H5") 2H, H3" + H5""), 3.87 (s, 3H,
1H, H3') OMe)
7.37 (dd, 4=8.8, /=2.4Hz, 7.95(dd, s=7.2, =16  7.58(dd, /s=9.2, /i= 2.4 Hz, 2H, 8.56 7.34 991
286k | Br H 4 1H, H4), 7.34 (d, £ 2.4 Hz, Hz, 2H, H2"" + H6"), H2'" + H6'™), 7.15 (dd, /1= 8.8, /o= (s, 1H) (s, 1H) (s, 1H)
OMeCcH.  1H, H6'),6.81 (d, £ 84 Hz,  7.467.41(m, 3H,H3" + 2.0 Hz 2H, H3""+ H5"), 3.85 (s,
1H, H3)) H5", H4") 3H, OMe)
7.40 (dd, /= 8.4, ;= 2.4 Hz, 7.98 (dd, 4=8.0, ,=2.8 7.76 (dd, /= 8.4, = 2.4 Hz,2H,  8.63 7.89  9.85
2.861 |Br H 4CICH. 1H H4),7.37(d, ~2.4Hz Hz, 2H, H2” + H6”),  H2"" +H6'"), 7.15 (dd, /i= 8.4, o= (s, 1H) (s, IH) (s, IH)
1H, H6'), 6.21 (d, &~ 8.4 Hz,  7.49-7.43 (m, 3H, H3" + 2.4 Hz, 2H, H3""+ H5"")
1H, H3) H5"", H4")
7.26 (dd, 4=8.8, /=2.4Hz, 7.99(dd, s=7.2, =16  7.60 (dd, /=9.2, /i= 2.4 Hz, 2H, 8.58 7.88  9.80
286m | Cl H 4 1H, H4'), 7.25 (d, .~ 2.4 Hz, Hz, 2H, H2" + H6"),  H2"" +H6'),7.17 (dd, 4= 8.8, b= (s, 1H) (s, IH) (s, 1H)
OMeCgHq 7.46-7.40 (m, 3H, H3" + 2.0 Hz, 2H, H3""+ H5""), 3.87 (s,

H5", H4")

3H, OMe)
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1H, H6’), 6.86 (d, £ 8.4 Hz,

1H, H3')

Table 93: 13C NMR (100 MHz, DMSO-de, & ppm) spectroscopic data for compounds 2.86

Compound R' R> R Cl8a cl-6 c17-6” C(R3) cC=0 c2 C6
157.82 (C7),  154.24(C2),129.20 13668 (C1"), 138.02 (C1"), 129.20
286a |H H  CHs 151.34 (C5),  (C4,C6)), 127.04 130.56 (C4"), (€3 +C5"), 12895 16780 15306 121.25
150.86 (C8a),  (C1),118.69 (C5),  128.89(C3" + (C4™), 128.14 (C2"" +
112.27 (C4a) 114.98 (C3)) C5"), 127.22 (C2" c6")
+C6l!)
15803 (C7),  154.23(C2),131.50 13655 (C1"), 137.93 (C1™), 131.07
286b |B H  CH.  15083(C8a),  (C6), 130.70 (C4), 128.90 (C4"), (C3"+C5"),129.24 16784 15395 12102
149.64 (C5), 12938 (C1)),117.08  129.04 (C3" + (C4™), 128.19 (C2"" +
112.12 (C4a)  (C3),109.48 (C5)  C57), 127.33 (C2" c6")
+C6")
158.12 (C7),  154.23(C2),129.31  136.88(C1"), 137.21 (C1"), 128.80
286c | H H CHCH. 15162(C5),  (C6), 129.28 (C4), 130.82 (C4"), (€3 +C5"),127.88 16805 15429 121.25
149.98 (C8a),  127.08(C1), 11882  129.17 (C3" + (C4™), 127.57 (2" +
112.92 (C4a)  (C5), 115.06 (C3)  C5"), 127.58 (C2” C6™), 50.84 (CH2)
+C6H)
15802 (C7),  154.40 (C2),129.32  136.83(C1"), 139.08 (C3'"), 138.00
286d | H H 3MeCH, 151.62(C5),  (C4), 129.40 (C6), 130.87 (C4"), (C1'),127.17 (C4™, 16808 15326 121.49
151,00 (C8a),  127.15(C1), 11890  129.77 (C3" + C6™), 128.57 (C2"),
112.43 (C4a)  (C5),11519(C3)  C57), 127.40 (C2" 125.34 (C5'")
+C6")
158.16 (C7),  153.95(C2),131.51 13665 (C1"), 138.52 (C4"), 135.44
286e |Br H 4MeCH. 150.89(C8a),  (C4),131.09(C6),  130.71(C3"+ (C1'™),129.71(C3" + 16788 15346 121.29
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149.65 (C5), 129.43 (C1'), 117.09 Cb5"), 128.95 (C4"), C5'), 127.82 (C2"" +
112.15 (C4a) (C3’), 109.50 (C5') 127.38 (C2" + C6"") C6""), 20.85 (Me)
156.88 (C7), 153.93 (C2'), 131.48 135.83 (C1"), 159.33 (C4'"), 130.55
OMeCeHs 149.77 (C5), 129.27 (C1'), 117.04  C5"), 129.21 (C2” C6"), 114.32 (C3"" +
112.35 (C4a) (C3’), 109.41 (C5) +(C6"), 124.50 C5'""), 55.51 (OMe)
(C4")
157.26 (C7), 153.98 (C2'), 131.90 135.92 (C4"), 138.87 (C4'"), 135.49
2.86g | Br Cl 4MeCH, 151.06(C8a),  (C4), 131.33(C6), 135.67 (C1"), (C1"),130.00 (C3” + 16809 15375 12155
150.00 (C5), 129.51 (C1"), 117.24 129.35 (C2" + C5'), 127.93 (C2"" +
112.50 (C4a) (C3’), 109.87 (C5') C6"), 129.25 (C3" C6""), 21.05 (Me)
+ C5H)
157.20 (C7), 153.99 (C2'), 131.87 135.92 (C4"), 159.62 (C4'"), 130.52
28h |8 o 4 151.25 (C8a),  (C4), 131.31 (C6)), 135.64 (C1"), (C1"),129.43 (C2" + 16812 15358 12145
OMeCeHa 150.01 (C5), 129.52 (C1'), 117.25 129.34 (C2" + C6"), 114.62 (C3"" +
112.53 (C4a) (C3’), 109.85 (C5’) C6"), 129.26 (C3” C5'""), 55.57 (OMe)
+(C5")
158.41 (C7), 153.94 (C2'), 131.81 136.76 (C1"), 159.59 (C4'"), 130.79
2.86k Br H 4 151.26 (C8a), (C4’), 131.33 (C6'), 130.96 (C3" + (C1'),129.46 (C2"" + 15788 15346 121.29
OMeCeHs 149.75 (C5), 129.65 (C1"), 117.19 Cb5"), 129.18 (C4"), C6'), 114.55 (C3"" +
112.33 (C4a) (C3’), 109.86 (C5') 127.54 (C2" + C6"") C5™'), 55.74 (OMe)
158.11 (C7), 153.16 (C2'), 131.61 136.54 (C1"), 136.79 (C1'"), 133.50
149.55 (C5), 129.34 (C1'), 117.00  C5”), 128.95 (C4"), C6""), 129.18 (C3"" +
112.09 (C4a) (C3’), 109.61 (C5’) 127.35 (C2"" + C6") C5")
158.09 (C7), 153.36 (C2'), 128.66 136.62 (C1"), 159.37 (C4'"), 130.67
2.86m cl H 4 151.07 (C8a), (Ce’), 128.47 (C4), 130.67 (C3" + (C1'),129.28 (C2"" + 16789 15358 121.16
OMeCeHa 149.61 (C5), 128.02 (C1'), 116.46  Cb5”), 128.92 (C4"), C6'"), 114.32 (C3"" +

112.17 (C4a)

(C3’), 122.06 (C5’)

127.35 (C2" + C6")

C5'""), 55.74 (OMe)
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Table 94: 'H NMR (400 MHz, DMSO-ds, § ppm) spectroscopic data obtained for amidines 2.87

Compound R! R? R H5-8 H2’-6’
2.87a 7.92 (d, /= 8.0 Hz, 4H, H2' + H6', H3” + H5"), 7.61 (dt, 4= 7.6, J=1.2Hz, 433 355340 896(d, 10.88(d,
(major) 1H, H4'), 7.49 (t, = 7.6 Hz, 2H, H3" + H5’), 7.38-7.23 (m, BH, H2" + H6", (m, 1H) (m, 2H) £12.0 ~£12.0Hg,
H H H H5, H7, H8), 7.11-7.06 (m, 2H, H4"', H6) Hz, 1H) 1H)
2.87a 7.92 (d, £ 8.0 Hz, 6H, H2" + H6", H2"" + H6'', H3" + H5"), 7.61 (dt, /1= 4.33 3.55-3.40 8.38(d, 10.30 (d,
it 7.6, /o= 1.6 Hz, 1H, H4), 7.48 (dt, /= 7.6, /o= 1.6 Hz, 2H, H3' + HY), 7.38-  (m, 1H) (m, 2H) £ 5.2 /£ 5.2 Hz,
7.23 (m, 2H, H5, H7), 7.14 (d, = 7.6 Hz, 1H, H8), 7.11-7.06 (m, 2H, H4"", Hz, 1H) 1H)
H6)
2.87b 7.40 (m, 2H, H5, H7), 7.94 (d, £~ 8.0 Hz, 7.32 (d, £~ 8.8 Hz, 2H, 4.29 3.66 (dd, 8.95 (d, 10.90 (d,
(minor) 7.24(d, £8.4Hz, 1H, 2H,H2'+HE'), 7.61 H2" + H6"), 7.30 (t, £ (t, £ 4=14.0, £ 11.2 E12.0Hz,
H8) (t, =7.2Hz, 1H, H4), 8.0Hz 2H,H3" +H5"), 5.2Hz, A=52Hz, Hz 1H) 1H)
7.48 (t, £ 7.6 Hz, 2H, 7.08 (t, &= 7.6 Hz, 1H, 1H) 2H)
Br H H H, + H5) H4")
2.87b 7.94 (d, £~ 8.0 Hz, 4H, H2' + H6", H2"" + H6""), 7.61 (t, = 7.2 Hz, 1H, H4), 4.29 3.52 (dd, 8.36 (d, 10.85 (d,
(major) 7.54 (m, 2H, H5, H7), 7.48 (t, = 7.6 Hz, 2H, H3' + HY'), 7.32 (t, .~ 8.0 Hz, (t, £ 4=17.2, £ 4.8 /£ 5.2 Hz,
2H, H3" + H5"), 7.13 (d, .~ 8.8 Hz, 1H, H8), 7.08 (t, /= 7.6 Hz, 1H, H4"") 52Hz, A4=4.4Hz, Hz 1H) 1H)
1H) 2H)
2.87¢ 7.91 (dd, /4=8.0, 5= 0.8 Hz 4H, H2' + H6'), 7.61 (dt, 41=7.6, o= 1.6 Hz, 431 3.62-3.40 8.90(d, 10.79(d, .~
(major) 1H, H4'), 7.48 (dt, 4= 7.6, o= 1.6 Hz, 2H, H3" + H5’), 7.30-7.05 (m, 8H, (m, 1H) (m, 2H) £ 124 12.0 Hz,
H2"+ H6", H3" + H5"", H5, H6, H7, HB), 2.48 (s, 3H, Me) Hz, 1H) 1H)
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2 87c H H 4Mel 791 (dd, 4i=8.0, /=0.8 Hz, 4H, H2' + HE'), 7.78 (d, = 8.4 Hz, 2H, H2” + 431  3.623.40 8.34(d, 10.23(d,
(minor) H6"), 7.48 (t, £ 7.6 Hz, 2H, H3' + HY’), 7.30-7.05 (m, 6H, H3” + H5"", H5,  (m, 1H)  (m, 2H) £48  EF48Hz
H6, H7, H8), 2.41 (s, 3H, Me) Hz, 1H) 1H)
2 87¢ 7.92 (d, & 8.4 Hz, 2H, H2' + H6'), 7.90 (d, .~ 8.8 Hz, 2H, H2""+H6"), 7.54  4.31 362338 895(d, 10.87(d,
(major) (dd, 4= 6.8, A= 2.0 Hz, 2H, H3' + H5'), 7.29-7.24 (m, 5H, H5, H7, H8, H3"  (m, 1H)  (m,2H)  ~£120 £ 12.0Hz
H oo H +H5"), 7.11-7.06 (m, 1H, H4") Hz, 1H) 1H)
By 7.92 (d, ~ 8.4 Hz, 2H, H2' + H6'), 7.54 (dd, A= 6.8, /= 2.0 Hz, 2H, H3' + 4.31 3.62-3.38  837(d, 10.31(d,
(minor) H5'), 7.34 (d, = 8.0 Hz, 2H, H2"'+ H6"), 7.29-7.24 (m, 4H, H5, H7, H3" +  (m, IH)  (m, 2H) £48  F120Hz,
H5"), 7.13 (d, ~ 8.0 Hz, 1H, H8), 7.11-7.06 (m, 1H, H4") Hz, 1H) 1H)
2.87¢ 7.40 (d £ 2.4Hz, 1H,  7.89 (d, = 8.4 Hz, 2H, H2' + HE'), 7.61 (dt, /= 4.25 3.703.41 896(d, 10.76 (d,
(major) H7), 7.39 (dd, /i= 8.8, 7.6, Ji= 1.2 Hz 1H, H4'), 7.48 (t, /= 7.6 Hz, 2H, {t, £ (m, 2H)  £124 £ 12.0Hz
4=2.0Hz, 1H, H5),  H3' +H5'), 7.21-7.18 (m, 4H, H2"" + H6", H3” + 5.2 Hz, Hz, 1H) 1H)
7.20 (d, .~ 8.8 Hz, 1H, H5""), 2.24 (s, 3H, Me) 1H)
H8)
Br H 4Me
2.87g 7.40 (d ~2.4Hz, 1H,  7.89 (d, = 8.4 Hz 2H, H2' + HE'), 7.61 (dt, /= 4.25 362341 832(d, 10.25(d,
(minor) H7),7.39 (dd, /4=8.8, 7.6, =1.2 Hz 1H, H4'), 7.48 (t, = 7.6 Hz, 2H, (t, ~ (m, 2H) £52  E48Hz
J=2.0 Hz, 1H, H5), H3' + H5'), 7.74 (d, /= 8.4 Hz, 2H, H2" + H6"), 5.2 Hz, Hz, 1H) 1H)
7.07 (d, 8.4 Hz, 1H, 7.17 (d, £ 8.0 Hz, 2H, H3"" + H5"), 2.24 (s, 3H, 1H)
H8) Me)
e 7.52 (dd, /4= 5.2, b= 790 (d, £7.6Hz, 7.25(dd, 4=7.2, /h=2.0 427 3.70352 881(d, 10.75(d,
(maijor) 4 | 2.4Hz, 1H,H5),7.39  2H, H2' + H6'), 7.60 Hz, 2H, H2" + H6"), (m, 1H)  (m,2H)  £12.4 £12.4Hz
B N OMe [ (d ~88Hz 1H 1), (t, ~ 8.0 Hz, IH, 6.92 (dd, A= 7.2, /=2.0 Hz, 1H) 1H)
7.10 (d, ~8.8Hz, 1H, H4'), 7.49 (t, ~ 8.0 Hz, 2H, H3" + H5"),
4 H8) Hz, 3H, H3' + H5) 3.75 (s, 3H, OMe)
ST Br OMe | 752 (dd, /= 5.2, /= 7.90 (d, £7.6Hz,  7.81(dd, A=7.2, £=2.0
(minor) 2.4 Hz, 1H, H5), 7.39  2H, H2' + H6'), 7.60 Hz, 2H, H2" + H6"), 4.97 370-3.52
(d, ~ 8.8 Hz, 1H, H7), (t, ~ 8.0 Hz, 1H, 6.88(dd, s=7.2, =20 (m 1H)  (m, 2H)
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7.10 (d, = 8.8 Hz, 1H,  H4'),7.49 (t, = 8.0 Hz, 2H, H3"" + H5"), 8.31(d, 10.24(d,
H8) Hz, 3H, H3' + H5) 3.72 (s, 3H, OMe) £52  ~48Hz
Hz, 1H) 1H)
587 7.89 (d, = 8.4 Hz, 2H, H2' + HE'), 7.62 (dt, /= 7.6, /o= 1.2 Hz, 1H, H4), 8.88(d, 10.74(d,
e 7.51 (d, & 2.8 Hz, 1H, H5), 7.49 (d, /= 8.0 Hz, 2H, H3' + H5'), 7.39 (dd, 423 370350 124 E124H,
/=88, /= 2.4Hz, 1H, H7), 7.237.17 (m, 1H, H5'), 7.127.08 (m, 3H, H8, (m 1H) (m,2H)  Hz 1H) 1H)
H2"" H6"), 7.23-7.17 (m, 1H, H8), 6.91 (d, £7.6 Hz, 1H, H4")
Br H 3Me
0 871 7.90 (s, 1H, H2'),7.89 (d, & 8.4 Hz, 2H, H2' + H6'), 7.62 (dt, Ji= 7.6, /o= 8.34(d, 10.26 (d,
P— 1.2 Hz, 1H, H4), 7.51 (d, = 2.8 Hz, 1H, H5), 7.49 (d, = 8.0 Hz, 2H, H3' + 403 370350 -+~ 48 ~48Hz
H5), 7.46 (dd, /i= 7.6, 1.6 Hz, 1H, H8), 7.39 (dd, /= 8.8, 2.4 Hz, IH,H7), (m,1H) (m,2H)  Hz 1H) 1H)
7.237.17 (m, 2H, H5”, H6"), 6.91 (d, /= 7.6 Hz, 1H, H,)
- 7.55(dd, 4=5.2, b=  7.93(d, £ 8.0Hz,
(m'ajor) 2.0Hz, 1H,H5), 7.46  2H, H2" + HE'), 7.62 7.41-7.35 430 375356 896(d, 10.98(d,
(dd, /1= 8.4, /=2.4 (t =7.6Hz, 1H,  (m, 4H, H2" +H6", H3”" (m,1H)  (m,2H)  ~100 ~10.0Hz,
Hz, 1H, H7), 7.14 (d,  H4'),7.49 (t, = 7.6 + H5") Hz, 1H) 1H)
Br H 4Cl | £88Hz 1H, H8) Hz, H3' + H5')
7.55 (dd, 4= 5.2, b=  7.93(d, = 8.0 Hz,
2.871 2.0Hz, 1H,H5),7.24  2H,H2' +HE'), 7.62 796 (d, & 8.0 Hz, 2H, 430 362350 837(d, 10.82(d,
(minor) (dd, s=8.4, /=24 (t /~=76Hz IH,H4),  \ovype) 741735  (m,1H)  (m,2H)  £32  £48Hz
Hz, 1H,H7),7.14(d, 7.49(t, ~7.6Hz, H3  (m 2H H3" + H5") Hz, 1H) 1H)
J= 8.8 Hz, 1H, H8) + H5')
7.82 (d, £ 8.4 Hz, 2H, H2' + H6'), 7.52 (d, & 2.4 Hz, 1H, H5), 7.43 (dd, 428 366338 895(d, 1091 (d,
287n |Br Me H | A=88 4=2.4Hz 1H,H7),7.36 (d, /=88 Hz, 2H, H2" + H6"),7.31 (d, = (M, 1H)  (m,2H)  ~£124 ~120Hz,
(major) 8.0 Hz, 2H, H3' + H5’), 7.30 (d, .~ 8.0 Hz, 2H, H3" + H5"), 7.34 (d, .~ 8.4 Hz, 1H) 1H)
Hz, 1H, H8), 7.11-7.08 (m, 1H, H4")
Br Me H
7.89 (d, £ 8.0 Hz, 2H, H2" + H6"), 7.82 (d, = 8.4 Hz, 2H, H2' + H6'), 7.54 428  3.66-3.38 8.37(d, 10.34(d,
2.87n (d, £ 2.4 Hz, 1H, H5), 7.43 (dd, /= 8.8, = 2.4 Hz, 1H, H7), 7.31 (d, £ (m, 1H)  (m, 2H) £44  EA48Hz,
(minor) Hz, 1H) 1H)
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8.0 Hz, 2H, H3' + HE'), 7.30 (d, £ 8.0 Hz, 2H, H3"" + H5"), 7.13 (d, /= 8.8
Hz, 1H, H8), 7.11-7.08 (m, 1H, H4")

2.87y 7.89 (d, =~ 8.8 Hz, 2H, H2' + H6'), 7.65-7.63 (m, 1H, H6"), 7.52 (d, ~ 8.4 4.26 3.76-3.48 890(d, 10.88(d,
(minor) Hz, 2H, H3' + H5'), 7.54-7.51 (m, 2H, H2”, H8), 7.39 (dd, /= 8.8, /s=2.0  (m,1H)  (m,2H)  ~£116 . 11.6Hz,
Br Cl 3B Hz, 1H, H7), 7.32-7.26 (m, 2H, H4", H5"), 7.20 (d, .~ 7.6 Hz, 1H, H2") Hz, 1H) 1H)
7.89 (d, = 8.8 Hz, 2H, H2' + H6'), 7.65-7.63 (m, 1H, H6"), 7.52 (d, ~ 8.4 4.26 3.76-3.48 834(d, 10.46 (d,
2'8.7" Hz, 2H, H3' + H5'), 7.54-7.51 (m, 1H, H8), 7.39 (dd, /4=8.8, /i= 2.0 Hz, 1H, (m, 1H) (m, 2H) £36  EF48Hz
(major)
H7), 7.32-7.26 (m, 2H, H4", H5""), 7.09 (d, .~ 8.4 Hz, 1H, H2") Hz, 1H) 1H)
e 7.89 (d, £ 7.2 Hz, 2H, H2' + H6'), 7.60 (dt, A= 7.2, = 1.2 Hz, 1H, H4), 4.27 3.76:3.47 892(d, 10.82(d,
(major) 7.48 (t, = 8.0 Hz, 2H, H3' + H5'), 7.39 (dd, /= 7.6, /= 2.4 Hz, 1H, H5), (m,1H)  (m,2H)  ~£11.6 ~11.6Hz
7.36-7.26 (m, 6H, H7, H8, H2" + H6"", H3"" + H6"), 7.10 (dt, /= 8.0, A= Hz, 1H) 1H)
1.2 Hz, 1H, H4")
C H H
AL 7.89 (d, £ 7.2 Hz, 2H, H2' + H6'), 7.86 (d, = 7.6 Hz, 2H, H2"" + H6"), 7.60  4.27 3.76-3.47 836(d, 10.30(d,
(minor) (dt, 4= 7.2, /= 1.2 Hz, 1H, H4), 7.48 (t, = 8.0 Hz, 2H, H3' + H5"), 7.39  (m, 1H)  (m, 2H) £48  E48Hz
(dd, /= 7.6, Ji= 2.4 Hz, 1H, H5), 7.36-7.26 (m, 6H, H7, H2" + H6"", H3" + Hz, 1H) 1H)
H6™), 7.15 (d, & 7.6 Hz, 1H, H8), 7.10 (dt, /i= 8.0, J/»= 1.2 Hz, 1H, H4")
5 87 7.91 (d, £ 8.0 Hz, 2H, H2' + H6'), 7.61 (t, /~7.6 Hz, 1H, H4), 7.49 (t, /~ 4.28 3.70-3.47 890(d, 10.82(d,
(major) 8.0 Hz, 2H, H3'+H5'), 7.42 (d, ~ 2.4 Hz, 1H, H5), 7.31-7.27 (m, 2H, H7 +  (m, 1H)  (m,2H)  £12.0 = 12.0 Hz,
H8), 7.17 (d, £ 8.4 Hz, 2H, H2"" + H6"), 7.15 (d, £ 9.2 Hz, 2H, H3""+H5"), Hz, 1H) 1H)
2.25 (s, 3H, Me)
Cl H 4Me
, 7.91 (d, £~ 8.0 Hz, 2H, H2' + H6'), 7.77 (d, = 8.4 Hz, 2H, H2"+ H6"), 7.61  4.28 3.703.47 833(d, 10.27(d,
(ﬁ?::r) (t, ~7.6 Hz, 1H, H4'), 7.49 (t, ~ 8.0 Hz, 2H, H3'+H5'), 7.41 (d, &~ 2.4 Hz,  (m, 1H)  (m, 2H) £52  E52Hz
1H, H5), 7.31-7.27 (m, 2H, H7 + H8), 7.13 (d, .~ 8.8 Hz, 2H, H3""+H5"), Hz, 1H) 1H)

2.26 (s, 3H, Me)
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Table 95: 3C NMR spectroscopic data obtained for amidines 2.87 (100 MHz, DMSO-ds, § ppm)

Compound | R R? R? Ar(C2-8a) Ar2(C1’-6’) Ar3(C2-8a) C4 CH2 CN CH Cc=0
2.87a 160.69 (C2), 149.74 (C8a), 136.58 (C1), 139.17 (C1"), 128.18
s 129.51 (C5), 128.82 (C7), 133.33 (C4), (€3"+C5"),12375 3030 4599 11961 15113 19753
124.65 (C6), 122.78 (C4a), 128.70 (C3' + CH'), (C4', 117.02 (C2" +
116.63 (C8), 74.02 (C3) 128.03 (C2' + C6) Ce")
H H H
2.87a 160.81 (C2), 149.62 (C8&a), 136.55 (C1), 138.87 (C1"), 127.94
(m.inor) 129.51 (C5), 128.82 (C7), 133.33 (C4), (C3" +(Ch"), 123.96 3199 4599 11951 14865 197.53
124.73 (C6), 122.78 (C4a), 128.79 (C3' + CbH'), (C4"), 119.97 (C2" +
116.39 (C8), 74.71 (C3) 128.09 (C2' + C6') Cce6")
2.87b 160.46 (C2), 149.21 (C8a), 136.51 (C1), 139.12 (C1"), 128.76
(m.inor) 130.61 (C5), 130.92 (C7), 133.44 (C4), (C3"+(Ch"), 123.96 3195 4530 11942 15127 197.46
125.36 (C4a), 118.90 (C8), 128.73 (C3' + CH'), (C4'm, 117.10 (C2" +
116.11 (C6), 73.63 (C3) 128.04 (C2' + C6') Ce")
Br H H
2.87b 160.63 (C2), 149.11 (C8&a), 136.51 (C1"), 138.96 (C1"), 129.52
(m.ajor) 130.46 (C5), 130.85 (C7), 133.44 (C4), (C3" +Ch"), 123.84 3165 4537 11940 14865 197.46
125.36 (C4a), 118.64 (C8), 128.73 (C3' + CbH'), (C4"), 120.04 (C2" +
116.04(Ce6), 74.23 (C3) 128.04 (C2' + C6') Ce6")
2.87¢ 160.86 (C2), 149.82 (C8a), 136.61 (C1), 136.65 (C1"), 133.03
i 129.29 (C5), 128.28 (C7), 133.44 (C4), (C47),127.99(C3" + 3030 46.05 11980 15116 197.65
124.70 (C6), 122.85 (C4a), 128.79 (C3' + CH'), Ch"”), 117.02 (C2" +
116.69 (C8), 73.60 (C3) 128.09 (C2' + C6) C6"), 20.42 (Me)
H H 4Me
2.87c 160.99 (C2), 149.71 (C8&a), 136.44 (C1), 136.71 (C1"), 133.19
(minon) 129.29 (C5), 128.28 (C7), 133.44 (C4), (C47),129.99 (C3" + 3108 46.05 11970 148.65 19765

124.70 (Ce), 122.85 (C4a),
116.44 (C8), 74.34 (C3)

128.79 (C3' + C5'),
128.14 (C2' + C6')

C5"), 120.03 (C2" +
C6"), 20.52 (Me)
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- 160.77 (C2), 149.77 (C8a), 138.32 (C4)), 139.18 (C1"), 129.55
(maion) 128.27 (C7), 128.17 (C5), 135.29 (C1'), (€37 +C5"),12381 3231 4605 11963 15120 196.68
12471 (C6), 122,67 (C4a),  130.02 (C2' +C6),  (CA”), 117.06 (C2" +
116.67 (C8), 73.90 (C3) 128.83 (C3' + C5) C6")
H c H
»87¢ 160.89 (C2), 149.66 (C8a), 138.32 (C4), 138.88 (C1"), 129.55
el 128.27 (C7), 127.99 (C5). 135.26 (C1'), (€3"+C57),12402 3108 4605 11953 14871 19671
124.80 (C6), 122.67 (C4a),  130.02 (C2' +C6),  (CA”), 120.01 (C2" +
116.443(C8), 74.61 (C3)  128.83 (C3' + C5)) c6")
)87 160.54 (C2), 149.11 (C8a), 136.38 (C1'), 136.34 (C17), 133.32
(maion 130.88 (C7), 130.30 (C5), 133.46 (C4)), (€47),12991(C3"+ 3191 4503 11952 15118 19755
125.19 (C4a), 118.78 (C8),  128.71(C3'+C5),  C5"), 117.07 (C2" +
Br H 4Me| 11607 (c6), 72.92 (C3) 127.92 (C2' + C6) C6”), 20.42 (Me)
2878 160.65 (C2), 149.01 (C8a), 136.41 (C1), 136.15 (C1”), 133.14
) 130.79 (C7), 130.44 (C5). 133.46 (C4), (€47),129.20(C3" + 3161 4503 11944 14847 19750
125.19 (C4a), 118.57 (C8), 12871 (C3'+C5),  C5"), 119.95 (C2" +
115.96 (C6), 73.73 (C3) 127.92 (C2' + C6)) C6”). 20.52 (Me)
- 160.91 (C2), 149.38 (C8a), 136.65 (C1'), 156.30 (C4"), 132.35
(maion) 130.99 (C7), 130.71 (C5), 133.64 (C4)), (€17),11899 (C2"+ 3713 454> 11981 15161 197.72
12554 (C4a), 118.76 (C8), 12892 (C3'+C5).  C6”), 114.94 (C3" +
Br H O‘I'\’/I 116.22 (C6), 72.74 (C3) 128.18 (C2' + C6) C5”). 55.52 (OMe)
e
- 160.96 (C2), 149.28 (C8a), 136.62 (C1), 155.92 (C4"), 132.30
(o) 131.07 (C7), 130.57 (C5). 133.64 (C4), (C17), 12160 (C2"+ 3186 4542 11972 14837 19770
12554 (C4a), 118.76 (C8),  128.92 (C3'+C5).  C6”), 114.10 (C3" +
116.14 (C6), 73.55 (C3) 128.18 (C2' +C6)  C5"), 55.41 (OMe)
160.91 (C2), 149.50 (C8a), 136.72 (C1), 139.22 (C17), 139.51
e 131.20 (C7), 130.84 (C5), 133.89 (C4)), (€37),12978(C5"), 3730 4536 119.80 15161 197.93
: 12555 (C4a), 118.83 (C8),  129.13(C3' +C5),  125.10 (C4”), 121.04
(major) (g H 3Me

116.40 (Ce), 73.61 (C3)

128.32 (C2' + C6')

(C27), 119.22 (Ce"),
21.36 (Me)
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Br H 3Me| 16085 (C2), 149.39 (C8a), 136.77 (C1)), 138.99 (C1”), 138.67
2.87; 131.30 (C7), 130.69 (C5), 133.89 (C4), (C3"),129.01 (C5"), 3195 4536 11988 14883 19798
(minor) 125.55 (C4a), 117.38 (C8),  129.13 (C3' +C5),  125.10 (C4"), 117.87
116.47 (C6), 74.66 (C3) 128.32 (C2' +C6)  (C2"), 114.62 (C6"),
21.36 (Me)
- 160.38 (C2), 149.13 (C8a), 136.46 (C1)), 138.18 (C1”), 127.50
(m'ajor) 130.81 (C7), 130.59 (C5), 133.39 (C4), (C4"), 11856 (C2" + 3187 4519 11917 15120 197.36
125.28 (C4a), 118.82 (C8),  128.67 (C3' +C5),  C6"), 128.59 (C3" +
116.12 (C6), 74.19 (C3) 128.00 (C2’ + C6) C5")
Br H 4<Cl
5871 160.18 (C2), 149.10 (C8a), 136.46 (C1)), 137.82 (C1”), 127.53
(m'inor) 130.88 (C7), 130.44 (C5), 133.39 (C4), (C4"), 12159 (C2" + 3157 4597 11922 14868 197.36
125.28 (C4a), 118.60 (C8),  128.67 (C3' +C5'),  C6"), 129.28 (C3" +
116.02 (C6), 76.76 (C3) 128.00 (C2' + C6) C5")
160.38 (C2), 149.19 (C8a), 143.79 (C4), 139.08 (C1”), 129.22
el 130.85 (C7), 130.43 (C5), 134.09 (C1)), (C3"+C5"), 12378 3196 4518 11936 15121 196.88
(major) 125.41 (C4a), 118.84 (C8),  128.80 (C3' +C5),  (C4™), 117.03 (C2" +
Br Me H 115.98 (C6), 73.69 (C3) 128.13 (C2' + C6)) C6")
160.51 (C2), 149.05 (C8a), 143.79 (C4), 138.80 (C1”), 129.48
2.87n 130.78 (C7), 130.59 (C5), 134.06 (C1"), (C3"+C5"),12400 3168 4518 11926 149.05 196.88
(minor) 125.41 (C4a), 118.60 (C8),  129.22 (C3' +C5),  (C4”), 119.99 (C2" +
116.07 (C6), 74.41 (C3) 128.13 (C2' + C6) C6")
. 160.09 (C2), 149.03 (C8a), 138.42 (C4), 140.67 (C1”), 131.40
(m'ino‘:) 130.98 (C7), 130.45 (C5), 134.96 (C1)), (C5"), 12635 (C4"), 3192 4492 119.00 15124 196.61
124.85 (C4a), 118.87 (C8),  129.86 (C2' +C6'),  122.34 (C3"), 119.41
116.19 (C6), 74.10 (C3) 12878 (C3' +C5)  (C2"), 115.79 (C6")
087 oro G 3B 160.27 (C2), 148.90 (C8a), 138.42 (C4), 140.06 (C1”), 130.68
(m'ajo{) 130.88 (C7), 130.30 (C5), 134.96 (C1)), (C5"),126.65 (C4"), 3161 4492 11922 14885 196.61

124.85 (C4a), 118.55 (C8),
116.10 (Ce), 75.09 (C3)

129.86 (C2' + C6'),
128.78 (C3' + C5’)

121.76 (C3"), 122.40
(C27), 118.67 (C6")
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2.87 160.88 (C2), 148.99 (C8a), 136.73 (C1"), 139.28 (C1""), 129.19
- ‘ 129.19 (C7), 128.52 (C6), 133.83 (C4), (C3" +C5h"), 124.48 3195 4530 11973 151.61 197.90
(major) 127.92 (C5), 125.36 (C4a),  129.08 (C3' +C5),  (C4"), 117.40 (C2" +
118.77 (C8), 73.67 (C3) 128.37 (C2' + C6’) C6")
Cl H H
2.87 160.98 (C2), 148.88 (C8a), 136.69 (C1), 138.99 (C1"), 128.28
" z 129.89 (C7), 128.44 (C6), 133.83 (C4), (C3" +Ch"), 124.27 3165 4537 11980 149.09 197.90
(minor) 127.78 (C5), 125.08 (C4a), 129.08 (C3' + CH'), (C4™), 120.32 (C2" +
118.52 (C8), 74.44 (C3) 128.37 (C2' + C6) C6")
2.87a’ 160.63 (C2), 148.81 (C8a), 136.64 (C1'), 136.53 (C4"), 133.11
efa 128.20 (C6), 128.08 (C7), 133.51 (C4), (C17),129.99 (C3"+ 3009 4530 11958 15127 197.55
(i 127.62 (C5), 125.00 (C4a), 128.80 (C3' + C5'), C5"), 117.15 (C2" +
J 118.56 (C8), 73.15 (C3) 128.00 (C2' + C6’) C6"), 20.43 (Me)
Cl H 4Me
2874’ 160.63 (C2), 148.70 (C8a), 136.57 (C1), 136.38 (C4""), 133.29
(n.1'n a) 128.20 (C6), 128.00 (C7), 133.51 (C4), (C1”), 129.30 (C3" + 3181 4530 119.48 14857 197.53
inor 127.77 (C5), 125.00 (C4a), 128.80 (C3' + CH'), C5"), 120.07 (C2" +
118.30 (C8), 73.91 (C3) 128.00 (C2' + C6) C6"), 20.53 (Me)
Table 96: 'H NMR (400 MHz, DMSO0-d,, § ppm) spectroscopic data obtained for compounds 2.88a-c
Compound R! R? Ratio Ar OH H1 H5 H11lb
2.88 7.60 (d, £ 1.6 Hz, 1H, H11), 7.59 (d, .~ 7.6 Hz, 2H, H2" + 579 (s, 2.72(dd, A=12.8, s= 8.10(s, 4.20 (dd,
(nlla':r H6'"), 7.53-7.40 (m, 7H, H9, H11, H2'+H6’, H4', H3" + H5"), 1H) 4.8 Hz, 1H, Ha), 1.27 1H) 4=12.8,
Isomjer) 7.24 (t, £7.6,1H,H3 + H5"), 7.16 (t, £ 7.6, 1H, H4""), 7.12 (t, £ 12.8 Hz, 1H, 4.8 Hz, 1H)
(d, £ 8.8 Hz, 1H, H8) HB)
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2.88 7.60 (d, £ 1.6 Hz, 1H,H,), 7.59 (d, £ 7.6 Hz, 2H, H2" + 561 (s, 2.80(dd, /s=12.4, /= 8.04(s,  3.30 (dd,
(n',in:r Br H 4/l H6"), 7.53-7.40 (m, 7H, H9, H11, H2'+H6’, H4’, H3" + H5"), 1H) 4.8 Hz, 1H, Ha), 1.76 1H) S=12.4,
7.07(d, /= 8.8 Hz, 1H, H8) HB)
T 7.59 (d, £ 1.6 Hz, 1H, H11), 7.49 - 7.42 (m, 6H, H9, H2' +  5.75(d, 2.71(dd, A=12.4, /= 8.06(s,  4.19 (dd,
(n'm.or H6', H4', H2” + H6"), 7.27 (t, /= 8.0 Hz, 2H, H3' + H5), £20  4.8Hz 1H, Ha), 1.29 1H) Ji=12.4,
,som’er) 7.28 (d, /= 8.0 Hz, 2H, H3" + H5"), 7.11 (d, = 8.8 Hz, 1H,  Hz, 1H)  (dt, 4=12.8, /=16 4.8 Hz, 1H)
Br Me 5/1 H8), 2.33 (s, 3H, Me) Hz, 1H, HB)
2.88b 7.49 (d, £ 1.6 Hz, 1H, H11), 7.49 - 7.42 (m, 4H, H9, H2' + 558 (s, 2.80 (dd, /4=12.4,48 8.00(s,  3.43(m,
(n.1inor H6', H4'), 7.27 (t, /= 8.0 Hz, 2H, H3' + H5'), 7.28 (d, £ 8.0 1H) Hz, 1H, Ha), 1.76 (t, 1H) 1H)
Isomer) Hz, 2H, H3” + H5"), 7.23 (d, &£ 7.6 Hz, 2H, H2" + H6"), £ 12.4 Hz, TH, HB)
7.11 (d, £ 8.8 Hz, 1H, H8), 2.32 (s, 3H, Me)
- 7.47-7.42 (m, 4H, H2'+H6', H2"+H6"), 7.37 (d, £ 8.0 Hz,  5.74(d, 2.64(dd, 4=12.0, /.= 805(d,  4.18(dd,
(n"a.ocr 1H, H9), 7.34 -7.22 (m, 5H, H11, H3' + H5', H3" + H5"), #~08  48Hz 1H Ha),1.30 <04 /=120,
|somjer) 7.19—7.08 (m, 3H, H8, H10, H4'), 2.33 (s, 3H, Me) Hz, IH)  (dt 4=12.0, s=2.0 Hz 1H) 4.8 Hz 1H)
H Me 3/1 Hz, 1H, HP)
288 7.47-7.42 (m, 8H, H3'+ H5', H4', H11, H2' + HE’, H2"'+ 5.58 (s, 2.71(dd, 4=12.4,48 7.99(d,  3.43 (m,
(n;inocr H6"), 7.34 - 7.22 (m, 3H, H9, H3" + H5"), 7.19 — 7.08 (m, 1H) Hz, 1H, Ha), 1.76 (t,  ~0.8 1H)
Isomer) 2H, H8, H10), 2.32 (s, 3H, Me) £ 12.8Hz, IH, HB)  Hz, 1H)
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Table 97: 3C NMR (100 MHz, DMSO-ds, § ppm) spectroscopic data for compounds 2.88a-c

Compound R! R? Ratio C2-11a Arl Ar2 Cc1 C5 Cl1b
154.91 (C6a), 152.36 (C3a), 150.11 149.26 (C1"), 127.27 138.38 (C1”), 128.93 3849 150.76 26.40
2.88a (C7a), 130.78 (C9), 129.16 (C11), (C3' +C5),126.38  (C3"+C5"), 128.43 (C4”),
(major 126.49 (C11a), 118.82 (C8), 116.66  (C4), 125.79 (C2'+C6) 127.73 (C2” + C6”)
Isomer) (C10), 93.75 (C3b), 82.54 (C2)
4/1
BroH 154.81 (C6a), 152.86 (C3a), 150.18 147.62 (C1’), 127.65 138.53 (C1"), 128.93 3856 151.07 27.41
2.88a (C7a), 130.93 (C9), 129.01 (C11), (C3' +C5),126.86  (C3"+C5"), 126.86 (C4”),
(minor 126.48 (C11a), 120.12 (C8), 116.60  (C4’), 125.99 (C2'+C6') 127.84 (C2" + C6”)
Isomer) (C10), 93.42 (C3b), 85.50 (C2)
154.90 (C6a), 152.41 (C3a), 150.11 149.31 (C1"), 127.64 137.96 (C4”), 135.85 3826 151.10 26.40
2.88b (C7a). 130.77 (C9), 129.16 (C11), (C3' + C5), 126.66 (C1"), 129.34 (C3" +
(major 126.46 (C1la), 118.81 (C8), 116.65  (C4), 125.78 (C2'+C6) C5"), 127.28 (C2" + C6"),
Isomer) (C10), 95.66 (C3b), 82.56 (C2) 20.61 (Me)
Br Me 5/1
154.82 (C6a), 152.41 (C3a), 150.23 147.69 (C1’), 127.57 138.05 (C4”), 135.97  38.30 150.81 27.41
2.88b (C7a), 130.92 (C9), 129.01 (C11), (C3' +C5'), 126.84 (C1”), 129.60 (C3" +
(minor 126.46 (C11a), 118.81 (C8), 116.59  (C4), 125.98 (C2'+C6') C5"), 127.43 (C2" + C6"),
Isomer) (C10), 93.35 (C3b), 85.48 (C2) 20.61 (Me)
155.11 (C6a), 152.62 (C3a), 149.51 147.90 (C1"), 127.46 137.91 (C4”), 13590  38.88 150.64 26.21
2.88c (C7a), 127.98 (C9), 126.40 (C11), (C3' + C5'), 126.32 (C1"), 129.34 (C3" +
(major 124.84 (C10), 123.77 (Cl1a), 116.62  (C4), 125.71 (C2'+C6’) C5”), 127.31 (C2" + C6"),
Isomer) . (C8), 94.00 (C3b), 82.62 (C2) 20.61 (Me)
HoMe S/ 155.03 (C6a), 152.62 (C3a), 150.94 147.90 (C1’), 127.60 138.00 (C4”), 135.18  38.88 150.78 27.21
2.88¢ (C7a), 127.67 (C9), 126.40 (C11), (C3' +C5'), 126.84 (C1”), 129.59 (C3" +
|(SI::II:::) 123.77 (Cl1a), 116.62 (C8), 124.79  (C4), 125.88 (C2'+ C6') C5"), 127.02 (C2" + C6™),

(C10), 93.68 (C3b), 85.50 (C2)

20.61 (Me)
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Table 98: 'H NMR (400 MHz, DMSO-ds, 8 ppm) spectroscopic data for chromenopyridines 2.89

Compound R! R? R?® H6-9 H2'-6’ H2-6"” NH H2
7.66 (d, ~2.4Hz 1H,H6), 7.79(d, ~7.6Hz,2H, 7.55(d, ~7.6Hz,2H, 896 822 5.06 (t, 3.59
2.89a Br H H 741(dd, /=84, /=24Hz, H2 +H6),7.55( L H2"+H6"),7.31( L (s (s, £ 48 (m, 2H)
1H, H8), 7.12 (d, = 8.4 Hz, 7.6 Hz, 1H, H4), 7.41 (t, 7.6 Hz, 2H, H3" + H5"),  1H) IH)  Hz 1H)
1H, H9) /7.2 Hz, 2H, H3' + 7.05 (t, & 7.2 Hz, 1H,
H5’) H4")
7.45 (d, & 7.2 Hz, 1H, H9), 7.75(dd, A=8.4, h=12 754(d, £7.6Hz,2H, 887 822 504t 3.51
28b |H H H 726(dt A=76, h=16Hz, Hz 2H,H2 +H6),7.53 H2"+H6"),7.31(t L (s (s, ~£52 (m, 2H)
1H, H7), 7.14 (dd, 4= 8.0, A=  (t, £8.0Hz, 1H, H4), 7.6 Hz, 2H, H3" + H5"),  1H) 1H)  Hz, 1H)
1.2Hz, 1H,H6),7.16 (t, ~8.0  7.38 (t, = 7.6 Hz, 2H, 7.05 (t, & 7.6 Hz, 1H,
Hz, 1H, H8) H3' + H5) H4")
7.66 (d, ~2.0Hz, 1H, H6), 7.80 (dd, 4=8.0, h=1.2 7.41(d, ~8.0Hz,2H, 823 819 496(s, 3.61(s, 2H)
2.89¢ Br H 4 7.41(dd, /=88, /4=2.0Hz, Hz,2H,H2' +HE'),7.56 H2"+H6"),7.11(d, = (s, (s, 1H)
Me 1H, H8),7.11 (d, /=~ 8.8 Hz, (t, &£ 7.6 Hz, 1H, H4'), 8.8 Hz, 2H, H3” + H5"),  1H) 1H)
1H, H9) 7.42 (t, /= 7.6 Hz, 2H, 2.07 (s, 3H, Me)
H3' + H5')
7.65(d, £2.0Hz, 1H,H6), 7.71(d, ~80Hz, 2H, 7.55(d, ~7.6Hz,2H, 889 822 499(s, 3.58(s, 2H)
2.89d Br Me H 743(dd, 4=88,4=2.4Hz, H2'+H6),720(d, = H2"+HE"),7.31(~L (s (s, 1H)
1H, H8), 7.13 (d, = 8.8 Hz, 8.0 Hz, 2H, H3' + H5'), 8.0 Hz, 2H, H3" + H5"),  1H) 1H)

1H, H9)

2.31 (s, 3H, Me)
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7.05 (t, £ 7.6 Hz, 1H,

H4")
7.68 (d, = 2.4 Hz, IH,H6),  7.68(d, /= 7.2 Hz, 2H, 7.75(dd, 4=7.2, 5= 921 835 504(  3.59and
28h |B B 4 7.44(dd, /=84, /,=24Hz, H2 +HE),7.58(dd, si= 2.0Hz 2H, H3" +H5"), (s, (s, £56 3.47(dd, A=
CN 1H,H8),7.14(d, ~88Hz, 88, L=2.0Hz 2H,H3 7.70(d, =84 Hz,2H, 1H) 1H)  HzIH) 17.2,4=56
1H, H9) + H5') H2" + H6") Hz, 2H)
Cl H H 7.80(d, ,&7.6Hz 2H, H2' + H6'), 7.57-7.54 (m, 4H, H6, H4’ H2"" + H6"), 7.40 (t, 891  8.22 5.00 (s,
2.89j J=7.6 Hz, 2H, H3' + H5'), 7.32 (t, /= 7.2 Hz, 2H, H3" + H5"), 7.29 (dd, /4= 8.8, /o= (s, (s, IH) 362 (m, 2H)
2.4 Hz, 1H, H8), 7.18 (d, .~ 8.4 Hz, 1H, H9), 7.05 (t, /& 7.6 Hz, 1H, H4") 1H)  1H)
7.40(d, ~ 1.6 Hz, IH,H6),  7.81(d, ~7.6Hz, 2H, 7.40(d, ~7.6Hz,2H, 883 819 4.97 s,
28k |c H 4 730(dd, /=84,4=20Hz, H2'+HE),7.53(t L H2"+H6"),7.11(d, = (s (s, 1H) 3.63 (s, 2H)
Me 1H,H8),7.17 (d, £88Hz,  8.0Hz, 2H, H3' +H5'), 8.0 Hz, 2H, H3" + H5"), 1H) 1H)
1H, H9) 7.42 (t, = 7.6 Hz, 1H, 2.26 (s, 3H, Me)
H4)
Table 99: *C NMR (100 MHz, DMSO-ds, § ppm) spectroscopic data for compounds 2.89
Compound R! R? R® C4-10a c1-6’ H1"-6" c=0 c2 C5 Ca
163.53 (C10a), 158.80 (C4), 136.38 (C1’), 133.38 139.42 (C1"), 128.32
289a |Br H H 150.02(C9a), 131.42 (C6), 131.00  (C4), 128.58 (C3' + (C3” +C5"), 123.30 19791 15587 2869 44.18
(C8), 126.85 (C5a), 118.64 (C9),  C5'), 127.95 (C2’ + C6) (C4"), 122.29 (C2” +
115.70 (C7), 97.53 (C4a) C6")
163.91 (C10a), 158.93 (C4), 136.58 (C1’), 133.46 139.59 (C1”), 128.49
2.89 H 150.68 (C9a), 129.03 (C6), 128.44  (C4'), 128.70 (C3' + (C3” +C5"), 123.38 198.16 15590 2905 44.70
(C8), 124.54 (C7), 124.41 (C5a),  C5'), 128.02 (C2’ + C6) (C4"), 122.24 (C2” +
116.52 (C9), 98.18 (C4a) C6")
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163.36 (C10a), 158.84 (C4),

136.36 (C1'), 133.31

136.73 (C1"), 132.39

2.89¢ Br H 4 190.00(C9a), 131.42 (C6), 130.94 (C4’), 128.53 (C3' + (C4”), 128.72 (C3" + 19787 155.84 2861 4415
Me  (C8),126.85 (C5a), 118.60 (C9I), C5’), 127.90 (C2' + C6') C5"), 122.50 (C2" +
115.61 (C7), 97.15 (C4a) C6"), 20.45 (Me)
163.47 (C10a), 158.76 (C4), 143.74 (C1"), 133.96 139.48 (C1"), 128.30
289d |Br Me H 149.99(C9), 131.42 (C6), 130.95  (C4), 129.08 (C3 + (C3"+C5"),12333 19795 15583 28.64 44.33
(C8), 126.98 (Cha), 118.64 (C9),  Cb'), 128.06 (C2' + C6'), (C4"), 122.22 (C2" +
115.66 (C7), 97.65 (C4a) 21.05 (Me) C6")
164.08 (C10a), 158.19 (C4), 135.28 (C4'), 127.66 144.13 (C1), 132.81
2.89h Br Br 4 149.90(C9a), 131.48(C6), 131.29 (C1'), 131.67 (C3' + (C3" +C5"),121.04 (C2" 19708 15593 28.85 4473
cN  (C8),126.62 (C5a), 118.83 (C9), C5’), 130.08 (C2" + C6') +(C6"), 104.15 (C4"),
116.07 (C7), 99.35 (C4a) 119.42 (CN)
163.53 (C10a), 158.87 (C4), 136.38 (C1"), 133.33 139.43 (C1"), 128.31
289 |c H p 149.54(C9), 12855 (C6), 12812 (C4), 128.55(C3' + (C3"+C5"),12329 19784 15587 2874 4496
(C8), 127.77 (C7), 126.40 (Cha), C5'), 127.93 (C2' + C6') (C4"), 122.29 (C2" +
118.28 (C9), 97.47 (C4a) C6")
4- 163.41 (C10a), 158.85 (C4), 136.78 (C1'), 132.37 136.40 (C1"), 133.29

(C8), 127.69 (C7), 126.42 (Cba),
118.22 (C9), 97.12 (C4a)

C5’), 127.90 (C2' + C6')

C5"), 122.50 (C2" +
C6"). 20.46 (Me)
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Table 100: *H NMR (400 MHz, DMSO-ds, § ppm) and **C NMR (100 MHz, DMSO-de, 8 ppm) spectroscopic data obtained for compounds 2.90 and 2.10

4

Compound NMR H2-11b H2’-6’ H2"-6" H1 H5 NH
8.52 (d, /= 2.4 Hz, 1H, H11), 7.59 (dd, ~=  8.01 (dd, /= 8.0, /o= 2.8 Hz, 2H, H2' + H6'), 7.57-  8.31 7.34 (d,
8.4, /=24 Hz, 1H, H9), 7.13 (d, =~ 8.4Hz, 7.56 (m, 5H, H3' + H5’, H2"" + H6”, H4"), 7.46 (t, (s, 1H)  £2.0 -
IH 1H, H8), 6.79 (d, .~ 2.0 Hz, 1H, H6a) J=7.6 Hz, 1H, H4”"), 7.40 (dd, /i= 6.8, /o= 1.6 Hz, Hz)
2H, H2" + H6")
2.90 C2-C11B Cc1'-C6’ C1"-C6” c1 C5
155.40 (C2), 153.59 (C7a), 146.41 137.80 (C1’), 129.51 138.31(C1’), 129.11
13¢ (C3a),138.19 (C11b), 134.66 (C9), 127.70 or  (C4"), 128.55(C3'+  (C4"), 127.70 0r 127.74 109.58 14587 -
127.77 (C11), 122.35 (C11a), 120.32 (C8),  C5’), 126.66 (C2' + C6’) (C3’ +CH’), 127.34 (C2’
114.27 (C10), 103.61 (C3b), 82.79 (C6a) +C6)
H2-11b H2'-6’ H2-6"” H1 H5 NH
8.78 dd, /= 8.0, /o= 1.2 Hz, 1H, H11),7.77  8.46 (dd, /= 8.0, /o= 881 (s, 8.73(s,
H (dt, h=7.2, = 1.6 Hz, 1H, H9), 7.66 (dd, 2.4 Hz, 2H, H2' + H6), - 1H) 1H) -
2.105 Ji=8.4, /=12 Hz, 1H, H9), 7.58 (dt, 4=  7.63-7.61 (m, 3H, H3' +
8.4, /= 1.2 Hz, 1H, H1,) H5’, H4')
C2-C11B c1'-ce’ C17-C6” c1 C5

236



164.74 (C6a), 164.20 (C2), 159.93 (C3a),

“C 151.67 (C7a), 139.11 (C11b), 133.66 (C9),

125.75 (C10), 125.64 (C11), 118.47 (C8),
118.25 (C11a), 106.14 (C3b)

137.88 (C1'), 131.06
(C4"), 128.98 (C3 +
C5’), 128.14 (C2' + C6')

109.14  159.22 -

Table 101: :H NMR (400 MHz, DMSO-d,, 8§ ppm) and **C NMR (100 MHz, DMSO-ds, § ppm)
spectroscopic data obtained for compounds 2.100a,b

Compound R' | R? H1-6’ H1"-6” H1'"-6" H1*-6* H2-H6 NH (C4)NNH OH
7.29 (dd, 4= 8.4,  7.45(dd, 4=7.6, o= 1.2 Hz, 2H, H2" + H6"), 7.26 (t, = 8.15(s, IH,  9.51 11.11 Not
J=2.0 Hz, 1H, 8.4 Hz, 2H, H3""" + H5""), 7.22-7.15 (m, 8H, H3"" + H5"",  H2),4.36 (d, &~ (s, (s, 1H)  seen
H3'), 7.09 (d, £ H4”, H2* + H6*, H3* + H5%, OH), 6.91 (t, £ 7.2 Hz, 1H, 10.4Hz, 1H,  1H)
8.8 Hz, 1H, H2)), H4'"), 6.75 (d, £ 8.0 Hz, 2H, H2'"+ H6'"), 6.72 (dt, 4=  H5), 3.23(d, .~
H | B H | gg5(s 1H, HE) 6.4, Jo= 2.0 Hz, 1H, H4") 13.2 Hz, 1H,
H6a) , 3.04
(dd, /= 10.8,
2.100a /= 14.0 Hz,
1H, H6B)
R' | R? Ccl-6’ c1”-6” c1.6" Cc1*6* C4a-8a Cc2-C6
149.02 (C1"), 139.39 (C17), 145.86 (C1""), 145.96 (C1%), 153.38 (C8a),  152.65 (C2), 156.13 (C4),
132.30 (C5"), 128.40 (C3” + 129.87 (C3" + 129.39 (C3* + 139.01 (C7), 30.63 (C5), 32.54 (C6)
o 131.28 (C3)), C5"), 127.49 C5"), 121.60 C5*), 119.44 100.20 (C4a)
124.63 (C6"), (C4”), 125.42 (C4),113.26  (C4*), 112.82 (C2*
119.01 (C2), (C2" +C6") (C2"" +C6"™) +C6%)
116.10 (C4)

237



R! | R? H1%-6’ H1"-6" H1'"-6"" H1*-6* H2,H5,H6 NH (C4)NNH OH
7.33(dd, 4=88, 7.38(d, =80 727( £7.2Hz, 7.21(dd, =80, 821 1H, 935  11.09 Not
4=2.0Hz, 1H,  Hz, 2H,H2" + 2H,H3" +H5"),  4=2.8Hz 2H, H2),436(d, ~ (s (s, IH)  seen
H3),7.21 (m, 1H, H6"),7.02(d, = 693 (t, £7.6Hz, H2*+H6*),7.13 10.4 Hz, 1H, 1H)
) OH),7.13(d, = 88Hz 2H, H3” 2H,H4™),6.75  (t, =8.0Hz 2H, H5),3.22(d, £
H|Br Me| ggp; 1H H2), +H5"),225(s, (d,~84Hz 2H, H3*+H5%, 673  13.6Hz 1H,
6.85 (s, 1H, HY') 3H, Me) H2'" + H6™") (t, £ 6.8 Hz, 2H, Hé6a),
H4*) 3.03 (dd, /=
10.8, /=136
2.100b ’
Hz, 1H, H6p)
R! | R C1'-6’ C1"-6"” c1-6" C1*6* C4a-8a C2-C6
148.77 (C1), 136.37 (C4"), 145.56 (C1""), 145.83 (C1%), 153.06 (C8a),  152.47 (C2), 155.85 (C4),
132.13 (C5), 136.06 (C17), 129.58 (C3"" + 129.02 (C3* + 139.19 (C7), 30.38 (C5), 32.36 (C6)
. 130.90 (C3), 128.67 (C3" + C5"), 121.20 C5*), 118.83 99.99 (C4a)
C|Br Mel 15439(ce) C5") 12515  (C4™) 11299  (C4%), 112.44 (C2*
118.63 (C2), (C2" + C6"), (C2™ +C6™) +C6%)
115.79 (C4) 20.71 (Me)
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2.2. 2-Substituted 1H-imidazole-4-carboxamides

2.1.1 Synthesis of 2-substituted-5-cyano-1-(2-hydroxyaryl)-1 H-imidazole-4-
carboxamides

Diaminomaleonitrile as a precursor for substituted imidazoles and pyrazines

Diaminomaleonitrile (DAMN) is a tetramer of HCN with a central alkene unit substituted by
two amino groups and two nitrile groups. It is generated through polymerization of hydrogen
cyanide, and it was first identified by Webb ef a#** and Bredereck ef a**2. There is a large number
of publications in which DAMN is used as the starting material for the preparation of diverse
heterocyclic with a wide scope of applications***>, Good exemples of these heterocyclic
compounds are pyrazines®*t14  pyrimidines'*>, adenines*>*° purines*>'>!, azepines>?,
pyrroles'** and imidazoles'**>3, In 1979 Ohtsuka reported the preparation of different heterocycles

based on DAMN'*’ (scheme 52).

N
0\
CHO | R
NC. _NH
I 2 @ H,SO, (cat.) NC:[N
—_—
NC~ "NH, /\/R1 DMSO, r.t NC™ "NH,
DAMN 2.2 2.109
H,0,
Na,MoO, (cat.)
QN
\\R1
DDQ or NaOClI I
NC_ _N
H,NOC H I
H,NOC™ ~NH,

2111 2110

Scheme 52: Synthesis of imidazoles 2.111 from DAMN, as proposed by Ohtsuka et a/[adapted from ref.147]

The Ohtsuka's approach involves three steps'”: (i) first, the acid-catalysed reaction
between diverse benzaldehydes and DAMN in DMSO to afford the Schiff base 2.109; (ii) second,

the treatment with hydrogen peroxide in the presence of a catalytic amount of Na.MoQO.**” to give
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selectively the amide 2.110; and (iii) finally, oxidation with dichlorodicyanobenzoquinone (DDQ)
or NaOCI provides 4(5)-cyano-2-phenylimidazole-5(4)-carboxamides 2.111.

In a later publication'*, this approach was further expanded to the synthesis of other
heterocyclic compounds, particularly dihydropyrazines (Scheme 53). The process starts with the
preparation of imines 2.109 by a similar reaction sequence as the one used in the previous
publication (Scheme 52). Then, imines 2.109 are treated with a second benzaldehyde in basic
conditions to yield diimines 2.112 in good to high yield as both a symmetrical or unsymmetrical
structure. An amide group is formed when the second aromatic aldehyde is condensed under the
reaction conditions that were used (triethylamine, room temperature,
ethanol/acetonitrile/benzene). This was explained by an intramolecular nucleophilic addition of the
hydroxyl group in the first carbonyl adduct, intermediate 2.115, to the neighbour nitrile group,

followed by ring-opening process of the obtained intermediate 2.116.

NC.__N Q
I A R!
H,NOC™ N
= | = H
\\ X | R2

NC.__N N EtsN NC._N DMSO, A '
—_—
:[ * X MeOH, EtOH, :[

_OMSO.A .
NC™ "NH;, R? ACN or PhH HoNOC™ °N
| H
-5-20°C NC. N
X R1
2.109 2.2 2112 || I _
R? H,NOC™ N 0
R2
2.114

Q N
YR S
NC |N NG. N
. =~ |
N Z< HN=” NH
HO )
] N @) ’ N
/\R2 pY
Ry
2.115 2.116

Scheme 53: Preparation of dihydropyrazines 2.113 and 2.114 from imines 2.109, as proposed by Ohtsuka et
al[adapted from ref.148]

The authors refer that diimines 2.112 have marginal stabilities, and that they readily
undergo intramolecular cyclization to generate the corresponding dihydropyridines 2.113 and
2.114, which was observed during the attempts to perform purification processes by

recrystallization (Scheme 53). Dihydropyridines 2.113 and 2.114 are easily obtained with high
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yields by heating diimines 2.109 in DMSO for short periods of time (around 10 min). This
methodology allowed the preparation of two distinct dihydropyridine isomers, 2.113 and 2.114
that proved to have distinct physical, chemical and spectroscopic properties, such as different
melting points, solubilities in several organic solvents, and distinct reactivity with, for example,
isocyanates.

To explain this observation, the authors suggested that the cyclization reaction is
substituent-directed, in order to ideally generate the «compound in which the more negatively
charged substituent is located at the "methine" carbon in the dihydropyrazine ring»'*¢. When both
substituents are similar in terms of electronic effect, a mixture of dihydropyrazines 2.113 and
2.114 are obtained. The reaction of imine 2.109 with 4-chlorobenzaldehyde was considered a
borderline case, giving a 6:4 ratio 0of 2.113:2.114.

Another important aspect in the aforementioned work is that no condensation reaction
between imines 2.109 and benzaldehydes containing electron-donating substituents in the para
position (Et:N or Me:N) was observed, as well as between imines 2.109 containing aromatic
moieties substituted with electron-withdrawing groups at the para position (NO, or CN). This was
consistent with the theorical prediction that the NH. group of DAMN has to have the adequate
nucleophilicity to react with aromatic aldehydes, in order to generate compounds 2.112.

The formation of imines 2.112, without intramolecular hydrolysis of the cyano group
occurs at higher temperatures=. Thus, it was suggested that compounds 2.117 could be
synthetized at low reaction temperatures because the aldehyde condensation step (which is
referred by the authors as the rate-limiting step'#¢1%°) is favoured by the intramolecular hydrolysis
the a-cyano group.

The mechanistic explanation for the formation of dihydropyrazines was also discussed in
this work™®, According to the authors, this process is an example of the diaza-Cope
rearrangement1>¢ which is a [3+3]sigmatropic rearrangement, in which the final steps leading
to the formation of 1,6-dihidropyrazines 2.113 or 2.114 would be a substituent-driven
processes™” (Scheme 54). The authors suggest that «the driving factors may be the stability of
the B-cyano-acrylamide partial structure and the increase of conjugation with the aromatic
substituent», since no significant solvent effect was observed when the cyclization of 2.112
(R*=R2= Ph) was carried out in several polar solvents (MeOH, ACN, MeNQ,, acetone, and DMF)42,
Another important phenomenon that was detailed in this publication was that the isomerisation

between cis and frans forms of compounds 2.112, was challenging. It is referred that all the
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attempts to promote a conversion from the cis to frans form failed because the diaza-Cope

rearrangement occurred first, and thus compounds 2.113 and 2.114 were obtained*®.

2114

Scheme 54: Plausible mechanism for the formation of both 1,6-dihydropyrazines 2.113 and 2.114 [adapted
from ref.148]

In a previously published PhD thesis®*, a series of novel imidazoles 2.111 or 2.119 have
been prepared from imines 2.109, which were obtained as previously described (Scheme 55).
The reaction of imines 2.109 with several benzaldehydes in the presence of EtsN at room
temperature afforded imidazoles 2.111 or 2.119 depending on the type of substituents present
on the starting material. Based on the results obtained, the formation of the intermediate 2.118,
resulting from the selective nucleophilic attack of N1 to the sp?carbon of the other imine group, as
was observed experimentally, was proposed.

The present work was an attempt to make use of the vast experience in our research group
on generating new heterocyclic structures from DAMN?23125-127.129151.158 expanding it using the
reaction with other aldehydes, as well as to investigate the reaction mechanism that leads to the
formation of imidazoles 2.119, inclusively in the presence of other hydroxylated aromatic

aldehydes besides the ones used in the literature®®s.
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R2
CHO | R
NCINHZ OH H,S0, (cat) NC:[N OH
+
NC™ "NH; R! DMSO, r.t NC™ “NH;
R2
DAMN 2.2 2.109
R3CHO
Et;N, EtOH
R'=H, R%= OH
Nne R R'=R2= OH
I />_R3 - o R1 B
H,Noc” N b/m
—
2111 NC N o
T
HO H,Noc” N R
NC N - 2.118
T ®
H,Noc” N RI=R'=H
2.119

Scheme 55: Reaction mechanism for the synthesis of compounds 2.111 and 2.119 from imines 2.109
[adapted from ref. 158]

In this section, a set of milestones were defined:

1) Explore the reactivity of compounds 2.109 with different substituents in the aromatic ring,
as well as the mechanistic aspects involving the preparation of imidazoles 2.119,
combining synthetic and computational tools.

2) Evaluate the biological activity of these new compounds against triple-negative breast

cancer, P. falciparum and virulent M. tuberculosis strains.

Synthesis and reactivity of 2-amino-3-(arylideneamino)maleonitriles with aldehydes

The reaction between DAMN and substituted benzaldehydes 2.2 (R*= H) was performed
as previously described by Ohtsuka ef af*¢*¢ in DMSO at room temperature and in the presence
of a catalytic amount of H.SQ.. This rapidly afforded imines 2.109 in an almost quantitative yield

(Table 102).
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Table 102: Reaction conditions and reagents used for the preparation of eneimines 2.109a-h from aldehydes 2.2

and DAMN
=
NC.__NH . c N \\|R1
2 H2S04 (cat) N
NCINHZ - ;R1 DMSO, r.t. NCINHZ
DANN 29 2.109a-h
Entry R! time (min) 1 (%) Entry R? time (min) 1 (%)
2.109a 2-0H 3 97 2.109¢ 3-Cl 5 95
2.109% 2-0H, 5-Br 5 90 2.109f 4-F 6 81
2.109¢ | 2-0H, 3-OMe 3 98 2.109g 4-0H 3 83
2.109d 3-0H 3 83 2.109h 2-OMe 5 90

The H and ©*C NMR spectra of compound 2.109a are presented in Figures 78 and 79
as an example. The 'H NMR of this compound shows three characteristic singlets at 6 10.42 ppm
(OH), 6 8.58 ppm (H1’) and 67 .83 ppm (NH.), while the signal 6 152 ppm corresponding toe the

imine carbon is the most relevant in the *C NMR spectra.

% :

HY’
HO. 2 &
>
1 g
r -
NC.2 N,
|
NC 3 NH,
4 I
OH H
| [ |
|
ll ] Jk{ '

T T T T T T T T T T T T T T T T T T T T T T T
115 110 105 100 95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 1.0 05 ppm

o EREERCR |

Figure 78: 'H NMR (400 MHz, DMSO-ds, 8 ppm) spectrum for compound 2.109a
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SRRt

T T T T T T T T T T T T T T T T T T
180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 ppm

Figure 79: 3C NMR (100 MHz, DMSO-ds, & ppm) spectrum for compound 2.114a

Compounds 2.109 were used as starting material for the preparation of imidazoles
2.119, using similar reaction conditions than those previously reported in the literature (EtsN,
EtOH, r.t.)**8. The results obtained in the reactions with different benzaldehydes with a 2-hydroxyl
substituent, as well as the reaction conditions used, are described in Table 103. When the
reaction involved 2.109a as starting material, for almost all the benzaldehydes (except for
salicylaldehyde, entries 2 and 3 - Table 103), compound 2.119 could be isolated in good to
moderate yield. Using 2.109b as starting material did not afford the desired product 2.119, even
when the reaction was performed under heating conditions (entry 13) or in the presence of different
base catalysts (Et:N, entry 14; DBU, entry 15; NMP, entry 16). This indicates that the introduction
of an electron-withdrawing substituent into the aromatic ring of Schiff base 2.109 drastically

changes its reactivity towards the formation of imidazoles 2.119.
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Table 103: Experimental conditions and results obtained for the reaction of 2.109a,b with different aldehydes

2.2
1 R2
NH, MO~ /|R R2CHO (2.2) 7 OH
NC \CNN SN conditions WNOCH;\TC\%
R1
2.109a (R'= H) 2119
2.109b (R'= 5-Br)
2.109 2.2
Entry 1 2 . base equiv. solvent T t results n
R R .
e (h) (%)
1 H CeHs 1.5 EtsN 2 EtOH rt. 16 2.119a 26
2 H 2-OHCgH4 1.2 EtsN 5 EtOH 0 15 complex
rt. 168 mixture
3 H 2-OHCgH4 1.2 EtsN 2 EtOH 60 6.5 complex
rt 16 mixture
4 H 2-CICeH4 1.2 EtsN 2 EtOH 60 6.5 2.119b 49
rt 16
5 H 2-CICeH4 1.2 EtsN 2 EtOH rt 165 2.119b 42
6 H 2-CICeH4 1.2 EtsN 2 EtOAc rt. 155 2.119b 43
7 H 3-CICeH4 1.2 EtsN 2 EtOH rt. 26 2.119c 74
8 H 2,5-CIC6H4 1.2 EtsN 2 EtOH rt. 17 2.119d 37
9 H C4H30 1.2 EtsN 2 EtOH rt 175 2.119e 33
10 H 4-CNCeH4 1.2 EtsN 2 EtOH rt. 15 2.119f 66
11 H 3-NO,CeHa 1.2 EtsN 2 EtOH rt. 19 2.119¢g 89
12 H 4- 1.2 EtsN 5 EtOH 60 1 complex
N(Me),CeH4 mixture
13 5-Br CeHs 1.2 EtsN 5 EtOH 40 4 2.109b 24
55 24
14 5-Br CeHs 1.2 EtsN 5 EtOH rt. 42 2.109b 48
15 5-Br CeHs 1.2 DBU 2 EtOH rt 090 2.109b 59
drops
16 5-Br CeHs 1.2 NMP 2 EtOH rt. 120 2.109b 44
drops
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A similar study was carried out with substituted imines 2.109c-g (Table 104). For
reactions of 2.109d (R'= 3-OH), under comparable conditions to those that afforded imidazoles
2.119 using 2.109a (R*= 2-OH) were used (Et:N, EtOH, r.t.; Table 103), no evidence of the
formation of the corresponding imidazole 2.119 was observed. Instead, compounds 2.113a and
2.114a were formed through the diaza-Cope rearrangement as referred in the literature. 1,6-
Dihydropyrazines 2.113 or 2.114 were identified in solution and/or in DMSO-ds after heating the
solution containing a mixture of 2.112 and 2.113/2.114, in the NMR tube (Table 104). As a
full characterization could not be performed, it was not possible to distinguish which isomer, 2.113
or 2.114, was formed. These results indicate that not only the presence of the hydroxy group in
the aromatic ring of imine 2.109 is important but also its position is crucial.

Table 104: Experimental conditions and results obtained for the reaction of imine 2.109d with benzaldehydes
2.2, in ethanol and using triethylamine as base

CHO

OH
Q)
OH ”\'R1 |
NH, V@ 2.2 NC.__N
Nc)\(N S :[ ¥

EtN, EtOH  H,NOC™ N

-
eN | H .
= R
[
2.109d 2112 2% 2113 2114

2.2 results n
Entry o equiv. base equiv. T t¢(h) (ratio) (%)
1 H 1.5 EtsN 5 r.t. 2 2.112a 85
2 H 1.5 EtsN 2 rt. 19 2.112a 59
3 2-Cl 1.2 EtsN 5 rt. 0.2 2.112b + 2.113a/2.113a° -
50 2 6/1)
4 2-Cl 1.2 EtsN 2 rt. 19h 2.112b + 2.113a/2.114a (6/1)® -

@By 1H NMR; evolves to 2.113/2.114 when heated for 0.25 hours at 80 °C, in the DMSO-ds sample

Another set of experiments was performed, to better understand the conditions leading to
imidazoles 2.119 (Table 105). These experiments share the same reaction time (96 h) and base
molar equivalents (2 equivalents), and were performed in ethanol, with 2-chlorobenzaldehyde. The
choice for 2-chlorobenzaldehyde comes from the fact that it in a liquid form at room temperature

and allows for a distinctive pattern in the *H NMR spectrum to be identified.
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Table 105: Selection of reactions performed with imine 2.109 and 2-chlorobenzaldehyde (2 equiv.), in the
presence of triethylamine (2 equiv.), in ethanol and at room temperature for 96 h

CHO

cl 2
Q S ~
SR (2 equiv.) o b " NC_ Nk N G] c
NC._N : X TR Ne N R o
- . y
I i HNOC™ N I " I g NN

NG~ “NH Et3N (2 equiv.) 2 | H,NOC H H,NOC™ N )=<

> K@ . N H.NOC CN

EtOH, r.t. |
96 h

2.108 2112 2413 2114 2.119b
ratio

Entry R! results (2.112/2.113+2.114) 1 (%)
1 2-0H 2.119 - 37
2 3-0H 2.112c + 2.113b/2.114b? 1.5/1
3 4-0H 2.112d + 2.113¢c/2.114c* 46/1
4 3Cl 2.113d - 78
5 4F 2.113e/2.114e + undetermined -

contamination

6 2-OMe 2.109h + 2.113f/2.114f 1/2

aBy 'H NMR; evolves to 2.113/2.114 when heated for 0.25 hours at 80 °C, in the DMSO-ds sample

The experiments described in Table 105 reveal that when the reaction was carried out
with 2.109d (R'= 3-OH; entry 2) under similar experimental conditions to those that were used to
synthesize compound 2.119b (entry 1) led to the isolation of compound 2.112c¢ as a yellow
solid, mixed with dihydropyrazines 2.113b and 2.114b in a ratio of 1.5/1 (Figure 80A). When
the sample was heated, in DMSO-ds, a complete evolution to the 1,6-dihydropyrazine 2.113b was
observed (Figure 80B). The same results were obtained when using compound 2.109g (R:= 4-
OH), but in a 2.112d: 2.113c¢/2.114c ratio of 4.6/1 (entry 3 ; Figure 81A). Compound
2.113c was also obtained after heating the mixture in DMSO-ds (Figure 81B).Using halides as
substituents in the aromatic ring, as it is the case of 2.109e (R'= 3-Cl) and 2.109g (R'= 4-F),
similar results were obtained: the formation of either 2.113d (entry 4) or a mixture of
2.113d/2.114d, together with an undetermined contamination (entry 5), allowing the NMR
identification of compound 2.113d. No evidence of the formation of the respective imidazole
2.119 was found. Using imines having an aromatic ring substituted with a 2-methoxy group,
compound 2.109h, no imidazole derivatives were formed, which confirmed that the presence of
a hydroxyl group in this position is essential for the formation of imidazoles 2.119 (entry 6). A
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mixture of the starting material 2.109h, mixed with dihydropyrazines 2.113 and 2.114, in a

ratio of 1/2, was obtained.
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(2.112¢) H.NOG3 NI al 2113b
¥
N
‘ oH
212, ™ S"/l" > A,

OH
(2.113b +
2.114b)
I\
\ H6 (2.113b) 2.114b
1 +H5 (2.114b)
! r
: )
1!
1 i h
: 3
1
I Vi A JL L
N7

OH
5 A%
OH :‘f;, \_HA
n\ N(I.\;l/N:\s/ :~€ 5 !
\ HaN_ A 11/2 5

Ll T - - -

|
.

] Y .

o

vy

CH W el )

y .
T
T
1 .0 55 5.0 4.5 4.0 3.5 3.0 25 2.0 1.5

5 9.0 8.5 8.0 7.5 7.0 6.5

Figure 80: A: 'H NMR (400 MHz, DMSO-ds, § ppm) spectrum of the product obtained from the reaction of
2.109c with 2-chlorobenzaldehyde (1.2 equiv.), in EtOH and at r.t. (96 h), in the presence of EtsN (2 equiv.).
Several signals were highlighted for compounds 2.112c (red circles) and compounds 2.113b and 2.114b (blue
circles) (entry 2 - Table 105); B: *H NMR (400 MHz, DMSO-ds, § ppm) spectrum of the same product after heating
the sample at 80 °C for 0.5 h, with a full conversion to 2.113b
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Figure 81: A: 'H NMR (400 MHz, DMSO-ds, & ppm) spectrum of the product obtained from the reaction of
2.109g with 2-chlorobenzaldehyde (1.2 equiv.), in EtOH and at r.t. (96 h), in the presence of EtsN (2 equiv.).
Several signals were highlighted for compounds 2.112d (red circles) and compounds 2.113¢ and 2.114c (blue
circles) (entry 3 - Table 105); B: *H NMR (400 MHz, DMSO-ds, & ppm) spectrum of the same product after heating
the sample in the NMR tube. Several signals were highlighted
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Compound 2.113d was identified by NMR spectroscopy. The most representative peaks
in the 'H NMR spectra are the two signals at 6 8.87 and 6.28 ppm, corresponding to the NH group
and H6, respectively (Figure 82A). In the *C NMR spectra highlights the signals at 6 162.18
ppm (CONH,) and 48.76 ppm (C6), confirming the presence of the dihydropyrazine, supported by
the correlation spectra. The correlation experiments allowed to distinguish which tautomer, 2.113

or 2.114, was present (in this case, 2.113d) (Figure 82B).
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Figure 82: A: 'H NMR (400 MHz, DMSO-ds, 8 ppm) spectrum obtained for compound 2.113d, with some signals
highlighted (black circles); B: 13C NMR (100 MHz, DMSO-ds, 8 ppm) spectrum of the product obtained compound
2.113d, with two signals highlighted (black circles)
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Altogether, only imines containing a 2-OH-substituent in its aromatic ring afford imidazoles
2.119. The reaction yield is not substantially modified by increasing the reaction time, since
stirring for 16.5 h gave 42% yield while 37% was achieved for 96 h. These results indicate that it is
not the electronic effect of the aromatic ring that promotes cyclization to imidazoles 2.119, as
both ortho and para substituted imines 2.109a and 2.109d should, theoretically, afford this

product is this was the case (Scheme 56).

.t HyN__CN H,N._CN H,N.__CN H,N__CN
¢ P X T
N =
CN —— @%” CN R @N CN g”

HO, o
2.109a 2.109g

Scheme 56: Theoretical tautomeric forms of orth0 2.109a and para substituted imines 2.109g

Compound 2.113d was identified by NMR spectroscopy. The most representative peaks
in the *H NMR spectra are the two signals at § 8.87 and 6.28 ppm, corresponding to the NH group
and H6, respectively (Figure 82A). In the *C NMR spectra highlights the signals at 6 162.18
ppm (CONH,) and 48.76 ppm (C6), confirming the presence of the dihydropyrazine, supported by
the correlation spectra. The correlation experiments allowed to distinguish which tautomer, 2.113

or 2.114, was present (in this case, 2.113d) (Figure 82B).

Based on these results, it became clear that imidazoles 2.119 were obtained from imines
bearing a 2-hydroxyl moiety in the aromatic ring, except for 2.109b (R'= 5-Br). A common feature
of all diimines 2.112 obtained, either as pure products or in mixtures, is that heating the sample
in DMSO-ds accelerates the formation of dihydropyrazines 2.113/2.114. For hydroxylated
compounds 2.112a-c, no evidence of the formation of dihydropyrazines 2.113/2.114 was
found, indicating that presence of the 2-hydroxy moiety may be preferably promoting the formation

of imidazoles 2.119 rather than of compounds 2.113/2.114.

In the following studies, only compounds 2.109a and 2.109¢ were employed as starting
materials for the synthesis of imidazoles 2.119. A selection of compounds 2.113 was also
prepared, but only for characterization and confirmation of the conclusions that were referred

above.

252



Chapter 2
Synthesis of 2/4chromene, 4 Hchromene and 1Aimidazole-4-carboxamide derivatives

Synthesis of 2-substituted 5-cyano-1-(2-hydroxyaryl)-1 Aimidazole-4-carboxamides

and cyano-5,6-diaryl-1,6-dihydropyrazine-carboxamides

Based on the studies presented in the previous section, a methodology to prepare 2-

substituted 5-cyano-1-(2-hydroxyaryl)-1 Aimidazole-4-carboxamides has been designed and

optimized. The reaction sequence involves the preparation of compounds 2.109a (97% yield) and

2.109c (98% yield), and the subsequent reaction with diverse benzaldehydes in ethanol at room

temperature, and in the presence of 2 equivalents of triethylamine. A wide variety of benzaldehydes

could be used, containing either electron-drawing or electron-donating substituents. The reaction

conditions leading to compounds 2.119 are summarized in Table 106.

Table 106: Reaction conditions for the synthesis of imidazoles 2.119a-q

1
HO._ /R EtsN (2 equiv) PR OH
NH, | + ) NZN
Ne RZCHO ———— o 7N
NC XY X EtOH, rt
H,NOC N N\
CN R
2.2
2.109a (R'= H) (1.2-2 equiv) 2.119a-p

2.109c¢ (R'= 3-OMe)

Entry Structure t(h) mn(%)| Entry Structure t(h) m (%)
2.119a @ 16 26 2.119e /j? 175 33
H2NOC b H2NOC j
2.119b NiN 16.66 42 2.119f E/? 15 66
00
H2NOC
H,NOC
0N
2.119c 26 74 2.119g 17 89
H2NOC b H2NOC b
2.119d 17 37 2.119h (/? o5 3]
H2NOC
2.119i

%? "
19 73 2.119n N7 N/\©/ 66 49
H2NOC
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Br

OH

o»?
2.119 N(PN o 15 54 | 21190 h}/zzl/\é/om 68 51
H2N0C>:<C/N\© raNoe N

F /—Q
1 o
OH
2.119k u«@ 1866 65 | 2119p NN jOH 17.5 28
H,NOC® ©N HZNOCHCN

(/? OMe
2.1191 el 13 a3 | %1194 O‘ 16 54

OH

H,NOC' CN
SRS
H2NOCHCN

2.119m “”eoi oH 18 40

H,NOoC© N

Synthesis of cyano-5,6-diphenyl-1,6-dihydropyrazine-carboxamides

Dihydropyrazine 2.113d was synthesized in 78% yield from imine 2.109e and 2-
chlorobenzaldehyde by stirring in the presence of 2 equivalents of EtsN and using ethanol as solvent
via a diaza-Cope rearrangement (Scheme 57). Dihydropyrazine 2.113b was characterized by 'H
NMR after heating a solution of a mixture of 2.112¢ and 2.113b/2.114b in a ratio of 1.5/1 in
DMSO-de (entry 2 - Table 105).

CHO
cl
cl
Cl (2 equiv.)
NH
2 Nv@ EtsN (2 equiv.) NC._ N O
o X
CN EtOH, r.t., 96 h H,NOC H O
78% cl

2.109e
2.113d

Scheme 57: Synthesis of dihydropyrazine 2.113d from imine 2.109e and 2-chlorobenzaldehyde

Physical, analytical and spectroscopical characterization

The structure of 2-amino-3-(arylideneamino)maleonitriles 2.109a-h, cyano-5,6-diphenyl-

1,6-dihydropyrazine-carboxamides 2.113b,d and 2-substituted 5-cyano-1-(2-hydroxyaryl)-1+
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imidazole-4-carboxamides 2.119a-p was assigned on the basis of their physical, analytical, and
spectroscopic data (elemental analysis, meting point, IR, *H and *C NMR). This information is

presented in the following section.

Physical and analytical characterization

The molecular formula and molecular weight were determined based on the information
obtained from the elemental analysis results, and are presented, along with the respective melting
point values (°C), in the following Tables 107-109. The elemental analysis for some of the

prepared compounds 2.109 were obtained from the literature®*®.

Table 107: Physical and analytical data obtained for compounds 2.109a-h

calculated
Compound  structure Mp (°C)  molecular formula/ /obtained values (%)
mass (M) c H N 0
2.109a’ NG IN OH 240 (dec.) C11HsN40.0,9 H,0/ 58.6 3.6 24.4 7.54
oK 208.41 583 35 247 -
Br
2.109b | 210 (dec.) C11HsBrN,O/ 4539 242 1925 550
NC:[N OH 29110 - —_ _ -
NC” NH,
OMe
2.109¢c NCIIN OH 221 (dec.) C12H10N40,/ 59.50 4.16 23.13 13.21
NC” NH, 242.23 - - - -
K©\0H
2.109d NCIL‘ 207-209 C11HsN40.0,6 H,0 / 59.8 3.5 25.0 7.54
NC™ “NH, 22301 59.6 3.3 25.3 -
‘/©\C|
2.109e NC:[IN 213-215 C11H7CINg/ 57.28 3.06 24.29 -
NC” NH, 230.65 - - - -
pey
2.109f NC l 225-227 C11H7FN4/ 61.68 329 887 26.16
ne 214.20 - - - -
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2.109g' | . U 220 (dec)  CuHsN4O.19H,0/ 540 42 228 754
X 244,63 541 40 229 -
NC” ~NH,

2.109h we. & dwe 188190 C1,H10N40/ 63.71 4.46 2476 7.07
- lNH2 226.23 - - - -

data obtained from ref. 158

Table 108: Physical and analytical data obtained for compounds 2.113b,d

calculated

Compound structure Mp (°C) molecular formula/ /obtained values (%)
mass (M) c H N 0

OH
2.113b: ":‘;[N - C18H13CIN4O2/ 61.28 3.71 1588 9.07
HoN N 352.77 - - - -

SDe

Cl
2.113d HN“:;[N\ O 197 (dec.) C18H12CI2N40O/ 58.24 3.26 15.09 431
TN 371.22 - - - -

o Cl

1dentified in DMSO-ds sample test tube

Table 109: Physical and analytical data obtained for compounds 2.119a-q

calculated
Comp. structure Mp  molecular formula/ /obtained values (%)
(°C) mass (M) C H N 0
2.119a @ oH  202-  CigHuN40,.025H,0/ 67.03 449 17.37 10.50
N”'N 204 67.13 5.00 17.32
Hb 322.83
H,NOoC© N
2.119b c 1 oH 230 CagH13CINAO,/ 6128 371 1588 9.07
N7N 232 35277 6157 362 1607 -
HZNOCHC/N\©
Cl
2.119¢ i oH 230 C1sH13CINO,/ 6128 371 1588 9.07
N7 N dec. 6126 362 1607 -
Hb (dec.) 352.77
H,NOC N
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o

2.119d 225 CasH1:CLNA0,/ 5583 3.12 1447 826
b 207 387.22 5574 3.19 1441 -
H2NOC
2.119¢ ? 227- CasH1NJ0s/ 62.33 392 1817 1557
o 1 j 229 308.29 6215 397 1809 -
2.119f >300  CioHisNs0,.0.56H,0/ 6477 397 19.88 9.32
351.34 6493 390 1994 -
H2NOC /\®
OoN
2.119¢ ; >300 CagH1sNsOa/ 5950 3.61 19.28 17.61
b 367.33 - - - -
H2NOC
2.119h 208 CigHisCIN.O.H,0/ 5831 408 1511 12.94
210 370.79 5844 406 1500 -
H2NOC b
2.119i ; 220- C1gH13BrN.O,/ 5443 330 1410 8.06
b 222 397 23 5473 327 1398 -
H2NOC
2.119;j 174 CigHisBrNJ0,.0.7H,0/ 5275 354 13.67 10.54
175 409 84 5257 388 1339 -
H2NOC /\®
2.119k ; >300 CagH13FNLO,/ 6428 390 1666 9.51
b 336.32 6434 379 1671 -
H2NOC
2.1191 %\5 238 CioHiNs0,.0,5H,0/ 66.85 502 16.41 11.72
;«@ 239 34137 6675 501 1661 -
H,NOC
2.119m ; 212- CioH16N405/ 6551 463 1608 1378
b 214 348.36 6590 482 1632 -

H2NOC
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O,N
2.119n E o 203 C1sH1sNs0s/ 58.01 3.84 17.80 20.34
Hb © 205 393.35 58.24 392 17.72 -
H,NOC CN
2.119% | © K 260 C1oH15CINO3/ 50.61 395 14.64 12.54
—b 262 382.80 59.98 411 1493 -
H,NOC©  CN
/0
O,
2.119p . 212 CiHuN,O.H:0/  61.03 412 1499 17.66
N/_.mé 214 376.40 60.73 443 1476 -
H,NOC  CN
OMe
2.119q (] 142 CpsHisNs02.0.25H,0/ 6850 4.59 13.89 12.90
O 144 402.91 68.78 523 1369 -
OH
0
HZNOCHCN

IR spectroscopy

The IR spectra of compounds 2.109 show several characteristic bands for the NH
stretching vibration of both NH and NH, groups (Table 110). The CN stretching vibration of the
cyano group appear as two bands, one intense and another with a medium intensity, in the 2200-

2250 cm region.

For compounds 2.113, the IR spectra show the NH/NH: stretching vibrations bands in
the 3188-3461 cm* region (Table 111). The band corresponding to the cyano group appears at
around 2210 cm?, while the carbonyl CO stretching vibration band is identified as an intense band

in the 1672-1701 cm* region.

In the IR spectra of compounds 2.119 highlight the bands in the 3177-3477 cm region
corresponding to the NH and OH stretching vibrations (Table 112). A single medium intensity
band for the stretching vibration of the cyano group appears in the 2224-2238 cm region. The

carbonyl group leads to an intense band in the 1666-1686 cm region.

258



Chapter 2
Synthesis of 2/4chromene, 4 Hchromene and 1Aimidazole-4-carboxamide derivatives

2 74 | 4'
a ! 5
-
NC:2[N 1
|
Table 110: IR spectroscopic data (Nujol, cm™) obtained for compounds 2.109a,h NC”3 "NH;
Compound R! 4000-3000 2300-2000 1700-1500
2.109a 2-0OH 3417m, 3309s, 3194m 2233m, 1630s, 1603s, 1562m
2250s
2.109b 2-0H, 5-Br  3402m, 3301s, 3199m 2247m, 1631s, 1599s, 1550m
2210s
2.109c 2-0H, 3- 3408s, 3324s, 3208sm 2245m, 1645s, 1602s, 1589m,
OMe 2205m 1526sm
2.109d 3-0OH 3409s, 3301s, 3202m 2233m, 1623s, 1587m, 1561w
2199s
2.109e 3-Cl 3422s, 3297s, 3160m 2233m, 1621s,1606s, 1573m
2212s
2.109f 4-F 3427m, 3403m, 3314s, 2243m, 1616s, 1601s, 1571m
3296s 2201s
2.109g 4-0H 3463m, 3396m, 3357s 2240s, 1611s, 1593s, 1556m
2202m
2.109h 2-0Me 3425s, 3405s, 3299s, 2246m, 1602s, 1561sh
3172m 2201s

Table 111: IR spectroscopic data (Nujol, cm™) obtained for compounds 2.113a,b

Compound R? R? 4000-3000 2300-2000 1700-1500
2.113b 3-0H 2-Cl 3475w, 3270m 2205s 1672s, 1602sm,
1558m, 1533m
2.113d 3-Cl 2-Cl 3461m, 3272w, 2208w 1701s, 1590b, 1539m
3188b
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2p1
&
Table 112: IR spectroscopic data (Nujol, cm™) obtained for compounds 2.119a-0 H,NOC CNGI =y

Compound R! R? 4000-3000 2300- 1700-1500
2000
2118 3473m, 3365m.  2231m 1686m (C=0), 1669m,
-119a H H 3328m 1591m, 1559sm, 1542sm.
1508sm
2.119b H 2-Cl 3477m, 3348m 2238m  1668s (C=0), 1599s, 1502sm
_ 3479m. 2233m 16855 (C=0), 1670m,
2:119¢ H 3cl 3369m,3331m 1590m, 1511m
_ 3477m, 3370m.  2233m 16665 (C=0), 1585m,
2.119d H 250 o e on
3394sm. 3344m,  2230m. 1679s (C=0), 1597m,
2.119f H 4CN 3281sm, 3203sm 2224m 1561sm, 1507sm
] 3400m, 3352sm,  2228m 16855 (C=0), 1604s,
2119 Hoo N0 ogeam, 3177m, 1558sm, 15225

3605m, 3513sm, 2230m  1688s (C=0), 1604s, 1507sm

2.119h H 4C 3439m 3353sm,

3286sm
2.119i H 3B 3477m, 3367s 2233m 1683m, 1668s (C=0), 1591s,
1510sm
e 3633sm, 3429m, 2224m  1687s (C=0), 1601s, 1508sm
-119) H ABr 33506m, 3282sm,
3183m
] 3489m, 3379m, 2233m 1687m, 1672s (C=0), 1591s,
2.119k H 3F 3332m 1558sm, 1520sm, 1509sm
3458m, 3295m, 2233m 1658s (C=0), 1597s,
21191 H 4l 3239m, 3176sm 1558sm, 1541sm, 1527sm,
1509sm

2.119m H 2-OMe 3448m, 3332m 2231Im 1684m, 1668s (C=0), 1597s,

1520sm
2115 3483s, 3448m. 22265 1683s (C=0), 1674s, 1593s,
:119n 1 30Me  3NO> 33756 3004m 15365
3075w
3487m, 3373m  2232m 1677s (C=0), 1592s,

2.1190 |30Me 2l 1550sm, 1526sm

260



Chapter 2
Synthesis of 2/4chromene, 4 Hchromene and 1Aimidazole-4-carboxamide derivatives

R
1 a OH
N)\N 2,
Table 113: IR spectroscopic data (Nujol, cm") obtained for compounds H NO(.‘:?‘ — ’%NSI
2 4
2.119e,p,q 5
Compound R 4000-3000 2300- 1700-1500
2000
2.119%e Fﬁﬁ 3445s, 3335s 2234s 1675s (C=0),
/ 1659s, 1596s,
1514s

2.119p Hﬁ@[% 3581m, 3482sm, 3433m, 3351sm, 2227s 1688s (C=0),
0 3266sm, 3187m 1603s, 1499m

2.119q ~ 3466s, 3347sm, 3278sm, 3169m,  2226s 1683s (C=0),
OMe 3060sm 1627s, 1603s,
1530sm

NMR spectroscopy

In relation to the 'H NMR spectra, compounds 2.109 can be identified by two
characteristic singlets, one at around & 7.64-8.09 ppm, assigned to the NH- group, and the other
at around & 8.14-8.59 ppm, assigned to Ha (Table 114). In the 3C NMR spectra, the signals of
the C2 (6 102.26-103.55 ppm) and C3 (6 114.36-114.72 ppm) allow for a clear identification of
the structure. The two cyano groups, linked to C2 and C3, present a slightly different chemical
shift, with C2-CN appearing at around 6 113.72-114.00 ppm and C3-CN at 6 126.08-126.98 ppm.
Ca appears at around § 149.82-155.36 ppm (Table 115). By HMBC, C2 correlates to Ca and to
the cyano groups, while C3 only correlates to the cyano groups. Ha also correlates with C2, C1’

and C2'/C6'.

The NMR spectra of compounds 2.113 has two characteristic singlets at around 6 8.49-
8.87 ppm (H1) and 6 6.16-6.28 ppm (H6) (Table 116). The NH. moiety of the amide group
appears as two singlets, at around & 8.14-8.01 and § 7.99-7.93 ppm. The most distinguishable
signals of their *C NMR spectra are the signals around & 144.00-145.46 ppm (C5), 6 140.61-
141.69 ppm (C2), 6 118.95-119.06 ppm (CN), & 95.58-97.11 ppm (C3), § 49.65-50.85 ppm
(C6) and & 162.18-162.34 ppm (amide carbonyl) (Table 117). Compounds 2.113 present

correlations of and of H1 correlates to the amide carbonyl carbon and C6 correlates to C2.
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The NMR spectra of compounds 2.119 can be pinpointed by their specific singlets at
around & 5.0-5.7 ppm (Ha, CH, group) and the OH group, which appears in an interval between &
9.0-10.8 ppm (Tables 118 and 119). Compounds 2.119 can easily be identified by 13C NMR
for the signals at around 50-45 ppm of the Ca moiety, that correlates to C1, C3, C1’,C2" and C6'.
The NH, moiety of the amide group correlates to C4. Lastly, the Ca moiety correlates to C1, C3,

Cl'and C2'/C6’ (Tables 120 and 121).
(2 Ry

NC
Table 114: 'H NMR (400 MHz, DMSO-ds, & ppm) spectroscopic data obtained for
compounds 2.109a-h NC NHz
Comp. R! Ar(H1’-6’) OH Ha NH,
8.03 (dd, /= 8.0, /o= 1.6 Hz, 1H; H6’), 7.32 (dt, 10,41 8.58(s, 7.86
2.109a | 2-0H 4= 8.0, /= 1.6 Hz; 1H; H4'), 6.92 (dd, /= 8.0, (s, 1H) (s,
4=0.8 Hz; 1H, H3'), 6.88 (t, .~ 7.6 Hz, 1H; H5') 1H) 2H)
2.109h 2-0H, 8.30(d, £2.4Hz IH,H6'), 7.43 (dd, s=8.8Hz, 10.65  8.49 8.02
: 5Br  =2.8Hz 1H, H4), 6.88 (d, /= 8.8 Hz, 1H; H3') (s, (s, 1H) (s,
1H) 2H)
Al 2-0H, 7.61(dd, 4=7.6, /o= 1.2 Hz, 1H, H6"), 7.06 (dd,  9.86 8.59 7.84
U9C 1 30Me  4=7.6, b= 1.2Hz, 1H, H4), 6.83 (t, £80Hz, (s, (s, 1H) s,
1H, H5'), 3.83 (s, 3H, OMe) 1H,) 2H)
ol oo 7.44 (d, /= 7.6 Hz, 1H, H6"), 7.37 (t, /= 2.0 Hz, 9.64 8.16 7.88
: i 1H, H2'), 7.26 (t, = 8 Hz, 1H, H5'), 6.90 (ddd, /1= (s, (s, 1H) (s,
8.0 Hz, b= 2.4 Hz, /i= 0.8 Hz; 1H, H4') 1H) 2H)
8.18 (d, £ 1.6 Hz, 1H, H2'), 7.86 (dd, 4= 7.2, /= 8.21 8.09
R 3C 2.4 Hz,1H, H6'), 7.49 (dd, /= 8.0, J= 1.6 Hz, 1H, . (s, 1H) (s,
H4'), 7.45 (t, /= 8.0 Hz, 1H, H5) 2H)
8.10 (dd, Ji= 8.8, b= 2.4 Hz, 2H, H2' + HE'), 7.29 8.24 7.93
coiiteil | (dt, /= 8.8, b= 2.0 Hz, 2H, H3' + H5') . (s, 1H) (s,
2H)
o Lo 7.86 (dd, /1= 6.8, b= 1.6 Hz, 2H, H2' + H6'), 6.83 10.21  8.14 7.64
1098 (dd, 4= 6.8, /= 2.0 Hz, 2H, H3' + H5') (s, (s, 1H) (s,
1H) 2H)
8.24 (dd, /= 8.0 Hz; o= 1.6 Hz, 1H; H6'), 7.46 8.59 7.86
2.109h | 20Me  (dt, /= 8.4 Hz: /o= 2.0 Hz, 1H, H4), 7.10 (d, £ ) (s, 1H) (s,
8.0 Hz, 1H, H3'), 7.00 (t, .~ 7.6 Hz, 1H, H5'), 3.87 2H)
(s, 3H, OMe)
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Table 115: 3C NMR (100 MHz, DMSO-ds, § ppm) spectroscopic data obtained for compounds 2.114a.h

Comp. R Ar(H1'-6") C2CN C3CN Ca c2 c3
p114a | sy 1915(C2),13332(C4), 11400 12605 15287 103.44 11458
-114a | 200 19892 (c6), 121.24 (C1)),
119.44 (C5'), 116.42 (C3)
21148 157.15 (C2'), 135.15 (C4'),  113.88 12677 149.88 103.06 114.45
. 20H, 12993 (C6), 123.72 (C1)),
5Br 11861 (C3), 111.25 (C5)
p114c | pop  14801(C3),14788(C2), 11395 12608 15284 10334 11453
Ll 3_oH’ 12154 (C1'), 120.15 (C6),
OMe 119,07 (c5'), 114.73 (C4))
21144 157.65 (C3'), 136.81 (C1'), 11379 126.83 15536 102.69 114.42
: 30H 12968 (C5'), 120.26 (C6),
118.76 (C4'), 115.74 (C2)
»114 137.70 (C1), 134.00 (C3), 11377 127.81 153.48 10226 114.36
-114e | 3Cl 13717 (ca), 130.70 (C5),
128.39 (C6'), 127.65 (C2')
p11af | ap 1628500 249tz C8),
| 136.25(d, ~3Hz,Cl'), 11372 12698 15373 102.47 114.37
131.37 (d, = 9 Hz, 2H, C2’
+C6'), 115.83 (d, /=22 Hz,
C3' +C5))
2114 161.00 (C4), 131.24 (C2' + 11395 12694 15514 103.46 114.72
-1184g | 40H 06 19645 (C17), 115.73
(C3' +C5)
159.10 (C2'), 133.44 (C4'), 11400 12658 150.07 10355 114.55
2.114h | 2-OMe

(
127.69 (C6'), 123.55 (C17),
120.71 (C5'), 111.95 (C3)),
55.86 (OMe)
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Table 116: 'H NMR (400 MHz, DMSO-ds, & ppm) spectroscopic data obtained for compounds 2.113b,d
3

Compound R! R? Ar(H1'-6’) Ar(H1"-6") H1 H6 CONH,

9.62 (s, 1H, OH), 7.22 (t, = 2.0 Hz, 1H, 7.55 (dd, A=7.6 Hz, /o= 1.2 Hz, 1H, H3"), 7.37 866(d, 6.16(d, 8.06 and

2.113b | 3- 2= H2),7.18(t £80Hz 1H,H5), 7.07 (dd,  (dt, /i=7.6 Hz, /= 1.6 Hz, 1H, H4"), 7.31 (dt, <28  ~28 7.94 (s,

OH ClI 4=76, /=1.6Hz 1H, H6'), 6.78 (dd, sh=  4=7.6, /o= 1.6 Hz, 1H, H5"), 7.07 (dd, 4= 7.6, Hz, 1H)  Hz, 1H) 2H)
8.0, /o= 2.5 Hz, 1H, H4) 4=1.6 Hz, 1H, H6")

7.77 (t, = 1.6 Hz, 1H, H2'), 7.62 (dt, h=  7.54 (dd, 4=8.0 Hz, /= 1.6 Hz, 1H, H3"), 7.46

2.113d | 3= 2= 7.6, /=16Hz 1H, H6), 7.41(d, £7.6 Hz, (dt, 4=8.0Hz, L= 1.6 Hz, 1H, H4""), 7.32 (dt, 887 (s, 6.28(s, 8.14and

Cl Cl 1H, H4'), 7.37 (dt, ~= 7.6, h=2.0Hz, IH,  4=7.2, h=1.2 Hz, 1H, H5"), 7.16 (dd, 4=7.6 1H) 1H) 7.99 (s,
H5") Hz, /= 2.0 Hz, 1H, H6") 2H)

Table 117: 3C NMR (100 MHz, DMSO-ds, & ppm) spectroscopic data obtained for compounds 2.113b,d

Compound R! R? Ar(C1-6’) Ar(C1”-6") C2 C3 C5 C6 CN CONH;
3-  2- 157.58(C3),136.07 (C1"), 129.81 135.40 (C1"), 131.42 (C2"), 130.61 140.61 96.24 14520 48.65 119.06 162.30
2.113b OH CI  (C%),117.83(C4’), 117.13 (C6), (C4”), 130.27 (C3"), 129.36 (C6"),
112.88 (C2') 128.10 (C5")
3-Cl  2- 136.90(C3), 133.67 (C1'), 130.79  135.55(C1"”), 131.29 (C2"), 130.29 141.69 9558 144.00 48.79 11895 162.18
2.113d Cl  (C5'), 130.69 (C4), 125.87 (C2'), (C37), 130.09 (C4”), 129.57 (C6"),
124.80 (C6') 128.29 (C5")
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Table 118: :H NMR (400 MHz, DMSO-ds, 6 ppm) spectroscopic data obtained for compounds 2.119

Comp. R? R? Ar(H1’-6’) Ar(H17-6"") Ha CONH; OH
7.11 (dt, 4= 8.0, /o= 1.6 Hz, 1H, H4), 7.60 (dd, /= 7.6, = 1.6 Hz, 2H. H2" + H6"), 5.28 7.80(s, 1H), 9.91
2.119a H H 6.80 (dd, /4= 8.0 Hz, b= 0.8 Hz, 1H, H3'),  7.50 (t; £ 8.0 Hz; 1H, H4"), 7.48 (dt, 4= 7.6, h= (s,  7.65(s, 1H) (s,
6.70 (dt, /i= 7.6, /o= 1.2 Hz, 1H, H5"), 1.2Hz; 1H, H3” + H5") 2H) 1H)
6.56 (dd, /= 7.6, = 1.6 Hz, 1H, H6')
7.06 (dt, /= 8.0, o= 0.8 Hz, 1H, H4'),  7.57 (t, = 7.6 Hz, 1H, H4”), 7.55 (dd, /4= 7.6, b=  5.09 7.80 (s, 9.81
2.119b H e 6.71 (dd, /= 8.0, /o= 0.8 Hz, 1H, H3), 2.0 Hz, 1H, H3"), 7.45 (dt, 1= 8.0, /o= 1.6 Hz, (s, 1H), 7.61 (s,
6.58 (dt, /i= 7.6, o= 0.8 Hz, 1H, H5'), 1H, H5™), 7.43 (dd, /= 8.0, s= 2.0 Hz, 1H, H6"")  2H) (s, 1H) 1H)
6.49 (dd, /= 7.6, /= 1.2 Hz, 1H, H6)
7.11 (dt, /1= 8.8, /o= 1.6 Hz, 1H, H4'), 7.68 (t, £ 1.6 Hz, 1H, H2"), 7.57 (dt, A=8.4 Hz,  5.31 7.83 (s, 9.98
2.119¢ H 3C| 6.78 (dd, .~ 8.0, /o= 0.4 Hz, 1H, H3"), J=1.2 Hz, 1H, H5"), 7.53 (d, .~ 8.4 Hz, 1H, (s, 1H), 7.65 (s,
6.70 (dt, /1= 8.0, /o= 0.4 Hz, 1H, H5'), H6™), 7.51 (d, ~ 8.0 Hz; 1H, H4") 2H) (s, 1H) 1H)
6.65 (dd, 4= 7.6, Ji= 1.2 Hz, 1H, H6')
7.07 (m, 1H, H4'), 6.70 (d, = 7.6 Hz, 1H,  7.60 (dd, /i= 8.8, /o= 2.4 Hz, 2H, H3"), 7.57 (d, =  5.09 7.76 (s, 9.47
2.119d H 2,5Cl H3),6.58 (d, ~8.0Hz; 1H, H6'), 6.57 (d, 8.4 Hz, 1H, H4"), 7.50 (d, & 2.4 Hz, 2H, H6") (s, 1H), 7.57 (s,
J=8.0 Hz, 1H, H5) 2H) (s, 1H) 1H)
7.10 (m, 1H, H4'), 6.76 (d, .~ 8.0 Hz, 1H, 7.97 (d, /= 8.0 Hz, 2H, H3"" + H5"), 5.32 7.84 (s, 9.91
2.119f H 4CN H3'), 6.68 (d, £ 4.4 Hz, 2H, H5' + H6') 7.81 (d, = 8.0 Hz, 2H, H2" + H6") (s, 1H), 7.67 (s,
2H) (s, 1H) 1H)
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7.10 (dt, 1= 8.0, /i= 1.6 Hz, 1H, H4), 8.43 (d, £ 2.0 Hz; 1H, H2"), 8.36 (dd, A= 8.0, 5.35 7.88 (s, 9.86
2.119g 3-NO, 6.74 (d, = 7.6 Hz, 1H, H3), J=0.8 Hz; 1H, H4""), 8.05 (dd, /4= 8.0, .= 0.8 (s, 1H), 7.68 (s,
6.73 (d, £ 7.6 Hz, 1H, H6), Hz, 1H, H6"), 7.79 (t, £ 8.0 Hz; 1H, H5") 2H) (s, 1H) 1H)
6.68 (dd, /i= 7.6, /o= 0.8 Hz, 1H, H5))
7.10 (dt, /1= 8.0, o= 0.8 Hz, 1H, H4), 7.63 (dd, /= 8.8, /o= 2.0 Hz, 2H, H2" + H6"), 529  7.81(s, 1H), 9.90
2.119h 4C 6.78 (dd, /= 8.0, /o= 0.4 Hz, 1H, H3)), 7.57 (dd, /= 8.8, /o= 2.0 Hz, 2H, H3" + H5") (s, 7.65(s,1H) (s,
6.69 (dt, /1= 7.2, = 0.8 Hz, 1H, H5), 2H) 1H)
6.52 (dd, /i= 7.6, /o= 1.2 Hz, 1H, H6")
7.11 (dt, /1= 8.0 Hz, b= 2.0 Hz, 1H, H4"), 7.83(d, .~ 1.6 Hz, 1H, H2”), 7.71 (dd, A= 8.0 Hz, 5.31 7.84 (s, 9.92
2.119i 3-Br 6.79 (d, = 8.0 Hz, 1H, H3'), J=0.8 Hz, 1H, H6”), 7.60 (dd, /= 8.0, A= 1.2 (s, 1H), 7.65 (s,
6.71 (dt, 4=7.6, /o= 1.2 Hz, 1H, H5’), Hz, 1H, H4""), 7.44 (t, ~ 8.0 Hz, 1H, H5") 2H) (s, 1H) 1H)
6.67 (dd, /1= 7.6 Hz, /o= 1.2 Hz, 1H, H6')
7.11 (dt, 4= 8.0, o= 1.6 Hz, 1H, H4'),  7.71(dd, /i= 7.6, /o= 2.0 Hz, 2H, H3"+H5"), 7.56 527  7.81(s, 1H), 9.89
2.119j 4Br 6.78 (dd, /1= 8.0, /o= 0.4 Hz, 1H, H3"), (dd, /= 8.8, J/i= 2.0 Hz, 2H, H2"" + H6") (s, 7.66(s, 1H) (s,
6.69 (dt, /1= 7.6, J= 0.8 Hz, 1H, H5'), 2H) 1H)
6.62 (dd, = 7.6, /= 1.6 Hz, 1H, H6)
7.11 (dt, /= 8.0, o= 1.6 Hz, 1H, H4'),  7.53 (dd, /i= 6.4, /o= 2.0 Hz, 1H, H5"), 7.45 (ddd,  5.33 7.82 (s, 9.90
2.119k 3F 6.79 (dd, /1= 8.0, /o= 0.8 Hz, 1H, H3"), Ji=6.8, = 2.4, /= 1.6 Hz, 2H, H2", H6"), 7.37 (s, 1H), 7.67 (s,
6.69 (dt, /i= 7.6, /o= 1.2 Hz, 1H, H5'), (ddt, /i= 8.0, o= 2.4, Ji= 1.2 Hz, 1H, H4") 2H) (s, 1H) 1H)
6.64 (dd, = 7.6, /= 1.6 Hz, 1H, HE)
7.07 (dt, /1= 7.6, /= 0.8 Hz, 1H, H4), 7.40 (dt, 4= 7.6, /o= 1.2 Hz, 1H, H3" or H5"), 5.07 7.76 (s, 9.82
2.119I A-Me 6.72 (dd, /= 8.0, /»= 0.8 Hz, 1H, H3'), 7.35 (dd, /= 8.0, o= 1.6 Hz, 1H, H2" or H6"), (s, 1H), 7.59 (s,
6.59 (dt, /1= 7.6, /o= 0.8 Hz, 1H, H5'), 7.27 (t, /= 7.2 Hz, 2H, H3” or H5" H2" or H6™),  2H) (s, 1H) 1H)
6.39 (dd, 4= 7.6, Ji= 1.2 Hz, 1H, H6') 1.95 (s, 3H, Me)
7.05 (dt, /= 8.0, /= 1.6 Hz, 1H, H4), 7.50 (dt, 4= 7.6, /= 1.6 Hz; 1H, H4"), 7.28 (dd,  5.05 7.74 (s, 9.81
2.119m 20Me  6.71(dd, 4=8.0, /= 0.8 Hz, 1H, H3)), 4h=17.6, = 1.6 Hz, 1H, H6"), 7.11 (d, .~ 8.0 Hz, (s, 1H), 7.57 (s,
2H) (s, 1H) 1H)

266



6.61 (dt, 4= 7.6, = 0.8 Hz; 1H, HY), 1H, H3"), 7.00 (dt, 4= 7.2, L= 0. 8 Hz; 1H, H5""),
6.47 (dd, /1= 7.6, o= 1.2 Hz; 1H, HE) 3.65 (s, 3H, OMe)
6.90 (dd, /;= 8.0, J,= 0.8 Hz, 1H, H4'), 8.40 (t, £~ 1.6 Hz, 1H, H2"), 8.33 (ddd, /4= 7.6, 5.35 7.89 (s, 9.09
2.119n | 30Me 3-NO, 6.69 (t, = 8.0 Hz, 1H, HY’), 6.35 (dd, A= h=2.4, ks=0.8Hz, 1H, H4'), 8.04 (d, J= 8.0 Hz, (s, 1H), 7.68 (s,
7.6, =0.8 Hz, 1H, H6'), 3.75 (s, 3H, 1H, H6"), 7.78 (t, = 8.0 Hz, 1H, H5") 2H) (s, 1H) 1H)
OMe)
6.85 (dd, /1= 8.0, J,= 1.6 Hz, 1H, H4'), 7.55 (dt, /= 8.0, o= 1.6 Hz, 1H, H4"), 7.54 (dd, 5.10 7.81 (s, 9.01
2.1190 | 3-OMe 2.Cl 6.59 (t, £ 8.0 Hz, 1H, HY'), 6.12 (dd, A= 4=8.0, Sh=1.6Hz, 1H, H3"), 7.43 (dd, /1=7.2, (s, 1H), 7.63 (s,
7.6, s=1.2Hz, 1H, H6'),3.73 (s, 3H, = 1.6 Hz, 1H, H6"), 7.42 (dt, 4= 7.6, = 1.6 Hz,  2H) (s, 1H) 1H)
OMe) 1H, H5")
Table 119: *C NMR (100 MHz, DMSO-ds, § ppm) spectroscopic data obtained for compounds 2.119a-0
Compound R? R? Ar(C1’-6’) Ar(C1”-6") CN Cc1 c3 c4 Ca CONH,
154.53 (C2’), 129.20 130.30 (C4"), 128.88 (C2" + C6"), 128.73 110.87 150.48 107.74 144.02 46.17 161.52
2.119a H H (C4’), 127.01(C6), (C3" +Ch"), 128.42 (C1")
121.27 (C1’), 119.07
(C5’), 115.09 (C3/)
155.12 (C2'), 129.54 133.42 (C1"), 132.30 (C4"", C5"), 129.60 110.74 147.65 107.52 143.62 46.17 161.45
2.119b H 20l (C4"), 128.58 (C6'), (C3"), 127.84 (C2"), 127.33 (C6")
120.37 (C1'), 118.64
(C5), 114.97 (C37)
154.81 (C2'), 129.53 133.46 (C3""), 130.73 (C4"), 130.52 (C1""), 110.85 14896 108.24 144.04 46.54 161.53
2.119¢ H 3l (C4'), 127.82 (C6), 130.26 (C5"), 128.87 (C2'"), 127.53 (C6"")
121.00 (C1"), 119.11
(C5), 114.97 (C3))
155.65 (C2’), 130.20 132.68 (C3"), 132.50 (C4""), 132.23 (C6""), 110.85 146.63 108.24 143.72 46.54 161.84
(C4"), 129.68 (C6'), 132.08 (C2'"), 131.61 (C5"'), 129.81 (C1")
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2.119d 2,5C  120.38 (C1'), 119.01

(C5), 115.37 (C3))

154.90 (C2'), 129.58  132.97 (C1"), 132.70 (C3"” + C5”), 129.80 11075 14873 108.60 144.16 46.67 161.42
2.119f sy (C4),12808(CE),  (C2"+C6"), 11833 (CN), 112.75 (C4”)

120.85 (C1’), 119.03

(C5), 115.19 (C3)

154,89 (C2'), 129.52  147.73 (C3"), 135.22 (C6"), 130.44 (C5"), 11072 148.14 10843 144.08 4665 16135
2.119¢ ano,  (C4), 12824 (C6), 13007 (C17), 124.82 (C4"), 123.84 (C2")

120.75 (C1’), 118.96

(C5), 115.16 (C3)

154.71 (C2'), 129.37 135.18 (C4"), 130.76 (C3" + C5”), 128.87 110.83 149.36 108.03 144.04 4635 161.47
2.119h il (C4), 12751 (C6), (C2" +C6"), 127.39 (C1")

121.05 (C1’), 119.05

(C5), 115.14 (C3))

154.76 (C2'), 129.45 133.07 (C6"), 131.67 (C2"), 130.85 (C5”), 110.80 14879 108.18 144.02 4649 161.45
2.119i 3g,  (C#),127.73(C6), 13067 (C1"), 127.78 (C4"), 121.83 (C3")

120.96 (C1’), 119.05

(C5), 115.16 (C3)

154.68 (C2'), 129.34 13991 (C2" +C6"), 131.77 (C3" + C5"), 110.80 149.39 10801 14406 4633 161.42
2.119] ap  (C4),127.47 (C6), 127.71 (C17), 123.95 (C4")

121.03 (C1’), 119.02

(C5), 115.12 (C3))

154,69 (C2'), 129.37  161.79 (d, ~244.0 Hz, C3"), 14896 (d, 11077 15469 108.10 14396 4636 161.41
2.119K aF  (C4),127.58(C6),  <3.0Hz C1"),130.95 (d, /8.0 Hz,

120.98 (C1"), 119.01
(C57), 115.12 (C3")

C5"), 125.07 (d, ~3.0 Hz, C6"), 117.23
(d, ~21 Hz, C4"), 115.93 (d, .~ 23.0 Hz,
C2")
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155.00 (C2'), 129.34 138.11 (C4'"), 130.32 (C3" or C5"), 111.03 149.99 107.17 143.32 4598 161.66
2.119I H 4Me (C4'), 128.26 (C6’),  130.25 (C3" or C5""), 129.79 (C2" or C6"),

120.77 (C1’), 118.64 129.69 (C2"" or C6"), 18.93 (Me)

(C5"), 114.88 (C3')

154.86 (C2'), 129.22  157.23 (C2"), 132.40 (C4"), 131.78 (C6""), 110.97 148.69 107.21 143.97 4595 161.74
2.119m H ooMe  (C4),128.04(Ce'),  120.59(C5"), 117.42 (C1"), 111.65 (C3"),

121.09 (C1'), 118.78 55.52 (OMe)

(C5'), 114.95 (C3)

147.46 (C3'), 143.49 147.79 (C3"), 135.13 (C6"), 130.41 (C5”), 110.69 148.27 108.34 144.15 46.52 161.37
2.119n | 30Me 3NO, (C27),121.32 (C1"),  129.99 (C1"), 124.83 (C4"), 124.00 (C2")

119.95 (Ce’), 119.04

(C57), 111.90 (C4')

147.26 (C3'), 144.04 133.34 (C1"), 132.37 (C4"), 132.32 (C6”), 110.61 147.72 107.35 143.74 4592 161.40
2.1190 3-OMe 20 (C2'),120.86 (C1"),  129.55(C3"), 127.32 (C5"), 127.70 (C2"")

119.71 (C6'), 118.65

(C5’), 111.89 (C4")

Table 120: 'H NMR (400 MHz, DMSO-ds, 8 ppm) spectroscopic data obtained for compounds 2.119e,p,q

Compound R? Ar(H1’-6’) Ar(H1"’-6"") Ha CONH; OH

7.12 (dt, /i=7.2, h=1.2 Hz, 1H, H4), 7.89 (d, ~ 1.2 Hz; 1H, H4"), 6.95 (dd, J= 7.6, J= 5.48 7.78 (s, 9.99

2.119¢ £_0 6.83 (dd, 4= 8.0, h=0.4Hz, 11, H3), 0.4 Hz IH, H2), 6.67 (dd, J=3.6, J= 1.6 Hz, 1H, (s,  1H), 7.69 (s, 1H)
D, H3") oH) (s, 1H)
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6.71 (dt, /1= 7.6, /o= 0.8 Hz, 1H, HY'),
6.59 (dd, /A=7.6, /o,= 1.2 Hz, 1H, HE')

P o 7.10 (t, £8Hz, 1H, H,),6.81 (d, 8  7.13(d, £ 1.6 Hz, 1H, H2""), 7.09 (dd, 4=8.0, /= 528  7.78 (s, 9.94
2.119p W@[Q Hz, 1H, H,), 6.72 (t, ~7.6 Hz, IH, H,), 1.6 Hz, 1H, H6"), 7.02 (d, = 8 Hz, 1H, H5"), 6.08 (s, 1H), 7.63 (s, 1H)
6.56 (d, = 6.8 Hz, 1H, H,) (s, 2H, Ha) 2H) (s, 1H)

7.10 (dt, /4= 8.0, h=2.0 Hz, 1H, H4"),  8.09 (d, .~ 1.2 Hz; 1H, H1"), 7.89 (d, =~ 8.8 Hz, IH,  5.39 7.83 (s, 10.06
2.119q E 6.80 (dd, 4=8.0, /=1.6 Hz, 1H, H3"), H8"), 7.80 (d, £ 9.2 Hz, 1H, H4"), 7.68 (dd, /4= 8.4, (s, 1H), 7.63 (s, 1H)
ove  6.68 (dt, 4=8.0, /=0.8Hz, 1H, H5'),  =1.6 Hz, 1H, H3"), 7.37 (d, £ 2.4 Hz, 1H, H5"), 2H) (s, 1H)
6.62 (dd, 4= 7.6, /= 0.8 Hz, 1H, HE')  7.22 (dd, /= 9.2, /o= 2.4 Hz, 1H, H7"), 3.92 (s, 3H,
OMe)

Table 121: 3C NMR (100 MHz, DMSO-ds, & ppm) spectroscopic data obtained for compounds 2.119e,p,q

Compound R! Ar(H1'-6") Ar(H1"-6") CN €1 €3 C4 Ca CONH,
. 154.69 (C2'), 129.22 145.30 (C3"), 14270 (C17), 113.08 11073 14134 107.85 14425 4621 161.29
2.119¢ A, (C4), 126.88 (C6), (C5"), 112.10 (C4")

121.17 (C1"), 119.13
(C57), 115.16 (C3')

. 154.52 (C2'), 129.26 148,93 (C3"), 147.53 (C4"), 123.45 11095 15023 107.49 14390 46.16 16158
2.119p ) (C4), 126.98 (C6), (C6"), 121.95 (C1"), 109.02 (C2"),
121.33 (C1), 119.18 108.75 (C5"), 101.78 (Ca)
(C5), 115.19 (C3)
g 154.61 (C2'), 129.26 158.53 (C67), 134.81 (C27),129.98  111.03 150.68 107.85 14410 4622 16161
2119 | L (c#),12717 ce), (C4"), 128.64 (C1"), 127.62 (C10"),
121.36 (C1), 119.09 127.17 (C8"), 126.17 (C3"), 123.41
(C5), 115.15 (C3) (€9"), 119.69 (C7"), 105.97 (C5")
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3.1 Triple-negative breast Cancer (TNBC)

3.1.1 Introduction

Cancer - relevance, incidence, and impact on human health

According to the World Health Organization (WHO) “the cancer burden continues to grow globally,
exerting tremendous physical, emotional and financial strain on individuals, families, communities and
health systems”*. Considering the Global Cancer observatory GLOBOCAN report (International Agency for
Research on Cancer, 2020, WHQ?), cancer has become one of the leading cause of death globally, with
an accounted 9.9 million deaths in 2020, which corresponds to 1 in 6 human deaths. The most lethal
types of cancer are lung cancer (1.79 million cases), breast cancer (684.996 cases), colorectal cancer

(935 173 cases) and liver cancer (830 180 cases) (Figure 83).

Breast
2261419 (11.7%)

Lung
_ 2206 771 (11.4%)
: Colorectum
4 o Other cancers
Other cancers 1331330110%) 3932 768 (39.5%)
8879 843 (46%)

Prostate

Lung
1796 144 (18%)

Colorectum
935173 (9.4%)

/.
1414 259 (7.3%) Liver
830 180 (8.3%)
Stomach
1089 103 (5.6%) Pancreas Stomach
466 003 (4.7%) 768 793 (7.7%)
Cervix uteri Liver
604 127 (3.1%) 905 677 (4.7%) Oesophagus Breast
544 076 (5.5%) 684 996 (6.9%)
19.29 million new cases 9.96 million deaths

Figure 83: Charts presenting the distribution of cases and deaths for the 10 most common cancers for both sexes in
2020, according to GLOBOCAN 2020 [Arnold M, Rutherford M, Lam F, Bray F, Ervik M, Soerjomataram | (2019). ICBP
SURVMARK-2 online tool: International Cancer Survival Benchmarking. Lyon, France: International Agency for Research on
Cancer. Available from: http://gco.iarc.fr/survival/survmark, accessed [12th/June/2021]

In terms of incidence, the most frequent types of cancer diseases among 19.2 million new cases
identified in 2020 are breast cancer (2.26 million cases), lung cancer (2.21 million cases), colorectal
cancer (1.93 million cases), prostate cancer (1.41 million cases) and stomach cancer (1.09 million
cases)?. In addition, when analyzed separately, each sex has different percentages of incidence and
mortality. Thus, for males, lung cancer (14.5%) and prostate cancer (13.5%) are the most diagnosed
types, with lung cancer (22%) and liver cancer (10.2%) being the deadliest. For women, breast cancer
(24.2%) and colorectal cancer (9.5%) are the most common types, with breast cancer (15%) and lung

cancer (13.8%) being the most lethal types.
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Although not fully understood, cancer seems to be the consequence of a multifactorial process
that converts a normal cell into a tumor cell, which usually progresses from a non-cancerous lesion to a
malignant tumor®. This evolution is driven by the combination of individual's genetic factors with external

factors (carcinogens), which can be classified into three major categories®:

A) Physical carcinogens (ultraviolet, ionizing radiation, etc)
B) Chemical carcinogens (asbestos, components of tobacco smoke, arsenic, etc)
C) Biological carcinogens (infections from certain viruses, bacteria, or parasites, such as Human

Papilomavirus)

Molecular mechanisms and biochemical features of cancer

Cancer is described as a group of diseases that relate to each other by an uncontrolled cell
division, acquired and replicative immortality, loss of function and resistance to cell death®. Cancer cells
typically grow into an abnormal cell mass (tumor)3. An exception for this is hematologic tumors, for which

cancer cells grow and spread throughout the blood, lymph systems and the bone marrow?*.

The process typically starts by the occurrence of damage or mutation on proto-oncogenes coding
for proteins implicated in regulating cell proliferation and differentiation, and/or on tumor suppressor
genes coding for proteins that stimulate inhibitory signals of cell growth and/or stimulate apoptosis.
Alterations in both onco-genes and tumor suppressor genes are necessary for tumor development and
are favored by mutations in the tumor susceptibility genes, which encode for a family of proteins that
control DNA damage. With each cloning, there is a selection of mutations that induce aberrant and
uncontrolled cell division, avoid regulation of excessive cell growth, cloaking from the immune system,

accumulation of erratic genetic mutations and further transmission®>-1,

In 2000, Hanahan and Weinberg summarized the most important hallmarks for cancer
development, highlighting the most relevant factors involved in cell survival, growth and proliferation®2. In
2011, the same authors further amplified the idea, to include two more hallmarks®3, resulting in the
graphic included in Figure 84. Later, Floor ef a/ expanded this concept in order to include the loss of
differentiation as an essential hallmark to be considered. The authors justified this inclusion because
these events occur through deregulation of several intertwined signaling pathways and biochemical

alterations within the cell.
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Figure 84: The cancer hallmarks according to Hananah and Weinberg [Reprinted from ref.12, copyright 2021, with
permission from Elsevier]

One of the most recognized mechanisms that tumoral cells are able to alter and manipulate is
apoptosist*. This process differentiates from necrosis®> because of its origin, morphology and biochemical
patterns®. Typically, the term necrosis is used when a trauma or unprogrammed event occurs, leading
to the loss of the integrity of cells and tissues, which is due to the lack of blood perfusion or other
occurencies™!” 18, On the contrary, apoptosis is considered a regulated cell death process® to which
cells recur as an evolutionary conservative mean to avoid the propagation of DNA or organelle errors and
mutations®®¢. Some authors refer that necrotic or apoptotic process can occur depending on the dosage
or extension of the aggression®®2t. Usually, apoptosis occurs during cell development and aging and as
a homeostatic mechanism to maintain cell populations in tissues'?, as well as a defense mechanism such
as in immune reactions or in cellular damage by disease or noxious agents®. Although there are some
doubts, as to the specific function of some of its components, or the biochemical process by which
apoptosis proceeds is well-known'®?>24. There are two main pathways for apoptosis: (i) intrinsic or
mitochondrial pathway; and (ii) extrinsic or death receptor pathway. Although interconnection between
them is possible®?>?¢, it is recognized that the extrinsic pathway is activated by the binding to death
receptors of members of the tumor necrosis factor (TNF) superfamily of cytokines (as for example TNF-
o, fibroblast-associated cell surface (Fas) ligand (FasL) and TNF-related apoptosis-inducing ligand
(TRAIL))?¢. On the contrary, the intrinsic pathway alters on the mitochondrial activity, whereby caspase-8
cleaves the pro-apoptotic B-cell lymphoma 2 (Bcl-2) homology (BH) domain BH-3 interacting-domain
death agonist (Bid), leading to mitochondrial permeabilization and release of cytochrome ¢ and other

apoptosis inducing factors?®.
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On the other hand, nowadays, the general knowledge about carcinogenesis has been increasing,
and at the present, two models are accepted to describe the development of cancer cells: (i) the stochastic
model defends that any type of cell is able to initiate and promote tumour development; and (ii) the cancer
stem cell (CSC) model that suggests that tumours are hierarchically structured and cancer-promoting

potential is only present in CSCs?728,

Breast cancer and triple-negative breast cancer

Breast cancer is described as one of the most nefarious cancer types. According to GLOBOCAN
20207, it is the most diagnosed cancer type worldwide and is the main cause of cancer-related deaths in
women (684.996 deaths, 6.9% of the total cancer-related deaths). Following the same tendency as
verified for almost all types of cancer, it was most frequently diagnosed in Asia (45.4%), Europe (23.5%)
and North America (12.5%), but the majority of deaths occurred in Asia (50.5%), Europe (20.7%) and
Africa (12.5 %)?. In 2020, an increase of 29.011 deaths in comparison to 2018 was verified, which had
2.1 million newly diagnosed cases. It is estimated that it represents 1 in 4 cases of cancer in women®,

and that 1 in every 810 women develops breast cancer3.32,

The survival rate of breast cancer patients, in both the developed and developing countries, have
significant variations®. According to incomplete statistical data, for the developed countries, the 5-year
survival rate of patients with breast cancer can reach 80%, while is lower than 40% in developing
countries®*3*. Unfortunately, despite the mortality rate is decreasing??, the problem is far from being
solved. Thus, GCO predicts that, in the next 20 years, the incidence of breast cancer in women, of all
ages, will rise from 2 179 457 cases and 655 690 deaths in 2020 to 3 059 829 cases and 991 904
deaths in 2040.

Despite existing a hereditary and genetic predisposition for developing breast cancer, this only
represents about 5-10% of breast cancer cases. In fact, studies of migration patterns have shown that
non-hereditary factors are indeed the major contributors of the observed international and interethnic
differences in breast cancer incidence®. By studying the low-risk populations migration to high-risk
populations it was possible to understand that breast cancer incidence rates rise in successive

generations3©%,
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High incidence rates in countries with higher Human Developing Index (HDI) are attributed to an
elevated prevalence of known risk factors. On the contrary, elevated incidence rates in transitioned
countries result from known risk factors that arise from menstruation (early age at menarche, later age
at menopause), reproduction (late age at first birth, nulliparity and fewer descendants), hormonal intake
(oral contraceptive use and hormone replacement therapy), anthropometry (weight gain during adulthood,
body fat distribution and increased weight) and dietary habits (alcohol intake). By contrast, it is
documented that breastfeeding and physical activity act as protective factors®:. Although epidemiological
tracing and risk factors assessment is still a challenge to overcome and fully understand, as they most
likely reflect an interaction of demographic, social and economic development factors, an awareness
arose from this knowledge. In several developed countries (United States, the United Kingdom, France,
Australia and Canada), a decrease in the number of incidences in the early 2000s was correlated with a
declining usage of postmenopausal hormonal treatment, as revealed a trial from Women’s Health

Initiative that proved a linkage between these drugs and an increase of breast cancer risk3%37,

According to the St. Gallen Consensus report, published in 2011, breast cancer is considered an
heterogeneous disease with multiple molecular subtypes (Luminal A, Luminal B, HER2-enriched and
Basal-Like or Triple Negative), which are summarized in Table 1223%-, This molecular diversity results
in different responses to treatment, prognosis and risk factors, which in turns means that it is a pathology
that requires an adapted therapy for each case*>*, encompassing all immunohistochemical differences

that each one have.

Table 122: Molecular subtypes of breast cancer, according to the St. Gallen Consensus summary [adapted from ref.41]2

Intrinsic IHC Classification
subtype

. ER and/or PR positive, HER2 negative;

Luminal A K67 <14

Luminal B “luminal B negative (HER2-" (ER and/or PR positive, HER2 negative; Ki-67 >14%)

“luminal B positive (HER2+" (ER and/or PR positive, HER? over-expressed or amplified;
any Ki-67)
. “HER?2 positive (non-luminal)”
HER2- hed

enriche HER?2 over-expressed or amplified; ER and PR absent

Basal-like “Triple-negative”

ER and PR absent, HER2 negative

3R Progesterone receptor; ER — Estrogen receptor; HER2- Human epidermal growth factor receptor 2
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The major factors that are recognized as being responsible for the occurrence and development of breast

cancer are:

a) Reproductive factors: Premature menarche, late menopause, no breastfeeding and nulliparity

lead to higher probability of developing breast cancer33 44,
b) Genetic factors: Chances of developing breast cancer double if the mother has/had breast
cancer®,

c) Dietary and lifestyle-related factors: Obesity, smoking and drinking are related to the development

of breast cancer*4.

d) Environmental factors: Exposure to exogenous estrogen for a long period of time increases the

risk of developing breast cancer°.

Presently, in a first step, breast cancer is treated by surgical resection and chemotherapy>**2.
Chemotherapeutic drugs are generally highly toxic, and traditional pharmaceutical dosage cannot reduce
toxicity, resulting in severe side effects. On the other hand, conventional pharmaceutical preparations
lack specificity for the tumorous cells, and only a small fraction of the drug is targeted to the tumor tissues
following entry into the systemic circulation. For this reason, the drug utilization rate of conventional
pharmaceutical preparations is in decrease. Therefore, selecting effective and safe drugs treatment of

patients with breast cancer is of vital importance.

Triple-negative breast cancer (TNBC) represents about 12-17% of all breast cancers®>=* and is
considered the most aggressive subtype®>°. Although new targeted therapies are being developed for
the treatment of patients with HR+ or HER2+ phenotypic expression, chemotherapy is the only systemic
therapy for patients with breast cancer types that do not express these markers®¢, and unfortunately, with
very limited results®. The majority of TNBCs share common histological and molecular traits, which
include a set of frequent p53 and BRCA1 mutations, an elevated proliferative index, and frequent
expression of a basal-like gene expression signature>#¢'. TNBCs are also characterized by extensive inter-
and intra-tumoral heterogenicity, which leads to various biological and clinical subgroups that are
formed®*, as well as high tumor recurrence rates and poor overall survival®®. It is also characterized by an
earlier onset of metastatic disease, visceral metastases, short response duration to available therapies,
rapidly progressive disease and less favourable survival outcomes®>®. This aggressiveness is well
illustrated by the fact that the peak risk of recurrence happens between the first and third years and

almost all deaths occur in the first 5 years, after therapy*®4%5. These findings along with the fact that
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TNBC more frequently affect younger patients (<50 years)°#%4¢7, suggest that TNBC has similarities to

basal-like cancers. This type of cancer is more prevalent in African-American women®’=%°.

A series of modified molecular pathways that are involved in the development of TNBC have
already been identified®*7°. Thus, it is well established the connection between BRCA1 gene disfunction
and the triple negative status of TNBC, as hereditary BRCA1-mutated breast cancer usually exhibits basal-
like gene expression patters, and sporadic TNBC often carries BRCA1 mutations™. Since BRCA1 is strictly
involved in DNA double-strand break repair, it has been postulated, and later corroborated by experimental
data’?, that is particularly sensitive to DNA-damaging agents. Diverse signaling pathways are damaged
and/or altered in TNBC, such as the PI3K/AKT/mTOR pathway, the RAF/MEK/ERK pathway, the
JAK/STAT pathway and the PARP-dependent DNA repair pathway®*7°73-75, Also, several targets involved
in DNA repair pathways and cell cycle checkpoint appear to be affected as well, such as p53 (which is
mutated in about 80%, in TNBC774) and the Myc gene family (which showed a gene amplification that
can be as high as 40%%). ErbB1, also known as epidermal growth factor receptor (EGFR), is a trans-
membrane glycoprotein encoded by a proto-oncogene located at 7p12-p13, which is involved, among
other biological functions, in the regulation of normal breast cells growth and development®3. EGFR is
closely involved in cell migration, proliferation, and protection against apoptosis, mediated by subsequent
activation of intracellular pathways. Similarly to HER2, EGFR is a potent cell-growth-activating pathways
promoter, via which it stimulates tumor growth when activated>>7¢. It is referred, in several studies, that
EGFR is overexpressed in at least 20% of the total breast cancer cases’”’¢, as well as being correlated
with TNBC, with percentages ranging from 42 to 71% of EGFR expression being found in these cancer

subtype’®,

In the search for effective drugs against TNBC, several targets are currently being studied, such
as phosphoinositide 3-kinase (PI3K), mitogen-activated protein kinase (MEK), poly-ADP ribose polymerase
(PARP) and epidermal growth factor receptor (EGFR), with diverse compounds targeting these biological
objectives being already at different phases of clinical trials”. Moreover, despite its role in TNBC is not
fully understood, the androgen receptor (AR) has also been investigated with promising results>748., The
outcomes of this effort is a set of clinical trials, at different clinical phases, that are ongoing for TNBC

treatment®373.8283,
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Current therapies and treatment

The extensive research effort devoted to the identification of small-molecule inhibitors in the last
years has led to the approval by the Food and Drug Administration (FDA) of several new anticancer drugs.
These are relatively low molecular weight compounds (less than 900 Da) that are able to penetrate into
cancer cells and target specific protein within the cells®4-86. Some examples include inhibitors of tyrosine
kinases, serine/threonine kinases, human epidermal growth factor receptor 2 (HER2), epidermal growth
factor receptor (EGFR) and vascular endothelial growth factor (VEGF), BRAF and Akt®”. Non-receptor
tyrosine kinases (nRTKs) have also been explored as anti-cancer agents®. In addition, compounds
targeting signalling pathways, which are dysregulated during carcinogenesis, proteasomes, cyclin-
dependent kinases (CDKs), and poly ADP-ribose polymerase (PARP), which activate cell-cycle checkpoint,

trigger apoptosis, and promote DNA repairé®#, have also been studied.

Developing new therapeutic approaches against TNBC is a challenge due to its biological and
biochemical characteristics, and the little knowledge available about this type of cancer, in particular its
genomic sequencing, and its molecular characterization®>6*#°, The lack of expression of the estrogen
receptor (ER), progesterone receptor (PR) and human epidermal growth factor 2-receptor (HER2),
combined with a more aggressive biology, harden the task of tackling this disease efficiently is an issue
for clinicians®%%3#°, In fact, there is no efficient treatment for TNBC that has been approved by either FDA
or EMA>4, with lumpectomy and standard chemotherapy being used nowadays’’t. Some of the solutions
that has been studied in the context of TNBC are miRNA therapy®® and imunotherapy®', in a similar fashion
to what is already applied for other types of cancers. Fortunately, there have also been significant
advances on the characterization of different subclonal heterogeneity and biological differences®*7392,

which allows for the improvement of targeted therapies for each TNBC subtypes.

3.1.2 Biological evaluation of chromene-based and imidazole-based compounds activity

against TNBC cell lines

In this PhD thesis, the activity of compounds 2.3, 2.6, 2.50, 2.55, 2.69, 2.86, 2.87, 2.90
and 2.109 against diverse TNBC cancer cell lines was evaluated by a series of assays performed by
Luisa Carvalho, under the supervision of Doctor Marta Costa (published on her Master thesis named

“Exploitation of new chromene-based compounds as promising agents for cancer treatment’’)®. In this
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work, the ability of compounds’ 2.3 and 2.6 to reduce cancer cell viability was measured at 10 and 30

UM concentrations, employing three cell lines, specifically MDA-MB-231 (triple negative), Hs578t (triple

negative) and MCF-7 (luminal subtype). The percentage of cell survival was calculated after 72 h of

treatment, by using Sulforhodamine B assay (SRB).

For a first screening, MDA-MB-231 cell lines were employed with a selection of compounds, which

were tested at 10 uM and 30 pM concentrations. In these assays, the best results were obtained with

compounds 2.6p and 2.6d’, for both concentrations studied, while the remaining compounds showed

no significant anticancer activity (Table 123). The same assay was performed using Hs578t cell lines and

a larger batch of compounds. In the latter case, compounds 2.6p and 2.6d’ were also among the most

promising anticancer agents, along with compounds 2.6l, 2.6h’ and 2.6j’ (Table 123).

Table 123: Percentage (%) of cell viability, in Hs578t, MDA-MB-231 and MCF-7 breast cancer cell lines, after 72 h of

treatment with compounds 2.3 and 2.6 at 10 and 30 uM concentrations

Compound MDA-MB-231 Hs578t MCF-7
Ref. Structure 10 30 10uM 30 uM 10uM 30 uM
uM puM
(o)
X NH OMe
2.3d o m*/@ n.d nd | 948 86.0 n.d n.d
OMe  \eo OMe
(o]
2.3h oW n.d n.d 100.3 96. n.d n.d
MeO OMe
(o]
B’mLNH OMe
2.3i o \Nﬁj\ nd n.d 96.9 79.5 nd n.d
MeO OMe
(o]
NH
2.6a oA 91.8 89.2 91.1 75.8 n.d n.d
OMe
(o]
| NH
2.6b A 99.2 91.1 86.8 63.3 n.d nd
OMe
(o]
NH
2.6¢c 109.9 103.1 97.4 87.5 n.d n.d
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‘ NH OMe
2.6d o n.d n.d 86.0 80.2 n.d n.d
OMe
o
| NH
2.6e 0 N? OMe n.d n.d 99.3 85.3 n.d n.d
OMe
(o]
NH Me
2.6f oAl oMe 87.1 88.4 72.7 73.9 n.d n.d
OMe
(0]
NH
2.6g oA OMe 93.7 98.4 74.7 61.9 n.d. n.d
OMe MeO
[¢]
NH
2.6i A oH 101.5 101.8 75.9 67.3 nd nd
OMe
(o]
NH |
2.6 A 92.5 90.1 81.7 72.5 n.d n.d
OMe
o)
NH
2.6k A o 80.8 76.9 72.0 49.9 nd nd
OMe
o)
2.6l . \N/”H B 92.0 80.7 66.8 40.6 78.4 52.4
OMe
(o)
NH
2.6m o INA@L 83.7 80.4 | 977 844 n.d nd
OMe
Br
o
NH
2.6n oA F 81.2 71.2 95.3 60.8 nd nd
OMe
[¢]
NH
2.60 oy 1052 978 | 975 844 n.d nd
OMe E
[e]
‘ NH
2.6p L 68.1 586 | 300 187 | 598 435
OH
(o]
NH
2.6q 99.2 92.5 99.8 97.9 n.d n.d
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(0]
2.6r DEY nd nd 98 907 | nd nd
OMe W
o
2.6s o n.d n.d 87.5 65.6 n.d n.d
(o]
2.6t o 'N/J\©/0Me n.d n.d 88.0 71.0 n.d n.d
[e]
2.6u o 'N/)\/©/0Me nd n.d 95.9 96.5 nd n.d
MeO
(o]
NH
2.6x Q\CENK/K@ nd n.d /6.3 65.4 nd nd
]
2.6 C(ﬁw n.d n.d n.d n.d
-0y . : - 80.2 81.0 : -
OH
(o]
NH
2.6b’ \@("ﬁkﬂj n.d n.d 96.0 733 n.d n.d
[¢]
NH
2.6¢’ W:/)j@/om n.d n.d 61.2 40.5 n.d n.d
MeO
o
Br. NH
el Cfoiﬁ/i : 623 521 | 402 211 | 392 367
(o]
2.6f o lNﬁOMe 85.3 77.8 86.1 78.5 n.d n.d
OMe
[e]
2.6¢ . 'Nﬁ@we 102.6 95.0 94.1 93.6 nd nd
MeO
(o]
Br- NH
2.6h’ C@ﬁ o 882 649 | 784 387 | 800 573
0
o)
C'MNH Me
2.67 o N/J\é n.d nd 80.2 90.5 n.d nd
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(¢]
NH

Cl
2.6j’ \©\/o\/fN:\©0Me n.d n.d 54.7 33.9 n.d n.d

o

2.6k’ oA N/)UOMe nd n.d 917 92.0 nd n.d

MeO

Based on the obtained results for these two cancer cell lines, compounds 2.6l, 2.6p, 2.6d’ and
2.6h’ were also tested in MCF-7 cancer cell lines. The results afforded a pattern that was consistent with

the results that were obtained for MDA-MB-231 and Hs578t cell lines (Table 123, Figure 85).
o] o] o] o]
NH NH Br NH Br NH
| pZ Br | = | /)\© | “ (0]
0"™N 0" N 0" "N 0" >N Y
OMe )\©/ OMe OH )\C[O
2.61 2.6p 2.6d' 2.6h’
Figure 85: Compounds employed in assays with MCF-7 cancer cell lines

Compounds 2.50, 2.55, 2.69b, 2.86, 2.87 and 2.90 were also tested for their anticancer
activity in Hs578t cancer cell lines (Tables 124 and 125). Among them, compounds 2.86b, 2.86g,
and 2.90 proved to be the most active, while compounds 2.119 did not show any relevant anticancer
activity against this cancer cell line (Table 125).

Table 124: Percentage (%) of cell viability in Hs578t cancer cell line, after 72h of treatment with compounds 2.50, 2.55,
2.69b, 2.86, 2.87 and 2.90 at 10 pM and 30 puM concentrations

Compound Hs578t

Ref. Structure 10 uM 30 um

2.50¢ 107.7 104.5

2.50d 99.7 95.1
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2.55e

111.2 101.2

2.55m
92.0 67.1

2.55n
99.9 97.2

2.55¢q
OOME 101.0 97.5

N

2.69b
95.7 97.7
2.86b 80.6 46.9
2.86f 101.9 52.9
2.86g 56.9 38.3
2.87b 96.1 89.9
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2.871 99.1 91.9

2.90
50.4 32.6

Table 125: Percentage (%) of cell viability in Hs578t cancer cell lines, after 72 h of treatment with compounds 2.119 at
10 uM and 30 puM concentrations

Compound Hs578t

Ref. Structure 10 uM 30 uM
0

2.119b Q\F\I}CN 95.0 77.6

cl N/
CONH,

/ CN
CONH2

2.119¢ /©\r 89.5 78.3
/ CN
CONH2

2.119h \O\V 86.1 773
CONH,

2.119i Q 588 71
/ CN
CONH2

2.119k JQA)/\r o8 43
/ CN
CONHZ
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HQ

2.119m @\WN 103.8 100.7

MeO N_yON
CONH,

Hence, based on their induced low survival rates in the tested cancer cell lines, compounds 2.6p,
2.6d’, 2.6j’, 2.86g and 2.90 were selected for further studies. In addition, the effect of compounds
2.6p and 2.6d’ on cell survival was also assessed in a non-neoplastic cell line (MCF-10A) to determine
the potential /7 wiro toxicity of these compounds, as well as their selectivity towards cancer cell lines.
These are relevant assays since most of the conventional therapies, such as chemotherapy, involve severe
side-effects associated with compound toxicity and offtarget effects. The half maximal inhibitory
concentration (ICso) values of the selected derivatives 2.6p, 2.6d’, 2.6j’, 2.86g and 2.90 against
Hs578t cancer cell lines were determined by using the Sulforhodamine B (SRB) cytotoxicity assay, using
doxorubicin and quercetin (a naturally occurring chromene) as reference compounds (Table 126).
Seven different concentrations (40, 30, 10, 5, 1, 0.1 and 0.05 uM) of these compounds were studied.
The ICs values of compounds 2.6p and 2.6d’ were also determined for MCF-10A cell lines,

measurements taken at slightly higher concentrations, specifically 60, 45, 30, 10, 5, 1 and 0.1 puM.

Table 126: ICso values of compounds 2.6p, 2.6d’, 2.6j’, 2.86g and 2.90, doxorubicin and quercetin against Hs578t
and MCF-10A cell lines after 72 h of treatment and selectivity index

Breast cancer cell lines

Compounds?®

Hs578t MCF-10A Sl¢
IC., (UM) + SDP IC., (UM) + SD°
2.6p 9.08 +0.10 > 60 >5.61
2.6d’ 4.50 + 0.29 > 60 >12.33
2.6j’ 13.10+ 0.05 n.d. n.d.
2.86g 26.28 + 0.08 n.d. n.d.
2.90 8.63 +0.04 n.d. n.d.
Doxorubicin 0.52 +0.01 1.54 +0.08 1.96
Quercetin 50.54 £ 0.12 n.d. n.d.

3Each compound was tested at least in triplicate and the data are presented as mean values; bstandard Deviation; Selectivity index of tested compounds
against Hs578t s MCF-10A cell lines
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Altogether, the biological results indicate that 2.6d’, 2.96 and 2.6p represent the most
promising compounds of the series, as they possess good |Csovalues and high selectivity indexes in
relation to non-neoplastic cell lines (MCF-10A). Thus, these compounds are between 6-fold and 11-fold
more active than the natural chromene quercetin, and their selectivity indexes are over 40-fold higher

than that of the standard doxorubicin.

3.1.3 Structure-activity relationship of chromeno[2,3-d]pyrimidin-4(5 H)-ones 2.3 and 2.6

The results obtained for MDA-MB-231 cancer cell line follow a consistent pattern to those obtained
for Hsb78t cancer cell line for the same compounds. For this reason, and because it was possible to
obtain a larger, better, and more consistent set of results for Hs578t cell line, these data were used to
construct a general structure-activity relationship (SAR) model for this family of compounds against TNBC.
To this end, all tested compounds, pyridopyrimidinones 2.3 and 2.6, were clustered into seven groups

according to their different substituents in positions 2, 7 and 9 (Figure 86).

(0] (0]
6 5 6 5.
7aB\4aCNH 7aB|CJN\H
2 2
8 9a O1Oa\NJ\R1 8 9 070N~ R2
10 S 10
2.3 2.6

Figure 86: Ring nomenclature for compounds 2.3 and 2.6

(1) Group 1 - Compounds with no substituents in ring A (Table 127). This group includes

compounds 2.6y and 2.6z and serves as a standard value.

NH
Table 127: Compounds included in group 1 m
O N Ar
Entry Compound Ar Cell viability @10 uM Cell viability @30 yM
1 2.6x *’j@ 76.3% 65.4%
o
2 2.6y oH 80.2% 81.0%
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(2) Group 2 - Compounds with a methoxy substituent in ring A (Table 128). This group includes
17 compounds, including 2.6s where ring C is substituted by a 2-furyl group.

(e}
| NH
(0] N/J\Ar
Table 128: Compounds included in group 2 OMe
Entry Compound Ar Cell viability @10 yM Cell viability @30 uM
&
1 2.6a @ 91.1% 75.8%
o
2 2.6b TL 86.8% 63.3%
L
3 2.6¢ hAOW 97.4% 87.5%
OMe
a4 2.6d & 86.0% 80.2%
OMe
5 2.6e d o 99.3% 85.3%
OMe
6 2.6f ;@m 72.7% 73.9%
o OMe
7 2.6g el 74.7% 61.9%

8 2.6i 75.9% 67.2%

O
Cl
9 2.6j x’@ 81.7% 72.5%

10 2.6k ﬁ@(q 72.0% 49.8%
F
o

11 2.6l 66.8% 40.6%
‘:\“
12 2.6m 97.7% 84.4%
o,
o F
13 2.6n j@( 95.3% 60.8%
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o
14 2.60 . 97.5% 84.4%
o
15 2.6p on 30.0% 18.7%
16 2.6r O 99.8% 90.7%
AW

There are several conclusions that can be taken from this group:

a)

b)

The activity increases when the position 2 (ring C) is substituted with an electron-withdrawing

group, specifically chlorophenyl, bromophenyl or fluorophenyl (entries 11 and 13 vs 5 — Table

128). The major enhancement effect occurs for meta substituted halophenyl derivatives, as it is

the case with compounds 2.6j, 2.6l and 2.6n (entries 10, 11 and 13 - Table 128), followed

by ortho substituted compounds (entry 9 — Table 128). Among the rmefa substituents, the trend
is Br>CI>F.

Compounds having a phenol substituent in position 2 (ring C) do not follow the previous trend,
suggesting an alternative mechanism of action for those ones, such as radical processes (entry
8 — Table 128). Thus, the excellent activity achieved with compound 2.6p (entry 15 - Table
128), which has a para phenol group flanked by two bulky groups, suggests that these
substituents would stabilize a plausible radical generated in this position, thus increasing its

lifetime.

(3) Group 3 - Compounds substituted with a methoxy group in position 7 (Table 129).

MeO NH
L A
Table 129: Compounds included in group 3 0”7 "N” “Ar

Entry Compound Ar Cell viability @10 uM Cell viability @30 uM

OMe

2.6s & 87.5% 65.6%

& OMe
2.6t \@( 86.6% 63.3%
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o OMe
3 2.6u 7 97.4% 87.5%
MeO

The comparison of these results with compounds 2.6d, 2.6e and 2.6g, in which the methoxy
group is located on position 9, suggests that the activity is enhanced up to about 80% when this group is

on position 7, unless when the phenyl group in position 2 is substituted in both meta and ortho positions.

(4) Group 4 - Compounds substituted with a methyl group in position 7 (Table 130).

o)
NH
. . L AN
Table 130: Compounds included in group 4 0" N Ar
Entry Compound Ar Cell viability @10 uM Cell viability @30 uM
. &
1 2.6b \© 96.0% 73.3%

o5 OMe
2 2.6¢ s 61.2% 10.5%
MeO

From these results, some conclusions can be drawn:

a) When position 2 (ring C) is substituted by a phenyl group, the introduction of a methyl substituent
in position 7 (ring A) slightly reduces the activity (entry 1 — Table 127 vsentry 1 — Table 130).

b) On the contrary, when the substituent on position 2 (ring C) is a 2,5-dimethoxyphenyl group, the
introduction of a methyl group in position 7 (ring A) significantly enhances the activity up to about
65%. In addition, for compounds substituted with a 2,5-dimethoxyphenyl group in position 2 (ring
C), the functionalization of position 7 (ring A) is the one that most contributes to an improvement
in activity among the compounds explored (entry 2 — Table 130 vsentry 7 — Table 128 and
entry 3 - Table 129).
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(5) Group 5 - Compounds substituted with a bromide in position 7 (Table 131).

o)
Br. NH
_ . L AN
Table 131: Compounds included in group 5 O~ >N Ar
Entry Compound Ar Cell viability @10 uM Cell viability @30 uM
&
1 2.6d" @ 40.2% 21.1%
& OMe
2 2.6f \©:0Me 86.1% 78.5%
o OMe
3 2.6¢' s 94.1% 93.6%
MeO
& 0
4 2.6h’ % A%
T 78.4% 38.7%

From the results, it is possible to conclude that:

a) When the position 2 (ring C) is substituted by a phenyl ring, the introduction of a bromide
substituent in position 7 (ring A) significantly enhances the activity. Thus, a 3-fold increase on the
activity was obtained with compound 2.6d’ vs compound 2.6x (entry 1 — Table 131 vsentry
1 -Table 127).

b) On the contrary, no significant effect was observed for those compounds where the substituent
in position 2 (ring C) is an electron-rich aromatic ring.

c) An exception of that is compound 2.6h’, having a benzo[d][1,3]dioxol-5-yl moiety in position 2

(ring C). However, only good activity was obtained at 30 uM concentration.

(6) Group 6 — Compounds substituted with a chloride in position 7 (Table 132).

o]
LA
Table 132: Compounds included in group 6 0" "N” “Ar
Entry Compound Ar Cell viability @10 uM Cell viability @30 uM
. OMe
1 2.6i 3 80.2% 90.5%
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. OMe
2 2.6§' ¢ U 39.8% 33.9%

o2 OMe
3 2.6k T 91.7% 92.0%

MeO

A series of conclusions can be taken from these results:

a) The results obtained with compound 2.6j’ and its comparison with the activity obtained with
compound 2.6t, having a methoxy group at the same position 7, reveals the positive effect (2-
fold enhancement) of reducing the electron density of ring A (entry 2 — Table 132 vsentry 2 -
Table 129).

b) However, the latter effect strongly depends on the existing aromatic substituent on position 2
(ring C). Thus, comparing compounds 2.6¢’, 2.6g’ and 2.6k’, all bearing a 2,5-
dimethoxyphenyl group at this position, but having a methyl, a bromine, and a chlorine
substituent, respectively, at position 7 (ring A), did not follow this trend (entry 3 — Table 132 vs
entry 2 — Table 130 and entry 3- Table 131). Compound 2.6¢’ was the most potent
compound of the three, suggesting that either they target distinct biological objectives, or the
relative disposition of the chromeno[2,3d]pyrimidin-4-one moiety vs the aryl group at position 2
(ring C) controls the binding of the ligand, and therefore its efficacy. Regarding the latter, the
analysis of the minimum energy conformation of compounds 2.6j’ and 2.6k’ reveals that the
methoxy group in ortho position would interact by hydrogen bonding with the NH group of the
pyrimidinone moiety, thus fixing the relative arrangement of both rings (Figure 87). On the
contrary, in the absence of this substituent, free rotation around the C2-C1’ bond was predicted
to occur, suggesting that upon binding, this ligand could more easily achieve the optimal

conformation of both rings to maximize the interaction with the target.

o ® <

/ = - 'q,.J ‘%
2 : A0 o o @

-, @ 3 ° | B
i 0. ° Q. ?, @
© @ ) ®
(.J

Figure 87: Minimum energy conformations of compounds 2.6j’ (left) and 2.6k’ (right). Note how for compound 2.6j’ a

strong hydrogen bonding between the NH group of the pyrimidinone ring and the oxygen atom of the methoxy substituent at
position 2 was identified, which would control the relative arrangement between the rings
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(7) Group 7 - Tested compounds 2.3 (Table 133). o
LY ONH OMe
R'——
Table 133: Compounds included in group 7 MeO OMe
Entry Compound Ar Cell viability @10 yM Cell viability @30 uM
OMe
o
1 2.3d 94.8% 86.0%
MeO OMe
OMe
o
2 2.3g 100.3% 96.5%
MeO OMe
OMe
o
3 2.3i j@ 98.4% 83.0%
MeO OMe

The fact that none of these compounds 2.3 were significantly active suggests that:

a) An almost planar geometry of the chromenepyrimidinone core seems to be important for good
activity. Thus, the analysis of the relative arrangement of the two aromatic rings in the minimum
energy conformation revealed that the migration of the double bond from ring C to ring B would
cause a significant change in the overall shape of these compounds. As it is shown in Figure
88, compound 2.3i would have a folded arrangement, mainly caused by the sp?form of C2,

while a more linear conformation would be established when the sp?form of C2 is present in ring
C.

Figure 88: Minimum energy conformations of compound 2.3i (left) and its counterpart with C2 being a sp? carbon (right).

Each compound is represented in sticks (up) and in spheres (down). The carbon atoms of the aryl substituent in position C2

of the chromenepyrimidinone moiety are highlighted in yellow and green colours. Note the significant change in the overall
conformation of the compounds when the position C2 change from the sp3to sp? hybridized forms
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In conclusion, the biological results obtained with the chromene[2,3-alpyrimidin-4(5A)-one
derivatives 2.3 and 2.6 synthesized in this doctoral thesis revealed that the antitumor activity of these
compounds is enhanced by: (i) the functionalization of position 7 (ring A) with an electron-withdrawing
groups (halide); (ii) the introduction of an electron-deficient aromatic ring in position 2 (ring C), in
particular in meta position, such as 3-bromobenzene or 3-chlorobenzene; (iii) the free rotation around the
bond that joins the tricyclic system and the aromatic ring; and (iv) an overall planar arrangement of the

scaffold, which is mainly achieved by a planar disposition of ring C (Figure 89).

0
X _H
= X
ey

Figure 89: Positions and substituents promoting the activity of chromene[2,3-dlpyrimidin-4(5A)-one derivatives studied
against TNBC cell lines. X = halide

3.1.4 In silico study of the potential of chromene[2,3-d]pyrimidin-4(5 H)-ones 2.6 as
PARP inhibitors

Importance of BRCA genes and PARP inhibition in TNBC

As previously mentioned, TNBC comprises a set of peculiar characteristics that contribute its
aggressiveness and hardens the therapeutic process for the disease it promotes®®>°. Despite the huge
efforts devoted to achieve new anti-TNBC®#*2 drugs in the last years, the current therapies involve highly
toxic and nonspecific chemotherapeutic agents, without the desired levels of efficacy. Therefore, it is
urgent to search for new drugs to face this challenge. Among these peculiar characteristics, deficient
expression of estrogen, progesterone, and HER?2 are included, along with a well-documented relation with

BRCA1/2 mutations*05657.%,

The BRCA1 and 2 genes have a very well documented relation with several tumor suppression
functions, in which are included the reparation of double strand DNA breaks via a process called
homologous recombination repairi®-12_ |n this way, an homologous DNA sequence is used to guide repair
at the DNA breaks, and is considered a “conservative” mechanism as it restores the original DNA
sequence at the site of DNA damage°>1%, When this mechanism is compromised, as for example in the
event of BRCA1/2 mutations, genomic instability and patients’ predisposition to hereditary breast cancer

is observed'®1%, |n addition, as the cell tends to recur to other DNA repair, like non-homologous end
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joining and base excision repair'®>1%, These processes either fuse broken DNA ends at the DNA breaks
without using a homologous DNA sequence to assist reparations, or fuse regions of DNA that exhibit short
regions of DNA sequence homology and that are close to the site of the DNA break, deleting the
intervening DNA sequence'®?, and often leading to several DNA modifications such as genetic material
deletion. Several of these alterations promote tumoral initiation, development and progression, partially
explaining the BRCA-associated cancer risk'®?, and generate spontaneous and DNA damage-induced

genetic instability, which often leads to tumorigenesis'®.

The poly(ADP-ribose) polymerase (PARP) family comprises a group of 17 enzymes that are
involved in a series of relevant cellular functions. PARP1 is an enzyme that uses 3-NAD+ as a cofactor to
synthesise poly(ADP-ribose) (PAR) chains on target proteins, and has a well-established role in the repair
of single-strand DNA breaks through base excisional repair and non-homologous end joining!0®-108
(Figure 90). When PARP is inhibited, unrepaired DNA single-strand break accumulate in BRCA-deficient
cells, leading to DNA breaks that homologous recombination and non-homologous end joining cannot
repair and thus generating continuous and fatal DNA damage. Therefore, mutations in BRCA1/2 genes
will result in homologous repair deficiency and over sensitise cancer cells to PARP inhibitors'®. This is
also true to tumour phenotypes that are included in the “BRCAness” type'®. This concept includes all
somatic and induced phenotypes that promote homologous recombination repair deficiency, and that can

also promote a response to the inhibition of PARP.

Farmer et a/* and Bryant ef a#** were the first authors to propose that small molecule inhibitors
of PARP caused accentuated cell inhibition of BRCA1/2 mutant tumour cells with minimal effects on wild-
type cells with functional homologous recombination repair processes. Initially, it was suggested that the
inhibition of PARP was caused by the amplification of DNA damage that required homologous repair for
its restoration1t, but a few years later Murai ef af212 proposed that PARP inhibitors (PARPI) activity was
mediated by what was called “PARP-trapping”, a mechanism in which PARP binds to damaged DNA and
then initiates a series of PARylation events. The latter is a series of cascade post-translational
modifications promoted by PARP, in which can be included autoPARylation, that causes the release of
PARP once its role in the initial phase of DNA repair is complete'®+197, “PARP-trapping” promoted by
PARPi impedes autoPARylation and thus stopping the decoupling of PARP from DNA (Figure 90). Based
on this background, a possible strategy to target these BRCA-mutated cancer cells involves the promotion
of replication fork damage, that forces homologous recombination repair to occur. As the cells are BRCA-

deficient, this process cannot occur, leading to the inability to repair this defect and subsequent cell
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death®*, This process, in which a single mutation do not compromise cell functionality, but when
combined with a mutation in another gene, cell viability becomes compromised, is called synthetic

lethality, and such relation has been proposed between PARP and BRCA gene'®.

l PARP1
DNA strand break
PSRN detection by PARP1
"
\ Binding of PARP1 to
A 4. f DNA strand breaks
ADP-Ribose NAD* ,AMP + PP
PARP
i S SRR inhibitors
Nlcollnamlde ‘ ATP + PRPP
%q
B —=
DT Poly(ADP—ribosyI)aiion

: of PARP1
=
Transient recruitment and noncovalent and
covalent modifications of various proteins
[
Histone DNA-PKcs, | "

XRCCA HA Ku70 and Kus0 ATM MRE11 ITopmsomerase |
Recruitment Altered DSB repair DSB repair HR and Genomic Other
of XRCC1 and chromatin by NHEJ by HR and restarting maintenance unknown
DNA ligase Il binding checkpoint = of collapsed targets
to SSBs and during DNA activation replication

repair by BER = damage and forks
transcription

Figure 90: Schematic representation of PARP1 biological function. After binding to SSBs, PARP1 transfers the ADP-ribosyl
moiety from NAD* to acceptor proteins, generating long chains of poly (ADP-ribosylated polymers. This allows for the
recruitment of DNA repair proteins such as DNA polymerase b, DNA ligase lll, and scaffolding protein XRCC1 to sites of
SSBs. PARP may also facilitate homologous recombination via recruitment of factors like ATM, Mrel1, and Nbs1 to sites of
double-stranded DNA damage and has been shown to interact with the DNA protein kinase complex involved with
nonhomologous end-joining. ATM, ataxia telangiectasia-mutated; BER, base excision repair; DNA-PKcs, DNA-protein kinase
catalytic subunit; DSB, double-strand break; HR, homologous recombination; Mrel1, mitotic recombination 11; Nbs1,
Nijmegen breakage syndrome 1; NHEJ, nonhomologous end-joining; PPi, inorganic pyrophosphate; SSB, single-strand break;
XRCC1, X-ray cross-complementing protein [Reprinted from ref. 107, with permission from AACR]

Based on the concept of synthetic lethality, much effort has been devoted to the development of
PARP inhibitors for the treatment of a series of BRCA mutated cancer cells, in particular in the last
decade!®>*41°_ Qlaparib (AstraZeneca and Merck & Co) was the first PARP inhibitor to be approved by
the FDA and EMA (2014), as a monotherapy, for germline BRCA-mutated advanced ovarian cancer
patients that have received three or more prior chemotherapy treatments. In 2018, olaparib was also
approved by FDA as a second-line treatment for human epidermal growth factor receptor-2 (HER2)-

negative metastatic breast cancer'®. After that, several compounds were launched on the market for the
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treatment of different types of cancer: (i) rucaparib (Agouron Pharmaceuticals, approved by FDA, 2016);
(ii) niraparib (GSK, approved by FDA and EMA, 2017); {iii) talazoparib (Pfizer, approved in 2018 by FDA
and in 2019 by EMA) (Figure 91)'%°.

0 . o o
NH O NH NH, F NH
o _N \ Sy _N
HN—/ N HN
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© olaparib NH rucaparib niraparib talazoparib
! () F
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Figure 91: Chemical structures of olaparib, rucaparib, niraparib and talazoparib

Moreover, PARP inhibition has also been investigated as a potential therapeutic pathway for the
treatment of TNBC patients based on the evidences reported that correlates PARP inhibition with improved
therapeutic results for TNBC patients™-122, It has also been reported that more than half of the BRCA1
gene carriers have TNBC subtype'??, and several patients suffering from TNBC possess either BRCA1

mutation or “BRCAness”12°,

Structure-activity relationships in PARP inhibitors

In the 1980s, nicotinamide and 3-aminobenzamide were very useful as a proof of concept for
PARPI, as they were able to inhibit PARP1 as expected'?®. The idea to test these two compounds came
from PARP1 natural substrate, nicotinamide adenine dinucleotide (NAD*), which bounds to the 55 kD
catalytic domain and serves as building blocks for the poly-ADP ribose polymerization function. Later,
Ueda and Banasik screened over 100 structurally diverse compounds and found a series of structural
motifs, namely several bicyclic and tricyclic lactams, with inhibitory activity in the submicromolar range??.
This work paved the road for the discovery of several other structural motifs, such as isoquinolinones,

dihydroisoquionlinones, phthalazinones, quinazolinones, quinazolinediones, among others (Figure 92).
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Figure 92: Structural motifs in reported PARP inhibitors

These studies were key for improving the PARP1 pharmacophore model, as it demonstrated that
the inhibitory capacity of the compounds was increased by the presence of conformationally constrained
amide groups (lactams) in the scaffold=. After several years of study and numerous contributions124-
126 it was possible to confirm that the lactam moiety plays a pivotal role in the enzyme-ligand interaction

in a similar fashion to that happens in the natural ligand, NAD* (Figure 93)'.
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Figure 93: Schematic representation of the binding mode of several PARP-1 inhibitors in the nicotinamide binding pocket
of PARP1: (A) 5-hydroxy-3,4-dihydroisoquinolin-1(2H)-one; (B) rucaparib; (C) quinazoline derivative [Reprinted with
permission from ref.123, copyright 2021 American Chemical Society]
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As itis shown in Figure 93, the lactam moiety of all the inhibitors is anchored in the nicotinamide
binding pocket of PARP1 by three strong hydrogen bonding interactions, one with the side chain of residue
Ser904, and two with the main NH and carbonyl groups of residue Gly863, which is similar to the
observed for the nicotinamide moiety in NAD*(PDB 6BHV, 2.3 A). The presence of an aromatic ring fused
to the lactam group is also important since it is involved in T-17 interactions with the phenol groups of
residues Tyr896 and Tyr907, explaining the increased potency often observed with arylamides vs
saturated amides. In addition, the tight and small pocket involving the side chains of the residues Ala898
and Lys903, tolerate small substituents (e.g., CHs, F, Cl) on the benzamide-containing ring=. In some
cases, the presence of a hydrogen bond donor group (OH, NH) enhances the inhibitory potency since the
ligand is able to form an additional hydrogen bonding interaction with the side chain of residue Glu988
via a water molecule®, Finally, the large hydrophobic pocket adjacent to the nicotinamide binding site,
which is often referred to as the adenine-ribose binding site, can also be exploited to improve the potency,
the solubility, and other important pharmacodynamic and pharmacokinetic properties of the ligand by the
introduction of long chains (Figures 93B and 93C)'?*. Based on these findings, the pharmacophore

model for PARP1 inhibitors shown in Figure 94 has been constructed.
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Figure 94: Pharmacophore model for PARP1 inhibitors [derivative [Reprinted with permission from ref.123, copyright 2021
American Chemical Society]

Considering these precedents, the possible inhibition of PARP1 by compounds 2.6 was explored
in silico. This hypothesis was based on the structural similarities identified on these compounds relative
to the drugs currently in clinical use, specifically, the presence of the pyrimidinone group and the

restricted conformation of the tricyclic moiety. To this end, the following objectives were defined:

1) Explore the binding mode of the most potent compounds against the TNBC cell lines by molecular

docking using the program GOLD.
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2) Analyse the GOLD-predicted binding modes of the most relevant compounds by Molecular
Dynamics (MD) simulation studies on the resulting ligand@PARP1 binary complexes.

3) Calculate the binding free energy of the selected ligands via the MM/PBSA approach
implemented in Amber, for analysing the plausible correlation between the calculated binding

and the experimentally obtained results.

Molecular docking studies

Molecular docking is an important computational tool to explore the binding mode and affinity of
a ligand to a given target. For these studies, the ligand is considered flexible while the macromolecule is
taken as a rigid template (lock-key model). The protein binding area of study is selected by the user,
usually based on existing pharmacological information and/or biochemical studies with the isolated
target, such as enzyme kinetics, inhibitory assays, etc. The docking program identifies the most suitable
conformations of the ligands studied to fit in the selected area and estimates its binding affinity, which
allows to compare a series of compounds. This comparison is reliable for a set of a family of compounds,
which all have the same scaffold, to account for the positive/negative effect of the substituents. The
binding strongly depends on the size and the overall structure of the ligands, and therefore the comparison
of structurally very different compounds must be taken as a trend rather than quantitatively. In addition,
the resulting affinity values are determined by the score fitness function used, since each one can give
different weight to the hydrogen bonding, electrostatic and hydrophobic interactions in the overall binding
energy, as well as other factors, such as the inclusion of other terms obtained by regression of

experimental binding affinity data.

The binding modes of a selection of compounds 2.3 and 2.6 (Figure 95) in the nicotinamide
pocket of PARP1 were analysed by Molecular Docking using the program GOLD version 2020.2.0, and
the coordinates obtained in the available crystal structure of PARP1 enzyme in complex with (2-{3-[4-(4-
fluorophenyl)-3,6-dihydro-1(2 H)-pyridinyl]propylL}-8-methyl-4(3 H)-quinazolinone, namely
FR257517) (PDB ID 1UK0?, 3.00 A). The selection of compounds 2.3 and 2.6 shown in Figure 95
was based on the results obtained from the /n vitro activity against Hs578t cancer cell lines. Compound
2.61’ was also included in this study for comparison with the results obtained with compounds 2.6d’
and 2.6j’, the two most active derivatives, as it possesses a bromide substituent and a 3-methoxyphenyl

group in positions 7 and 2, respectively. For docking studies, the position of ligand FR257517 in PDB ID
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1UKO*” was selected for matching the ligand conformation and residues within 6.0 A were selected.

GOLDScore fitness function was employed.
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Figure 95: Compounds used in the molecular docking studies. The percentage of cell viability in Hs578t cancer cell lines
after 72 h of treatment and at 30 uM concentration of the compound is also included

The results of these studies revealed that, for the halides 2.6d’, 2.6h’, 2.6j’ and 2.6I’, the
highest score solutions showed similar binding as for FR257517 (Figure 96A and B). Thus, the ligands
would be anchored in the pocket by three hydrogen bonding interactions with the main NH and carbonyl
groups of residue Gly863, and the side chain of residue Ser904. Besides, these ligands are tricyclic

systems and therefore larger than FR257517, some m-mt interaction between the ligand and the phenol

group of Tyr907 was identified, mainly involving rings B and C.

The proposed binding mode for compounds 2.6t and 2.6b’, and 2.6x showed some differences
between them (Figure 97). While for compound 2.6t a similar binding to halides 2.6d’, 2.6h’, 2.6j’
and 2.6I' was obtained, less efficient anchoring was observed for compounds 2.6b’, and 2.6x. Thus,
for the latter compounds the orientation of the lactam group is predicted to be less suitable for maximizing
the polar contacts with the enzyme, mainly due to the introduction of bulkier substituents (MeO, Me) in

position 7, which might explain their weaker efficacy.
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Figure 96: (A) Comparison of the highest score solutions obtained by molecular docking for compounds 2.6d’ (blue),
2.6h’ (green), 2.6j’ (yellow) and 2.6I’ (magenta) in the nicotinamide binding pocket of PARP1. (B) Superposition of the
proposed binding mode for bromide 2.6d’ (blue) and inhibitor FR257517 (orange) as observed in PDB 1UKO. Relevant side
chain residues are shown and labelled. The most relevant interactions are indicated as blue (polar) and black (apolar)
dashed lines.
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Figure 97: Comparison of the highest score solutions obtained by molecular docking for compounds 2.6t (blue), 2.6x
(yellow) and 2.6b’ (green) in the nicotinamide binding pocket of PARP1. Relevant side chain residues are shown and
labelled. The most relevant interactions are indicated as blue (polar) and black (apolar) dashed lines.

For compounds 2.6e and 2.6k, the results revealed a less conformational selection for a
particular pose (Figure 98A and B). A variety of arrangements were obtained, in some cases even with
a 180° rotation. For the latter ligands, the aforementioned hydrogen bonding interactions could not be
established. These outcomes suggested that a relevant conformational adjustment of the enzyme would
be necessary for binding this pocket, which would be greater than in the previous cases, since they have
a bulky group (MeQ) in a position equivalent to an ortho substitution. Hence, to perform MD simulation
studies, in which both the ligand and the macromolecule are flexible, would be particularly relevant in
these cases to assess whether this arrangement is real, or an artifact derived from the conformation of

the macromolecule used.
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Figure 98: Superposition of some of the arrangements for compounds 2.6e (A) and compound 2.6k (B) obtained by
molecular docking.

To explore further the relevance of the binding interactions identified for the most relevant
compounds and to corroborate its proposed binding in the PARP1 nicotinamide binding site, simulation
studies on the ligand@PARP1 binary complexes obtained by molecular docking were performed, which

will be discussed in the next section.
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Molecular Dynamics simulations

These types of computational studies, in which both the ligand and the enzyme are considered
flexible, are complementary tools widely used in drug discovery to validate potential binding modes
obtained via molecular docking studies. For the latter type of studies, the macromolecule is considered
as a rigid template (lock-key model) and therefore the outcomes of these studies will be driven by the
target conformation employed. This requirement has the advantage of being easily performed in a laptop,
using programs that do not require extensive knowledge on computational chemistry. However, they also
have the disadvantage that: (i) the protein arrangement might not be optimal for the compounds under
study (available area for binding, arrangement of the residues side chains, etc.) or (ii) the proposed
binding obtained by molecular docking could be an artifact of this arrangement. This is because the
enzyme conformation is generally induced by the ligand/substrate that it recognizes, thereby maximizing
the ligand—enzyme interactions (induced-fit model), which may be markedly different from that adopted
with the compounds used for crystallization, or in the unbound form. In fact, the biological function of an
enzyme depends on both its three-dimensional structure and its intrinsic-shape motion for turnover. As a
result, the ligand-binding mode proposed by docking studies using unrealistic enzyme conformations for
the ligands under study may be an artifact, or quite different from the real ligand@enzyme complex, since
the plasticity of the macromolecule has not been considered. Hence, the study of the ligand@enzyme
complexes obtained by docking using dynamic simulations allows false binding modes, in which case the
ligand would escape from the pocket (unstable), to be ruled out, and a more realistic picture of the effects

caused by the ligand on an atomic scale to be obtained.

For this reason, MD simulations were performed on a selection of the ligand@enzyme complexes
obtained by molecular docking (Figure 18). In particular, the binary complexes 2.6d’@PARPI,
2.6]’@PARP1 and 2.6e@PARP1 were analysed according to the biological results obtained for Hsb78t

cancer cell lines. Thus, compounds 2.6d’ and 2.6j’ were among the most active, with 2.6d’ being the
most active of the two (Figure 99). Compound 2.6e, which was among the least active compounds for
all cell lines tested (MDA-MB-231 and Hs578t), was selected for comparison. For compounds 2.6d’ and
2.6j’, the coordinates of the highest score solution obtained by Molecular Docking results were used,
while compound 2.6e was manually docked to match the same arrangement as ligands 2.6d’ and

2.6§".
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Figure 99: Compounds used for MD simulation studies

- 2.6d’@PARPI binary complex

The compound 2.6d’ proved to be stable within the pocket as no relevant changes were observed
during the whole simulation (Figure 100). This ligand would be deeply embedded in the nicotinamide
binding pocket (Figure 100A). Three strong polar interactions between the ligand and the enzyme were
identified: (i) two hydrogen bonding interactions between the carbonyl group of the ligand and the side
chain of residue Ser904 and another with the main NH group of residue Gly863; and (ii) a hydrogen
bonding interaction between the main carbonyl group of residue Gly863 and the NH group of the ligand
(Figure 100B). In addition, diverse lipophilic contacts were identified, such as halogen-CH interactions
with the carbon side chain of residues Ala898 and Glu988; CH-mt interactions with residues Tyr896,
Asp766 (carbon chain) and Glu763 (carbon chain); and w7 interactions between the tricyclic moiety of
the ligand and the phenol ring of residue Tyr907. It is important to highlight that the analysis of the
frequency with which the hydrogen bonding interactions between 2.6d’ and PARP1 are observed during
the whole simulation clearly showed their strength and impact on the binding (Figure 100C). Thus,
these polar interactions were identified during 71% and 99% of the simulation with average distances
between 2.8 A and 2.9 A, when this interaction was detected. Altogether, these computational studies
suggested that compound 2.6d’ could interact favorably with the nicotinamide binding site of PARP1,
whose inhibition could justify the /n7 vifro results obtained. Biochemical studies with the isolated enzyme

would be required to validate this hypothesis.
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2.6d’
40.2 % (10 uM)
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H Donor Acceptor Frequency (%) Av. Distance [i]
Gly863(NH) 04 77 2.90
Serd04 (OH) 04 91 2.84

N3-H Gly863(C=0Q) 99 2.93

Figure 100: (A) Superposition of several snapshots [0 ns (yellow), 20 ns (pink), 40 ns (green); 60 ns (blue), 80 ns
(orange), 100 ns (purple)] from the 100 ns of MD simulation on the 2.6d’@PARP1 binary complex. (B) Overall view of the
binding mode of compound 2.6d’ against PARP1 obtained by MD simulation studies. Snapshot taken after 80 ns of
simulation. (C) Detailed view of the main contacts for 2.6d’ in the 2.6d’@PARP1 binary complex. The relevant residues
and side chains involved are shown and labeled. Hydrogen bonding interactions are indicated as red dashed lines. (D)
Frequency (%) and enzyme atoms with which the hydrogen bonding interactions between 2.6d’ and PARP1 are observed
during whole simulation. Average distances (&) between the donor/acceptor atoms involved when the hydrogen bond is

observed are also shown.
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- 2.6/’@PARPI binary complex

The simulation studies performed on the_2.6j@PARP1 binary complex showed that the
interaction of this ligand within the nicotinamide binding site of PARP1 would be less efficient than for
compound 2.6d’ (Figure 101). Thus, the results revealed that: (i) during the simulation, the ligand
moves away from the pocket involving residues Gly863 and Ser904, which is responsible for the
anchoring of inhibitor FR257517 as well as compound 2.6d’ (Figure 101A); (ii) as a result of (i), the
ligand would be more exposed to the water environment than compound 2.6d’ (Figure 101B); and (iii)
after 50 ns of simulation the hydrogen bonding interactions between the ligand and the enzyme residues
were quite weak (Figure 101C). In contrast to compound 2.6d’, only the hydrogen bonding interaction
between the main carbonyl group of residue Gly863 and the NH group in 2.6j’ was identified during a
significant part of the simulation (71%) and the geometry of this interaction showed to be less efficient

than for 2.6d’ because the other two hydrogen bonds were absent (Figure 101D).

It seems that the ligand moves away from the Gly863/Ser904 site due to the free rotation of the
3-methoxyphenyl ring, which would be located on a narrow and rigid pocket. The presence of a chlorine
atom in position 7 would also reduce the possible adjustments since the pocket that surrounds this area
of the ligand is also narrow. As a result, the 3-methoxyphenyl ring does not seem to find an optimal
position for maximizing the interactions of its methoxy group in the vicinity of the Gly863/Ser904 site.
The introduction of steric hindrance in both positions 7 and 2 seems to trigger the displacement of the
ligand towards wider sites of the protein. In doing so, the apolar interactions of the tricyclic moiety would
be maximized, especially of the halide-containing ring, with the pocket composed by residues Met890,
Tyr896, 11990 and Phe891. Without considering the different permeability properties that compounds
2.6j’ and 2.6d’ might have, all these outcomes suggested that the interaction between compound 2.6d’
and the nicotinamide binding site of PARP1 would be weaker than for compound 2.6j’, which would
explain the weaker /n7 vitro potency obtained with this compound. These results also suggested that the
functionalization of position 7 would have a huge impact on the substitution of the phenyl group of position

2, since both positions are flanked by pockets of limited plasticity.
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Figure 101: (A) Superposition of several snapshots [0 ns (yellow), 20 ns (pink), 40 ns (green); 60 ns (blue), 80 ns
(orange), 100 ns (purple)] from the 100 ns of MD simulation on the 2.6j’@PARP1 binary complex. (B) Overall view of the
binding mode of compound 2.6j’ against PARP1 obtained by MD simulation studies. Snapshot taken after 80 ns of
simulation. (C) Detailed view of the main contacts for 2.6j’ in the 2.6j’@PARP1 binary complex at 50 ns. (D) Frequency (%)
and enzyme atoms with which the hydrogen bonding interactions between 2.6j’ and PARP1 are observed during whole
simulation. Average distances (A) between the donor/acceptor atoms involved when the hydrogen bond is observed are also
shown.
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- 2.6e@PARPI binary complex

Compound 2.6e showed a similar behaviour as for compound 2.6d’, having a great stability in
the nicotinamide binding pocket of PARP1 (Figure 102A). This ligand would also be deeply embedded
in the pocket, with its lactam moiety interacting with residue Gly863 by hydrogen bonding during most of
the simulation (Figures 102B and 102D). The hydrogen bonding interaction between the carbonyl
group of the ligand and the side chain of residue Ser903 also proved to be relevant, as it was observed
during 53% of the simulation. Based on the length of the hydrogen bonding interactions promoted by
compounds 2.6e and 2.6d’, the overall strength of the interaction of derivative 2.6e with the enzyme
is predicted to be less efficient than for compound 2.6d’. As for compound 2.6d’, the ligand would be
also stabilized by numerous apolar interactions within the pocket, particularly CH-rt interactions with
residues Tyr907, Tyr889, Lys903 (carbon chain) and Ser864 (carbon chain); m-w interactions between
the tricyclic moiety of the ligand and residues Tyr907 and His862; and lipophilic interactions with residues

[1e872, Glu988 (carbon chain) and Glu762 (carbon chain) (Figure 102C).

Comparing the results obtained with compounds 2.6e and 2.6j’, which only differ in the position
and type of substituent on the tricyclic moiety, thus the first has a methoxy group in position 9 and the
second a chloride in position 7, suggested that the lack of substitution in position 7 facilitates the
introduction of substituents in the aryl group in position 2. On the other hand, since the position 9 of the
scaffold would not interact with the internal part of the site, the substitution of the phenyl ring would not
have a negative impact on the binding, because the ligand would be able to reach an arrangement where
the polar interactions are the most numerous and favorable. However, the limited inhibitory capacity of
compound 2.6e experimentally observed suggested that either its internalization in cancer cells is low,
as this compound does not have halide substituents that facilitate it, or else the therapeutic target of

these types of compounds is another.

To further compare the interaction of the selected compounds 2.6d’, 2.6j’ and 2.6e in the
nicotinamide binding pocket of PARP1, the binding free energy for these compounds was calculated, as

discussed in the next section.
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Figure 102: (A) Superposition of several snapshots [0 ns (yellow), 20 ns (pink), 40 ns (green); 60 ns (blue), 80 ns
(orange), 100 ns (purple)] from the 100 ns of MD simulation on the 2.6e@PARP1 binary complex. (B) Overall view of the
binding mode of compound 2.6 against PARP1 obtained by MD simulation studies. Snapshot taken after 80 ns of
simulation. (C) Detailed view of the main contacts for 2.6e in the 2.6e@PARP1 binary complex obtained by MD simulation
studies. Snapshot taken after 80 ns of simulation. The relevant residues and side chains involved are shown and labeled.
Hydrogen bonding interactions are indicated as red dashed lines. (D) Frequency (%) with which the hydrogen bonding
interactions between 2.6e and PARP1 are observed during whole simulation and average distance (A) between the
donor/acceptor atoms involved.
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MMPBSA calculations

Calculating binding free energies between protein and ligand (or two proteins) using
computational methods is not an easy task. Much research effort has been devoted to this goal but finding
a definitive method for these calculations remains elusive. Conceptually, it is a very simple calculation,
thus the difference between the energy of the ligand@protein complex and the energy of both the ligand
and the protein in their unbound forms. However, this can only be calculated precisely by computational
methods in vacuum (or in gas phases assuming high dilution), which is of no suitable for biological
systems. In solution, water molecules are constantly forming and breaking hydrogen bonds with other
molecules, and the energy variation associated to this process is so high, that the error associated to the
energy calculation is of a higher magnitude than the value of binding free energy. Molecular mechanics
Poisson-Boltzmann surface area (MM/PBSA) calculations is one of the most popular approaches used
for binding free energy calculation, which has been shown to effectively balance computational cost
against accuracy. It is based on MD simulations of the ligand@macromolecule complex and have been
applied to large number of systems with varying success'?#1%°, Using this method, binding free energy in
solvated media is calculated using the thermodynamical cycle showed in Figure 103, using the following

equation 1:

AGbinding, solvated = AGbinding, vaccum + AGcomplex, solvation —

AGligand, solvation — AGprotein, solvation

Equation 1: Equation used in the MM/PBSA method

For the calculation of the solvation energies, MM/PBSA uses implicit solvation methods
generalized Born (GB) and Poisson-Boltzmann (PB). This approach implies that any effects that water
molecules can have in the binding process are not considered, because all water molecules are replaced
with a continuous equation term along the surface. This allows for a low computational cost, which makes
it quite popular. For the calculation, either Monte Carlo or MD simulations can be used to provide
structures for the complex, protein, and ligand, with multiple snapshots along the simulated trajectories
used for the calculation of the binding free energy. When the binding does not induce big conformational
changes, a single trajectory can be used, allowing for faster calculations. In this case, the trajectory for
the ligand@protein complex is also used to provide trajectories for the protein and the ligand in unbound
form, simply by removing coordinates of the ligand and protein respectively. The theory of this type of

calculation assumes that it is possible to obtain an approximation of the free energy of the ligand@protein
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interaction by calculating the free energy values for each step individually and without solvent, and then

calculate the free energy involved in the solvation (Figure 103).

Figure 103: Schematic representation of the MM/PBSA approach. Thermodynamic cycles for binding free energy
calculations for a protein—ligand complex. Solvated systems are shown in blue boxes, while systems in the gas phase are in
white boxes. Free energies that are directly calculated are shown in black, while the free energy of interest is shown in red
[Reprinted with permission from ref.130. Copyright 2021 American Chemical Society]

Typically, it is in the solvation free energy calculations that the procedure may differ: this process
can be calculated through a generalized Born method or using a PB distribution!?®-3°, For this reason,
the calculation of the free energy of the ligand@protein complex in solution (AGbinding, solvated), Which
tends to be a difficult process, is simplified to the calculation of the ligand-complex binding free energy
while considering it to be in a non-interactable gas (AGbinding, vacuum), to which the solvation is further
added (AGcomplex, solvation). The ligand and protein free energy values are estimated by removing the

solvation from the previously performed end-point calculation, which can be obtained from Monte Carlo

or, as in the case of the present study, MD calculations, using the final trajectory files as starting point.

The binding free energy for compounds 2.6d’, 2.6j’ and 2.6e was calculated by the MM/PBSA
approach implemented in Amber Tools 1.5. ante-MMPBSA.py module was used to create topology files
for the ligand@enzyme complex, enzyme and ligands and binding free energies were calculated with the
MMPBSA.py module. A single trajectory approach was used to calculate binding free energies considering
only the last 80 ns of the 100 ns MD trajectories. The Poisson-Boltzmann (PB) and Generalized Born (GB)

implicit solvation models were employed. The results are summarized in Table 134.

323



Chapter 3
Biological evaluation and computational studies

(@]
R L T
ZN0 NN
Table 134: Calculated binding free energies (kcal mol?) for compounds | /—R2
2.6d’, 2.6j’ and 2.6e using MM/PBSA method
Substituents GB PB
compounds Rl R2 AGbinding, solvated AAG AGbinding, solvated AAG
2.6d’ 7-Br H -42.51 0 -7.67 0
2.6j’ 7-Cl 3-OMe -30.16 12.35 0.92 8.59
2.6e 9-OMe 3-OMe -39.98 2.53 -2.85 4.82

As expected, the results revealed the higher affinity of compound 2.6d’ (lowest AGbinding,solvation)
than compounds 2.6j’ and 2.6e by the PARP1 enzyme with calculated binding energy differences up to
12.3 kcal mol?, considering the GB model, which are in line with the results that were obtained for its
biological activity /7 vifro. However, the binding affinity of the least active compound 2.6e is estimated to
also be good, as for compound 2.6d’, with calculated binding energy differences between them of 2.5
kcal mol?, considering the GB model. These results can be understood when other non-calculated factors
are considered, such as compounds’ permeability, or the interaction with other targets as no specific
binding assay on the interaction of these compounds with the isolated PARP1 enzyme was performed to
corroborate that is the biological target. However, these results show that the reported
chromenopyrimidinones could be PARP1 inhibitors, and therefore a good starting point for the design of

novel PARP1 inhibitors.

3.2 Tuberculosis

3.2.1 Tuberculosis — challenges and impact on human health

Tuberculosis (TB) is a disease caused by the bacillus, Mycobacterium tuberculosis, which is easily
spread through the air by cough, sneeze or spit, from an infected person®3t132, It mainly affects the lungs
(pulmonary TB) but can also affect other parts of the body (extrapulmonary TB)™2. It is presently a
detectable and curable disease and can affect anyone anywhere, but the main target of this disease are

adults, with a prevalence of men over women**2. The 30 high-burden countries (a list that comprises the
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most affected countries in terms of tuberculosis infections) account for almost 90% of those who fall sick
with TB each year™. It is also considered a disease associated with poverty*2. According to the WHO
Global Tuberculosis Report 2020, in the majority of cases, “economic distress, vulnerability,

marginalization, stigma and discrimination are often faced by people affected by TB"132,

Nowadays, TB is the leading cause of death for people infected with HIV and a major contributor
to bacterial resistance to antibiotics, being responsible for one-third of global antimicrobial resistance
related deaths'323, According to WHO global Tuberculosis report 2020, TB is still the leading cause of
death from an infectious disease among adults worldwide, with more than 10 million TB-infected cases
each year for the last years, being among the top 10 causes of death worldwide and the leading cause of
death from a single infectious agent (ranking above HIV/AIDS)*'32, According to the same report, 8.7
million (87%) of these individuals reside in the 30 high-burden countries and only 6.4 million were
diagnosed and officially notified, among which 1.3 million are expected to perish annually***132, There
were an estimated 1.2 million (range, 1.1-1.3 million) deaths, due to TB, among HIV-negative people in
2019 (a decrease from 1.7 million in 2000), as well as 208.000 deaths (range, 177.000-242.000)
amidst HIV-positive people (a decrease from 678.000 in 2000)™2. In 2019, 56% of the total number of
TB cases were men (aged 215 years), 32% were women and 12% children (aged <15 years), and 8.2%

of the total cases were among people living with HIV*32,

Most newly developed TB cases (2019) came from the WHO regions of South-East Asia (44%),
Africa (25%) and the Western Pacific (18%), Eastern Mediterranean (8.2%), the Americas (2.9%) and
Europe (2.5%)*** (Figure 104). An asymmetry in case distribution can be perceived, with eight countries
representing two thirds of the global total: India (26%), Indonesia (8.5%), China (8.4%), the Philippines
(6.0%), Pakistan (5.7%), Nigeria (4.4%), Bangladesh (3.6%) and South Africa (3.6%)*?. The remaining 22

countries in WHO's list of 30 high TB burden countries accounted for 21% of the global total**2.

Since 2000, TB treatment has averted more than 60 million deaths, but because proper health
coverage is still not accessible to every infected person, many millions have also missed out on diagnosis
and care'3?, Preventive treatment is available for people with TB infection, and the number of people
developing infection and disease (and thus the number of deaths) can also be reduced through
multisectoral action that attend to recognized TB risk factors such as poverty, undernutrition, HIV

infection, smoking and diabetes!3*132,
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' When an HIV-positive person dies from TB, the underlying cause
is coded as HIV in the International Classification of Diseases

systemn.

Figure 104: Countries (in blue) that had an estimated TB incidence rate of less than 10 per 100 000 population in 2019
[obtained from ref.132; license: https://creativecommons.org/licenses/by-nc-sa/3.0/igo/]

Although significant improvements in treatment and diagnosis have been achieved in the last
decades, multidrug-resistant strains of M. tuberculosis are currently on course to be the world’s deadliest
pathogens, being responsible for 25% of deaths due antimicrobial resistance (Figure 105):%132, It is
considered a completely curable disease but it is understood as a last century pathology, and in spite of
its high-ranked mortality numbers and drug resistance, R&D investment has not been responding
accordingly®. In the last decades, and after years of stagnation, R&D for new anti-TB drugs, and in
particular against multidrug-resistant and extremely-resistant strains of TB, have been reinforced, with

several repurposed and newly developed drugs entering clinical trials!3*.
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Figure 105: Global number of people reported to have been treated for TB disease, 2015-2019 (left) and the global
number of people reported to have been enrolled on treatment for MDR/RR-TB, 2015-2019 (Global data disaggregated by
age are not available for the years before 2018) (right) [obtained from ref. 132; license:
https://creativecommons.org/licenses/by-nc-sa/3.0/igo/]
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Current therapies and treatment

To engage the ongoing worldwide tuberculosis outbreak, the WHO proposed a series of
guidelines!32135136 tg achieve the End TB Strategy (a 90% decrease in TB incidence and 95% decrease in
TB mortality by 2035 compared with 2015), which involve not only a series of protocols to improve
funding, testing and diagnosis, but also to improve the existing treatment options and the discovery of

new anti-TB agents?3136.137,

The first-line TB therapy consists on a 4-drug treatment with rifampicin, isoniazid, pyrazinamide
and either ethambutol or streptomycin, for 2 months, followed by 4 up to 24 months of treatment with
rifampicin and isoniazid**®. It is a very prolonged therapy, which favors its non-compliance and the
emergence of new resistant strains. Thus, these strains, namely multidrug-resistant tuberculosis (MDR-
TB), do not respond to the first-line anti-TB drugs, isoniazid and rifampicin, and are developed in previously
treated TB patients (secondary resistance). For those cases, the second-line therapy is employed, which
includes drugs such as linezolid, bedaquiline, moxifloxacin, levofloxacin, cycloserine, clofazimine,
kanamicin, capreomycin, amikacin, viomycin, ethionamide, p-amino salicylic acid, cycloserine, and some
macrolides®3¢. Their applicability, conjugation and duration of treatment varies with the clinical status and
bacterial characteristics. The most serious form of MDR-TB is the extensively drug-resistant tuberculosis
(XDR-TB), which is caused by strains that do not respond to any second-line drug, which leaves, in many

cases, many patients without therapeutic options!*.

The eradication of the tuberculosis is difficult, because in addition to the special characteristics
of the bacteria itself, the currently available therapy is so long that it favors the emergence of resistant
strains. It is therefore not surprising that, in recent years, the main focus within the scientific community
has been to search for shorter and more efficient therapies'*’. Another important issue that has been
increasingly been considered is the impact of TB among immunocompromised individuals, such as those
infected with HIV, suffering from diabetes, undergoing organ transplantations, among others!32138; for
example, as of 2019, 2.2 and 0.35 million TB cases could be attributed to HIV and diabetes ,
respectively*32. MDR and XDR forms of TB are extraordinarily difficult to treat in patients of this type with

a compromised immune system.

There is already an extensive knowledge about the molecular mechanism and targets of the
available antibacterial drugs currently available and approved for the treatment of TB3. Rifampicin binds

to the B-subunit of RNA polymerase and blocks elongation of the RNA strand, which in turn interferes
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with the transcription process!*; isoniazid undergoes oxidation once inside the cell by the catalase
peroxidase enzyme KatG to afford the isonicotinoyl radical, which in the presence of NADH-dependent
reductase enzyme and its cofactor NADH/NAD: leads to the deactivation of the reductase enzyme by
modification of the cofactor'®é; ethambutol inhibits arabinosyltransferase and disrupts the
arabinogalactam biosynthesis in the cell wall, increasing its permeability®3®; streptomycin acts is an
inhibitor of the protein biosynthesis'*¢. Moreover, fluoroquinoline, a second-line drug, blocks the
Mycobacterial DNA replication and transcription by inhibiting the topoisomerase Il (DNA gyrase)
enzyme!®; ethionamide is activated by the mono oxygenase enzyme and inhibits the NADH dependent

ACP reductase enzyme via disruption of the mycolic acid biosynthesis®3.

In spite of having achieved further insight of the molecular processes and drug-resistant
mechanisms, inherent to the TB infection and disease progression, as well as on the genomic sequence
of M. tuberculosis and some resistant strains, there is still an urgent need of new therapeutic agents in
order to achieve the End TB Strategy™*°. In the last years, there have been some investment in drug
repurposing to treat M. tuberculosis infection'*, as well as in new drugs such as bedaquiline, delamanid
and protamanid. This investment has been helpful in the treatment of MDR-TB and the more nefarious
XDR-TB, but the prognosis of the disease promoted by these two conditions remain unfavorable and the
solutions unsufficient®. Adding to this, bedaquiline possesses severe secondary effects, being only
prescribed as a last resort treatment#!, and delaquinine has showed less efficacy than previously
predicted**2. Although some improvements have been made in the search for a vaccine, in the last

decade, only one vaccine has been approved to this date, which is the BCG vaccine#314,

3.2.2 Biological evaluation of chromene-based and imidazole-based compounds activity
against M.tuberculosis

To explore the potential of the compounds described in this doctoral thesis against infections
caused by M. tuberculosis, the in vitro activity of a selection of the previously synthesised chromene and
imidazole derivatives was assayed against virulent strains of M. fuberculosis (H37Rv). The assays
consisted on the measurement of the MIC (ug/mL) values using the Alamar Blue assay** and resazurin
as standard. The studies were performed in a collaboration with Prof. José Antonio Ainsa from the Faculty

of Medicine of the University of Zaragoza, Spain.
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The results of these studies showed that no significant activity was found (>160 pg/mL) for the
tested compounds 2.3, 2.6, 2.50, 2.55, 2.69, 2.86 and 2.87, as well as for compound 2.105. The
best results were obtained with the imidazoles 2.119 that showed MIC vales in the range 40-80 pg/mL,
specifically 40 pg/mL for compound 2.119e and 80 pg/mL for compound 2.119i (Figure 106).

— Br
(O
) OH OH
H,NOC CN /\ /\ N

H,NOC C
2.119e .
2.119i

40 ug/mL 80 pg/mL

Figure 106: Chemical structure of compounds 2.119e and 2.119i and their /77 vifro [MIC (ug/mL)] activity
against virulent M. tuberculosis

3.3 Malaria

3.3.1 Malaria - Challenges and impact on human health

According to the 2020 edition of the WHO "s World Malaria Report, malaria can be defined as a
“life-threatening disease caused by parasites that are transmitted to people through the bites of infected
female Anopheles mosquitoes. It is preventable and curable’'*#¢. It causes acute fever, chills, headaches,
nausea, and can progress into a severe clinical disease if left untreated, with the first symptoms typically

manifesting, in a non-immune individual, up to 10-15 days after the infection®.

The female Anopheles mosquitoes act as malaria vectors, as they are able to spread a parasite
through their bites'*®'*7, according to WHO, “There are 5 recognized parasitical species that can cause
malaria in humans, from which 2 of them - Plasmodium falciparum and Plasmodium vivax — constitute
the greatest threat'’**. Also according to WHOY 7 P. falciparum was responsible, in 2019, for 99.7%
of the total malaria cases in the WHO African Region, 71% of the cases in the Eastern Mediterranean
region, 65% of the cases in the Western Pacific region and 50% of the cases in WHO South-East Asia
region; as for P. vivax, it was the predominant parasitic agent in the WHO Region of the Americas, being

responsible for 75% of the total cases'#6147,
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Although being defined as a curable disease, malaria is still a health challenge nowadays. In
2019, nearly half of the world's population was at risk of contracting malaria, and an estimated 229
million cases have been identified in 2019 alone (in comparison with 228 million cases in 2018)%¢. The
number of deaths in 2019 ascended to 409.000, and although not climbing, in comparison with 2018,
it is still a concerning number#6147, Also, between 2015 and 2017, and opposing a consecutive decrease
between 2000 and 2015, 55 countries had an increase in cases and 38 countries had an increase in
deaths, which, despite not being clear to whether this is a real epidemiological trend, is still indicative

that this problem is far from over+,

Current therapies and treatment

The eradication of the malaria endemics would require the extinction of the four main parasite
species: P. falciparum, P. vivax, P. ovale and P. malariae“®. As this goal has not yet been achieved,
malarian parasites have had the opportunity to adapt and develop drug resistance to some of the clinically
used antimalarial drugs, and for this reason, the development of new antimalarial drugs have been
supported by a series of project and institutions'#¢'#°. In 1820, quinine (Figure 107) started to be used
as an effective antimalarial treatment, based on which a series of other compounds were designed and
prepared'*. However, several of these compounds are not in clinical use nowadays, either because drug
resistance has been confirmed or have been related to undesirable side effects such as cardiotoxicity or

toxic psychosis'*.

Quinine W\’
N
e . o LI
OMe
XN = F
~ 2 F
cl N Cl N

Cl

Chloroquine Mepacrine Halofantrine

Figure 107: Examples of quinine-derived antimalarial drugs, developed between 1820 and the 1980s
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Isolated for the first time in 1971, from Artemisia annua, a plant most used in Chinese traditional
medicine, the sesquiterpene artemisinin (Figure 108) has proven to be effective against all drug-
resistant variants of P. falsjparum*®. Nowadays, several pro-drugs derived from artemisinin (such as
artemether, artesunate and artemotil) are commercially available, and all share the same active
compound, dihydroartemisinin'*®. The mechanism of action of artemisinin-derived compounds is still
unclear, but the most accepted theory involves the generation of free radical species via haem-catalysed
activation, leading to the unrepairable damage of several proteins that are vital for the parasites’
survival#**%°. However, other possible mechanisms of action have also been identified: in 2013, a
computational study revealed that not only haem is involved in the mechanism but also PfATP6 (a Ca?*
transporter) could be involved®>*; others, for example, identify PfPI3K as a potential target of artemisinin,

with the evidence pointing to the possibly of it acting as an inhibitor of said enzyme®>2.

Artemether Artesunate Artemotil

Figure 108: Examples of artemisinin-derived antimalarial drugs

Nowadays, many other drugs have been approved for the treatment of malaria, such as
lumefantrine, proguanil, tafenoquine, and others. However, there are still a necessity for new anti-malarial
drugs, as drug-resistance phenomenon is still an occurring event: In the past 62 years, we have suffered
three outbreaks of P. falciparum drug resistance. From 1957 to the late 1970s, chloroquine-resistant
variants spread from southeast Asia to several parts of the world#7*4¢, Sulfadoxine-pyrimethamine was
introduced in 1981, but a rapid spread of drug-resistant forms of Plasmodium was identified worldwide
in a 20-year period“®. Even to the artemisinin-based drugs, designed to overcome drug resistance,

resistance is now common and is a huge concern in the Greater Mekong Subregion, which led to an
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emergency response by WHO™e14¢ With P. vivax, many chloroquine-resistant forms have been pinpointed
in the Americas, Asia, and Africa'#®1#8, For this reason, the research and development of new therapeutic

agents is still a health necessity, and is still included as one of the priorities of the WHO e,

3.3.2 Biological evaluation of chromene-based and imidazole-based compounds activity
against Plasmodium falciparum

To explore the potential of the targeted compounds against malaria, their possible antimalarial activity
was assayed by Dr. Carla Calcada, form the University of Minho, Braga, Portugal, in a collaboration with
Isabel Veiga’'s laboratory. The 3d7 and Dd2 parasite lines were obtained from MR4-Malaria Resources
and maintained at about 4% haematocrit with human red blood cells in RPMI-1640, supplemented with
2 mM L-glutamine, 200 uM hypoxanthine, 0.25 pg/mL gentamycin, 25 mM HEPES, 0.2% NaHCOs, and
0.25% Albumax Il (Invitrogen; ThermoFisher Scientific). Parasite cultures were maintained at 37°C under
a humidified controlled atmosphere of 5% 0,/5% C0O2/90% N,. Parasite growth was monitored through
Giemsa-stained blood smears. Parasite synchronization was performed with 5% sorbitol for 15 minutes
at 37°C. For an initial screening of each compound and the respective drug susceptibility assays a
fluorimeter plate reader was used. Briefly, for the initial screening, each compound was diluted and used
at concentration of 2 uM/well. Only compounds that inhibited the parasite growth compared with control
condition (without compound) at this concentration were used in the next step for ICsodetermination. The
results are presented in the following Tables 135-137.

Table 135: Survival rate percentage of Plasmodium falciparum (% mean value) parasites after treatment with a selection of
compounds 2.3 and 2.6

% survival (mean value)

Compound Structure Dd2 3D7
(o)
X NH OMe
2.3d ° \NA/@ 87.4 82.5
OMe  heo OMe
[e]
2.3h 0 \“ﬁ{) 76.4 79.8
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(e}
Br\@\/YLNH Me
2.3i oSy 88.1 65.6
MeO OMe
(o]
| NH
2.6b ooy 94.2 86.6
OMe
o
‘ NH OMe
2.6d oA 93.1 94.8
OMe
o
| NH
2.6e o N/&©/0Me 101.2 77.5
OMe
o
| NH
2.6i o NAOoH 101.1 83.0
OMe
[¢]
| NH
2.6n oA F 107.5 92.0
OMe
o
| NH
2.60 oA 107.6 86.8
OMe F
[}
‘ NH
2.6p 0N 103.8 81.5
OMe oH
(o]
| NH
2.6q o NM\@ 94.8 99.4
OMe
(0]
2.6r L, 948 736
o N
OMe W
o
MeOMNH OMe
2.6s o NA@ 96.4 80.4
[e]
2.6t o N/k@onne 78.8 81.6
(o]
2.6u o N/ﬁ@we 103.1 87.6
MeO
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2.6x o N/K© 94.5 75.6

2.6y 0N 41.3 64.9

OH

2.6b’ o NA© 98.7 92.8

Br. NH
2.6d’ (;(C’ﬁk@ 116.7 88.2

Br. NH
2.6g’ C@'\ANA/@M 109.7 81.0
CIWLNH OMe
2.6i’ o NA@ 80.6 86.2

2.6§’ oA N/k@/we 103.2 95.7

cl NH
2.6m’ @;ﬁﬁjwe 96.4 77.7

MeO

Table 136: Survival rate percentage of Plasmodium falciparum (% mean value) parasites after treatment with a selection of
compounds 2.50, 2.55, 2.69, 2.86, 2.87, 2.90 and 2.105

% survival (mean value)
Compound Structure Dd2 3D7
2.50c 115.3 81.4
2.50d 118.0 92.3
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2.55b 1139 91.2
Z "N
|
~5 e
O™ °NH
2.55e 1 X 102.2 92.4
<
CC LA
O~ °NH
O Br
2.55m )6 106.1 99.7
Br- \‘ N
(L LA
o NH
2.58n 1035 91.8
2.58q 98.5 99.5
2.58b’ 103.8 9.7
2.69a 125.7 84.4
2.69b 80.4 47.2
2.86a 95.9 68.2
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2.86b 96.6 64.8
2.86f 99.8 97.0
2.86g 23.6 7.45
2.87b 24.5 13.2
2.871 20.3 13.2
2.90 119.9 79.6
2.105 110.1 90.3
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Table 137: Survival rate percentage of Plasmodium falciparum (% mean value) parasites after treatment with a selection of
compounds 2.119

% survival (mean value)

Compound Structure

Dd2 Dd2
2.119a q 1109 103.1
/ CN
CONH2
2.119¢ /©Y 108.0 102.7
/) CN
CONH2
HO
<9
2.119¢ N 106.7 95.4
N// CN
CONH,
2.119g ©\r f© 92.0 82.6
I/ CN
CONH2
2.119h ©Y 106.8 99.8
Y CN
CONH2
2.119k @\( 93.8 95.6
l/ CN
CONHZ
2.1191 Uﬁ 110.4 93.9
I/ CN
CONH2
2.119m @\( 1116 88.5
l/ CN
CONH2
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2.119n Q\r 113.5 102.9
| p, CN

CONH2

2.1190 @\( Ké 116.3 90.2

/CN

CONH2

2.119p @/ 109.7 99.4
| >—CN

CONH2

From the presented results (Tables 135-137), it is possible to observe that the best results
were obtained for compounds 2.6y, 2.86g, 2.87b and 2.871. None of the tested imidazoles 2.119
presented relevant results. Notably, two of the best results were obtained with both the precursor amidine
2.871 (R'=Br, R’=H, R3=4-Cl) and the pyridopyrimidinone 2.86g, which was originated from amidine
2.871. Based on the present results, further studies are proceeding to evaluate the potential of amidines

2.87 and pyridopirimidinones 2.86 as new classes of antimalarial bioactive compounds.

3.4 Computational studies on the reaction mechanism of 2-substituted 5-cyano-1-(2-
hydroxybenzyl)-1 #imidazole-4-carboxamides

As previously discussed in chapter 2, Pereira®®? suggested a reaction mechanism for the synthesis
of 1Himidazoles 2.119 from benzylidene acrylamides 2.112. In this publication, which were only
focused on 2-hydroxybenzylidene acrylamides, the authors did not explore the case of conversions using
4-hydroxybenzylidene acrylamides, but rather included other polyhydroxylated systems (2,3-dihydroxy- or
2,3,4-trihydroxybenzylidene substituents), which in any case were also all substituted in or#ho position

(Scheme 58).
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Scheme 58: Reaction mechanism for the synthesis of compounds 2.119 and side reaction obtained from hydroxylated
derivatives of 2.112 [adapted from ref. 153]

This led the authors to postulate that the reaction involves the removal of the proton from the
phenol group on the readily generated diimine intermediate. This triggers the delocalization of the
resulting negative charge through the aromatic ring, generating a negatively charged nitrogen atom at
position N1, which then conducts a nucleophilic attack on the second imine group. The selectivity of the
reaction is therefore explained by the authors assuming the greater nucleophilicity of the N1 nitrogen
atom than its counterpart N4. However, this statement would be equally true with 4-hydroxybenzylidene

acrylamides, but, under the same reaction conditions, the formation of imidazole derivatives was not

OH OH
g q
NC.__N
and/or I P
O H,NOC™ N O
| Cl

experimentally observed (Scheme 59).

NC.__N X N N
) INLIILINNG SO &
+
_—
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2109 2.112d 2.113¢c 2.114c
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R'= 2-OH HO.
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H,Noc” N

cl
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Scheme 59: Results obtained from the reaction of 2.109a (R!= 2-OH) and 2.109g (R'= 4-OH) with 2-
chlorobenzaldehyde; a) 2-chlorobenzaldehyde (1.2 equiv.), EtsN (2 equiv.), EtOH, r.t., 96h
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This led us to believe that the selectivity of the 2-hydroxybenzylidene derivatives 2.109a towards
the formation of compounds 2.119 could be explained by an alternative mechanism, particularly by a
self-catalysed process mediated by the 2-phenol group acting as a base, which would be absent in the 3-
and 4-hydroxybenzylidene derivatives. To get further insights into this hypothesis, the reaction mechanism
of 2-, 3- and 4-hydroxybenzylidene acrylamides was studied /n silico, in particular to clarify the following

points:

a) Why only 2-hydroxybenzylidene derivatives afford imidazole derivatives like 2.119?
b) How is the 2-phenol group controlling the reaction path?

c) Is it an electronic effect or a self-catalysed process?

It is worth highlighting that the nucleophilic attack of the N1 nitrogen atom to the second imine
moiety, considering the tautomeric form of the starting material as suggested by Pereira>3, was ruled out
based on the very high activation barriers obtained on our preliminary studies exploring this idea. The
tetrahedral geometry of the nucleophile (NH group) in this mechanism, and the presence of the hydrogen
atom on the nitrogen would make the nucleophilic attack more difficult than for a sp? nitrogen atom (imine
moiety). These initial results led us to explore other more suitable reaction paths. To this end, two
plausible mechanisms were explored (Scheme 60): (i) path g - the formation of five-membered
heterocycles (imidazoles) by nucleophilic attack of the N1 nitrogen atom (step 1), followed by
aromatization catalysed by the phenolate form of the 2-phenol moiety (step 2); and (i) path b - the
formation of sixmembered heterocycles (pyrazines) via an aza-Claisen-like cyclization. No substituents
were included in the second imine moiety to reduce the number of isomers to study. This mechanism

also assumes that a diamine is generated during the reaction.
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Scheme 60: Plausible mechanisms studied for the formation of 1H-imidazole E and pyrazine derivative G from 2-
hydroxybenzylidene acrylamide A

The calculation methodology involved the following steps:

1) Identify the most suitable transition states (TS) involved in the mechanism.
2) Find the conformers of the reactant and product of the reaction.

3) Determine the global energy profile of the conversion.

These computational studies were performed considering the three isomeric forms of the starting
structure (A), TS (TS1 and TS2) and products (C and E), thus, 2-, 3- and 4-hydroxybenzylidene
derivatives, and for all these structures, the phenoxide and phenol forms were also considered. The most

relevant results of both paths and each step are discussed in the next sections.

3.4.1 Step 1: intramolecular cyclization

First, we studied the intramolecular cyclization reaction that would lead to the formation of the 5
membered compound B from diimine A, and the 6-membered compound €, through the respective TS,
TS1 and TS2 (Scheme 61). The structures in which the phenol group is in the neutral form are

indicated as “.OH" and with “.0Q" for those using phenolate forms.
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Scheme 61: Schematic representation of the reaction paths for the formation of 5- and 6-membered compounds B and C,
respectively. The different types of isomers studied are also indicated. The structures in which the phenol group is in the
neutral form are indicated as “.OH” and with “.0" for those using phenolate forms.

For both reaction paths the 2-, 3- and 4-hydroxyl isomers in the neutral form and the
corresponding phenolate forms, as well as the E/Z isomers of the benzylidene group in the dimine A were
studied (Scheme 61). In addition, for each of these structures, two possible conformers of the CONH,
group were considered. Thus, one with the -NH> group in the CONH; substituent pointing towards the CN
substituent (I, Scheme 61), and the another with the CO group in the CONH; substituent pointing
towards the CN substituent (II, Scheme 61). The results of these studies considering the phenol moiety
in the neutral and the phenolate forms are summarized in Figure 109. When the neutral form of the
phenol group was employed, the activation free energies obtained for the formation of 5-membered
compounds range between 12.3 kcal mol (ortho substitution) and 14.3 kcal mol™ (para substitution),
while values between 23.9 kcal mol* (ortho substitution) and 26.1 kcal mol™? (para substitution) were
obtained for the formation of the 6-membered derivatives (Figure 109A). When the phenolate form was
considered, the activation free energies varied between 12.4 kcal mol™ (meta substitution) and 17.8 kcal
mol? (para substitution) for the formation of 5-membered compounds and between 16.4 kcal mol™ (ortho

substitution) and 23.3 kcal mol™! (/meta substitution) for the 6-membered derivatives (Figure 109B).
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Figure 109: Free energy profiles for the cyclization steps to afford 5- and 6-membered derivatives substituted with 2-, 3-

and 4-hydroxylphenyl groups

For both cases, the formation of 5-membered derivatives predicted to be more favourable than

for the 6-membered ones, and this effect was significantly relevant when the neutral phenol form was

considered. In the latter case, no significant differences were identified among the three isomers (ortho,
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meta, para) studied, showing energy differences of about 12 kcal molt. However, when the phenolate
form was employed, these energy differences were only identified for the meta isomer (~11 kcal mol?),
since for ortho and para isomers only differences of 2-3 kcal mol™* were obtained. These findings
highlighted a strong contribution of the electronic effects on the intramolecular cyclization step, and,
based on the low energy barriers differences obtained, both paths would be possible. Therefore, the
reason for explaining the different regioselectivity obtained may lie in the subsequent evolution of the

intermediates generated in step 1 (Figure 109).

On the other hand, the analysis of the geometries of the transition states TS1.0H/TS1.0
(Figure 110) and TS2.0H/TS2.0 (Figure 111) revealed that for all the transition states, the NH;
group in the CONH, substituent would be pointing towards the N4 nitrogen atom to stablish a hydrogen
bonding interaction. The latter contact seems to help to achieve the best arrangement for cyclization.
However, as these calculations were performed in vacuum, the relevance of this interaction may be lost
in solution. In addition, some differences among the TS1 for the three isomers explored were identified.
Thus, the relative arrangement of the phenolic ring in relation to the 5>-membered formed in the cyclization
showed to be distinct for the ortho isomer compared with the meta and para isomers, which followed a
similar architecture. For the ortho isomer, the phenolic ring showed to be almost coplanar to the new 5-

membered ring generated.
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A B

Figure 110: Geometries of the transition states TS1.0H (A, C and E) and TS2.0H (B, D, F). The ortho (A, B), meta (C,
D) and para (E, F) isomers of each TS are shown
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Figure 111: Geometries of the transition states TS1.0 (A, C and E) and T$2.0 (B, D, F). The ortho (A, B), meta (C, D)
and para (E, F) isomers of each TS are shown

3.4.2 Step 2: aromatization
The intramolecular hydrogen transfer between the methylene moiety and the benzylidene group in
intermediates B.OH/B.0 was first explored (Scheme 62). However, for all the isomers (ortho, meta,

para), energy barriers higher than 49 kcal mol* were obtained, with no significant differences between

isomers. Such a high value of activation energy rules out this possibility.

H H ¥
Xy H4-N N - =N =
<H>°©vﬁ;//¥cow2—> (H)O{;\:VN oony| ——= 0% | {7 )—conn
+
CN H CN

HH CN
B.OH TS3.0H E.OH
B.O TS3.0 E.O

Scheme 62: Schematic representation of the possible conversion of intermediates B.OH and B.0 in imidazoles E.OH and
E.O through [1,3]-hydrogen shift reaction
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An inspection of the intermediates B.OH and B.0, which were obtained in the step 1 of the 5>-membered
ring formation mechanism, showed remarkable differences in their spatial disposition depending on the

position of the substituent in the aromatic ring (Figure 112).

Figure 112: Geometries of the intermediates B.OH and B.0. Note how for the ortho isomers, no planar arrangements
were observed. The phenol/phenolate moieties are located on a suitable arrangement for the removal of one of the
hydrogen atoms of the methylene group. The distances between the oxygen atom of the phenol/phenolate group and the
methylene hydrogen atom are highlighted

For the meta and para isomers, an overall planar arrangement was obtained with the newly
formed 5-membered ring and the phenol moiety in the same plane. However, for the or#fi0 isomers, the
phenol/phenolate ring is arranged about 30° and 45°, respectively, from the coplanar disposition. As a
result, the oxygen atom in the phenol/phenolate moiety would be close to one of the hydrogen atoms in
the methylene group of the 5-membered ring, with distances of 2.11 A and 1.92 A for the phenol and
phenolate derivatives, respectively. This disposition for the or#ho intermediates B.OH and B.0 suggests
that the phenol/phenolate group could be involved in the final aromatization of the 5-membered ring
generated to afford the experimentally observed imidazole derivatives. These finding led us to explore this
intramolecular abstraction reaction, which would be geometrically difficult for the metfa and paraisomers
(Scheme 63). As the intermediate B.OH could also be converted into B.O by reaction with the EtsN

employed in the reaction, our next calculations were focused in intermediate B.O.

In TS4, the transferred proton was located at 1.53 A to the benzylic carbon atom and at 1.16 A
to the phenolic oxygen atom (Figure 114). Additionally, this step should be irreversible, as a high AG*

(24.1 kcal mol) was obtained.
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Scheme 63: Schematic representation of the possible conversion of intermediate B.0O in imidazole E.Q through an
intramolecular hydrogen abstraction and a subsequent proton transfer reaction

Figure 113: Geometry of the TS4. The distances (A) of the formed (blue) and broken (yellow) bond are indicated.

The full energy landscape is presented in Figure 114. In contrast to TS$1.0, in the TS of this
transformation, TS4, the carbonyl group of the amide was pointing towards the heterocyclic nitrogen
atom (Figure 114). The activation energy calculated for the intramolecular hydrogen abstraction by the
2-phenoxide group proved to be low, 10.8 kcal mol™. The energy barrier calculated for the protonation of
the resulting anion D was very low of only 0.6 kcal mol, indicating that the generation of F would be

very fast.
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Figure 114: Free energy profiles for the formation of 5- and 6-membered derivatives substituted with 2-, 3- and 4-
hydroxylphenyl groups. Only the phenolate forms of the starting material, intermediates and TS are considered.

From the full energy landscape obtained for the diamine A.O (Figure 114) we can conclude
that the intramolecular cyclization for the formation of both the 5- and 6-membered derivatives would be:
(i) an energetically favorable process; (ii) as both reactions have similar energy barriers of 14.0 and 16.4
kcal mol ™, respectively, they are competitive process and reversible. For the 3- and 4-hydroxybenzylidene
derivatives 2.138d and 2.138g, since the generated intermediates B.OH/B.0 cannot evolve, the
process reverses, favoring the formation of the 6-membered systems. However, for the or#ho derivatives,
as this type of substitution promotes the intramolecular abstraction of one of the methylene hydrogens of

the 5-membered system B.0, the evolution of the reaction towards the formation of imidazole derivatives
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is triggered. The low energy barriers of the abstraction and protonation steps (globally a [1,3]-hydrogen

sift) and the AGt calculated for the global process leading to the imidazole derivative E of -24.6 kcal mol-

1 would make this reaction highly favorable. According to the calculations performed here, the

intramolecular cyclization reaction would be the rate determining step.
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Derivatives of 3-Aryl-2,3-dihydro-1/4chromeno[3,2-c]pyridin-1-ones 2.3 and 2-aryl-3H
chromeno[2,3-d]pyrimidin-4(5 H)-ones 2.6

A series of 3-aryl-2,3-dihydro-1Achromeno[3,2-c]pyridin-1-ones (2.3) and 2-aryl-3#
chromeno[2,3-d]pyrimidin-4(5H)-ones (2.6) were prepared from the reaction of salicylaldehydes 2.2 and

cyanoacetamide (Scheme 64).

NC” > CONH,
o] 4 . [0} [0}
R! CHO Cvanoacetamide  R! R'CH'O'“ A-2equiv) o R
(2 equiv.) A NH, Piperidine (1.2 equiv.) X /I\IT | )N\H
L S
R 0" SNH EIOH. 100°C 0" SN R 0" N" R
R2 NaHCO; or R2 o R2 R2
Na,CO; 0.05M R°= aryl, alkyl
2.2a-g rt. 2.1ag 23 26
R'=H, Br, Cl, OMe, Me R'=H, Br, Cl, OMe, Me 6 examples 36 examples
R?=H, OMe, Me R?=H, OMe, Me

R3®= OH

Scheme 64: Synthetic route for the preparation of compounds 2.3 and 2.6

The synthesis of a vast selection of compounds 2.3 and 2.6 and testing them in the Hsb78t
cancer cell line allowed to identify compound 2.6d’ (R'=Br, X=H) as the most active. The results for the
biological activity enabled the construction of a structure-activity relationship model for the PARP1
enzyme. The computational studies indicated that the presence of an electron withdrawing group (R*=Br,

Cl) in position 7, and a metasubstituted phenyl ring in the position 2 (X=Br, Cl) was important for the

(0]
|

Figure 115: Substituents and positions (X=halide) promoting the activity of chromene[2,3-alpyrimidin-4(5 A)-one derivatives
(2.6) studied against TNBC cell lines, considering the interaction with the PARP1 enzyme

anticancer activity (Figure 115).

The molecular docking simulations revealed that compounds 2.6 can interact favorably with the
PARP1 nicotinamide binding pocket. However, their interaction with the binding site depends on the
substituents present in position 7 and in position 2 of the phenyl ring. These two positions cannot be
substituted simultaneously, because when the anchorage with the Gly863/Ser904 is achieved, both
positions 2 and 7 are located in narrow pockets. As a future prospective, the insertion of hydrophilic
groups in position 9 may improve the low solubility of this scaffold in agueous medium. The substitution

of position 2 with other substituted phenyl groups, or even with non-aromatic substituents, may allow for
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an improved placement of these structures in the binding pocket, and thus lead to the development of

novel PARP1 inhibitors.

Derivatives of 2-imino-8-methoxy-2/#chromen-3-amine 2.22a and 2-oxo-8-methoxy-2 A

chromen-3-amine 2.25a

Compounds 2.27, 2.28 and 2.29 could be prepared in satisfactory yields from 2-
aminochromene 2.25a (Scheme 65). Additionally, a simple synthetic route that leads to
chromenoimidazole 2.35, has been developed. This compound may be an interesting scaffold to explore

the anticancer activity, by incorporating different substituents in the imidazole moiety (Scheme 65).

NC.__CN NC._CN

\[ 1 equiv. H
N

N2 OEt
| )
O NH MeCN (6] N

OMe r.t OMe
2.35
2.22a
HCI 37% CHO
H,0, 80 °C | N
=
R1// 2 equiv. :—R1 n R!
o NH 2.2 @EIN\ X EtOH @EI
—_—
OEt
@(OIO EtOH o~ "0 reflux 0" ~O
OMe reflux OMe OMe
2.25a 2.27 2.28
o NH2
o0 o EtOH
OMe reflux
2.25a

\/\

(e}

Scheme 65: Synthetic route for the preparation of compounds 2.27-2.29 and 2.35
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Derivatives of 2-amino-4-(2-oxo-2-arylethyl)-4 A~chromene-3-carbonitriles 2.39

The work on the reactivity of compounds 2.39 led to novel chromene-based scaffolds.
Compounds 2.39 mainly reacted by nucleophilic attack to position 2, followed by ring-opening processes.
The weak nucleophilicity of the amino group in position 2 may be responsible for the chemical versatility
of compounds 2.39, as they led to the formation of different products under different reaction conditions:
(i) the use of aqueous sulfuric acid allowed the preparation of compounds 2.50, probably through
protonation of the amino group and further nucleophilic attack of a water molecule to position 2; (ii) the
use of aqueous sodium hydroxide led to nucleophilic attack to position 2 and subsequent opening of the
chromene ring, followed by nucleophilic attack to the carbonyl group of the 2-oxo-2-arylethyl moiety,
resulting in the formation of pyridines 2.68 and 2.70; compounds 2.68 could be engaged in an acid-
catalysed (with sulfuric acid) ring-closing step to afford chromenopyridines 2.69; (iii) the reaction with
primary aromatic amines (2.51) led to a similar process as described in (i), and compound 2.39 further
evolved to the formation of the chromenopyridine moiety, leading to chromenes 2.55; compound 2.56a
(R*= Br, R?=H, R*=H) could be prepared from a mixture containing 2.55a, in aqueous sulfuric acid; (iv)
performing the reaction with phenyl hydrazine led to the formation of compounds 2.82 by nucleophilic
attack to the carbonyl group of the 2-oxo-2-arylethyl moiety and not to position 2 of the chromene nucleus

(Scheme 66).

For future work on this topic, the synthesis of compounds 2.55 could be explored using different
solvents or solvent mixtures, and different primary amines. The preparation of compounds 2.69 could
also be improved by selecting the optimal basic conditions to promote the preferential formation of
compounds 2.68. Another exploratory work could involve the use of pyridines 2.68 and 2.70 as pH
sensors or colorimetric structures, as it was observed that these pyridines were highly affected by pH
variations. Such sensitivity was accompanied by a clear change in colour, ranging from violet to red

depending on the substituents present in both aromatic rings.
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Scheme 66: Synthetic route for the preparation of compounds 2.50, 2.55, 2.56, 2.68, 2.69, 2.70 and 2.82

Derivatives of ethyl //(3-cyano-4-(2-oxo-2-arylethyl)-4 H-chromen-2-yl)formimidate 2.98

The reactions involving imidates 2.85 led to novel scaffolds, mainly by an ANRORC-type

mechanism involving both the imidate and the carbonyl moieties. The evolution of amidines 2.87,

generated from imidates 2.85 by reaction with primary amines, strongly depends on the reaction

conditions used. It was observed that (i) performing the reaction of imidates 2.85 with primary amines,

in a EtOH/H,0 1:1 system, afforded amidines 2.87 in good to high yields; (ii) pyridopyrimidines 2.86

could be prepared either from the reaction of imidates 2.8% with primary amines, or from the pure

amidine 2.87 (or a crude mixture containing this compound), in ethanol at 80 °C, with or without the
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addition of a catalytic amount of acetic acid (0.5 equivalents); {iii) polycyclic compounds 2.88 could be
prepared from amidine 2.87 by intramolecular cyclization at room temperature, in the presence of 1
equivalent of DBU or in an aqueous mixture of NaOH 0.05M/EtOH 1:1 (v/v); (iv) intramolecular
cyclization, followed by Dimroth rearrangement, occurred when amidines 2.87 were allowed to stir in an
NaOH 2M (1.2-4.5 equivalents)/EtOH mixture; (v) adding DBU to a mixture of amidine 2.87 or 2.88
ultimately led to the formation of the tetracyclic product 2.90; (vii) compounds 2.100 could be prepared
by the reaction of imidates 2.85 with 1.2-2.5 equivalents of phenylhydrazine, at room temperature; (viii)
compounds 2.105 could be prepared from the reaction of imidate 2.85%a with ammonium acetate, at
room temperature; (ix) compounds 2.88 were also identified as precursors in the synthesis of 2.86
(Scheme 67). Several of these novel scaffolds were tested for their biological activity in triple-negative
breast cancer, malaria and tuberculosis, with compounds 2.86l, 2.871 and 2.90 presenting the most

promising results.
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. 0 3
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Scheme 67: Synthetic route for the preparation of compounds 2.86-2.90, 2.100 and 2.105
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2-Substituted-5-cyano-1-(2-hydroxyaryl)-1 #-imidazole-4-carboxamides 2.119

A series of 2-substituted-5-cyano-1-(2-hydroxyaryl)-1 Aimidazole-4-carboxamides 2.119 were
prepared and evaluated for their biological activity against triple-negative breast cancer, malaria and
tuberculosis, with no relevant results. However, exploring the reaction mechanism that led to imidazoles
2.119 showed that the presence of the 2-hydroxyl moiety affects the mechanism of reaction, guiding it

mainly through a self-catalysed proton shift (Scheme 68).

H,N_ _CN R2CHO R OH
]i (1.2-2 equiv) N/*N
- _ N
ol Y7 SNT CN Et;N (2 equiv.) =
~ EtOH, rt HNOCT  ON N\
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(1.2-2 equiv) | (R'=3-OMe,

Et3N (2 equiv.) 3-OH, 3F,
EtOH, rt 4-OH or 3-Cl)

2113 2114

Scheme 68: Synthetic route for the preparation of imidazoles 2.119

These conclusions were based on the reactions performed with eneimine derivatives 2.109,
where it was observed that (i) only eneimines with a 2-hydroxyl moiety in the aromatic ring evolved to
imidazoles 2.119 (except 2.109b where R'= 2-OH, 5-Br); eneimines 2.109d (R'= 3-OH) and 2.109g
(R*= 4-OH), led to the formation of pyrazines 2.113 and 2.114 via a Diaza-Cope reaction (Scheme
68). The synthesis of imidazoles 2.119 was supported by computational studies, where the most
energetically favourable mechanism involved a hydroxyl-assisted proton shift. This explains the selectivity

of 2-hydroxylated aromatic eneimines in the formation of the imidazole ring.
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All chemicals, reagents and solvents for synthesis were analytical grade, purchased from
commercial sources and used without further purification, unless otherwise specified. The reactions were
followed by Thin Layer Chromatography, TLC, in glass plates coated with silica gel 60 and fluorescent
indicator (Macherey-Nagel, DC-Fertigplotten Duresil 25 UV254) or in aluminium plates coated with silica
gel 60 and fluorescent indicator (Macherey-Nagel, DC-Fertigfolien ALUGRAM Xtra SIL G/UV254). The
spots were observed under ultraviolet (UV) light using a UV chamber (CN-6 Vilber Lourmat) with a 254nm
lamp and in an iodine chamber. For dry-flash chromatography, silica gel MN Kieselgel 60 (230 ASTM,
particle size <0.063 mm) was used. Some of the reactions were carried out in an IKAMAG RCT equipment
with a magnetic stirring of 400 RPM under variable temperatures. The solvent was evaporated in a rotary
evaporator Buchi RE Il or Buchi R 114.

'H NMR spectra were recorded at room temperature in a Varian Unity Plus 300 MHz or a Brucker
Avance Il 400 MHz spectrometer and deuterated dimethyl sulfoxide (DMSQ) was used as solvent. The
chemical shifts were registered in ppm using the signal of the deuterated solvent as internal reference.
The Jvalues were registered in Hz. 3C NMR spectra were performed in the same equipment at 75 or
100 MHz, respectively.

The identification of the novel compounds was supported by analysis of the chemical shifts, peak
multiplicities and J/ values and was supported by bidimensional heteronuclear correlation techniques
HMQC and HMBC. The elemental analysis was purchased as an external service from CACTI Vigo. IR
spectra were recorded in a FT-IR BomemMB using nujol mulls and NaCl cells. The melting points were
determined with a Stuart SMP3 melting point apparatus and are uncorrected.

The commercial starting materials were acquired from Sigma-Aldrich, Merck, Riedel or Acros
Organics. The solvents were designated as pure and distilled water was used in the reactions performed

in aqueous solution.

Molecular Docking studies

Ligand geometries were minimized using the AM1 Hamiltonian as implemented in the program
Gaussian 03w and used as MOL2 files. The Molecular Docking studies were carried out using the program
GOLD*! version 5.8. Each ligand was docked in 25 independent genetic algorithm (GA) runs, and for each
of these a maximum number of 100000 GA operations were performed on a single population of 100
individuals. Operator weights for crossover, mutation and migration in the entry box were used as default
parameters (95, 95, and 10, respectively), as well as the hydrogen bonding (6.0 A) and van der Waals
(3.0 A) parameters. The position of the co-crystallyzed ligand (FR257517 inhibitor, PDB ID 1UKO, 3.00
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A)2 was used to define the active site and the radius was set to 10 A. The “flip ring corners” flag was

switched on, while all the other flags were off. The GOLD scoring function was used to rank the ligands

by fitness.

Molecular Dynamics simulations

Ligand minimization: The ligand geometries were minimized using Gaussian 03w using a restricted

Hartree—Fock (RHF) method, at a B3LYP level of theory and a 6-31G(d) basis set, as implemented in the
ab initio program Gaussian 03w. Partial charges were derived by quantum mechanical calculations using

Gaussian 03w, as implemented in the R.E.D. Server (version 3.0)>* according to the RESP> model. The

missing bonded and nonbonded parameters were attributed, by analogy or through interpolation, from

those already available in the AMBER® database (GAFF)’2.

Minimization of the proteinligand complex: The protein coordinates were obtained from the crystal

structure of PARP1 (PARP1, Homo sapiens, PDB ID 1UKO, 3 A). Ligands were manually docked into the
nicotinamide pocket to fit the coordinates of the co-crystallized ligand in the PDB file (2-{3-[4-(4-
fluorphenyl)-3,6-dihydro-1(2 H)-pyridinyl]propyl}-8-methyl-4(3 A)-quinazolinone).Computation
of the protonation state of titratable groups at pH 7.0 was carried out using the H™ Web server®. As a
result of this analysis, His742, His822, His826, His855, His862, His909, His934, His937 and His946
were protonated in the € position. Addition of hydrogen and molecular mechanics parameters from the
ff14SB° and GAFF force fields were allocated to the protein and the ligands using the LEaP module of
AMBER Tools 16. The protein was immersed in a truncated octahedron of ~12.000-12.300 TIP3P water
molecules The system was minimized in four stages: a) Ligand minimization (1000 steps, steepest
descent in the first half and then a conjugate gradient); b) solvent minimization (5000 steps, steepest
descent in the first half and then a conjugate gradient); c) side chain residues, waters, and ions
minimization (5000 steps, steepest descent in the first half and then a conjugate gradient); d) final
minimization of the whole system (5000 steps, steepest descent in the first half and then a conjugate
gradient). A positional restraint force of 50 kcal mol™t A-2 was applied to the whole protein, and a carbons,

during the first two stages (a and b), respectively.

Molecular Dynamics simulations: Molecular Dynamics simulations were performed using the

pmemd.cuda_SPFP'~13 module in the AMBER 16 suite of programs. Periodic boundary conditions were
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applied, and electrostatic interactions were calculated using the smooth particle mesh Ewald method
(PME)*, with a grid spacing of 1 A. The cut-off distance for the non-bonded interactions was 9 A. The
SHAKE algorithm®® was applied to all hydrogen-containing bonds, using a 10~ A, and an integration step
of 2.0 fs. The minimized system was then heated from 0 to 300 K, over 100 ps, at 1 atm of pressure,
and was then kept at 300 K for another 100 ps, applying a positional restraint force of 50 Kcal mol'* A-
2 to o carbon atoms, during the heating stage. Finally, an equilibration of the system at a constant volume
(200 ps, with positional restraints of 5 Kcal mol't A2 to all o carbons) and constant pressure (another
100 ps with positional restraints of 5 Kcal mol™ A2to a carbons) was performed. The applied positional
restraints were gradually decreased from 5 to 1 mol® A2 (5 steps, 100 ps each), and the resulting
systems were allowed to equilibrate without any restriction (100 ps). Unrestrained Molecular Dynamics
simulation were carried out for 100 ns, and the system coordinates were collected every 10 ps for further
analysis. The visualization of structural information was performed using the molecular graphics program
PyMOL®. The cpptraj module in AMBER 16 was used to analyse the trajectories and to calculate the root
mean square deviation (RMSD) of the protein-ligand complex during the simulation, as well as to measure
the distance between a selection of residues and the ligands inside the binding pocket. The visualization
of the results obtained from the Molecular Dynamics simulations was performed using VMD-Visual
Molecular dynamics!’.

MMPBSA and MMGBSA calculations: The binding free energy for 2.6e, 2.6d’ and 2.6j’ was calculated

by the MM/PBSA approach®® implemented in Amber Tools 1.7. ante-MMPBSA.py module was used to
generate the topology files for the complex, enzyme, and ligands, while the binding free energies were
calculated using the MMPBSA.py module. A single trajectory approach was used to calculate the binding
free energies considering the final 80 ns (801 snapshots) of the MD trajectories (PARP1/Ligand) (L=
2.6e, 2.6d’, 2.6j’). The Poisson-Boltzmann (PB) and Generalized Born (GB) implicit solvation models

were used.

Mechanistic studies:

All calculations were performed in vacuum using the program Gaussian 09 at the B3LYP level of theory

and the basis set 6-31G(d).
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| :—R Study of the formation of the 5-membered ring structures: All structures TS1 were
N\1N+/C\\bN_ minimized using Gaussian 09, using a restricted Hartree-Fock (RHF) method, as
NG S implemented in the program Gaussian 09. To find a starting point for the transition
TSTONHZ state (TS) calculations, a relaxed potential energy surface (PES) was calculated for

R =2-OH, 2-O07, 3 -OH,

30 40ma.0  achone of these compounds, elongating the N1-Cb distance from 1.6 to 2.5 A,

always taking the last step of the previous distance as the starting point of the next one. Then, the highest
energy points of these PES were used as the starting point for the calculation of the TS, using a restricted
Hartree—Fock (RHF) method, as implemented in the ab initio program Gaussian 09. To these structures,
CN and amide groups were added, considering 2 possible conformations with NH, or O of the amide
group close to the CN group, and the TS structures were also found for these new structures. All the TS
were characterized by having an imaginary frequency that corresponds to the formation of the N1-Cb
bond. Once the TS were found, an IRC calculation was performed in both the forward and reverse
direction, to obtain both the starting and end points of the reaction. In all cases, the final step of the IRC

calculation was further minimized to obtain a local minimum for the compounds.

@E' o Study of the formation of the 6-membered ring structures:
Ca N

NI*\%’I\CONHZ The procedure used was the same as applied for the 5-membered ring structures,

N performing the Ca-Cb bond elongation of the TS2 structures. All the TS were

TS2
R =2-OH, 2-O-, 3 -OH,

3-0,4-0H,4-0°  of the Ca-Cb bond. Once the TS were found, an IRC calculation was performed in

characterized by having an imaginary frequency that corresponds to the formation

both the forward and reverse direction, to obtain both the starting and end points of the reaction. In all
cases, the final step of the IRC calculation was further minimized to obtain a local minimum for the

compounds.

H _ H i _
N Notis UL W A
RT /Nc\?\CONHZ T },N\/X\CONHZ T N%\CONHz O 4-OH, 4
+
C, CN H CN W W by

B TS3 E

1,3-proton shift: The procedure used was the same as applied for the 5-membered ring structures. The
elongation of the Ca-Hb was performed from 1.0 to 3.0 A starting from a previously generated Cb-H
bond (structure B) and Ca-H bond (structure E) structures and performing the calculus in both forward

and reverse directions to obtain TS3. All the TS were characterized by having an imaginary frequency
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that corresponds to the formation of the Cb-H bond. Once the TS were found, an IRC calculation was
performed in both the forward and reverse direction, to obtain both the starting and end points of the
reaction. In all cases, the final step of the IRC calculation was further minimized to obtain a local minimum

for the compounds.

oY

HH O-H H O-H
o O
a +j)\CONH2 +77\\CONH2 - ’J‘%CONHZ
c

CN CN
B TS3
D
o o
=N @ 7N -
N/\/ Nw)\ N//\/N
CONH, CONH, ). +ﬁ/kCONH2
CN CN CN
E
F TS4

Hydroxyl-assisted proton transfer: The procedure used was the same as applied for the 5-membered ring

structures, but performed in two stages: a) proton abstraction by the phenoxide group; b) transfer of the
proton from the resulting hydroxyl group to Ca. The elongation was performed from 1.3 to 3.0 A, starting
from a previously generated Cb-H bond (structure B) and O-H bond (structure D) structures, and
performed in both forward and reverse directions to obtain TS3. All the TS were characterized by having
an imaginary frequency that corresponds to the formation of the Cb-H bond. The elongation was then
performed from 1.3 to 3.0 A, starting from a previously generated O-H bond (structure D) and Ca-H
bond (structure F) structures, and performed in both forward and reverse directions to obtain TS4. All
the TS were characterized by having an imaginary frequency that corresponds to the formation of the O-
H bond (TS3) or of the Ca-H bond (TS4). Once both TS were found, an IRC calculation was performed
in both the forward and reverse direction, to obtain both the starting and end points of the reaction. In all
cases, the final step of the IRC calculation was further minimized to obtain a local minimum for the

compounds.

Synthesis and reaction conditions

General procedure for the synthesis of 2-imino-2 #chromene-3- carboxamides (2.1):

The synthesis of compounds 2.1 was performed according to the procedure described in the literature

(ref. 6, chapter 2). Cyanoacetamide 2.13a was added to a suspension of the appropriate salicylaldehyde
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2.14, in aqueous NaHCO, (0.05 M, 2.00 ml), and the mixture was stirred at room temperature for 17-
61 h. The obtained suspension was then removed from stirring and cooled in an ice bath for 1-3h, filtered
and washed with water, and a few drops of diethyl ether, affording the desired product 2.1. Compounds

2.1a and 2.15a were previously prepared and fully characterized (ref. 6, chapter 2).

2-imino-8-methoxy-2 A#chromene-3-carboxamide(2.1a):

xCONH2  2_Cyanoacetamide (0.500 g, 6.0 mol) was added to a suspension of 3-
@C)INH methoxysalicylaldehyde (0.913 g, 6.0 mol) in agueous NaHCOs (0.05 M, 5.00 ml)

e and the reaction mixture was stirred at room temperature for a further 22 h. After
this time, the stirring was stopped, and the beige suspension was allowed to cool in an ice bath for 2h.
The white solid was then filtered and washed with cold water and a few drops of diethyl ether leading to
the pure product 2.1a (1.316g, 4.9 mol, 82%), which was identified by IR, *H, *C, Mp. and elemental

analysis.

2-imino-2 Achromene-3-carboxamide (2.1b):

~CONH,  2-Cyanoacetamide (0.500 g, 6.0 mol) was added to a suspension of salicylaldehyde
E:(OINH (0.913 g, 627 L, 6.0 mol) in agueous NaHCOs (0.05 M, 5.00 ml) and the reaction
mixture was stirred at room temperature for 17 h. After this time, the stirring was stopped, and the beige
suspension was allowed to cool in an ice bath for 2 h. The white solid was filtered and washed with cold
water and a few drops of diethyl ether leading to the pure, white product 2.1b (1.172 g, 5.9 mol, 99%),

which has been identified by IR, *H, *C, Mp. and elemental analysis.

2-imino-6-methoxy-2 H#chromene-3-carboxamide (2.1¢):

MeomCONHZ 2-Cyanoacetamide (0.840 g, 10 mmol) was added to a suspension of 5-

O "NH methoxysalicylaldehyde (1.522 g, 1.25 mL, 10 mmol) in aqueous NaHCOs;
(0.05 M, 8.00 ml) and the reaction mixture was stirred at room temperature for 61 h. After this time, the
stirring was stopped, and the beige suspension was allowed to cool in an ice bath for 2h. The white solid
was filtered and washed with cold water and a few drops of diethyl ether leading to the pure product 2.1¢

(2.012 g, 9.8 mol, 98%), which was identified by IR, H, *C and Mp.
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6-bromo-2-imino-2 A#chromene-3-carboxamide (2.1d):

BfmCONHz 2-Cyanoacetamide (0.500 g, 6.0 mmol) was added to a suspension of 5-

O” "NH bromosalicylaldehyde (1.206 g, 6.0 mmol) in aqueous NaHCOs (0.05 M, 6.00
ml) and the reaction mixture was stirred at room temperature for 22 h. After this time, the stirring was
stopped, and the beige suspension was allowed to cool in an ice bath for 2h. The beige solid was filtered
and washed with cold water and a few drops of diethyl ether leading to the pure product 2.1d (1.080 g,
4.0 mmol, 67%), which was identified by IR, *H, *C, Mp. and elemental analysis.

6-chloro-2-imino-2 A#chromene-3-carboxamide (2.1e):

C'\©\/ICONH2 2-Cyanoacetamide (0.280 g, 3.3 mmol) was added to a suspension of 5-
O~ ~NH chlorosalicylaldehyde (0.518g, 3.3 mmol) in aqueous NaHCOs (0.05 M, 4.00

ml) and the reaction mixture was stirred at room temperature for 22 h. After this time, the stirring was
stopped, and the beige suspension was allowed to cool in an ice bath for 2h. The white solid was filtered
and washed with cold water and a few drops of diethyl ether leading to the pure product 2.1e (0.697 g,
3.1 mmol, 95 %), which was identified by IR, *H, *C, Mp. and elemental analysis.

2-imino-8-methyl-2 Achromene-3-carboxamide (2.1f):

xCONH2  2Cyanoacetamide (0.185 g, 2.2 mmol) was added to a suspension of 3-
Q\/'INH methylsalicylaldehyde (0.272 g, 242 uL, 2.2 mmol) in aqueous NaHCO; (0.05 M,

1.00 ml) and EtOH (200 L) and the reaction mixture was stirred at room temperature for 24 h. After

this time, the stirring was stopped, and the beige suspension was allowed to cool in an ice bath for 2h.
The white solid was filtered and washed with cold water and a few drops of diethyl ether. The product
was recrystallized from EtOH/ rzhexane 1:1, leading to the pure product 2.1f (0.197 g, 0.97 mmol, 44

%), which was identified by IR, *H, *C, Mp. and elemental analysis.

2-imino-6-methyl-2 #chromene-3-carboxamide (2.1g):

mCONHz 2-Cyanoacetamide 2.13a (0.185 g, 2.2 mmol) was added to a suspension of
0”7 > NH 5-methylsalicylaldehyde 2.14f (0.300 g, 2.2 mmol) in aqueous NaHCOs (0.05

M, 1.00 ml) and EtOH (200 uL) and the reaction mixture was stirred at room temperature for 23 h. After
this time, the stirring was stopped, and the beige suspension was allowed to cool in an ice bath for 2h.

The white solid was filtered and washed with cold water and a few drops of diethyl ether. The product
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was recrystallized from EtOH/ r#hexane 1:1, leading to the pure product 2.1g (0.325 g, 1.6 mmol, 73%),

which was identified by IR, *H, *C, Mp. and elemental analysis.

General procedure for the synthesis of 2-oxo0-2 A~chromene-3- carboxamides (2.15):

Compounds 2.1 were prepared according to the procedure described in the literature®. Full
characterization and synthesis were described in this reference.

General procedure for the synthesis of 3-aryl-2,3-dihydro-1A-chromeno[3,2-c]pyridin-1-
ones (2.3) and 2-aryl-3 #chromeno[2,3-d]pyrimidin-4(5 H)-ones (2.6):

Method A: Used for the preparation of compound 2.6q. /MMethylpiperazine (1.2 equiv.) was added to a
suspension of the appropriate chromene 2.1a and aryl aldehyde (1.2-1.5 equiv.), kept at 100 °C. After
stirring at 100 °C, the suspension was allowed to cool to room temperature, and then was left in an ice
bath for 1 hour. The solid was filtered and washed with cold EtOH and cold diethyl ether. The product
was dried, and identified as 2.64q.

Method B: Piperidine (1.2 equiv.) was added to a suspension of the appropriate chromene 2.1 and aryl
aldehyde (1.2 equiv.), at 100 °C. After stirring at 100 °C, the suspension was cooled to room temperature.
Diethyl ether (5 mL) was added and the suspension was allowed to stand in an ice bath for 1 hour. The
solid was filtered and washed with cold EtOH and cold diethyl ether. The product was dried, and identified
as the corresponding 2.3 or 2.6.

9-Methoxy-2-(2,4,6-trimethoxyphenyl)-2,3-dihydro-1 #chromeno[3,2-dpyri- dine-1-one (2.3d):

Q 2,4,6-Trimethoxybenzaldehyde (1.2 equiv.; 0.216 g, 1.10 mmol) was added

X NH Me
o \NJ\/éL to a suspension of 2.1a (0.20 g; 0.91 mmol) in EtOH (2.00 mL), and the
oMe MeO oMe mixture was stirred at 100 °C. Then, piperidine (1.2 equiv.; 109 ulL) was added

to the suspension, which gradually turned the beige suspension into a red solution after 2 minutes. After
20 minutes, the red solution started to turn gradually into an orange suspension, that slowly kept turning
into a beige, thick suspension. After 3 hours and 30 minutes at 100 °C, the stirring was stopped, and
the suspension was allowed to cool to room temperature for 5 minutes. Diethyl ether (5 mL) was added,
and the suspension was allowed to stand in an ice bath for 1 hour. The solid was filtered and washed
with cold EtOH and cold diethyl ether. The light-yellow solid was dried, and identified by IR, *H, 2C, Mp.,
as the pure product 2.3d (0.231 g, 0.58 mmol, 63%).
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2-(Benzo[dl[1,3]dioxol-5-yI)-9-methoxy-2 #chromeno[2,3-dlpyrimidin-4(3 A-one (2.3e):

2 Piperonal (1.2 equiv.; 0.165 g, 1.10 mmol) was added to a suspension of
Xy ONH
©\/j5( o 2.1a(0.20 g; 0.91 mmol) in EtOH (2.00 mL), and the mixture was stirred
o) N/\il \
OMe o

at 100 °C. Then, piperidine (1.2 equiv.; 109 uL) was added to the

suspension, which gradually turned the beige suspension into a red solution after 2 minutes. After 15
minutes, the red solution started to turn gradually into an orange suspension that slowly turned into a
beige, thick suspension. After 2 hours and 30 minutes at 100 °C, the stirring was stopped, and the
suspension was allowed to cool to room temperature for 5 minutes. Diethyl ether (5 mL) was added and
the suspension was allowed to stand in an ice bath for 1 hour. The solid was filtered and washed with
cold EtOH and cold diethyl ether. The crude solid was recrystallized from a 1:1 mixture of EtOH/n-hexane,
leading to a yellow solid that was filtered, dried, and identified by IR, *H, *C and Mp, as the pure product
2.3e (0.100 g, 0.29 mmol, 31%).

9-Methoxy-2-(pentan-3-yl)-2 #chromeno[2,3-dlpyrimidin-4(3 A-one (2.3f):

7 2-Ethylbutanal (1.2 equiv.; 0.100 g, 104 pL, 1.10 mmol) was added to a
N NH

o \NJ\(\ suspension of 2.1a (0.20 g; 0.91 mmol) in EtOH (2.00 mL), and the mixture was
oMe stirred at 100 °C. Then, piperidine (1.2 equiv.; 109 uL) was added to the beige
suspension, which gradually turned into a red solution after 2 minutes. After 30 minutes, the red solution
started to turn gradually into an orange suspension that slowly turned into a beige, thick suspension. After
6 hours and 30 minutes at 100 °C, the stirring was stopped, and the suspension was allowed to cool to
room temperature for 5 minutes. Diethyl ether (5 mL) was added and the suspension was allowed to
stand in an ice bath for 1 hour. The solid was filtered and washed with cold EtOH and cold diethyl ether.
The light-yellow solid was dried and identified by IR, H, *C, Mp. and elemental analysis, as the pure
product 2.3f (0.068 g, 0.22 mmol, 25%).

2-(2-Bromo-5-hydroxy-4-methoxyphenyl)-7-methoxy-2, 3-dihydro-1 Achromeno [3,2-cpyridin-1-one(2.3g):

Voo 2 2-Bromo-b-hydroxy-4-methoxybenzaldehyde (1.2 equiv.; 0.254 g, 1.10
N NH
C(O\/E:)j@% mmol) was added to a suspension of 2.1¢ (0.20 g; 0.91 mmol) in EtOH
Br oM

e (2.00 mL), and the mixture was stirred at 100 °C. Then, piperidine (1.2

equiv.; 109 pL) was added to the beige suspension, which gradually turned into a red solution after 2
minutes. After 20 minutes, the red solution started to turn gradually into an orange suspension that slowly

turned into a beige, thick suspension. After 4 hours at 100 °C, the stirring was stopped, and the
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suspension was allowed to cool to room temperature for 5 minutes. Diethyl ether (5 mL) was added and
the suspension was allowed to stand in an ice bath for 2 hours. The solid was filtered and washed with
cold EtOH and cold diethyl ether. The yellow solid was dried and identified by IR, :H, =C and Mp., as the
pure product 2.3g (0.192 g, 0.44 mmol, 48%).

7-Methoxy-3-(2,4,6-trimethoxyphenyl)-2,3-dihydro-1 Achromeno[3,2-¢] pyridin-1-one (2.3h):

2,4,6-Trimethoxybenzaldehyde (1.2 equiv.; 0.216 g, 1.10 mmol) was
NH OMe
Wl l added to a suspension of 2.1¢ (0.20 g; 0.91 mmol) in EtOH (2.00 mL)

and the mixture was stirred at 100 °C. Then, piperidine (1.2 equiv.; 109

uL) was added to the beige suspension, which gradually turned into a red solution after 2 minutes. After
20 minutes, the red solution started to turn gradually into an orange suspension that slowly turned into a
beige, thick suspension. After 1 hour and 30 minutes at 100 °C, the stirring was stopped, and the
suspension was allowed to cool to room temperature for 5 minutes. Diethyl ether (5 mL) was added and
the suspension was allowed to stand in an ice bath for 1 hour. The solid was filtered and washed with
cold EtOH and cold diethyl ether. The lime green solid was dried and identified by IR, *H, *C, Mp. and

elemental analysis, as the pure product 2.3h (0.287 g, 0.72 mmol, 79%).

7-Bromo-2-(2,4,6-trimethoxyphenyl)-2 #chromeno[2,3-dlpyramid din-4(3 A)-one (2.3i):

B Q 2,4,6-Trimethoxybenzaldehyde (1.2 equiv.; 0.159 g, 0.81 mmol) was
N NH OMe
ﬁfiﬁ added to a suspension of 2.1d (0.20 g; 0.67 mmol) in EtOH (2.00 mL)
(0] OMe

0" 'N

Me and the mixture was stirred at 100 °C. Then, piperidine (1.2 equiv.; 80
uL) was added to the beige suspension, which gradually turned into a red solution after 2 minutes. After
20 minutes, the red solution started to turn gradually into an orange suspension that slowly turned into a
beige, thick suspension. After 10 hours and 30 minutes at 100 °C, the stirring was stopped, and the
suspension was allowed to cool to room temperature for 5 minutes. Diethyl ether (5 mL) was added and
the suspension was allowed to stand in an ice bath for 1 hour. The solid was filtered and washed with
cold EtOH and cold diethyl ether. The light-yellow solid was dried and identified by IR, *H, *C and Mp.,

as the pure product 2.3i (0.083 g, 0.19 mmol, 28%).

9-Methoxy-2-phenyl-3 Achromeno[2,3-dlpyrimidin-4(54)-one (2.6a):

Benzaldehyde (1.2 equiv.; 0.117 g, 120 uL, 1.10 mmol) was added to a suspension of 2.1a (0.20 g;
0.91 mmol) in EtOH (2.00 mL) and the mixture was stirred at 100 °C. Then, piperidine (1.2 equiv.; 109

uL) was added to the beige suspension, which gradually turned into a red solution after 2 minutes. After
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Q 20 minutes, the red solution started to turn gradually into an orange suspension

o | Nj‘i@ that slowly turned into a beige, thick suspension. After 3 hours at 100 °C, the

OMe stirring was stopped, and the suspension was allowed to cool to room temperature

for 5 minutes. Diethyl ether (5 mL) was added, and the suspension was allowed to stand in an ice bath

for 1 hour. The solid was filtered and washed with cold EtOH and cold diethyl ether. The beige solid was
dried and identified by IR, *H, *C and Mp., as the pure product 2.6a (0.100 g, 0.32 mmol, 35%).

9-Methoxy-2-(p-tolyl)-3 Achromeno[2,3-dlpyrimidin-4(5 A)-one (2.6b):

o pTolualdehyde (1.2 equiv.; 0.132 g, 130 yL, 1.10 mmol) was added to a

o | N/)Ni©\ suspension of 2.1a (0.20 g; 0.91 mmol) in EtOH (2.00 mL) and the mixture

one was stirred at 100 °C. Then, piperidine (1.2 equiv.; 109 uL) was added to the
beige suspension, which gradually turned into a red solution after 2 minutes. After 20 minutes, the red
solution started to turn gradually into an orange suspension that slowly turned into a beige, thick
suspension. After 3 hours and 20 minutes at 100 °C, the stirring was stopped, and the suspension was
allowed to cool to room temperature for 5 minutes. Diethyl ether (5 mL) was added, and the suspension
was allowed to stand in an ice bath for 1 hour. The solid was filtered and washed with cold EtOH and

cold diethyl ether. The light-yellow solid was dried and identified by IR, *H, 1*C, Mp. and elemental analysis,
as the pure product 2.6b (0.125 g, 0.39 mmol, 42%).

2-(4-(Dimethylamino)phenyl)-9-methoxy-3 Achromeno[2,3-dlpyrimidin-4(5 A) -one (2.6¢):

Q p-Dimethylaminobenzaldehyde (1.2 equiv.; 0.164 g, 1.10 mmol) was added to

o | N/JNi©\ a suspension of 2.1a (0.20 g; 0.91 mmol) in EtOH (2.00 mL) and the mixture

oMe N~ was stirred at 100 °C. Then, piperidine (1.2 equiv.; 109 uL) was added to the
beige suspension, which gradually turned into a red solution after 2 minutes. After 20 minutes, the red
solution started to turn gradually into an orange suspension that slowly turned into a beige, thick
suspension. After 28 hours at 100 °C, the stirring was stopped, and the suspension was allowed to cool
to room temperature for 5 minutes. Diethyl ether (5 mL) was added, and the suspension was allowed to
stand in an ice bath for 1 hour. The solid was filtered and washed with cold EtOH and cold diethyl ether.
The light-yellow solid was dried and further identified by IR, 'H, *C and Mp., as the pure product 2.6¢

(0.146 g, 0.42 mmol, 45%).

9-Methoxy-2-(2-methoxyphenyl)-3 #chromeno[2,3-dlpyrimidin-4(5 A4)-one (2.6d):

o-Anisaldehyde (1.2 equiv.; 0.150 g, 1.10 mmol) was added to a suspension of 2.1a (0.20 g; 0.91
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o mmol) in EtOH (2.00 mL) and the mixture was stirred at 100 °C. Then, piperidine
@;j\),\‘jb (1.2 equiv.; 109 pL) was added to the beige suspension, which gradually turned
o MeO into a red solution after 2 minutes. After 20 minutes, the red solution started to turn
gradually into an orange suspension that slowly turned into a beige, thick suspension. After 3 hours and
30 minutes at 100 °C, the stirring was stopped, and the suspension was allowed to cool to room
temperature for 5 minutes. Diethyl ether (5 mL) was added, and the suspension was allowed to stand in
an ice bath for 1 hour. The solid was filtered and washed with cold EtOH and cold diethyl ether. The light-
yellow solid was dried, and identified by IR, *H, *C and Mp., as the pure product 2.6d (0.194 g, 0.58
mmol, 63%).

9-Methoxy-2-(3-methoxyphenyl)-3 #chromeno[2,3-dlpyrimidin-4(5 A4)-one (2.6e):

= mAnisaldehyde (1.2 equiv.; 0.150 g, 134 pL, 1.10 mmol) was added to a

0 N/)\© suspension of 2.1a (0.20 g; 0.91 mmol) in EtOH (2.00 mL), and the mixture was
e ome Stirred at 100 °C. Then, piperidine (1.2 equiv.; 109 uL) was added to the beige
suspension, which gradually turned into a red solution after 2 minutes. After 20 minutes, the red solution
started to turn gradually into an orange suspension that slowly turned into a beigg, thick suspension. After
3 hours and 30 minutes at 100 °C, the stirring was stopped, and the suspension was allowed to cool to
room temperature for 5 minutes. Diethyl ether (5 mL) was added, and the suspension was allowed to
stand in an ice bath for 1 hour. The solid was filtered and washed with cold EtOH and cold diethyl ether.
The beige solid was dried and further identified by IR, *H, 2C and Mp, as the pure product 2.6e (0.106

g, 0.32 mmol, 34 %).

2-(2,3-Dimethoxyphenyl)-9-methoxy-3 Achromeno[2, 3-dlpyrimidin-4(5 A)-one (2.6f):

2 2,3-Dimethoxybenzaldehyde (1.2 equiv.; 0.183 g, 1.10 mmol) was added to a

NH

5 | N/)D suspension of 2.1a (0.20 g; 0.91 mmol) in EtOH (2.00 mL) and the mixture was
0]

oM
© Me

T e stirred at 100 °C. Then, piperidine (1.2 equiv.; 109 yL) was added to the beige
suspension, which gradually turned into a red solution after 2 minutes. After 20 minutes, the red solution
started to turn gradually into an orange suspension that slowly turned into a beige, thick suspension. After
3 hours and 40 minutes at 100 °C, the stirring was stopped, and the suspension was allowed to cool to
room temperature for 5 minutes. Diethyl ether (5 mL) was added, and the suspension was allowed to
stand in an ice bath for 1 hour. The solid was filtered and washed with cold EtOH and cold diethyl ether.

The crude solid was then recrystallized in an EtOH/n-hexane 1:1 mixture, after which the cream solid
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was filtered, dried and identified, by IR, *H, *C and Mp., as the pure product 2.6f (0.200 g, 0.55 mmol,
59 %).

2-(2,5-Dimethoxyphenyl)-9-methoxy-3 A#chromeno[2,3-dlpyrimidin-4(5 A)-one (2.6g):

2 2,5-Dimethoxybenzaldehyde (1.2 equiv.; 0.183 g, 1.10 mmol) was added to a

NH

| /)D/owm suspension of 2.1a (0.20 g; 0.91 mmol) in EtOH (2.00 mL) and the mixture

0" °'N

oMe MeO was stirred at 100 °C. Then, piperidine (1.2 equiv.; 109 uL) was added to the

beige suspension, which gradually turned into a red solution after 2 minutes. After 15 minutes, the red
solution started to turn gradually into an orange suspension that slowly turned into a beige, thick
suspension. After 4 hours and 40 minutes at 100 °C, the stirring was stopped, and the suspension was
allowed to cool to room temperature for 5 minutes. Diethyl ether (5 mL) was added, and the suspension
was allowed to stand in an ice bath for 1 hour. The solid was filtered and washed with cold EtOH and
cold diethyl ether, after which the cream solid was dried and identified by IR, *H, *C and Mp., as the pure
product 2.6g (0.200 g, 0.55 mmol, 59 %).

2-(4-Ethoxyphenyl)-9-methoxy-3 #chromeno[2,3-dlpyrimidin-4(5 A)-one (2.6h):

(0]

p-Ethoxybenzaldehyde (1.2 equiv.; 0.150 g, 118 L, 1.10 mmol) was added to

o | N/)Ni@ a suspension of 2.1a (0.20 g; 0.91 mmol) in EtOH (2.00 mL) and the mixture

o OBt was stirred at 100 °C. Then, piperidine (1.2 equiv.; 109 uL) was added to the
suspension, which gradually turned the beige suspension into a red solution after 2 minutes was added
to the beige suspension, which gradually turned into a red solution after 2 minutes. After 30 minutes, the
red solution started to turn gradually into an orange suspension that slowly turned into a beige, thick
suspension. After 17 hours at 100 °C, the stirring was stopped, and the suspension was allowed to cool
to room temperature for 5 minutes. Diethyl ether (5 mL) was added, and the suspension was allowed to
stand in an ice bath for 1 hour. The solid was filtered and washed with cold EtOH and cold diethyl ether,
after which the white solid was dried and identified by IR, H, *C, Mp. and elemental analysis, as the

pure product 2.6h (0.119 g, 0.34 mmol, 37 %).

2-(3-Hydroxyphenyl)-9-methoxy-3 A#chromeno[2,3-dlpyrimidin-4(5 A)-one (2.6i):

1 mHydroxybenzaldehyde (1.2 equiv.; 0.122 g, 1.10 mmol) was added to a

NH
o | N/J\C(OH suspension of 2.1a (0.20 g; 0.91 mmol) in EtOH (2.00 mL) and the mixture
ove was stirred at 100 °C. Then, piperidine (1.2 equiv.; 109 uL) was added to the

beige suspension, which gradually turned into a red solution after 2 minutes. After 30 minutes, the red
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solution started to turn gradually into an orange suspension that slowly turned into a beige, thick
suspension. After 10 hours at 100 °C, the stirring was stopped, and the suspension was allowed to cool
to room temperature for 5 minutes. Diethyl ether (5 mL) was added, and the suspension was allowed to
rest on an ice bath for 1 hour. The solid was filtered and washed with cold EtOH and cold diethyl ether,
after which the white solid was dried and further identified, by IR, *H, *C and Mp., as the pure product
2.6i (0.158 g, 0.49 mmol, 54 %).

2-(2-Chlorophenyl)-9-methoxy-3 #chromeno[2,3-dlpyrimidin-4(5 A4-one (2.6j):

2 oChlorobenzaldehyde (1.2 equiv.; 0.155 g, 124 yL, 1.10 mmol) was added to a
NH
o | N7 suspension of 2.1a (0.20 g; 0.91 mmol) in EtOH (2.00 mL), and the mixture was
OMe
c stirred at 100 °C. Then, piperidine (1.2 equiv.; 109 pL) was added to the beige

suspension, which gradually turned into a red solution after 2 minutes. After 15 minutes, the red solution
started to turn gradually into an orange suspension that slowly turned into a beigg, thick suspension. After
9 hours at 100 °C, the stirring was stopped, and the suspension was allowed to cool to room temperature
for 5 minutes. Diethyl ether (5 mL) was added, and the suspension was allowed to stand in an ice bath
for 1 hour. The solid was filtered and washed with cold EtOH and cold diethyl ether, after which the beige
solid was dried and further identified by IR, *H, **C, Mp. and elemental analysis, as the pure product 2.6j
(0.112 g, 0.33 mmol, 36 %).

2-(3-Chlorophenyl)-9-methoxy-3 #chromeno[2,3-dlpyrimidin-4(5 A-one (2.6k):

2 mChlorobenzaldehyde (1.2 equiv.; 0.155 g, 125 ulL, 1.10 mmol) was added to a

o | N/JNi@ suspension of 2.1a (0.20 g; 0.91 mmol) in EtOH (2.00 mL) and the mixture was

ote stirred at 100 °C. Then, piperidine (1.2 equiv.; 109 pL) was added to the beige
suspension, which gradually turned into a red solution after 2 minutes. After 15 minutes, the red solution
started to turn gradually into an orange suspension that slowly turned into a beigg, thick suspension. After
16 hours at 100 °C, the stirring was stopped, and the suspension was allowed to cool to room
temperature for 5 minutes. Diethyl ether (5 mL) was added, and the suspension was allowed to stand in
an ice bath for 1 hour. The solid was filtered and washed with cold EtOH and cold diethyl ether, after

which the white solid was dried, and further identified, by IR, *H, *C, Mp. and elemental analysis, as the

pure product 2.6k (0.084 g, 0.25 mmol, 27 %).

2-(3-Bromophenyl)-9-methoxy-3 #chromeno[2,3-dlpyrimidin-4(5 A)-one (2.6l):

mBromobenzaldehyde (1.2 equiv.; 0.186 g, 118 uL, 1.10 mmol) was added to a suspension of 2.1a

380



Chapter 5
Experimental section

Q (0.20 g; 0.91 mmol) in EtOH (2.00 mL), and the mixture was stirred at 100 °C.

NH

o N/J\© Then, piperidine (1.2 equiv.; 109 uL) was added to the beige suspension, which
OMe

gradually turned into a red solution after 2 minutes. After 20 minutes, the red
solution started to turn gradually into an orange suspension that slowly turned into a beige, thick
suspension. After 14 hours at 100 °C, the stirring was stopped, and the suspension was allowed to cool
to room temperature for 5 minutes. Diethyl ether (5 mL) was added, and the suspension was allowed to
stand in an ice bath for 1 hour. The solid was filtered and washed with cold EtOH and cold diethyl ether,
after which the beige solid was dried, and further identified, by IR, *H, 1*C and Mp., as the pure product
2.61 (0.074 g, 0.19 mmol, 22 %).

2-(4-Bromophenyl)-9-methoxy-3 #chromeno[2,3-dlpyrimidin-4(5 A4-one (2.6m):

o) p-Bromobenzaldehyde (1.2 equiv.; 0.186 g, 1.10 mmol) was added to a

o \ Nj‘i@\ suspension of 2.1a (0.20 g; 0.91 mmol) in EtOH (2.00 mL), and the mixture was

OMe gr stirred at 100 °C. Then, piperidine (1.2 equiv.; 109 pL) was added to the beige
suspension, which gradually turned into a red solution after 2 minutes. After 20 minutes, the red solution
started to turn gradually into an orange suspension that slowly turned into a beige, thick suspension. After
16 hours at 100 °C, the stirring was stopped, and the suspension was allowed to cool to room
temperature for 5 minutes. Diethyl ether (5 mL) was added, and the suspension was allowed to stand in
an ice bath for 1 hour. The solid was filtered and washed with cold EtOH and cold diethyl ether, after
which the beige solid was collected and dried, and further identified, by IR, *H, *C and Mp., as the pure

product 2.6m (0.136 g, 0.35 mmol, 39 %).

2-(3-Fluorophenyl)-9-methoxy-3 #chromeno[2,3-dlpyrimidin-4(5 A4-one (2.6n):

o

mFluorbenzaldehyde (1.2 equiv.; 0.124 g, 106 pL, 1.10 mmol) was added to a

o | N/JN1©/F suspension of 2.1a (0.20 g; 0.91 mmol) in EtOH (2.00 mL), and the mixture was

ove stirred at 100 °C. Then, piperidine (1.2 equiv.; 109 uL) was added to the beige
suspension, which gradually turned into a red solution after 2 minutes. After 20 minutes, the red solution
started to turn gradually into an orange suspension that slowly turned into a beigg, thick suspension. After
8 hours at 100 °C, the stirring was stopped, and the suspension was allowed to cool to room temperature
for 5 minutes. Diethyl ether was added, and the suspension was allowed to stand in an ice bath for 1

hour. The solid was filtered and washed with cold EtOH and cold diethyl ether, after which the white solid
was dried and identified, by IR, ™H, 2C and Mp., as the pure product 2.6n (0.051 g, 0.15 mmol, 17 %).
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2-(4-Fluorophenyl)-9-methoxy-3 #chromeno[2,3-dlpyrimidin-4(54-one (2.60):

9 pFluorbenzaldehyde (1.2 equiv.; 0.124 g, 106 yL, 1.10 mmol) was added to a

0" N suspension of 2.1a (0.20 g; 0.91 mmol) in EtOH (2.00 mL), and the mixture was

F stirred at 100 °C. Then, piperidine (1.2 equiv.; 109 uL) was added to the beige

suspension, which gradually turned into a red solution after 2 minutes. After 20 minutes, the red solution
started to turn gradually into an orange suspension that slowly turned into a beige, thick suspension. After
2 hours and 20 minutes at 100 °C, the stirring was stopped, and the suspension was allowed to cool to
room temperature for 5 minutes. Diethyl ether (5 mL) was added, and the suspension was allowed to
stand in an ice bath for 1 hour. The solid was filtered and washed with cold EtOH and cold diethyl ether,
after which the white solid was dried, and identified by IR, *H, *C and Mp. and elemental analysis, as the

pure product 2.60 (0.066 g, 0.20 mmol, 23 %).

2-(3,5-Di-tert-butyl-4-hydroxyphenyl)-9-methoxy-3 #chromeno[2,3-dlpyrimidin-4(5 A)-one (2.6p):

o 3,5-Di-tbutyl-4-hydroxybenzaldehyde (1.2 equiv.; 0.244 g, 1.10 mmol) was
P added to a suspension of 2.1a (0.20 g; 0.91 mmol) in EtOH (2.00 mL), and the
oH  mixture was stirred at 100 °C. Then, piperidine (1.2 equiv.; 109 yL) was added

to the beige suspension, which gradually turned into a red solution after 2

minutes. After 20 minutes, the red solution started to turn gradually into an orange suspension that slowly
turned into a beige, thick suspension. After 7 hours and 30 minutes at 100 °C, the stirring was stopped,
and the suspension was allowed to cool to room temperature for 5 minutes. Diethyl ether (5 m) was
added, and the suspension was allowed to stand in an ice bath for 1 hour. The solid was filtered and
washed off with cold EtOH and cold diethyl ether, after which the olive green solid was dried, and

identified, by IR, *H, *C and Mp., as the pure product 2.6p (0.068 g, 0.16 mmol, 17 %).

9-Methoxy-2-styryl-3 #chromeno[2,3-dlpyrimidin-4(5 A4-one (2.6q):

Cinnamaldehyde (1.2 equiv.; 0.145 g, 138 uL, 1.10 mmol) was added to a suspension of 2.1a (0.20 g;
0.91 mmol) in EtOH (2.00 mL) and the mixture was stirred at 100 °C. Then, Mmethylpiperazine (1.2

equiv.; 122 uL) was added to the beige suspension, which gradually turned into

@(\/H\M a red solution after 2 minutes. After 20 minutes, the red solution started to turn
Ph

gradually into an orange suspension that slowly turned into a beige, thick
suspension. After 4 hours at 100 °C, the stirring was stopped, and the suspension was allowed to cool

to room temperature for 5 minutes. Diethyl ether (5 mL) was added, and the suspension was allowed to
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stand in an ice bath for 1 hour. The solid was filtered and washed with cold EtOH and cold diethyl ether,
after which the light brown solid was dried, and identified, by IR, *H, *C, Mp. and elemental analysis, as

the pure product 2.6q (0.058 g, 0.17 mmol, 19 %).

2-(Furan-2-yl)-9-methoxy-3 Achromeno[2,3-dlpyrimidin-4(5 A)-one (2.6r):

? Furfural (1.2 equiv.; 0.106 g, 91 uL, 1.10 mmol) was added to a suspension of
NH
Q\/Oj\)’;\ﬁ) 2.1a (0.20 g; 0.91 mmol) in EtOH (2.00 mL) and the mixture was stirred at 100
W,
OMe

°C. Then, piperidine (1.2 equiv.; 109 uL) was added to the beige suspension, which

gradually turned into a red solution after 2 minutes. After 15 minutes, the red solution started to turn
gradually into an orange suspension that slowly turned into a beige, thick suspension. After 2 hours at
100 °C, the stirring was stopped, and the suspension was allowed to cool to room temperature for 5
minutes. Diethyl ether (5 mL) was added, and the suspension was allowed to stand in an ice bath for 1
hour. The solid was filtered and washed with cold EtOH and cold diethyl ether, after which the dark brown
solid was collected and dried, and further identified, by IR, *H, *C and Mp., as the pure product 2.6r
(0.090 g, 0.31 mmol, 33 %).

7-Methoxy-2-(2-methoxyphenyl)-3 Achromeno[2,3-dlpyrimidin-4(5 A4)-one (2.6s):

Voo 2 o-Anisaldehyde (1.2 equiv.; 0.150 g, 1.10 mmol) was added to a suspension of
NH OMe
m 2.1c (0.20 g; 0.91 mmol) in EtOH (2.00 mL) and the mixture was stirred at

100 °C. Then, piperidine (1.2 equiv.; 109 uL) was added to the beige
suspension, which gradually turned into a red solution after 2 minutes. After 15 minutes, the red solution
started to turn gradually into an orange suspension that slowly turned into a beige, thick suspension. After
1 hour and 10 minutes at 100 °C, the stirring was stopped, and the suspension was allowed to cool to
room temperature for 5 minutes. Diethyl ether (5 mL) was added, and the suspension was allowed to
stand in an ice bath for 1 hour. The solid was filtered and washed with cold EtOH and cold diethyl ether,
after which the beige solid was collected and dried, and further identified, by IR, 'H, =C, Mp. and elemental
analysis, as the pure product 2.6s (0.251 g, 0.75 mmol, 81 %).

7-Methoxy-2-(3-methoxyphenyl)-3 #chromeno[2,3-alpyrimidin-4(5 4)-one (2.6t):

Voo 2 mrAnisaldehyde (1.2 equiv.; 0.150 g, 134 ulL,1.10 mmol) was added to a
NH
\Cj(oj\):/)\@ suspension of 2.1¢ (0.20 g; 0.91 mmol) in EtOH (2.00 mL) and the mixture
oM

was stirred at 100 °C. Then, piperidine (1.2 equiv.; 109 uL) was added to the

beige suspension, which gradually turned into a red solution after 2 minutes. After 15 minutes, the red
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solution started to turn gradually into an orange suspension that slowly turned into a beige, thick
suspension. After 1 hour and 10 minutes at 100 °C, the stirring was stopped, and the suspension was
allowed to cool to room temperature for 5 minutes. Diethyl ether (5 m) was added, and the suspension
was allowed to stand in an ice bath for 1 hour. The solid was filtered and washed with cold EtOH and
cold diethyl ether, after which the light-yellow solid was dried and identified by IR, *H, *C, Mp. and

elemental analysis, as the pure product 2.6t (0.177 g, 0.60 mmol, 65 %).

2-(2,5-Dimethoxyphenyl)-7-methoxy-3 #chromeno[2,3-dlpyrimidin-4(5 A4)-one (2.6u):

o 2 2,5-Dimethoxybenzaldehyde (1.2 equiv.; 0.183 g, 1.10 mmol) was added to a
NH OMe

\@(ojl\):/ suspension of 2.1¢ (0.20 g; 0.91 mmol) in EtOH (2.00 mL), and the mixture

Sy Was stirred at 100 °C. Then, piperidine (1.2 equiv.; 109 pL) was added to the

beige suspension, which gradually turned into a red solution after 2 minutes. After 15 minutes, the red
solution started to turn gradually into an orange suspension that slowly turned into a beige, thick
suspension. After 1 hour and 40 minutes at 100 °C, the stirring was stopped, and the suspension was
allowed to cool to room temperature for 5 minutes. Diethyl ether (5 mL) was added, and the suspension
was allowed to stand in an ice bath for 1 hour. The solid was filtered and washed with cold EtOH and
cold diethyl ether, after which the cream solid was dried, and identified by IR, *H, *C and Mp., as the
pure product 2.6u (0.252 g, 0.69 mmol, 74 %).

2-(3-Chlorophenyl)-7-methoxy-3 A#chromeno[2,3-dlpyrimidin-4(5 A)-one (2.6v):

Voo ? mChlorobenzaldehyde (1.2 equiv.; 0.155 g, 125 uL, 1.10 mmol) was added to
NH
\Q\/OYN:\Q a suspension of 2.1a (0.20 g; 0.91 mmol) in EtOH (2.00 mL), and the mixture

was stirred at 100 °C. Then, piperidine (1.2 equiv.; 109 uL) was added to the

Cl

beige suspension, which gradually turned into a red solution after 2 minutes. After 15 minutes, the red
solution started to turn gradually into an orange suspension that slowly turned into a beige, thick
suspension. After 2 hours and 30 minutes at 100 °C, the stirring was stopped, and the suspension was
allowed to cool to room temperature for 5 minutes. Diethyl ether (5 mL) was added, and the suspension
was allowed to stand in an ice bath for 1 hour. The solid was filtered and washed with cold EtOH and
cold diethyl ether, after which the beige solid was dried, and identified by IR, H, *C, Mp. and elemental
analysis, as the pure product 2.6v (0.121 g, 0.35 mmol, 39 %).

2-Phenyl-3 Achromeno|2,3-dlpyrimidin-4(5 A)-one (2.6x):

Benzaldehyde (1.2 equiv.; 0.169 g, 162 ulL, 1.27 mmol) was added to a suspension of 2.1b (0.20 g;
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0 1.06 mmol) in EtOH (2.00 mL), and the mixture was stirred at 100 °C. Then,
m% piperidine (1.2 equiv.; 126 uL) was added to the beige suspension, which gradually
turned into a red solution after 2 minutes. After 15 minutes, the red solution started
to turn gradually into an orange suspension that slowly turned into a beige, thick suspension. After 5
hours at 100 °C, the stirring was stopped, and the suspension was allowed to cool to room temperature
for 5 minutes. Diethyl ether (5 mL) was added, and the suspension was allowed to stand in an ice bath
for 1 hour. The solid was filtered and washed with cold EtOH and cold diethyl ether, after which the beige
solid was dried and identified by IR, 'H, *C, Mp. and elemental analysis, as the pure product 2.6x (0.113
g, 0.41 mmol, 39 %).

2-(3,5-Di-tert-butyl-4-hydroxyphenvyl)-3 #chromeno[2,3-dlpyrimidin-4(5 A)-one (2.6y):

NH

2 3,5-Di-tbutyl-4-hydroxybenzaldehyde (1.2 equiv.; 0.309 g, 1.27 mmol) was
@Kﬁ added to a suspension of 2.1b (0.20 g; 1.06 mmol) in EtOH (2.00 mL), and

O 'N

OH the mixture was stirred at 100 °C. Then, piperidine (1.2 equiv.; 126 L) was

added to the beige suspension, which gradually turned into a red solution after

2 minutes. After 15 minutes, the red solution started to turn gradually into an orange suspension that
slowly turned into a beige, thick suspension. After 5 hours at 100 °C, the stirring was stopped, and the
suspension was allowed to cool to room temperature for 5 minutes. Diethyl ether (5 mL) was added, and
the suspension was allowed to stand in an ice bath for 1 hour. The solid was filtered and washed with
cold EtOH and cold diethyl ether, after which the beige solid was dried, and identified by IR, 'H, C, Mp.

and elemental analysis, as the pure product 2.6y (0.090 g, 0.22 mmol, 21 %).

9-Methyl-2-phenyl-3 #chromeno[2,3-alpyrimidin-4(5 4-one (2.62z):

2 Benzaldehyde (1.2 equiv.; 0.126 g, 120 uL, 1.18 mmol) was added to a suspension
NH
(;(o\/ﬁ,é\g of 2.1f (0.200 g; 0.98 mmol) in EtOH (2.00 mL), and the mixture was stirred at

100 °C. Then, piperidine (1.2 equiv.; 116 yL) was added to the beige suspension,

which gradually turned into a red solution after 2 minutes. After 10 minutes, the red solution started to
turn gradually into an orange suspension that slowly turned into a beige, thick suspension. After 4 hours
and 45 minutes at 100 °C, the stirring was stopped, and the suspension was allowed to cool to room
temperature for 5 minutes. Diethyl ether (5 mL) was added, and the suspension was allowed to stand in

an ice bath for 1 hour. The solid was filtered and washed with cold EtOH and cold diethyl ether, after
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which the beige solid was dried, and identified by IR, 'H, *C, Mp. and elemental analysis, as the pure

product 2.6z (0.159 g, 0.55 mmol, 56%).

2-(2-Chlorophenyl)-9-methyl-3 #chromeno[2,3-dlpyrimidin-4(5 A)-one (2.6a’):

o o-Chlorobenzaldehyde (1.2 equiv.; 0.165 g, 132 L, 1.18 mmol) was added to a

0 N7 suspension of 2.1f (0.20 g; 0.98 mmol) in EtOH (2.00 mL), and the mixture was

stirred at 100 °C. Then, piperidine (1.2 equiv.; 116 ulL) was added to the beige

suspension, which gradually turned into a red solution after 2 minutes. After 20 minutes, the red solution

started to turn gradually into an orange suspension that slowly turned into a beigg, thick suspension. After

17 hours and 40 minutes at 100 °C, the stirring was stopped, and the suspension was allowed to cool

to room temperature for 5 minutes. Diethyl ether (5 mL) was added, and the suspension was allowed to

stand in an ice bath for 1 hour. The solid was filtered and washed with cold EtOH and cold diethyl ether,

after which the beige solid was dried, and identified, by IR, *H, *C and Mp., as the pure product 2.6a’
(0.106 g, 0.33 mmol, 34 %).

7-Methyl-2-phenyl-3 #Achromeno|2,3-dlpyrimidin-4(5 A)-one (2.6b’):

WL Benzaldehyde (1.2 equiv.; 0.126 g, 120 uL, 1.18 mmol) was added to a suspension
0 | N of 2.1g (0.200 g; 0.98 mmol) in EtOH (2.00 mL), and the mixture was stirred at

100 °C. Then, piperidine (1.2 equiv.; 116 uL) was added to the beige suspension,
which gradually turned into a red solution after 2 minutes. After 10 minutes, the red solution started to
turn gradually into an orange suspension that slowly turned into a beige, thick suspension. After 4 hours
and 45 minutes at 100 °C, the stirring was stopped, and the suspension was allowed to cool to room
temperature for 5 minutes. Diethyl ether (5 mL) was added, and the suspension was allowed to stand in
an ice bath for 1 hour. The solid was filtered and washed with cold EtOH and cold diethyl ether, after
which the beige solid was collected and dried, and further identified, by IR, *H, *C, Mp. and elemental
analysis, as the pure product 2.6b’ (0.159 g, 0.55 mmol, 62%).

2-(2,5-Dimethoxyphenyl)-7-methyl-3 #chromeno[2,3-dlpyrimidin-4(5 A)-one (2.6¢’):

2 2,5-Dimethoxybenzaldehyde (1.2 equiv.; 0.196 g, 1.18 mmol) was added to a

NH OMe
\©\/O\/f:/ suspension of 2.1g (0.200 g; 0.98 mmol) in EtOH (2.00 mL), and the mixture
Sue  Was stirred at 100 °C. Then, piperidine (1.2 equiv.; 116 pL) was added to the

beige suspension, which gradually turned into a red solution after 2 minutes. After 10 minutes, the red

solution started to turn gradually into an orange suspension that slowly turned into a beige, thick
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suspension. After 4 hours and 45 minutes at 100 °C, the stirring was stopped, and the suspension was
allowed to cool to room temperature for 5 minutes. Diethyl ether (5 mL) was added, and the suspension
was allowed to rest on an ice bath for 1 hour. The solid was filtered and washed with cold EtOH and cold
diethyl ether, after which the white solid was dried, and identified by IR, 'H, *C, Mp. and elemental
analysis, as the pure product 2.6¢’ (0.213 g, 0.61 mmol, 73%)

7-Bromo-2-phenyl-3 Achromeno[?2,3-dlpyrimidin-4(5A)-one (2.6d’):

o Benzaldehyde (1.2 equiv.; 0.085 g, 81 uL, 0.80 mmol) was added to a suspension
\©\/ojl\):/ of 2.1d (0.20 g; 0.67 mmol) in EtOH (2.00 mL), and the mixture was stirred at

100 °C. Then, piperidine (1.2 equiv.; 54 yL) was added to the beige suspension,
which gradually turned into a red solution after 2 minutes. After 10 minutes, the red solution started to
turn gradually into an orange suspension that slowly turned into a beige, thick suspension. After 5 hours
and 30 minutes at 100 °C, the stirring was stopped, and the suspension was allowed to cool to room
temperature for 5 minutes. Diethyl ether (5 mL) was added, and the suspension was allowed to stand in
an ice bath for 1 hour. The solid was filtered and washed with cold EtOH and cold diethyl ether. The beige
solid was dried, and identified by IR, *H, *C and Mp., as the pure product 2.6d’ (0.053 g, 0.15 mmol,
22%).

7-Bromo-2-(2-methoxyphenyl)-3 Achromeno[2,3-dlpyrimidin-4(5 A)-one (2.6e’):

. Q o-Anisaldehyde (1.2 equiv.; 0.109 g, 0.80 mmol) was added to a suspension of
NH OMe
\©\/ojl\):/ 2.1d (0.20 g; 0.67 mmol) in EtOH (2.00 mL), and the mixture was stirred at

100 °C. Then, piperidine (1.2 equiv.; 54 uL) was added to the beige suspension,
which gradually turned into a red solution after 2 minutes. After 10 minutes, the red solution started to
turn gradually into an orange suspension that slowly turned into a beige, thick suspension. After 3 hours
and 40 minutes at 100 °C, the stirring was stopped, and the suspension was allowed to cool to room
temperature for 5 minutes. Diethyl ether (5 mL) was added, and the suspension was allowed to stand in
an ice bath for 1 hour. The solid was filtered and washed with cold EtOH and cold diethyl ether. The beige
solid was dried, and identified by IR, *H, *C, Mp. and elemental analysis, as the pure product 2.6e’

(0.065 g, 0.17 mmol, 25%).

7-Bromo-2-(3,4-dimethoxyphenyl)-3 Achromeno[2,3-dlpyrimidin-4(5 A)-one (2.6f):

3,4-Dimethoxybenzaldehyde (1.2 equiv.; 0.133 g, 0.80 mmol) was added to a suspension of 2.1d (0.20
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o g; 0.67 mmol) in EtOH (2.00 mL), and the mixture was stirred at 100 °C.
Br\@\/oj\):/ji@ow,e Then, piperidine (1.2 equiv.; 54 uL) was added to the beige suspension,
ome Which gradually turned into a red solution after 2 minutes. After 10 minutes,
the red solution started to turn gradually into an orange suspension that slowly turned into a beige, thick
suspension. After 12 hours and 30 minutes at 100 °C, the stirring was stopped, and the suspension was
allowed to cool to room temperature for 5 minutes. Diethyl ether (5 mL) was added, and the suspension
was allowed to stand in an ice bath for 1 hour. The solid was filtered and washed with cold EtOH and
cold diethyl ether. The beige solid was dried, and identified by IR, *H, *C, Mp. and elemental analysis, as
the pure product 2.6f" (0.067 g, 0.16 mmol, 24%).

7-Bromo-2-(2,5-dimethoxyphenyl)-3 A#chromeno[2,3-dlpyrimidin-4(5 A)-one (2.6g’):

. 9 2,5-Dimethoxybenzaldehyde (1.2 equiv.; 0.133 g, 0.80 mmol) was added to a
NH OMe

\Cfo\/fi/ suspension of 2.1d (0.20 g; 0.67 mmol) in EtOH (2.00 mL), and the mixture

" was stirred at 100 °C. Then, piperidine (1.2 equiv.; 54 pL) was added to the

beige suspension, which gradually turned into a red solution after 2 minutes. After 10 minutes, the red
solution started to turn gradually into an orange suspension that slowly turned into a beige, thick
suspension. After 11 hours at 100 °C, the stirring was stopped, and the suspension was allowed to cool
to room temperature for 5 minutes. Diethyl ether (5 mL) was added, and the suspension was allowed to
stand in an ice bath for 1 hour. The solid was filtered and washed with cold EtOH and cold diethyl ether.
The yellow solid was dried and identified by IR, *H, *C and Mp., as the pure product 2.6g’ (0.122 g,
0.29 mmol, 44%).

2-(Benzo[dl[1,3]dioxol-5-yl)-7-bromo-3 Achromeno[2,3-dlpyrimidin-4(5 A)-one (2.6h’):

. 2 Piperonal (1.2 equiv.; 0.120 g, 0.80 mmol) was added to a suspension of
NH
C(oj\);\c[% 2.1d (0.20 g; 0.67 mmol) in EtOH (2.00 mL), and the mixture was stirred at
o

100 °C. Then, piperidine (1.2 equiv.; 54 pL) was added to the beige

suspension, which gradually turned into a red solution after 2 minutes. After 10 minutes, the red solution
started to turn gradually into an orange suspension that slowly turned into a beige, thick suspension. After
5 hours and 30 minutes at 100 °C, the stirring was stopped, and the suspension was allowed to cool to
room temperature for 5 minutes. Diethyl ether (5 mL) was added, and the suspension was allowed to

stand in an ice bath for 1 hour. The solid was filtered and washed with cold EtOH and cold diethyl ether.
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The beige solid was dried, and identified by IR, *H, *C and Mp., as the pure product 2.6h’ (0.059 g,
0.14 mmol, 21%).

7-Chloro-2-(2-methoxyphenyl)-3 #chromeno[2,3-dlpyrimidin-4(5 A)-one (2.61’):

o

o o-Methoxybenzaldehyde (1.2 equiv.; 0.146 g, 1.07 mmol) was added to a
NH Me
C(()\AHNL/ suspension of 2.1e (0.20 g; 0.90 mmol) in EtOH (2.00 mL), and the mixture was

stirred at 100 °C. Then, piperidine (1.2 equiv.; 106 uL) was added to the beige
suspension, which gradually turned into a red solution after 2 minutes. After 15 minutes, the red solution
started to turn gradually into an orange suspension that slowly turned into a beige, thick suspension. After
3 hours and 40 minutes at 100 °C, the stirring was stopped, and the suspension was allowed to cool to
room temperature for 5 minutes. Diethyl ether (5 mL) was added, and the suspension was allowed to
stand in an ice bath for 1 hour. The solid was filtered and washed with cold EtOH and cold diethyl ether.
The light-yellow solid was dried and further identified by IR, *H, *C and Mp., as the pure product 2.6i’
(0.260 g, 0.70 mmol, 65%).

7-Chloro-2-(3-methoxyphenyl)-3 #chromeno[2,3-dlpyrimidin-4(5 A)-one (2.6j’):

C'C(\/gi mMethoxybenzaldehyde (1.2 equiv.; 0.146 g, 1.07 mmol) was added to a
NH
o | N/)\(:(OMe suspension of 2.1e (0.20 g; 0.90 mmol) in EtOH (2.00 mL), and the mixture

was stirred at 100 °C. Then, piperidine (1.2 equiv.; 106 uL) was added to

the beige suspension, which gradually turned into a red solution after 2 minutes. After 15 minutes, the
red solution started to turn gradually into an orange suspension that slowly turned into a beige, thick
suspension. After 3 hours and 40 minutes at 100 °C, the stirring was stopped, and the suspension was
allowed to cool to room temperature for 5 minutes. Diethyl ether (5 mL) was added, and the suspension
was allowed to stand in an ice bath for 1 hour. The solid was filtered and washed with cold EtOH and
cold diethyl ether. The light-yellow solid was dried and identified by IR, *H, *C and Mp., as the pure
product 2.6j’ (0.126 g, 0.34 mmol, 32%).

7-Chloro-2-(2,5-dimethoxyphenyl)-3 #chromeno[2,3-dlpyrimidin-4(5 4)-one (2.6k’):

Clmi mMethoxybenzaldehyde (1.2 equiv.; 0.178 g, 1.07 mmol) was added to a

NH

o | N/)\/©/0Me suspension of 2.1e (0.20 g; 0.90 mmol) in EtOH (2.00 mL), and the mixture
MeO

was stirred at 100 °C. Then, piperidine (1.2 equiv.; 106 uL) was added to

the beige suspension, which gradually turned into a red solution after 5 minutes. After 15 minutes, the

red solution started to turn gradually into an orange suspension that slowly turned into a beige, thick
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suspension. After 3 hours and 40 minutes at 100 °C, the stirring was stopped, and the suspension was
allowed to cool to room temperature for 5 minutes. Diethyl ether (5 mL) was added, and the suspension
was allowed to stand in an ice bath for 1 hour. The solid was filtered and washed with cold EtOH and
cold diethyl ether. The light-yellow solid was dried and identified by IR, *H, *C and Mp., as the pure
product 2.6k’ (0.245 g, 0.66 mmol, 62%).

Synthesis of 2-imino-8-methoxy-2 #chromen-3-amine (2.22a) and 2-oxo-8-methoxy-2 4

chromen-3-amine (2.25a):

Compounds 2.22a and 2.25a were prepared according to the procedure described in the literature (ref.
6 and 41, chapter 2), where full characterization and procedure was already detailed. The obtained

spectra were compared with the information presented in the literature.

1-(2-Imino-8-methoxy-2 A-chromen-3-yl)pyridinium chloride (2.21a):

cTN+/ | 1-Methylpiperazine (0.10 g; 1.00 mmol; 115 pul) was added to a solution of 3-
AN NS
N methoxysalicylaldehyde (0.16 g; 1.05 mmol) and 1-(cyanomethyl)pyridinium chloride

OMe 2.20 (0.15 g; 0.97 mmol) in a mixture of ethanol (0.4 mL) and acetone (1.2 mL), which

led to a brown solution that was stirred on an ice bath. After 7 minutes, a red suspension was formed,
and after 23 minutes, the yellow solid was filtered and washed with acetone, dried and identified by IR,
'H and BC as 1-(2-imino-8-methoxy-2 #chromeno-3-yl)pyridinium chloride 2.21a contaminated with
NH.Cl in a 1:1 ratio (0.09 g; 0.33 mmol; 43%), and its identification was confirmed by comparison with

the information presented in the literature (ref. 6 and 41, chapter 2).

2-Imino-8-methoxy-2 #3-amine (2.22a):

m“”z MMethylpyperazine (0.1 g; 1.59 mmol; 181 pl) to a suspension of 1-(2-imino-8-methoxy-
(0] N

: 2 Hchromen-3-yl)pyridinium chloride 2.21a (0.09 g; 0.33 mmol, contaminated with

OMe
NH.4CI) in acetone (10 mL), and the yellow suspension was stirred at room temperature. The salt slowly
solubilized, generating a red solution. After 20 hours, the solvent was removed on the rotary evaporator
and the red oil was purified by flash chromatography using ethyl acetoacetate as eluent. 2-lmino-8-
methoxy-2 #3-amine 2.22a was obtained as an orange solid (0.03 g, 0.16 mmol, 50%), and its
identification was confirmed by comparison with the information presented in the literature (ref. 6 and

41, chapter 2).
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1-(2-Ox0-8-methoxy-2 Hchromen-3-yl) pyridinium chloride (2.24a):

\cT@ Concentrated HCI (1.8 mmol, 3 equiv.) was added to a solution of 1-(2-imino-2 4
@(010 chromen-3-yl)pyridinium chloride 2.21a (0.18 g; 0.76 mmol) in water (4 ml) and the
OMe reaction mixture was stirred on a water bath at 80 °C. After 2 h, the solvent was removed
in the rotary evaporator and acetone was added to the crude mixture to precipitate a solid that was filtered
and washed with acetone. The yellow solid was identified as 1-(2-oxo-2 Acromen-3-yl)pyridinium chloride
2.24a, contaminated with NHJCl 1:1 ratio (0.18 g; 0.76 mmol; 65 %), and its identification was confirmed

by comparison with the information presented in the literature (ref. 6 and 41, chapter 2).

2-0x0-8-methoxy-2 A#3-amine (2.25a):

N2 MMethylpiperazine (0.11 g, 1.65 mmol, 200 uL) was added to a suspension of 1-(2-oxo-
(O%;/O\/\[O 2 Hcromen-3-yl)pyridinium chloride 2.24a (0.09 g; 0.33 mmol, contaminated with NH.Cl)
in acetone (10 ml) and an orange/red suspension was formed and stirred at room tempera- ture. After 2
h, a red solution was obtained and after 24 h, the solvent was removed in the rotary evaporator, leading
to a red oil. Flash chromatography was performed using ethyl acetate as eluent. Several crops were
isolated, all containing the pure product by TLC. The crops were combined and the solvent was removed
in the rotary evaporator. The solid was collected and identified as 3-amino-2 #chromen-2-one derivative

2.25a (0.05 g; 0.26 mmol; 80 %), and its identification was confirmed by comparison with the

information presented in the literature (ref. 6 and 41, chapter 2).

Synthesis of 8-methoxy-3-((2-methoxybenzylidene)amino)-2 A<chromen-2-one 2.27:

Mﬁ@ oMethoxybenzaldehyde (2 equiv.; 0.14 g, 1.04 mmol) was added to a suspension

N

@(I of 2.25a (0.10 g, 0.52 mmol) in ethanol (2.00 mL). The mixture was refluxed
OMe e for 27 hours, after which the suspension was cooled to room temperature for 5

minutes, and then in an ice bath for 1 hour. The beige suspension was filtered and washed with cold
ethanol and diethyl ether, from which a light-brown solid was collected, dried, and identified, by *H, *C,

IR, Mp. and elemental analysis, as the pure product 2.27 (0.05 g, 0.16 mmol, 30%).
Synthesis of 3-((ethoxy(perfluorophenyl)methyl)amino)-8-methoxy-2 #Achromen-2-one 2.28:

F 2,3,4,5-Pentafluorbenzaldehyde (1 equiv.; 0.10 g, 64 pL, 0.52 mmol) was
F F

. ¥ - added to a suspension of 2.25a (0.10 g, 0.52 mmol) in ethanol (2.00 mL).
©\/o\/\[o OEt F The mixture was refluxed for 4 hours, after which the suspension was cooled to

OMe
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room temperature for 5 minutes, and then in an ice bath for 1 hour. The beige suspension was filtered
and washed with cold ethanol and diethyl ether, from which a light-brown solid was collected, dried and
identified, by 'H, 2C, IR, Mp. and elemental analysis, as the pure product 2.28 (0.11 g, 0.27 mmol,
51%).

Synthesis of 3-((ethoxy(perfluorophenyl)methyl)amino)-8-methoxy-2H-chromen-2-one 2.29:
o-Methoxybenzaldehyde (1 equiv.; 0.10 g, 64 pL, 0.52 mmol) was added to a suspension of 2.25a (0.10

Hﬁar g, 0.52 mmol) in ethanol (2.00 mL). The mixture was refluxed for 1 hour, after

N

Q\/OIOHN _ which the suspension was cooled to room temperature for 5 minutes, and then
one OIOj% in an ice bath for 1 hour. The beige suspension was filtered and washed with

cold ethanol and diethyl ether, from which a beige solid was collected, dried and identified, by *H, ©*C, IR,

Mp. and elemental analysis, as the pure product 2.29 (0.11 g, 0.27 mmol, 13%).

Synthesis of 3-((ethoxy(perfluorophenyl)methyl)amino)-8-methoxy-2 #chromen-2-one 2.35:

NCN  Ethoxymethylene malononitrile 2.31 (1 equiv.; 0.06 g, 0.52 mmol) was added to a

| :/> suspension of 2.22a (0.10 g, 0.52 mmol) in acetonitrile (2.00 mL). The mixture was
OMe ° stitted at room temperature for 5 days. Then, the beige suspension was cooled in an ice
bath for 3 hours. The beige suspension was filtered and washed with cold acetonitrile and diethyl ether,
from which a light brown was collected, dried, and identified, by '*H and *C as compound 2.35 (0.04 g,

0.16 mmol, 31%).

General procedure for the synthesis of 3-(2-hydroxyaryl)-1-arylprop-2-en-1-ones (2.37):
Compounds 2.37 were prepared according to the procedure described in the literature (ref. 104, chapter
2), where full characterization of compounds 2.37a, 2.37e, 2.37f, 2.37g, 2.37h and 2.37i was

already detailed.

Aqueous 3M NaOH was added to a solution of the appropriate salicylaldehyde 2.2 (1.2 equiv.) and
acetophenone 2.36 in ethanol. The solution was stirred at room temperature (4-31 h). The solution was
neutralized with concentrated HCI (37%) and a yellow suspension was obtained, cooled in an ice bath for
1-2 h. The solid was filtered and washed with cold ethanol and water, leading to the corresponding a;, -

unsaturated carbonyl compound 2.37.

392



Chapter 5
Experimental section

3-(2-Hydroxyphenyl)-1-(phenyl)prop-2-en-1-one (2.37a):

0 Agueous 3M NaOH was added to a solution of salicylaldehyde (1.26 mL, 1.474 g,

O \ O 1.2 equiv.) and acetophenone (1.17 mL, 1.20 g, 1.0 equiv.) in ethanol. The solution
o was stirred at room temperature for 24 h. Then, the solution was neutralized with
concentrated HCI (37%) and a yellow suspension was obtained. After cooling in an ice bath for 2 h, the
yellow solid was filtered and washed with cold ethanol and water, leading to the a,f-unsaturated carbonyl
compound 2.37a, slightly contaminated with salicylaldehyde (1.67 g, 6.2 mmol, 62 %), and was

characterized by 'H, =C, IR and M.p.

3-(2-Hydroxyphenyl)-1-(ptolyl)prop-2-en-1-one (2.37b):

o 9 Agueous 3M NaOH was added to a solution of salicylaldehyde (1.26 mL, 1.474 g,

O oH O 1.2 equiv.) and pmethylacetophenone (1.34 mL, 1.34 g, 1.0 equiv.) in ethanol.
The solution was stirred at room temperature for 30 h. Then, the solution was neutralized with
concentrated HCI (37%) and a yellow suspension was obtained. After cooling in an ice bath for 2 h, the
yellow solid was filtered and washed with cold ethanol and water, leading to the a,f-unsaturated carbonyl

compound 2.37b (1.82 g, 6.8 mmol, 68 %), and was characterized by 'H, *C, and IR.

1-(4-Bromophenyl)-3-(2-hydroxyphenyl)prop-2-en-1-one (2.37¢):

« 2 Aqueous 3M NaOH was added to a solution of salicylaldehyde (1.26 mL, 1.474
O o O 5 & 1.2 equiv.) and pbromoacetophenone (1.99 g, 1.0 equiv.) in ethanol. The
solution was stirred at room temperature for 72 h. Then, the solution was neutralized with concentrated
HCI (37%) and a yellow suspension was obtained. After cooling on an ice bath for 2 h, the yellow solid
was filtered and washed with cold ethanol and water, leading to the respective o, 3-unsaturated carbonyl
compound 2.37c¢ (3.05 g), contaminated with aldehyde (by 'H NMR) in a ratio of 0.17:1.0 of
salicylaldehyde: 2.37¢, and was used without further purification as starting material for the next

synthetic step.

1-(4-Chlorophenyl)-3-(2-hydroxyphenyl)prop-2-en-1-one (2.37d):

« Q Agqueous 3M NaOH was added to a solution of salicylaldehyde (1.26 mL, 1.474
O ok O N g, 1.2 equiv.) and pchloroacetophenone (1.30 mL, 1.546 g, 1.0 equiv.) in
ethanol. The solution was stirred at room temperature for 22 h. Then, the solution was neutralized with

concentrated HCI (37%) and a yellow suspension was obtained. After cooling on an ice bath for 2 h, the
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yellow solid was filtered and washed with cold ethanol and water, leading to the respective a,f-
unsaturated carbonyl compound 2.37d (1.65 g, 5.3 mmol, 53 %), and was characterized by *H, *C and
IR-

3-(5-Bromo-2-hydroxyphenyl)-1-phenylprop-2-en-1-one (2.37e):

0 Aqueous 3M NaOH was added to a solution of 5-bromosalicylaldehyde (2.01 g,

Br
O O: O 1.2 equiv.) and acetophenone (1.17 mL, 1.20 g, 1.0 equiv.) in ethanol. The
solution was stirred at room temperature for 3 h. Then, the solution was neutralized with concentrated
HCI (37%) and a yellow suspension was obtained. After cooling on an ice bath for 1 h, the yellow solid
was filtered and washed with cold ethanol and water, leading to the respective a,-unsaturated carbonyl
compound 2.37e (2.06 g, 6.8 mmol, 68 %), and was identified by comparison with the information

presented in the literature (ref. 104, chapter 2).

3-(5-Bromo-2-hydroxyphenyl)-1-(4-bromophenyl) prop-2-en-1-one (2.37f):

. o 2 Agueous 3M NaOH was added to a solution of 5-bromosalicylaldehyde (2.01

g, 1.2 equiv.) and pmethylacetophenone (1.34 mL, 1.34 g, 1.0 equiv.) in
ethanol. The solution was stirred at room temperature for 3 h. Then, the solution was neutralized with
concentrated HCI (37%) and a yellow suspension was obtained. After cooling in an ice bath for 1 h, the
yellow solid was filtered and washed with cold ethanol and water, leading to the a,f-unsaturated carbonyl
compound 2.37f (1.68 g, 5.3 mmol, 53 %), and was identified by comparison with the information
presented in the literature (ref. 104, chapter 2).

3-(5-Bromo-2-hydroxyphenyl)-1-()prop-2-en-1-one (2.37g):

- « Q Agqueous 3M NaOH was added to a solution of 5-bromosalicylaldehyde (2.01

Br g, 1.2 equiv.) and pbromoacetophenone (1.99 g, 1.0 equiv.) in ethanol. The
solution was stirred at room temperature for 1.66 h. Then, the solution was neutralized with concentrated
HCI (37%) and a yellow suspension was obtained. After cooling on an ice bath for 1 h, the yellow solid
was filtered washed with cold ethanol and water, leading to the a,[-unsaturated carbonyl compound

2.37g (2.45 g, 6.4 mmol, 64 %), and was identified by comparison with the information presented in
the literature (ref. 104, chapter 2).
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1-(4-Chlorophenyl)-3-(2-hydroxyphenyl)prop-2-en-1-one (2.37h):

q Aqueous 3M NaOH was added to a solution of 5-bromosalicylaldehyde (2.01 g,
CI 1.2 equiv.) and pchloroacetophenone (1.30 mL, 1.546 g, 1.0 equiv.) in
ethanol. The solution was stirred at room temperature for 3 h. Then, the solution was neutralized with
concentrated HCI (37%) and a yellow suspension was obtained. After cooling on an ice bath for 1 h, the
yellow solid was filtered and washed with cold ethanol and water, leading to the respective o,f3-
unsaturated carbonyl compound 2.37h (3.05 g), contaminated with aldehyde (by '*H NMR) in a ratio of
0.6:1 of 5-bromosalicylaldehyde:2.37h, and was used without further purification as starting material for
the next synthetic step. Compound 2.37h was identified by comparison with the information presented

in the literature (ref. 104, chapter 2).

3-(5-Chloro-2-hydroxyphenyl)-1-phenylprop-2-en-1-one (2.37i):

Q Aqueous 3M NaOH was added to a solution of 5-chlorosalicylaldehyde (1.57 g,

cl
O o: O 1.2 equiv.) and acetophenone (1.17 mL, 1.20 g, 1.0 equiv.) in ethanol. The
solution was stirred at room temperature for 24 h. Then, the solution was neutralized with concentrated
HCI (37%) and a yellow suspension was obtained. After cooling on an ice bath for 1 h, the yellow solid
was filtered and washed with cold ethanol and water, leading to the respective a,5-unsaturated carbonyl
compound 2.37i, slightly contaminated with 5-chlorosalicylaldehyde (2.10 g, 8.1 mmol, 81 %), and was

characterized by 'H, C, IR and Mp..

General procedure for the synthesis of 2-amino-4-(2-oxo-2-arylethyl)-4 A-chromene-3-

carbonitriles (2.39):

Compounds 2.39 were prepared according to the procedure described in the literature (ref. 104, chapter

2), where full characterization of compounds 2.39a, 2.39f and 2.39g is already detailed.

Triethylamine (2-5 equiv) was added to a solution of the appropriate a,-unsaturated carbonyl compound
2.37 and malononitrile (2 equiv.) in ethanol. The solution was stirred for 2-23 h, at room temperature,
and filtered or first cooled, on an ice bath or at 4 °C, for 1 h to 7 days and then filtered. After washing
with cold ethanol and diethyl ether, the obtained solid was dried and further identified as being the desired
compound 2.39.
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2-amino-4-(2-oxo-2-phenylethyl)-4 Achromene-3-carbonitrile (2.39a):

Triethylamine (4 equiv.; 4.20 mL) was added to a solution of 2.37a (1.67 g, 7.44 mmol)
and 2 equivalents of malononitrile (0.98 g, 14.9 mmol) in ethanol (5.00 mL). The solution

was stirred at room temperature for 2 hours and then was cooled in an ice bath for 2

hours. The suspension was filtered and washed with cold ethanol and diethyl ether, after
which the white solid was dried, and was identified by comparison with the information presented in the

as 2.39a (0.639 g, 2.2 mmol, 30 %).

2-Amino-4-(2-oxo-2-(ptolyl)ethyl)-4 Hchromene-3-carbonitrile (2.39b):

Triethylamine (4 equiv.; 4.20 mL) was added to a solution of 2.37b (1.82 g, 7.63 mmol)
and 2 equivalents of malononitrile (1.00 g, 15.3 mmol) in ethanol (6.00 mL). The solution

was stirred at room temperature for 2 hours and then was cooled in an ice bath for 2

hours. The suspension was filtered and washed with cold ethanol and diethyl ether, after

which the white solid was dried and identified, by *H,=C and IR, as 2.39b (1.15 g, 3.8 mmol, 50 %).

2-Amino-4-(2-(4-bromophenyl)-2-oxoethyl)-4 Achromene-3-carbonitrile (2.39c¢):

Triethylamine (5 equiv.; 3.22 mL) was added to a solution of the crude product 2.37¢
(1.40 g, 4.62 mmol) and 2 equivalents of malononitrile (0.61 g, 9.30 mmol) in ethanol
(6.00 mL). The solution was stirred at room temperature for 3 hours and 20 minutes and

then was cooled in an ice bath for 2 hours. The suspension was filtered and washed with

cold ethanol and diethyl ether, after which the white solid was dried and identified, by
1H,2C and IR, as 2.39¢ (0.873 g, 2.36 mmol, 51 %).

2-Amino-4-(2-(4-chlorophenyl)-2-oxoethyl)-4 A#chromene-3-carbonitrile (2.39d):

Triethylamine (4 equiv.; 3.60 mL) was added to a solution of 2.37d (1.68 g, 6.49 mmol)
and 2 equivalents of malononitrile (0.85 g, 13.0 mmol) in ethanol (6.00 mL). The solution

was stirred at room temperature for 5 hours and 30 minutes, and then was cooled in an

ice bath for 2 hours. The suspension was filtered and washed with cold ethanol and diethyl
ether, after which the white solid was dried and identified, by 'H,=C and IR, as 2.39d (1.11 g, 3.4 mmol,
53 %).
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2-Amino-6-bromo-4-(2-oxo-2-phenylethyl)-4 #chromene-3-carbonitrile (2.39e):

Triethylamine (4 equiv.; 7.61 mL) was added to a solution of 2.37e (4.132 g, 13.6

mmol) and 2 equivalents of malononitrile (1.81 g, 27.4 mmol) in ethanol (8.00 mL). The

solution was stirred at room temperature for 1 hour and then was cooled in an ice bath
for 1 hour. The suspension was filtered and washed with cold ethanol and diethyl ether,
after which the white solid was dried and identified, by 'H,=C, IR and Mp., as 2.39e (2.71 g, 7.36 mmol,
54 %).

2-Amino-6-bromo-4-(2-oxo-2-(otolyl)ethyl)-4 Achromene-3-carbonitrile (2.39f):

Triethylamine (4 equiv.; 4.20 mL) was added to a solution of 2.37f (1.68, 5.3 mmol)
and 2 equivalents of malononitrile (0.70 g, 10.6 mmol) in ethanol (5.00 mL). The

solution was stirred at room temperature for 1.5 hours and then was cooled in an ice

bath for 2 hours. The suspension was filtered and washed with cold ethanol and diethyl
ether, after which the white solid was dried, and was identified by comparison with the information

presented in the literature (ref. 104, chapter 2) as 2.39f (0.93 g, 2.4 mmol, 46 %).

2-Amino-6-bromo-4-(2-oxo-2-( ptolyl)ethyl)-4 Hchromene-3-carbonitrile (2.39g):

Triethylamine (4 equiv.; 4.20 mL) was added to a solution of 2.37g (2.45, 6.4 mmol)
and 2 equivalents of malononitrile (0.85 g, 12.8 mmol) in ethanol (6.00 mL). The

solution was stirred at room temperature for 1 hours and then was cooled in an ice bath

for 2 hours. The suspension was filtered and washed with cold ethanol and diethyl ether,
after which the white solid was dried, and was identified by comparison with the information presented

in the literature (ref. 104, chapter 2) as 2.39g (1.15 g, 2.56 mmol, 40 %).

2-amino-6-bromo-4-(2-(4-chlorophenyl)-2-oxoethyl)-4H-chromene-3-carbonitrile (2.39h):

Cl

Triethylamine (2.28 equiv.; 5.62 mL) was added to a solution of 2.38e (5.96 g, 17.7
O mmol) and 2 equivalents of malononitrile (1.59 g, 24.0 mmol) in ethanol (8.00 mL).
. gN The solution was stirred at room temperature for 3 hour and then was cooled in an ice
O o | NH bath for 1 hour. The suspension was filtered and washed with cold ethanol and diethyl

ether, after which the white solid was dried and identified, by 'H,=C and IR, as 2.40h (2.99 g, 7.44
mmol, 42 %).
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2-amino-6-bromo-4-(2-oxo-2-phenylethyl)-4 Achromene-3-carbonitrile (2.39i):

Triethylamine (3.96 equiv.; 1.36 mL) was added to a solution of 2.38e (2.53 g, 9.78

mmol) and 2 equivalents of malononitrile (1.29 g, 19.6 mmol) in ethanol (6.00 mL). The

solution was stirred at room temperature for 1 hour and then was cooled in an ice bath
for 1 hour. The suspension was filtered and washed with cold ethanol and diethyl ether,
after which the white solid was dried and identified, by *H,C, IR and Mp., as 2.40i (1.63 g, 5.02 mmol,
51 %).

General procedure for the synthesis of 2-oxo0-4-(2-oxo-2-arylethyl)chroman-3-carbonitriles

(2.50):

Concentrated H.S04 (98%) (50-300 pL) was added to a suspension of the adequate chromene 2.39 in
a 1:1 mixture of EtOH/H,0 (1:4 for 2.39¢), at room temperature (50 °C for 2.39¢). The beige
suspension gradually turned into a beige solution, and after 1-2 hours, a new suspension gradually started
to form. The thick suspension was then allowed to stand in an ice bath for 2-4 hours, or at 4 °C overnight.
The beige solid was filtered, washed with cold water and ethanol, dried and identified as the corresponding

chroman 2.50, in a diastereoisomeric mixture.

2-0x0-4-(2-ox0-2-phenylethyl)chroman-3-carbonitrile (2.50a):

O 1.7 Equivalents of H,SO. (98%) was added to a suspension of chromene 2.39a (0.35 g,

o 1.20 mmol) in a 1:1 mixture of EtOH/H.0 (4 mL) and the mixture was stirred at room

O o zN temperature. The beige suspension gradually turned into a beige solution, and after 2 hours,
a suspension gradually started to form. After 4 hours at room temperature, the thick suspension was
allowed to cool in an ice bath for 2 hours. The solid was filtered, washed with cold water and ethanol,
dried and identified by 'H,=C, IR and Mp., as chroman 2.50a (0,214 g, 0.73 mmol, 61%) in an isomeric

ratio of 2.1/1.

2-0x0-4-(2-ox0-2-(p-tolyl)ethyl)chroman-3-carbonitrile (2.50b):

1.7 Equivalents of H.SO. (98%) was added to a suspension of chromene 2.39b (0.33 g,
1.08 mmol) in a 1:1 mixture of EtOH/H.0 (4 mL) and the mixture was stirred at room
O CN  temperature. The beige suspension gradually turned into a beige solution, and after 2
°° hours, a suspension gradually started to form. After 4 hours at room temperature, the

suspension was allowed to cool in an ice bath for 2 hours. The solid was filtered, washed with cold water
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and ethanol, dried and identified, by 'H,=C, IR and Mp., as chroman 2.50b (0.28 g, 0.92 mmol, 84 %),

in an isomeric ratio of 2.5/1.

4-(2-(4-Bromophenyl)-2-oxoethyl)-2-oxochroman-3-carbonitrile (2.50c):

Br

3.7 Equivalents of H,SO. (98%) was added to a suspension of chromene 2.39¢ (0.20 g,
0.54 mmol) in a 1:4 mixture of EtOH/H,0 (2.5 mL) and the mixture was stirred at 50 °C.

2N The beige suspension gradually turned into a beige solution, and after 10 minutes, a
oo  suspension gradually started to form from. After 1 hour, the suspension was allowed to cool
in an ice bath for 2 hours. The solid was filtered, washed with cold water and ethanol, dried and identified

by 'H,2C, IR and Mp., as chroman 2.50c¢ (0.155 g, 0.42 mmol, 78 %), in an isomeric ratio of 2.7/1.

6-Bromo-2-ox0-4-(2-oxo-2-phenylethyl)chroman-3-carbonitrile (2.50d):

3.0 Equivalents of H.SO. (98%) was added to a suspension of the chromene 2.39e
(0.25 g, 0.68 mmol) in a 1:1 mixture of EtOH/H,0 (2 mL) and the mixture was stirred

at room temperature. The beige suspension gradually turned into a beige solution, and
after 1 hour, a suspension gradually started to form. After 4 hours, the suspension was
allowed to cool in an ice bath for 2 hours. The solid was filtered, washed with cold water and ethanol,
dried and identified, by *H,*C, IR and Mp., as chroman 2.50d (0.14 g, 0.38 mmol, 57 %), in an isomeric
ratio of 2.7/1.

6-Bromo-4-(2-(4-bromophenyl)-2-oxoethyl)-2-oxochroman-3-carbonitrile (2.50e):

4.5 Equivalents of H.SO, (98%) was added to a suspension of chromene 2.39g (0.20
O g, 0.45 mmol) in a 1:1 mixture of EtOH/H,0 (2 mL) and the mixture was stirred at room
cn  temperature. The beige suspension gradually turned into a beige solution, and after 30
minutes, a suspension gradually started to form from. After 2 hours, the suspension was
allowed to cool in an ice bath for 2 hours. The solid was filtered, washed with cold water and ethanol,
dried and identified by *H,*C, IR and Mp., as chroman 2.50e (0.03 g, 0.07 mmol, 17 %), in an isomeric
ratio of 2.9/1.

6-Bromo-4-(2-(4-chlorophenyl)-2-oxoethyl)-2-oxochroman-3-carbonitrile (2.50f): 4.0 Equivalents of H.SO.

Cl

o)
Br O cN - suspension gradually turned into a beige solution, and after 30 minutes, a suspension
(o) [e]

(98%) was added to a suspension of chromene 2.39h (0.20 g, 0.50 mmol) in a 1:1

mixture of EtOH/H.0 (2 mL) and the mixture was stirred at room temperature. The beige
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gradually started to form. After 1 hour and 40 minutes, the suspension was allowed to cool in an ice bath
for 2 hours. The solid was filtered, washed with cold water and ethanol, dried and identified by 'H,C, IR

and Mp., as chroman 2.50f (0.03 g, 0.08 mmol, 16 %), in an isomeric ratio of 2.9/1.

General procedure for the synthesis of 5-imino-/,2-diaryl-5/A-chromeno[3,4-c]pyridin-4-
amines (2.55):

The amine (2-3 equiv.) was added to a suspension of the appropriate chromene 2.39 in ethanol, kept
stirring at 80°C. Acetic acid (0.5 equiv.) was also added. The suspension gradually turned into a solution
and after 1-3 hours, a yellow solid started to precipitate from the reaction mixture. After the starting
material was consumed, as evidenced by TLC (AcOEt/ rzhexane 1:1), the suspension was cooled to room
temperature for 5 minutes and then in an ice bath for 2-5 hours or at 4 °C for 24-72 hours. The yellow
suspension was filtered, washed with cold ethanol, a few drops of diethyl ether and dried. The solid was

characterized, by 'H,:C, IR and Mp., and identified as the appropriate chromenopyridine 2.55.

9-Bromo-5-imino-/,2-diphenyl-5 Achromeno[3,4-cpyridin-4-amine (2.55a):

O Aniline (3 equiv.; 111 pL, 0.12 g 1.23 mmol) was added to a suspension of
2NN chromene 2.39e (0.15 g, 0.41 mmol) in ethanol (2.00 mL), with stirring at 80°C,

Br. ™ !
[_L_L ¥ followed by addition of acetic acid (0.5 equiv.; 12 L, 0.01 g, 0.21 mmol). The

suspension gradually turned into a solution, and after 2 hours, a yellow solid started to precipitate from
the reaction mixture. The reaction was complete after 63 hours, as evidenced by TLC (AcOEt/ +hexane
1:1). The yellow suspension was cooled to room temperature for 5 minutes, and then in an ice bath for
3 hours. The product was filtered and washed with cold ethanol and a few drops of diethyl ether and
dried. The yellow solid was characterized by *H, *C and IR, as being chromenopyridine 2.55a (0.06 g,
0.13 mmol, 31 %).

5-lmino-N,2-diphenyl-5 Achromenol3,4-c]pyridin-4-amine (2.55b):

O Aniline (2 equiv.; 94 uL, 0.10 g, 1.03 mmol) was added to a suspension of chromene
SN 2.39a (0.15 g, 0.52 mmol) in ethanol (2.00 mL), with stirring at 80°C, followed by
. |

O o NHH addition of acetic acid (0.5 equiv.; 15 pL, 0.02 g, 0.26 mmol). The suspension

gradually turned into a solution, and after 2 hours, a yellow solid started to precipitate from the reaction
mixture. The reaction was complete after 22 hours, as evidenced by TLC (AcOEt/ r+hexane 1:1). The
yellow suspension was cooled to room temperature for 5 minutes, and then in an ice bath for 2 hours.

The product was filtered and washed with cold ethanol and a few drops of diethyl ether, and dried. The
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yellow solid was characterized, by 'H,=C, IR and Mp., and identified by 'H, *C and IR, and identified as
the chromenopyridine 2.55b (0.11 g, 0.31 mmol, 61 %).

5-lmino-2-phenyl-¢(p-tolyl)-5 Achromeno[3,4-c]pyridin-4-amine (2.55c¢):

O pToluidine (2 equiv.; 0.11 g, 1.03 mmol) was added to a suspension of chromene
N 2.40a (0.15 g, 0.52 mmol) in ethanol (2.00 mL), with stirring at 80°C, followed by
S |

O N the addition of acetic acid (0.5 equiv.;15 pL, 0.02 g, 0.26 mmol). The suspension
(e] NH

gradually turned into a solution, and after 2 hours, a yellow solid started to precipitate from the reaction
mixture. The reaction was complete after 22 hours and 45 minutes, as evidenced by TLC (AcOEt/
hexane 1:1). The yellow suspension was cooled to room temperature for 5 minutes, and then in an ice
bath for 2 hours. The product was filtered and washed with cold ethanol and a few drops of diethyl ether,
and dried. The light-yellow solid was characterized by 'H, “C and IR, and identified as the
chromenopyridine 2.55¢ (0.13 g, 0.31 mmol, 66%; 3.6 % contamination with the oxo form 2.56b, by
'H NMR).

5-Imino-M(4-methoxyphenyl)-2-phenyl-5 #chromeno[3,4-c]pyridin-4-amine (2.55d):

O pMethoxyaniline (2 equiv.; 0.13 g, 1.03 mmol) was added to a suspension of
2SN oMe  chromene 2.39a (0.15 g, 0.52 mmol) in ethanol (2.00 mL), with stirring at 80°C,
. |

O N followed by the addition of acetic acid (0.5 equiv.; 15 uL, 0.02 g, 0.26 mmol).
o NH

The suspension gradually turned into a solution, and after 2 hours, a yellow solid started to precipitate
from the reaction mixture. The reaction was complete after 22 hours and 15 minutes, as evidenced by
TLC (AcOEt/ rhexane 1:1). The yellow suspension was cooled to room temperature for 5 minutes, and
then in an ice bath for 2 hours. The yellow suspension was filtered and washed with cold ethanol and a
few drops of diethyl ether, and dried. The light-yellow solid was characterized by H,=C and IR, and
identified as the chromenopyridine 2.55d (0.14 g, 0.35 mmol, 68 %).

5-lmino-M(3-bromophenyl)-2-phenyl-5 Achromeno|3,4-cpyridin-4-amine (2.55e):

mBromoaniline (2 equiv.; 0.18 g, 1.03 mmol) was added to a suspension of

O B chromene 2.39a (0.15 g, 0.52 mmol) in ethanol (2.00 mL), with stirring at 80°C,

i I N followed by the addition of acetic acid (0.5 equiv.; 15 uL, 0.02 g, 0.26 mmol). The

O o NHH suspension gradually turned into a solution, and after 4 hours, a yellow solid started

to precipitate from the reaction mixture. The reaction was complete after 22 hours and 15 minutes, as

evidenced by TLC (AcOEt/ r+hexane 1:1). The yellow suspension was cooled to room temperature for 5
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minutes, and then in an ice bath for 3 hours. The product was filtered and washed with cold ethanol and
a few drops of diethyl ether, and dried. The light-yellow solid was characterized, by 'H, =C and IR, and
identified as he chromenopyridine 2.55e (0.07 g, 0.35 mmol, 48%; 4.8 % contamination with the oxo
form 2.99¢, by 'H NMR).

5-Imino-/M(3-bromophenyl)-2-phenyl-5 Achromeno[3,4-c|pyridin-4-amine (2.55f):

Aniline (3 equiv.; 113 pL, 0.11 g, 1.22 mmol) was added to a suspension of

O chromene 2.39¢ (0.15 g, 0.41 mmol) in ethanol (2.00 mL), with stirring at 80°C,
O i ) N/@ followed by the addition of acetic acid (0.5 equiv.;12 uL, 0.01 g, 0.21 mmol). The

0 NHH suspension gradually turned into a solution, and after 4 hours, a yellow solid started
to precipitate from the reaction mixture. The reaction was complete after 14 hours, as evidenced by TLC
(AcOEt/ rrhexane 1:1). The yellow suspension was cooled to room temperature for 5 minutes, and then
in an ice bath for 3 hours. The product was filtered and washed with cold ethanol and a few drops of
diethyl ether, and dried. The light-yellow solid was characterized, by H, *C and IR, and identified as the
chromenopyridine 2.55f (0.006 g, 0.02 mmol, 5 %).

2-(4-Bromophenyl)-5-imino-A(4-methoxyphenyl)-5 Achromeno[3,4-clpyridin-4-amine (2.55g):

ar pMethoxyaniline (3 equiv.; 0.15 g, 1.22 mmol) was added to a suspension of

O chromene 2.39c¢ (0.15 g, 0.41 mmol) in ethanol (2.00 mL), with stirring at

~ " 80°C, followed by the addition of acetic acid acid (0.5 equiv.: 12 uL, 0.01
O g H/©/ , followed by the addition of acetic acid acid (0.5 equiv.; 12 uL, 0.01 g,
0" SNH 0.21 mmol). The suspension gradually turned into a solution, and after 4
hours, a yellow solid started to precipitate from the reaction mixture. The reaction was complete after 14
hours, as evidenced by TLC (AcOEt/s+hexane 1:1). The yellow suspension was cooled to room
temperature for 5 minutes, and then in an ice bath for 3 hours. The product was filtered and washed with
cold ethanol and a few drops of diethyl ether, and dried. The light-orange solid was characterized by *H,

3C and IR, and identified as chromenopyridine 2.55g (0.04 g, 0.09 mmol, 22 %).

2-(4-Chlorophenyl)-5-imino-/A4(4-methoxyphenyl)-5 Achromeno[3,4-cpyridin-4-amine (2.55j):

it o-Methoxyaniline (3 equiv.; 0.17 g, 1.39 mmol) was added to a suspension of

O chromene 2.39d (0.15 g, 0.46 mmol) in ethanol (2.00 mL), with stirring at 80°C,
OMe
I NJ@/ followed by the addition of acetic acid (0.5 equiv.; 13 pL, 0.01 g, 0.23 mmol).
H

=
L]
07 NH

solid started to precipitate from the reaction mixture. The reaction was complete after 6 hours and 30

The suspension gradually turned into a solution and after 30 minutes, a yellow
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minutes, as evidenced by TLC (AcOEt/ rrhexane 1:1). The yellow suspension was cooled to room
temperature for 5 minutes and then at 4 °C for 24 hours. The product was then filtered and washed with
cold ethanol and a few drops of diethyl ether, and dried. The light-yellow solid was characterized by 'H,

3C and IR, and identified as the chromenopyridine2.55j (0.02 g, 0.04 mmol, 8 %).

9-Bromo-5-imino-/M(4-methoxyphenyl)-2-phenyl-5 Achromenol[3,4-cpyridin-4-amine (2.55i):

O pMethoxyaniline (2 equiv.; 0.10 g, 0.82 mmol) was added to a suspension of
o chromene 2.39e (0.15 g, 0.41 mmol) in ethanol (2.00 mL), with stirring at
Z>N e
Br O N HQ/ 80°C, followed by the addition of acetic acid (0.5 equiv. ;12 ulL, 0.01 g, 0.21
o mmol). The suspension gradually turned into a solution, and after 1 hour, a
yellow solid started to precipitate from the reaction mixture. The reaction was complete after 22 hours,
as evidenced by TLC (AcOEt/r+hexane 1:1). The yellow suspension was cooled to room temperature for
5 minutes, and then in an ice bath for 3 hours. The product was then filtered and washed with cold
ethanol and a few drops of diethyl ether, and dried. The yellow solid was characterized by *H, *C and IR,
and identified as the chromenopyridine 2.55i (0.11 g, 0.22 mmol, 55%, with traces of the oxo form
2.56f, by 'H NMR).

9-Bromo-/(3-bromophenyl)-5-imino-2-phenyl-5 Achromeno[3,4-cpyridin-4-amine (2.55m):

O mBromoaniline (3 equiv.; 0.14 g, 0.82 mmol) was added to a suspension of
Br
N chromene 2.39e (0.15 g, 0.41 mmol) in ethanol (2.00 mL), with stirring at 80°C,
Br. N !
® N followed by the addition of acetic acid (0.5 equiv.; 12 uL, 0.01 g, 0.21 mmol). The
o NH

suspension gradually turned into a solution, and after 2 hours, a yellow solid started to precipitate from
the reaction mixture. The reaction was complete after 19 hours, as evidenced by TLC (AcOEt/ +hexane
1:1). The yellow suspension was cooled to room temperature for 5 minutes, and then in an ice bath for
3 hours. The product was then filtered and washed with cold ethanol and a few drops of diethyl ether,
and dried. The yellow solid was characterized, by 'H, *C and IR, and identified as the chromenopyridine

2.55m (0.04 g, 0.08 mmol, 19 %).

9-Bromo-5-imino-Mphenyl-2-( ptolyl)-5 Achromeno[ 3,4-c|pyridin-4-amine (2.55n):

Aniline (2 equiv.; 72 uL, 0.07 g, 0.79 mmol) was added to a suspension of

chromene 2.39f (0.15 g, 0.39 mmol) in ethanol (2.00 mL), with stirring at 80°C,
N/© followed by the addition of acetic acid (0.5 equiv.; 11 uL, 0.01 g, 0.20 mmol).
H

NH The suspension gradually turned into a solution, and after 3 hours, a yellow solid
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started to precipitate from the reaction mixture. The reaction was complete after 22 hours, as evidenced
by TLC (AcOEt/#hexane 1:1). The yellow suspension was cooled to room temperature for 5 minutes,
and then at 4 °C for 26 hours. The product was then filtered, washed with cold ethanol and few drops of
diethyl ether and dried. The yellow solid was characterized by *H, 2C and IR, and identified as
chromenopyridine 2.55n (0.03 g, 0.06 mmol, 15 %).

9-Bromo-5-imino-/N,2-di-ptolyl-5 Achromeno[3,4-c]pyridin-4-amine (2.55p):

pToluidine (3 equiv.; 0.08 g, 0.78 mmol) was added to a suspension of
O chromene 2.39f (0.15 g, 0.39 mmol) in ethanol (2.00 mL), with stirring at
4
“ ) NQ/ 80°C, followed by the addition of acetic acid (0.5 equiv.; 11 uL, 0.01 g, 0.20
H

Br
O~ ~NH

yellow solid started to precipitate from the reaction mixture. The reaction was complete after 22 hours,

mmol). The suspension gradually turned into a solution, and after 2 hours, a

as evidenced by TLC (AcOEt/ zhexane 1:1). The yellow suspension was cooled to room temperature for
5 minutes and then in an ice bath for 3 hours. The product was then filtered and washed with cold ethanol
and a few drops of diethyl ether, and dried. The yellow solid was characterized by 'H, *C and IR, and

identified as the chromenopyridine 2.55p (0.07 g, 0.15 mmol, 37 %).

9-Bromo-5-imino-/A(4-methoxyphenyl)-2-(ptolyl)-5 Achromeno[3,4-clpyridin-4-amine (2.55q):

-Methoxyaniline (2 equiv.; 0.15 g, 1.18 mmol) was added to a suspension of

ovte chromene 2.39f (0.15 g, 0.39 mmol) in ethanol (2.00 mL), with stirring at

Br O N HO 80°C, followed by the addition of acetic acid (0.5 equiv.; 11 uL, 0.01 g, 0.20
o e mmol). The suspension gradually turned into a solution, and after 2 hours, a
yellow solid started to precipitate from the reaction mixture. The reaction was complete after 17 hours
and 15 minutes, as evidenced by TLC (AcOEt/ #hexane 1:1). The yellow suspension was cooled to room
temperature for 5 minutes and then in an ice bath for 3 hours. The product was then filtered and washed
with cold ethanol and a few drops of diethyl ether, and dried. The yellow solid was characterized by 'H,

3C and IR, and identified as the chromenopyridine 2.55q (0.06 g, 0.13 mmol, 32 %).

9-Bromo-5-imino-/A(3-methoxyphenyl)-2-(ptolyl)-5 Achromeno[3,4-clpyridin-4-amine (2.55r):

O mMethoxyaniline (2 equiv.; 95 pL,0.09 g, 0.79 mmol) was added to a
Ay e suspension of chromene 2.39f (0.15 g, 0.39 mmol) in ethanol (2.00 mL), with
|
Br O N N stirring at 80°C, followed by the addition of acetic acid (0.5 equiv.; 11 pL, 0.01
(o] NH

g, 0.20 mmol). The suspension gradually turned into a solution, and after 4
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hours, a yellow solid started to precipitate from the reaction mixture. The reaction was complete after 22
hours and 45 minutes, as evidenced by TLC (AcOEt/ #hexane 1:1). The yellow suspension was cooled to
room temperature for 5 minutes and then at 4°C for 18 hours. The product was then filtered and washed
with cold ethanol and a few drops of diethyl ether, and dried. The yellow solid was characterized, by 'H,

13C and IR, as being chromenopyridine 2.55r (0.06 g, 0.12 mmol, 31 %).

9-Bromo-2-(4-bromophenyl)-5-imino- A ptolyl)-5 Achromeno|3,4-clpyridin-4-amine (2.55u):

Br pToluidine (3 equiv.; 0.11 g, 1.00 mmol) was added to a suspension of

O chromene 2.39g (0.15 g, 0.34 mmol) in ethanol (2.00 mL), with stirring at

o i N N/©/ 80°C, followed by the addition of acetic acid (0.5 equiv.; 10 uL, 0.01 g, 0.17
O PN mmol). The suspension gradually turned into a solution, and after 5 hours, a
yellow solid started to precipitate from the reaction mixture. The reaction was complete after 32 hours
and 15 minutes, as evidenced by TLC (AcOEt/ #hexane 1:1). The yellow suspension was cooled to room
temperature for 5 minutes and then at 4°C for 26 hours. The product was then filtered and washed with
cold ethanol and a few drops of diethyl ether, and dried. The yellow solid was characterized, by H, C

and IR, and identified as the chromenopyridine 2.55u (0.03 g, 0.06 mmol, 17 %).

9-Bromo-2-(4-chlorophenyl)-5-imino-/M(4-methoxyphenyl)-5 #chromeno[3,4-cpyridin-4-amine (2.55b’):

¢ o-Methoxyaniline (3 equiv.; 0.14 g, 1.12 mmol) was added to a suspension of

O chromene 2.39h (0.15 g, 0.37 mmol) in ethanol (2.00 mL), with stirring at
_ OMe
Br | NO 80°C, followed by the addition of acetic acid (0.5 equiv.;10 uL, 0.01 g, 0.17

X
LG
O NH

yellow solid started to precipitate from the reaction mixture. The reaction was complete after 27 hours

mmol). The suspension gradually turned into a solution, and after 4 hours, a

and 25 minutes, as evidenced by TLC (AcOEt/ #hexane 1:1). The yellow suspension was cooled to room
temperature for 5 minutes and then at 4°C for 27 hours. The product was then filtered and washed with
cold ethanol and a few drops of diethyl ether, and dried. The yellow solid was characterized by 'H, C

and IR, and identified as the chromenopyridine 2.55b’ (0.04 g, 0.08 mmol, 21 %; with traces of 2.60d).

9-Bromo-2-(4-chlorophenyl)-5-imino-/M(3-methoxyphenyl)-5 #chromeno[3,4-dpyridin-4-amine  (2.55¢’):

cl mMethoxyaniline (2 equiv.; 90 uL, 0.09 g, 0.74 mmol) was added to a

O e suspension of chromene 2.39h (0.15 g, 0.37 mmol) in ethanol (2.00 mL), with

. i N stirring at  80°C, followed by the additon of acetic acid
O o NHN (0.5 equiv.; 10 pL, 0.01 g, 0.17 mmol). The suspension gradually turned into a
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solution, and after 4 h, a yellow solid started to precipitate from the reaction mixture. The reaction was
complete after 39 hours, as evidenced by, by TLC (AcOEt/#hexane 1:1). The yellow suspension was
cooled to room temperature for 5 minutes, and then at 4°C for 30 hours. The product was then filtered
and washed with cold ethanol and a few drops of diethyl ether, and dried. The yellow solid was
characterized by H, *C and IR, and identified as the chromenopyridine 2.55¢’ (0.01 g, 0.01 mmol, 4
%).

9-Chloro-5-imino-/N,2-diphenyl-5 #chromeno[3,4-dpyridin-4-amine (2.55d’):

O Aniline (3 equiv.; 126 pL, 0.13 g, 1.38 mmol) was added to a suspension of

N chromene 2.39i (0.15 g, 0.46 mmol) in ethanol (2.00 mL), with stirring at 80°C,
cl O G H/©

(@] NH

followed by the addition of acetic acid (0.5 equiv.; 13 pL, 0.01 g, 0.23 mmol).

The suspension gradually turned into a solution, and after 3 hours, a yellow solid
started to precipitate from the reaction mixture. The reaction was complete after 22 hours, as evidenced
by TLC (AcOEt/ hexane 1:1). the yellow suspension was cooled to room temperature for 5 minutes, and
then in an ice bath for 4 hours. The product was then filtered and washed with cold ethanol and a few
drops of diethyl ether, and dried. The yellow solid was characterized by 'H, *C and IR, as being
chromenopyridine 2.55d’ (0.101 g, 0.25 mmol, 55 %).

9-chloro-5-imino-2-phenyl-N-(p-tolyl)-5H-chromeno[3,4-c]pyridin-4-amine (2.55f):

O Aniline (2 equiv.; 0.10 g,0.92 mmol) was added to a suspension of chromene
P 2.39i (0.15 g, 0.46 mmol)in ethanol (2.00 mL), with stirring at 80°C, followed
wes
c O NN by the addition of 0.5 equivalents of acetic acid (13 pL, 0.01 g, 0.23 mmol).
[e] NH

The suspension gradually turned into a solution, and after 3 hours, a yellow

solid started to precipitate from the reaction mixture. The reaction was complete after 22 hours, as
evidenced by TLC (AcOEt/+hexane 1:1). The yellow suspension was cooled to room temperature for 5
minutes, and then in an ice bath for 4 hours. The product was then filtered and washed with cold ethanol
and a few drops of diethyl ether, and dried. The yellow solid was characterized by 'H, *C and IR, and

identified as the chromenopyridine 2.55f (0.04 g, 0.10 mmol, 22 %).

9-chloro-5-imino-2-phenyl-N-(p-methoxyphenyl)-5H-chromeno([3,4-c]pyridin-4-amine (2.55g’):

O pMethoxyaniline (2 equiv.; 0.11 g, 0.92 mmol) was added to a suspension
AN OMe  of chromene 2.39i (0.15 g, 0.46 mmol) in ethanol (2.00 mL), with stirring

Cl A
L LA at 80°C, followed by the addition of acetic acid (0.5 equiv.; 13 L, 0.01 g
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0.23 mmol). The suspension gradually turned into a solution, and after 2 hours, a yellow solid started to
precipitate from the reaction mixture. The reaction was complete after 39 hours and 15 minutes, as
evidenced by TLC (AcOEt/#hexane 1:1). The yellow suspension was cooled to room temperature for 5
minutes, and then in an ice bath for 4 hours. The product was then filtered and washed with cold ethanol
and a few drops of diethyl ether, and dried. The collected yellow solid was characterized by *H, *C and

IR, and identified as the chromenopyridine 2.55g’ (0.11 g, 0.26 mmol, 55 %).
Synthesis of 9-bromo-2-phenyl-4-(phenylamino)-5H-chromeno[3,4-c]pyridin-5-one (2.56a):

O H,S04 (2.5 equiv.) was added to a mixture of compounds 2.55a, 2.56a, 2.60a
2N /@ and 2.61a (0.19 g) in ethanol/water (2.5 mL), with stirring at 80 °C. The reaction
i O S N was complete after 3 hours and 30 minutes, as evidenced by TLC (AcOEt/ r+hexane
1:1). The suspension was filtered and washed with cold ethanol and water, and a few drops of diethyl
ether, and dried. The yellow solid was characterized by 'H, *C and IR, and identified as the

chromenopyridine 2.56a (0.05 g, 0.12 mmol).

Synthesis of 8-Bromo-2-phenyl-4-(phenylamino)-3,6-dihydro-2 #2,6-methanobenzo[g][1,3]

oxazocine-5-carbonitrile (2.61a):

CN Aniline (2 equiv.; 74 uL, 0.08 g, 0.82 mmol) was added to a suspension of

o O NH chromene 2.39e (0.15 g, 0.41 mmol) in a 1:1 mixture of ethanol/water (2 mL),

° O with stirring at 80 °C, generating a beige suspension. Then acetic acid (0.5 equiv.;

12 uL, 0.01 g, 0.21 mmol) was added, generating a light-yellow suspension. After

1 hour and 30 minutes, the yellow suspension was allowed to stand at 4 °C for 18 hours. The yellow

solid was filtered and washed with cold ethanol. After drying, the product was identified, by *H, *C and
IR, and identified as compound 2.61a (0.12 g, 0.26 mmol, 65 %).

Synthesis of 2-ethoxy-4-(2-hydroxy-5-methylphenyl)-6-phenylnicotino-nitrile (2.68a):

O Aqueous NaOH 2M (2 mL) was added to a suspension of chromene 2.39i (0.250 g,

OH (PN 0.86 mmol) in methanol (4 mL). while stirring at room temperature. The orange solution
O \CN OMe sradually turned into a red solution. After stirring for 64 hours, the light-brown
suspension was filtered and washed with cold methanol and water, and dried. The product was identified,

by 'H, *C and IR, and identified as compound 2.68a (0.05 g, 0.18 mmol, 21 %).
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Synthesis of 2-ethoxy-4-(2-hydroxy-5-methylphenyl)-6-phenylnicotino-nitrile (2.68b):

O Aqueous NaOH 2M (2 mL) was added to a suspension of chromene 2.39e (0.150 g,

oH AN 0.40 mmol) in methanol (4 mL). while stirring at room temperature. The orange solution
O \CN OMe  gradually turned into a red solution. After stirring for 41 hours, the dark-yellow
Br suspension was filtered and washed with cold methanol and water, and dried. The

product was identified, by 'H, =C and IR, and identified as compound 2.68b (0.07 g, 0.19 mmol, 46 %).

4-methoxy-2-phenyl-5 #chromeno[3,4-c]pyridin-5-one (2.69a):

Compound 2.68a (0.06 g, 0.18 mmol) was combined with 1 mL of ethanol and H,SO,
(4 equiv.; 12 pL, 0.021 g, 0.72 mmol). After stirring for 1 hour at room temperature,

OMe 3 white solid was formed. The product was filtered, washed with cold methanol and a

few drops of diethyl ether and dried. The white solid was characterized by 'H, =C and
IR, and was identified as 4-methoxy-2-phenyl-5+chromeno[3,4-c]pyridin-5-one 2.69a (0.012 g, 0.04
mmol, 21 %).

9-bromo-4-methoxy-2-phenyl-5 #chromeno[3,4-c]pyridin-5-one (2.69b):

Agueous NaOH 2M (1 mL) ) was added to a suspension of chromene 2.39e (0.2
g, 0.55 mmol) in methanol (1 mL), while stirring at room temperature. The orange

oMe syspension gradually turned into a red solution. The reaction was complete after 1

hours and 20 minutes, as evidenced by TLC (AcOEt/ zhexane 1:1). The red solution
was neutralized with H.SO. (followed by pH strip), generating a light-brown suspension which was left
stirring at room temperature for 20 minutes at room temperature. A beige solid was collected from the
reaction mixture, by filtration, and was recrystallized from ethanol/7hexane 1:1, a white solid was
collected and further identified, by 'H, 2C and IR, as 9-bromo-4-methoxy-2-phenyl-5Achromeno|3,4-
c]pyridin-5-one 2.69b (0.08 g, 0.21 mmol 38%).
Synthesis of 2-ethoxy-4-(2-hydroxy-5-methylphenyl)-6-phenylnicotinonitrile (2.70a):

Aqueous NaOH 2M (1 mL) was added to a suspension of chromene 2.39i (0.200 g,

on Ay 0.62 mmol) in ethanol (1 mL), leading to an orange solution that gradually turned into a
O \CNI oet red solution. After stirring for 2 hours at room temperature, the solution was neutralized
al with H,SO, (followed by pH strip), leading to a light-brown suspension that was stirred at
room temperature for 1 hour and 10 minutes. The suspension was filtered, washed with cold ethanol and
water and dried. The beige solid was identified, by 'H, =C and IR, as compound 2.70a (0.19 g, 0.52

mmol, 84 %).
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Synthesis of 2-amino-6-methoxy-4-(phenyl)pyridine-3,5-dicarbonitrile(2.71a):

Malononitrile (2 equiv.; 0.435 g, 6.60 mmol) was added to a suspension of 2.37e (1.00

NC N CN

| g, 3.29 mmol in 9 mL of methanol and the mixture was stirred at room temperature.
A Aqueous NaOH 3M (1.5 mL) was added to the suspension, that was left stirring at room
temperature. The brown suspension rapidly turned into a red solution, but after 30 seconds gradually
turned into a yellow suspension. Ethanol (4 mL) was added to the thick suspension, that was stirred at
room temperature for an additional 2 hours. From the yellow suspension, a white solid was filtered,
washed with cold methanol and diethyl ether and dried. The product was identified by 'H, =C and IR, as

2.71a (0.17 g, 0.67 mmol, 20 %).
Synthesis of 2-amino-6-methoxy-4-(p-tolyl)pyridine-3,5-dicarbonitrile (2.7 1b):

Agueous NaOH 2M (1 mL) was added to a suspension of chromene 2.39b (0.2 g, 0.66

mmol) in methanol (1 mL), leading to a red solution. After stirring for 3 hours and 40

NC N CN

HN ' “oome Minutes, at room temperature, TLC indicated the absence of the starting material 2.39b.
The red solution was neutralized with H,SO, (followed by pH strip), leading to a light-brown suspension
which was stirred at room temperature for 4 hours. The white solid was filtered, washed with cold
methanol and dried. The product was identified, by 'H, =C and IR, as compound 2.71b (0.02 g, 0.07

mmol, 10 %).

General procedure for the synthesis of 2-amino-4-(2-aryl-2-(2-phenylhydrazono)ethyl)-4 #

chromene-3-carbonitriles (2.82):

Phenylhydrazine (1.7 equiv.) and acetic acid (0.5 equiv.) were added to a suspension of the appropriate
chromene 2.39 in ethanol and the mixture was stirred at 80 °C for 1-2 hours. After confirming the
consumption of the starting material 2.39 (by TLC, AcOEt/ #hexane 1:1), the suspension was cooled in
an ice bath for 1-2 hours. The white solid was filtered, washed with cold ethanol and a few drops of diethyl

ether and dried. The product was identified, by 'H, =C and IR, as the pure compound 2.82.

2-Amino-6-bromo-4-(2-phenyl-2-(2-phenylhydrazono)ethyl)-4 #chrome ne-3-carbonitrile (2.82a):

Phenylhydrazine (1.7 equiv.) and acetic acid (0.5 equiv.) were added to a
H

S ’Nj@ suspension of chromene 2.39e (0.150 g, 0.41 mmol) in 2 mL of ethanol and the

CN
mixture was stirred at 80 °C for 2 hours. After confirming the consumption of the

NH,

starting material 2.39 (by TLC, AcOEt/#hexane 1:1), the suspension was cooled in an ice bath for 1

409



Chapter 5
Experimental section

hour. The white solid was filtered, washed with cold ethanol and a few drops of diethyl ether and dried.

The product was identified, by :H, =C and IR, as the pure compound 2.82a (0.10 g, 0.22 mmol, 53 %).

2-amino-6-bromo-4-(2-phenyl-2-(2-phenylhydrazono)ethyl)-4 Achrome ne-3-carbonitrile (2.82b):

Phenylhydrazine (1.7 equiv.) and acetic acid (0.5 equiv.) were added to a
suspension of chromene 2.39g (0.150 g, 0.33 mmol) in 2 mL of ethanol and the
mixture was stirred at 80 °C for 1 hour. After confirming the consumption of the

starting material 2.39 (by TLC, AcOEt/ #hexane 1:1), the obtained suspension

was left cooling on an ice bath for 1 hour, after which the white solid was filtered and washed off with
cold ethanol and drops of diethyl ether. The obtained white solid was dried and further identified, by *H,
13C and IR, as the pure compound 2.82b (0.10 g, 0.22 mmol, 45 %).

General procedure for the synthesis of ethyl /4(3-cyano-4-(2-oxo-2-arylethyl)-4 H-chromen-
2-yl)formimidates (2.85):

Triethyl orthoformate (8 equiv.) and acetic anhydride (3 equiv.) were added to the appropriate chromene
2.39 (1 equiv.) and the mixture was refluxed for 10-40 minutes. After consumption of the starting
material 2.39 (confirmed by TLC, AcOEt/ #hexane 1:1), 8-10 mL of /zhexane were added to the mixture.
The brown solution led to a suspension after standing in an ice bath for 1-2 hours. The solid was filtered,
washed with cold s#hexane and dried. The product was identified by 'H, =C, IR and Mp., as the

corresponding compound 2.85.

Ethyl M(3-cyano-4-(2-oxo-2-phenylethyl)-4 Achromen-2-yl)formimidate (2.85a):

Triethyl orthoformate (8 equiv.; 1.22 g, 16.5 mmol, 2.74 mL) and acetic anhydride
(3 equiv.; 0.32 g, 3.09 mmol, 586 uL), were added to chromene 2.39a (0.60 g,

2.06 mmol) and the mixture was refluxed for 30 minutes. After consumption of the

starting material 2.39a (confirmed by TLC, AcOEt/ r+hexane 1:1), 8 mL of /#hexane
were added to the mixture. The brown solution led to a suspension after standing in an ice bath for 2
hours. The beige solid was filtered, washed with cold /#hexane and dried. The product was identified by

iH, =C and IR, as compound 2.85a (1.96 mmol, 0.68 g, 95%).
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Ethyl A(4-(2-(4-bromophenyl)-2-oxoethyl)-3-cyano-4 Achromen-2-yl)formimidate (2.85b):

Triethyl orthoformate (8 equiv.; 2.59 g, 17.5 mmol, 2.91 mL) and acetic anhydride (3
equiv.; 0.67 g, 6.57 mmol, 621 pL), were added to chromene 2.39¢ (0.81 g, 2.19
mmol and the mixture was refluxed for 20 minutes. After consumption of the starting

material 2.39¢ (confirmed by TLC, AcOEt/+hexane 1:1), 8 mL of /+hexane were

added to the mixture. The brown solution led to a suspension after standing in an ice
bath for 2 hours. The beige solid was filtered, washed with cold /#hexane and dried. The product was

identified by *H, =C and IR, as compound 2.85b (1.95 mmol, 0.83 g, 89 %).

Ethyl M(4-(2-(4-chlorophenyl)-2-oxoethyl)-3-cyano-4 A-chromen-2-yl)formimidate (2.85c¢):

Triethyl orthoformate (8 equiv.; 1.80 g, 12.2 mmol, 2.03 mL) and acetic anhydride (3
equiv.; 0.47 g, 4.59 mmol, 434uL), were added to chromene 2.39d (0.50 g, 1.53

mmol and the mixture was refluxed for 30 minutes. After consumption of the starting

material 2.39d (confirmed by TLC, AcOEt/+hexane 1:1), 8 mL of #+hexane were
added to the mixture. The brown solution led to a suspension after standing in an ice bath for 1 hour.
The beige solid was filtered, washed with cold /+hexane and dried. The product was identified by *H, =C

and IR, as compound 2.85c¢ (1.45 mmol, 0.55 g, 95 %).

Ethyl M(6-bromo-3-cyano-4-(2-oxo-2-phenylethyl)-4 Achromen-2-yl)formimidate (2.85d):

Triethyl orthoformate (8 equiv.; 2.58 g, 17.4 mmol, 2.90 mL) and acetic anhydride
(3 equiv.; 0.66 g, 6.51 mmol, 615 pL), were added to chromene 2.39e (0.82 g,
2.17 mmol), and the mixture was refluxedfor 35 minutes. After consumption of

the starting material 2.39e (confirmed by TLC, AcOEt/ r+hexane 1:1), 10 mL of r#

hexane were added to the mixture. The brown solution led to a suspension after standing in an ice bath
for 2 hours. The light-pink solid was filtered, washed with cold r+hexane and dried. The product was

identified by 'H, =C and IR, as compound 2.85d (2.07 mmol, 0.88 g, 96 %).

Ethyl M(6-bromo-3-cyano-4-(2-oxo-2-(ptolyl)ethyl)-4 Achromen-2-yl)formimidate (2.85e):

Triethyl orthoformate (8 equiv.; 4.30 g, 28.5 mmol, 4.75 mL) and acetic anhydride
(3 equiv.; 1.09 g, 10.7 mmol, 1.01 mL), were added to chromene 2.39f (1.42 g,

3.57 mmol), and the mixture was refluxed for 40 minutes. After consumption of

“~ogt the starting material 2.39f (confirmed by TLC, AcOEt/ +hexane 1:1), 10 mL of 7
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hexane were added to the mixture. The brown solution led to a suspension after standing in an ice bath
for 2 hours. The light-brown solid was filtered, washed with cold /#hexane and dried. The product was

identified by *H, =C and IR, as compound 2.85e (3.08 mmol, 1.35 g, 86 %).

Ethyl M(6-bromo-4-(2-(4-bromophenyl)-2-oxoethyl)-3-cyano-4 Achromen -2-yl)formimidate (2.85f):

Br Triethyl orthoformate (8 equiv.; 6.00 g, 40.5 mmol, 6.75 mlL) and acetic

O anhydride (3 equiv.; 1.55 g, 15.2 mmol, 1.43 mL), were added to chromene

. SN 2.39¢g (2.27 g, 5.06 mmol), and the mixture was refluxed for 30 minutes. After
O o | NP oR consumption of the starting material 2.39 (confirmed by TLC, AcOEt/ #hexane
1:1), 10 mL of #hexane were added to the mixture. The brown solution led to a suspension after standing
in an ice bath for 2 hours. The white solid was filtered, washed with cold /+hexane and dried. The product

was identified by 'H, =C and IR, as compound 2.85f (4.60 mmol, 2.32 g, 91 %).

Ethyl M(6-bromo-4-(2-(4-chlorophenyl)-2-oxoethyl)-3-cyano-4 Hchromen-2-yl) formimidate (2.85g):

¢ Triethyl orthoformate (8 equiv.; 4.02 g, 27.2 mmol, 4.50 mL) and acetic
O anhydride (3 equiv.; 1.55 g, 10.2 mmol, 961 uL), were added to chromene 2.39h
2N (1.37 g, 3.39 mmol) and the mixture was refluxed for 30 minutes. After

Br.

O o | NP oKt consumption of the starting material 2.39h (confirmed by TLC, AcOEt/ /+hexane
1:1), 10 mL of /#hexane were added to the mixture. The brown solution led to a suspension after standing
in an ice bath for 2 hours. The beige solid was filtered, washed with cold r/+hexane and dried. The product

was identified by H, =C and IR, as compound 2.85g (3.09 mmol, 1.42 g, 91 %).

Ethyl M(6-chloro-3-cyano-4-(2-oxo-2-phenylethyl)-4 #chromen-2-yl)formi midate (2.85h):

Triethyl orthoformate (8 equiv.; 3.56 g, 24.0 mmol, 4.00 mL) and acetic anhydride
(0.92 g, 9.0 mmol, 851 L), were added to chromene 2.39i (0.97 g, 3.00 mmol),

and the mixture was refluxed for 30 minutes. After consumption of the starting

material 2.39i (confirmed by TLC, AcOEt/ /+hexane 1:1), 10 mL of /+hexane were
added to the mixture. The brown solution led to a suspension after standing in an ice bath for 2 hours.
The beige solid was filtered, washed with cold /#hexane and dried. The product was identified by 'H, =C

and IR, as compound 2.85g (2.61 mmol, 1.00 g, 87 %).
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General procedure for the synthesis of 1l-substituted 5-(2-hydroxyaryl)-7-arylpyrido[2,3-
d]pyrimidin-4(1 H)-ones (2.86):

Method A: A suspension of the appropriate imidate 2.85 in ethanol (2 mL), was combined with 1-2
equivalents of the appropriate amine and 0.2-0.5 equivalents of acetic acid, and the mixture was stirred
at 40-80 °C. After 1-20 hours, the suspension was cooled to room temperature for 5 minutes, and than
in an ice bath for 2 hours or at 4 °C overnight. The suspension was filtered, washed with cold ethanol

and dried. The product was identified, by 'H, *Cand IR, as the corresponding pyridopyrimidinone 2.86.

Method B: A suspension of the appropriate imidate 2.85 in ethanol (2 mL), was combined with 1-2
equivalents of the appropriate amine and the mixture was stirred at 40-80 °C. After 1-142 hours, the
suspension was cooled to room temperature for 5 minutes, and then in an ice bath for 2 hours or at 4
°C overnight. The suspension was filtered, washed with cold ethanol, and dried. The product was

identified, by 'H, =Cand IR, as the corresponding pyridopyrimidinone 2.86.

Method C: A suspension of the appropriate amidine 2.87 in ethanol (2 mL), was combined with 0.5
equivalents of acetic acid, and the mixture was stirred at 40-80 °C for 1-20 hours. the suspension was
cooled to room temperature for 5 minutes, and then in an ice bath for 2 hours or at 4 °C overnight. The
suspension was filtered, washed with cold ethanol and dried. The product was identified, by 'H, =C and

IR, as the corresponding pyridopyrimidinone 2.86.

For method C, the product (mmol), as well as the reaction yield presented, are calculated assuming that

all the crude product used as starting material was the corresponding amidine 2.87.

5-(2-Hydroxyphenyl)-1,7-diphenylpyrido[2,3-dlpyrimidin-4(1 A)-one (2.864a):

O Compound 2.86a was prepared using method B. A suspension of imidate 2.85a
o (N (0.15 g, 0.43 mmol) in ethanol (2 mL), was combined with 1.2 equivalents of aniline
O o N/)N (0.05 g, 052 mmol, 47 ulL) and the mixture was stirred at 40 °C. After 142 hours,

the light-brown suspension was cooled to room temperature for 5 minutes, and then in an ice bath for 2
hours. The light-yellow suspension was filtered, washed with cold ethanol and dried. The light-yellow solid

was identified by 'H, =C and IR, as pyridopyrimidinone 2.86a (0.07 g, 0.18 mmol, 41 %).
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5-(5-Bromo-2-hydroxyphenyl)-1,7-diphenylpyrido[2,3-dlpyrimidin-4(1 A4-one (2.86b):

Compound 2.86b was prepared using method A. A suspension of imidate 2.85d
(0.15 g, 0.35 mmol) in ethanol (2 mL) was combined with 1.5 equivalents of aniline

(0.05 g, 0.51 mmol, 48 uL) and 0.5 equivalents of acetic acid (10 uL, 0.01 g, 0.18

mmol) and the mixture was stirred at 80 °C. After 4 hours and 30 minutes, the yellow
suspension was cooled to room temperature for 5 minutes, and then in an ice bath for 2 hours. The
suspension was filtered, washed with cold ethanol and dried. The yellow solid was identified, by 'H, =C

and IR, as pyridopyrimidinone2.86b (0.03 g, 0.06 mmol, 16 %).

1-Benzyl-5-(2-hydroxyphenyl)-7-phenylpyrido[2,3-alpyrimidin-4(1 A)-one (2.86¢):

O Compound 2.86¢ was prepared using method A. A suspension of imidate 2.85a

oH 2N (0.15 g, 0.43 mmol) in ethanol (2 mL), was combined with 1 equivalent of
O o N/)N/\© benzylamine (0.04 g, 0.43 mmol, 45 ul) and 0.5 equivalents of acetic acid (12 pL,
0.01 g, 0.21 mmol) and the mixture was stirred at 80 °C. After 5 hours and 30 minutes, the light-brown
suspension was cooled to room temperature for 5 minutes, and then in an ice bath for 2 hours. The
suspension was filtered, washed with cold ethanol and dried. The product was identified, by 'H, =C and

IR, as pyridopyrimidinone 2.86¢ (0.03 g, 0.08 mmol, 19 %).

5-(2-Hydroxyphenyl)-7-phenyl-1-(7#tolyl) pyrido[2,3-dlpyrimidin-4(1 A)-one (2.86d):

O Compound 2.86d was prepared using method A. A suspension of imidate 2.85d

oH (N (0.15 g, 0.43 mmol) in ethanol (2 mL), was combined with 1.2 equivalents of m-

O /)N toluidine (0.07 g, 0.52 mmol, 71 ulL) and 0.5 equivalents of acetic acid (13 uL, 0.01
(@) N

g, 0.17 mmol) and the mixture was stirred at 80 °C. After 2 hours and 15 minutes, the light-brown
suspension was cooled to room temperature for 5 minutes, and then at 4 °C overnight. The suspension
was then filtered, washed with cold ethanol, and dried. The light-brown solid was identified, by *H, =C and

IR, as pyridopyrimidinone 2.86d (0.04 g, 0.09 mmol, 27 %).

5-(5-Bromo-2-hydroxyphenyl)-7-phenyl-1-(ptolyl) pyrido[2,3-dlpyrimidin-4(1 A)-one (2.86e):

Compound 2.86e was prepared using method A. A suspension of imidate 2.85d
(0.15 g, 0.35 mmol) in ethanol (2 mL), was combined with 1.2 equivalents of p
toluidine (0.05 g, 0.43 mmol) and 0.5 equivalents of acetic acid (10 uL, 0.01 g,

0.18 mmol) and the mixture was stirred at 80 °C. After 3 hours and 30 minutes,
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the yellow suspension was cooled to room temperature for 5 minutes, and then in an ice bath for 2 hours.
The suspension was filtered, washed with cold ethanol and dried. The yellow solid was identified, by H,

=C and IR, as pyridopyrimidinone 2.86e (0.05 g, 0.10 mmol, 28 %).

5-(5-Bromo-2-hydroxyphenyl)-1-(4-methoxyphenyl)-7-phenylpyrido[2,3-dlpyrimidin-4(1 A-one (2.86f):

Compound 2.86f was prepared using method C. A suspension of the crude
product isolated in the synthesis of amidine 2.87f (0.12 g, 0.24 mmol) in

ethanol (2 mL) was stirred at 80 °C for 18 hours and 15 minutes. The yellow

suspension was cooled to room temperature for 5 minutes, and then in an ice
bath for 2 hours. The suspension was filtered, washed with cold ethanol, and dried. The yellow solid was

identified, by *H, =C and IR, as pyridopyrimidinone 2.86f (0.06 g, 0.12 mmol, 49%).

5-(5-Bromo-2-hydroxyphenyl)-1-(4-chlorophenyl)-7-phenylpyrido[2, 3-dlpyrimidin-4(1 A)-one (2.86g):

Compound 2.86g was prepared using method C. A suspension of the crude product isolated in the

synthesis of amidine 2.87h (0.09 g, 0.17 mmol) in ethanol (2 mL), was stirred at
80 °C for 14 hours and 40 minutes. The yellow suspension was cooled to room

temperature for 5 minutes, and then in an ice bath for 2 hours. The suspension

was filtered, washed with cold ethanol, and dried. The light-yellow solid was

identified, by 'H, =C and IR, as pyridopyrimidinone 2.86g (0.01 g, 0.02 mmol, 13 %).

5-(5-Bromo-2-hydroxyphenyl)-7-(4-bromophenyl)-1-(4-methoxyphenyl)pyrido[2,3-alpyrimidin-4(1 A)-one
(2.86h):

Compound 2.86h was prepared using method A. A suspension of imidate

2.85f (0.15 g, 0.30 mmol) in ethanol (2 mL), was combined with 2 equivalents

of pmethoxyaniline (0.07 g, 0.60 mmol) and 0.5 equivalents of acetic acid (9
uL, 0.01 g, 0.15 mmol) and the mixture was stirred at 80 °C. After 2 hours, the light-brown suspension
was cooled to room temperature for 5 minutes, and then at 4 °C overnight. The suspension was filtered,
washed with cold ethanol, and dried. The lightgrey solid was identified by 'H,°C and IR, as
pyridopyrimidinone 2.86h (0.05 g, 0.08 mmol, 26 %).
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5-(5-Bromo-2-hydroxyphenyl)-7-(4-chlorophenyl)-1-(ptolyl)pyrido[2,3-dlpyrimidin-4(1 A)-one (2.86i):

Compound 2.86i was prepared using method A. A suspension of imidate 2.85g
(0.15 g, 0.33 mmol) in ethanol (2 mL) was combined with 1.5 equivalents of p
NQ/ toluidine (0.05 g, 0.49 mmol) and 0.5 equivalents of acetic acid (9 uL, 0.01 g,
0.16 mmol) and the mixture was stirred at 80 °C. After 22 hours, the light-brown

suspension was cooled to room temperature for 5 minutes, and then at 4 °C overnight. The suspension
was filtered, washed with cold ethanol, and dried. The light-yellow solid was identified by 'H,=C and IR, as

pyridopyrimidinone2.86i (0.05 g, 0.09 mmol, 27 %).

5-(5-bromo-2-hydroxyphenyl)-7-(4-chlorophenyl)-1-(4-methoxyphenyl) pyrido[2,3-dlpyrimidin-4(1 A-one
(2.86j):

Compound 2.86j was prepared using method A. A suspension of imidate 2.85g
(0.15 g, 0.33 mmol) in ethanol (2 mL), was combined with 1.5 equivalents of o
methoxyaniline (0.05 g, 0.60 mmol) and 0.5 equivalents of acetic acid (9 pL,
0.01 g, 0.16 mmol) and the mixture was stirred at 80 °C. After 2 hours and 30

minutes, the orange suspension was cooled to room temperature for 5 minutes, and then at 4 °C
overnight. The suspension was filtered, washed with cold ethanol, and dried. The light-orange solid was

identified by 'H, =C and IR, as pyridopyrimidinone 2.86j (0.04 g, 0.07 mmol, 22 %).

5-(5-chloro-2-hydroxyphenyl)-1-(4-methoxyphenyl)-7-phenylpyrido[2,3-dlpyrimidin-4(1 A)-one (2.86k):

Compound 2.86k was prepared using method C. A suspension of the crude product
from the synthesis of amidine 2.87m (0.17 g, 0.38 mmol) in ethanol (2 mL) was

stirred at 80 °C for 4 hours, in the presence of 0.2 equivalents of acetic acid (0.001

g, 0.04 mmol, 2 uL). The yellow suspension was cooled to room temperature for 5
minutes, and then in an ice bath for 2 hours. The suspension was filtered, washed with cold ethanol and
dried. The light-yellow solid was identified by 'H,=C and IR, as pyridopyrimidinone 2.86k (0.12 g, 0.25
mmol, 65 %).

General procedure for the synthesis of N-(3-cyano-4-(2-oxo-2-arylethyl)-4 #chromen-2-yl)- /-
arylformimidamides (2.87):

A suspension of the selected imidate 2.85 in ethanol/water 1:1 was combined with 2 equivalents of the

appropriate amine and 0.5 equivalents of acetic acid, and the mixture was stirred at 50-80 °C. After the
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consumption of the starting material 2.85 (by TLC, AcOEt/#hexane 1:1), the dense suspension was
cooled to room temperature for 5 minutes, and then in an ice bath for 1-2 hours. The suspension was
filtered, washed with cold ethanol and water and a few drops of diethyl ether, and dried. The solid was

identified as the corresponding pure amidine 2.87, by 'H, *C, IR and Mp..

M(3-Cyano-4-(2-oxo-2-phenylethyl)-4 Achromen-2-yl)- Aphenylformimidamide (2.87a):

A suspension of imidate 2.85a (0.15 g, 0.43 mmol), in ethanol/water 1:1 (2
mL), was combined with 2 equivalents of aniline (0.08 g, 0.87 mmol, 79 uL) and

Ci\ @ 0.5 equivalents of acetic acid (0.01 g, 0.22 mmol, 12 plL) and the mixture was
"R stirred at 60 °C. After 25 minutes, the dense suspension was cooled to room
temperature for 5 minutes, and then in an ice bath for 2 hours. The suspension was filtered, washed with
cold ethanol and water, and a few drops of diethyl ether, and dried. The white solid was identified as the

pure amidine 2.87a (0.06 g, 0.14 mmol, 33%), by *H, ©C, IR and Mp.

M(6-Bromo-3-cyano-4-(2-oxo-2-phenylethyl)-4 #chromen-2-yl)-Aphe nylformi midamide (2.87b):

A suspension of imidate 2.85d (0.15 g, 0.35 mmol), in ethanol/water 1:1 (2 mL), was combined with
2 equivalents of aniline (0.07 g, 0.71 mmol, 65 pL) and 0.5 equivalents of acetic acid (0.01 g, 0.18

mmol, 12 ulL) and the mixture was stirred at 80 °C. After 5 hours, the dense

suspension was cooled to room temperature for 5 minutes, and then in an ice

CN
. @ bath for 2 hours. The suspension was filtered, washed with cold ethanol and
N N

" water, and a few drops of diethyl ether, and dried. The beige solid was identified

as the pure amidine 2.87b (0.14 g, 0.30 mmol, 85%), by *H, *C, IR and Mp..

M(3-Cyano-4-(2-oxo-2-phenylethyl)-4 Achromen-2-yl)- A ptolyl)formimidamide (2.87¢):

A suspension of imidate 2.85a (0.15 g, 0.43 mmol in ethanol/water 1:1 (2 mL),
was combined with 2 equivalents of pioluidine (0.09 g, 0.87 mmol) and 0.5

N/©/ equivalents of acetic acid (0.01 g, 0.22 mmol, 12 uL) and the mixture was stirred

at 60 °C. After 25 minutes, the dense suspension was cooled to room temperature
for 5 minutes, and then in an ice bath for 2 hours. The suspension was filtered, washed with cold ethanol
and water, and a few drops of diethyl ether, and dried. The beige solid was identified as the pure amidine

2.87¢ (0.09 g, 0.24 mmol, 56%), by *H, *C, IR and Mp..
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M(4-(2-(4-Chlorophenyl)-2-oxoethyl)-3-cyano-4 Achromen-2-yl)- Mphenyl formimidamide (2.87f):

A suspension of imidate 2.85¢ (0.15 g, 0.39 mmol), in ethanol/water 1:1 (2 mL),
was combined with 2 equivalents of amidine (0.07 g, 0.78 mmol, 72 uL) and 0.5

equivalents of acetic acid (0.01 g, 0.22 mmol, 10 pL) and the mixture was stirred

CN

N“”J@ at 60 °C. After 2 hours, the dense suspension was cooled to room temperature for
5 minutes, and then in an ice bath for 2 hours. The suspension was filtered, washed with cold ethanol
and water, and a few drops of diethyl ether, and dried. The beige solid was identified as the pure amidine

2.87f (0.13 g, 0.30 mmol, 77%), by *H, **C, IR and Mp..

M(6-Bromo-3-cyano-4-(2-oxo-2-phenylethyl)-4 Achromen-2-yl)- M ptolyl) formimidamide (2.87g):

A suspension of imidate 2.85d (0.15 g, 0.35 mmol), in ethanol/water 1:1

(2 mL), wags combined with 2 equivalents of ptoluidine (0.08 g, 0.71 mmol)

/©/ and 0.5 equivalents of acetic acid (0.01 g, 0.18 mmol, 12 pL) and the mixture
N

H

was stirred at 60 °C. After 30 minutes, the dense suspension was cooled to
room temperature for 5 minutes, and then in an ice bath for 2 hours. The suspension was filtered, washed
with cold ethanol and water, and a few drops of diethyl ether, and dried. The beige solid was identified as

the pure amidine 2.87g (0.12 g, 0.24 mmol, 68%), by *H, ©*C, IR and Mp..

M(6-Bromo-3-cyano-4-(2-oxo-2-phenylethyl)-4 Hchromen-2-yl)- AL(4-methoxyphenyl)formimidamide

(2.87h):

A suspension of imidate 2.85d (0.15 g, 0.35 mmol), in ethanol/water 1:1
(2 mL), was combined with 2 equivalents of pmethoxyaniline (0.09 g, 0.71

OMe
/©/ mmol) and 0.5 equivalents of acetic acid (0.01 g, 0.18 mmol, 12 ulL) and

the mixture was stirred at 50 °C. After 2 hours, the dense suspension was
cooled to room temperature for 5 minutes, and then in an ice bath for 2 hours. The suspension was
filtered, washed with cold ethanol and water and a few drops of diethyl ether, and dried. The beige solid

was identified as the pure amidine 2.87h (0.14 g, 0.27 mmol, 77%), by *H, ©*C, IR and Mp.

M(6-Bromo-3-cyano-4-(2-oxo-2-phenylethyl)-4 Achromen-2-yl)-M(m-to lyl)formimidamide (2.87i):

A suspension of imidate 2.85d (0.15 g, 0.35 mmol), in ethanol/water 1:1 (2
mL), was combined with 2 equivalents of /mtoluidine (0.08 g, 0.71 mmol, 76

uL) and 0.5 equivalents of acetic acid (0.01 g, 0.18 mmol, 12 pL) and the
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mixture was stirred at 50 °C. After 1 hour and 40 minutes, the dense suspension was cooled to room
temperature for 5 minutes, and then in an ice bath for 2 hours. The suspension was filtered, washed with
cold ethanol and water and a few drops of diethyl ether, and dried. The beige solid was identified as the

pure amidine 2.87i (0.13 g, 0.27 mmol, 77%), by H, °C, IR and Mp..

M(6-Bromo-3-cyano-4-(2-oxo-2-phenylethyl)-4 Achromen-2-yl)- AL (4-chlorophenyl)formimidamide (2.871):

A suspension of imidate 2.85d (0.15 g, 0.35 mmolin ethanol/water 1:1 (2
mL), was combined with 2 equivalents of pchloroaniline (0.09 g, 0.71 mmol)

¢ and 0.5 equivalents of acetic acid (0.01 g, 0.18 mmol, 12 pl) and the

mixture was stirred at 80 °C. After 20 minutes, the dense suspension was
cooled to room temperature for 5 minutes, and then in an ice bath for 2 hours. The suspension was
filtered, washed with cold ethanol and water and a few drops of diethyl ether, and dried. The beige solid

was identified as the pure amidine 2.871 (0.12 g, 0.24 mmol, 67%), by 'H, *C, IR and Mp..

M(6-Bromo-3-cyano-4-(2-oxo-2-(ptolyl)ethyl)-4 Hchromen-2-yl)-Aphe nylformi midamide (2.87n):

A suspension of imidate 2.85e (0.15 g, 0.34 mmolin ethanol/water 1:1 (2 mL),
was combined with 2 equivalents of aniline (0.06 g, 0.68 mmol, 62 uL) and 0.5

equivalents of acetic acid (0.01 g, 0.17 mmol, 10 ulL) and the mixture was

stirred at 60 °C. After 1 hour and 40 minutes, the dense suspension was cooled
to room temperature for 5 minutes, and then in an ice bath for 2 hours. The
suspension was filtered, washed with cold ethanol and water and a few drops of diethyl ether, and dried.
The light-brown solid was identified as the pure amidine 2.87n (0.08 g, 0.16 mmol, 48%), by 'H, 2C, IR
and Mp..

M(6-Bromo-4-(2-(4-bromophenyl)-2-oxoethyl)-3-cyano-4 Achromen-2-y1)- M (ptolyl) formimidamide

(2.87q):

A suspension of imidate 2.85f (0.15 g, 0.30 mmol), in ethanol/water 1:1 (2
mL), was combined with 2 equivalents of ptoluidine (0.06 g, 0.60 mmol) and

0.5 equivalents of acetic acid (0.01 g, 0.15 mmol, 9 uL) and the mixture was

CN

N/AN/©/ stirred at 80 °C. After 2 hours, the dense suspension was cooled to room
H

temperature for 5 minutes, and then in an ice bath for 2 hours. The suspension was filtered, washed with

cold ethanol and water, and a few drops of diethyl ether, and dried. The light-yellow solid was identified

as the pure amidine 2.87q (0.11 g, 0.20 mmol, 68%), by *H, **C, IR and Mp..
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M(6-Bromo-4-(2-(4-chlorophenyl)-2-oxoethyl)-3-cyano-4 Achromen-2-yl)-MA(3-bromophenyl)
formimidamide (2.87y):

Cl

O

Br
Br O | CN 53 ul) and 0.5 equivalents of acetic acid (0.01 g, 0.16 mmol, 9 uL) and the
[¢] N/ N

A suspension of imidate 2.85g (0.15 g, 0.33 mmol), in ethanol/water 1:1 (2

mL), was combined with 1.5 equivalents of 7#bromoaniline (0.08 g, 0.49 mmol,

mixture was stirred at 80 °C. After 15 hours and 30 minutes, the dense
suspension was cooled to room temperature for 5 minutes, and then in an ice bath for 2 hours. The
suspension was filtered, washed with cold ethanol and water, and a few drops of diethyl ether, and dried.
The light-yellow solid was identified as the pure amidine 2.87y (0.11 g, 0.19 mmol, 57%), by *H, =C, IR

and Mp..

M(6-Chloro-3-cyano-4-(2-oxo-2-phenylethyl)-4 #chromen-2-yl)- Al phenylformimidamide (2.87z):

A suspension of imidate 2.85h (0.15 g, 0.39 mmol), in ethanol/water 1:1 (2

mL), was combined with 2 equivalents of aniline (0.07 g, 0.79 mmol, 72 uL) and

ZZ\NQ 0.5 equivalents of acetic acid (0.01 g, 0.20 mmol, 11 plL) and the mixture was

" stirred at 80 °C. After 3 hours and 10 minutes, the dense suspension was cooled
to room temperature for 5 minutes, and then in an ice bath for 2 hours. The suspension was filtered and
washed with cold ethanol and water and a few drops of diethyl ether, and dried. The beige solid was

identified as the pure amidine2.87z (0.12 g, 0.29 mmol, 75%), by 'H, *C, IR and Mp.

M(6-Chloro-3-cyano-4-(2-oxo-2-phenylethyl)-4 Achromen-2-yl)- A ptolyl)formimidamide (2.87a’):

A suspension of imidate 2.85h (0.15 g, 0.39 mmol), ), in ethanol/water 1:1
(2 mL), was combined with 2 equivalents of ptoluidine (0.08 g, 0.79 mmol)
Q/ and 0.5 equivalents of acetic acid (0.01 g, 0.20 mmol, 11 pL) and the mixture

was stirred at 80 °C. After 3 hours, the dense suspension was cooled to room
temperature for 5 minutes, and then in an ice bath for 2 hours. The suspension was filtered, washed with
cold ethanol and water, and a few drops of diethyl ether, and dried. The beige solid was identified as the

pure amidine 2.87a’ (0.10 g, 0.23 mmol, 59 %), by *H, ©*C, IR and Mp..

General procedure for the synthesis of 2,4-diaryl-1,2,4,11b-tetrahydro-7-oxa-3,4,6-
triazabenzo[ de]anthracen-2-01(2.88):
A suspension of the appropriate amidine 2.87 in ethanol was combined with 1 equivalent of DBU and

the suspension was stirred at room temperature for 15.5-19.5 hours. The suspension slowly turned into
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an orange solution and then into an orange suspension. The suspension was cooled in an ice bath for 2-
5 hours. The solid was filtered, washed with cold ethanol and a few drops of diethyl ether and dried. The
product was identified, by 'H, =C and IR, as the corresponding compound 2.88, in a diastereocisomeric

mixture.

10-Bromo-2,4-diphenyl-1,2,4,11b-tetrahydro-7-oxa-3,4,6-triazabenzo[ delanthracen-2-ol (2.88a):

A suspension of amidine 2.87b (0.13 g, 0.28 mmol) in ethanol (2 mL) was

/@ combined with 1 equivalent of DBU (0.04 g, 0.28 mmol, 31 pl) and the
) suspension was stirred at room temperature for 19 hours and 30 minutes The
suspension slowly turned into an orange solution and then into an orange suspension. The suspension
was cooled in an ice bath for 2 hours. The solid was filtered, washed with cold ethanol and a few drops
of diethyl ether and dried. The beige solid was identified, by *H, =C and IR, as compound 2.88a (0.08 g,

0.17 mmol, 60 %) in a diasterecisomeric mixture.

2-phenyl-4-(ptolyl)-1,2,4,11b-tetrahydro-7-oxa-3,4,6-triazabenzo[ delanthracen-2-ol (2.88b):

A suspension of amidine 2.87¢ (0.03 g, 0.08 mmol) in ethanol (1 mL) was combined with 1 equivalent

of DBU (0.01 g, 0.08 mmol, 12 uL) and the suspension was stirred at room temperature for 15 hours

and 30 minutes The suspension slowly turned into an orange solution and then
into an orange suspension. The suspension was cooled in an ice bath for 5 hours.

The solid was filtered, washed with cold ethanol and a few drops of diethyl ether

and dried. The beige solid was identified, by 'H, =C and IR, as compound 2.88a

(0.01 g, 0.03 mmol, 41%) in a diastereoisomeric mixture.

10-Bromo-2-phenyl-4-(ptolyl)-1,2,4, 1 1b-tetrahydro-7-oxa-3,4,6-triazabenzo[ delanthracen-2-ol (2.88c):

A suspension of amidine 2.87g (0.10 g, 0.31 mmol) in ethanol (2 mL) was combined with 1 equivalent

of DBU (0.05 g, 0.28 mmol, 42 uL) and the suspension was stirred at room

temperature for 16 hours and 30 minutes. The suspension slowly turned into

an orange solution and then into an orange suspension. The suspension was
cooled in an ice bath for 2 hours. The solid was filtered, washed with cold
ethanol and a few drops of diethyl ether and dried. The beige solid was identified by 'H, =C and IR, as

compound 2.88¢ (0.06 g, 0.13 mmol, 42 %) in a diastereoisomeric mixture.
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General procedure for the synthesis of 1-aryl-2-(4-(arylamino)-5A-chromeno[2,3-

d]pyrimidin-5-yl)ethanones (2.89):

A suspension of either the appropriate pure amidine 2.87 or the crude product from the synthesis of
amidine 2.87, in ethanol, was combined with a 2M aqueous solution of NaOH and the mixture was
stirred at room temperature for 3-24 hours. The consumption of the starting material 2.87 was confirmed
by TLC (AcOEt/#hexane 2:1), and the suspension was filtered, washed with a mixture of cold ethanol
and water (1:1 v/v), and a few drops of diethyl ether. After drying overnight, the solid was identified as
the desired product 2.89, by 'H, *C, IR and Mp.

For the cases where the crude product from the synthesis of amidine was used, the reaction yield was

calculated assuming that the amidine was pure.

2-(7-Bromo-4-(phenylamino)-5Achromeno[2,3-dlpyrimidin-5-yl)-1-phenylethanone (2.89a):

A suspension of amidine 2.87b (0.14 g, 0.29 mmol) in ethanol (0.5 mL), was

HN@ combined with a 2M aqueous solution of NaOH (1.5 mL) and the mixture was

SN stirred at room temperature for 7 hours and 30 minutes. The suspension was

filtered, washed with a mixture of cold ethanol and water (1:1 v/v) and a few drops

of diethyl ether. After drying overnight, the white solid was identified as 2.89a (0.07 g, 0.15 mmol, 53
%), by H, 3C, IR and Mp..

1-Phenyl-2-(4-(phenylamino)-5 A#chromeno[2,3-dlpyrimidin-5-yl)ethanone (2.89b):

A suspension of amidine 2.87a (0.02 g, 0.05 mmol) in ethanol (150 pL) was

HN/© combined with a 2M aqueous solution of NaOH (600 L) and the mixture was stirred

SN at room temperature for 16 hours and 30 minutes. The suspension was filtered,

washed with a mixture of cold ethanol and water (1:1 v/v) and a few drops of diethyl

ether. After drying overnight, the light-orange solid was identified as 2.89b (3 mg, 0.008 mmol, 17%),
by 'H and =C.

2-(7-Bromo-4-(phenylamino)-5Achromeno[2,3-dlpyrimidin-5-yl)-1-phenyletha none (2.89c):

A suspension of amidine 2.87g (0.02 g, 0.05 mmol) in ethanol (200 L), was
HNQ/ combined with a 2M aqueous solution of NaOH (200 uL) and the mixture was
stirred at room temperature for 14 hours and 20 minutes. The suspension was

filtered, washed with a mixture of cold ethanol and water (1:1 v/v) and a few
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drops of diethyl ether. After drying overnight, the white solid was identified as 2.89¢ (0.02 g, 0.03 mmol,
65 %), by *H, ©2C, IR and Mp.

2-(7-Bromo-4-(phenylamino)-5Achromeno[2,3-dlpyrimidin-5-yl)-1-(ptolyl)etha none (2.89d):

A suspension of amidine 2.87n (0.05 g, 0.11 mmol) in ethanol (1 mL), was
combined with a 2M aqueous solution of NaOH (330 pL) and the mixture was

stirred at room temperature for 13 hours and 30 minutes. The suspension was

filtered, washed with a mixture of cold ethanol and water (1:1 v/v) and a few drops
of diethyl ether. After drying overnight, the white solid was identified as 2.89d (0.02 g, 0.04 mmol, 42
%), by *H, 3C, IR and Mp.

4-((7-Bromo-5-(2-(4-bromophenyl)-2-oxoethyl)-5 Achromeno[ 2, 3-dlpyrimidin-4-yl)amino)benzonitrile
(2.89h):

Br A suspension of the crude product from the synthesis of A(6-bromo-4-(2(4-

bromophenyl)-2-oxoethyl)-3-cyano-4 Achromen-2-yl)- (4-cyanophenyl)formimi-

HN/©/ damide (0.07 g, 0.11 mmol) in ethanol (1 mL), was combined with a 2M

=N aqueous solution of NaOH (330 pl) and the mixture was stirred at room

temperature for 14 hours. The suspension was filtered, washed with a mixture

of cold ethanol and water (1:1 v/v) and a few drops of diethyl ether. After drying overnight and

recrystallization from DCM/ rzhexane 3:1, the light-yellow solid was identified as 2.89h (0.02 g, 0.03
mmol, 23 %), by *H, 3C, IR and Mp.

2-(7-chloro-4-(phenylamino)-5 A#chromeno[2,3-alpyrimidin-5-yl)-1-phenyletha none (2.89j):

A suspension of amidine 2.87z (0.09 g, 0.21 mmol) in ethanol (500 pL), was combined with a 2M
aqueous solution of NaOH (500 pL) and the mixture was stirred at room temperature for 1 hour and 40
minutes. The suspension was filtered, washed with a mixture of cold ethanol and
water (1:1 v/v) and a few drops of diethyl ether. After drying overnight, the white
solid was identified 2.89j (0.06 g, 0.13 mmol, 62 %), by 'H, **C, IR and Mp..

2-(7-chloro-4-(ptolylamino)-5 Achromeno|[2, 3-dlpyrimidin-5-yl)-1-phenylethanone (2.8 9k):

A suspension of amidine 2.87a’ (0.11 g, 0.23 mmol) in ethanol (1 mL), was
Q/ combined with a 2M aqueous solution of NaOH (330 uL) and the mixture was
HN

stirred at room temperature for 15 hours. The suspension was filtered, washed
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with a mixture of cold ethanol and water (1:1 v/v) and a few drops of diethyl ether. After drying overnight,

the white solid was identified as 2.89k (0.06 g, 0.12 mmol, 53 %), by 'H,=C, IR and Mp..

Synthesis of 10-bromo-2,4-diphenyl-4,6 2dihydro-7-oxa-3,4,6-triazabenzo [de]lanthra cene
(2.90):

A mixture of amidine 2.87b (0.10 g, 0.21 mmol) was added to 2 mL of ethanol
and heated to 80 °C for 4 hours. The beige suspension slowly turned yellow after

30 minutes. Then, 1 equivalent of DBU (0.03 g, 0.21 mmol, 26 ul) was added to

the yellow suspension that turned orange after 30 minutes. After 2 hours and 30
minutes, the dark-orange suspension was allowed to cool to room temperature for 5 minutes, and then
in an ice bath for 3 hours. The light-yellow solid was filtered, washed with cold ethanol and dryied

overnight. The product was identified, by 'H,=C and IR, as compound 2.90 (0.04 g, 0.09 mmol, 42 %).

General procedure for the synthesis of substituted 2-(7-aryl-1-(phenylamino)-4-(2-
phenylhydrazono)-1,4,5,6-tetrahydropyrido[2,3-d]pyrimidin-5-yl)phenols (2.100):

A suspension of the appropriate imidate 2.85 in methanol was combined with 1.2-2.5 equivalents of
phenyl hydrazine and the mixture was stirred at room temperature for 15-21 hours. The suspension was
cooled in an ice bath for 2-3 hours. The product was filtered, washed with cold methanol and a few drops
of diethyl ether and dried. The solid was identified, by 'H, =C and IR, as the corresponding compound
2.100.

4-bromo-2-(7-phenyl-1-(phenylamino)-4-(2-phenylhydrazono)-1,4,5,6-tetrahydro pyrido[2,3-dlpyrimidin-5-
yllphenol (2.100a):

O A suspension of imidate 2.85d (0.10 g, 0.24 mmol) in methanol (1 mL), was

oH SN combined with 2 equivalents of phenyl hydrazine (0.05 g, 0.48 mmol, 46 uL) and
O N//N/)N’Nj@ the mixture was stirred at room temperature for 21 hours. The suspension was
Br HN© cooled in an ice bath for 2 hours. The solid was filtered, washed with cold methanol

and a few drops of diethyl ether, and was dried. The product was identified by ‘H,
:C and IR, as compound 2.100a (0.07 g, 0.13 mmol, 53 %).
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4-bromo-2-(1-(phenylamino)-4-(2-phenylhydrazono)-7-(ptolyl)-1,4,5,6-tetrahy dropyrido[2,3-dlpyrimidin-5-
yl)phenol (2.100b):

A suspension of imidate 2.85e (0.15 g, 0.34 mmol) in methanol (2 mL), was

combined with 1.2 equivalents of phenyl hydrazine (0.04 g, 0.41 mmol, 40 uL) and

OH ~N
O / N,HO the mixture was stirred at room temperature for 13 hours and 30 minutes. The
B
I HE/ N suspension was cooled in an ice bath for 3 hours and was filtered, washed with
@ cold methanol and a few drops of diethyl ether. The solid was dried and identified

by 'H,=C and IR, as compound 2.100b (0.06 g, 0.11 mmol, 32 %).
Synthesis of 2-phenyl-7-oxa-3,4,6-triazabenzo[ de]anthracene (2.105):

A suspension of imidate 2.85a (0.15 g, 0.43 mmol) in ethanol (2 mL), was combined
with 1.2 equivalents of ammonium acetate (0.04 g, 0.52 mmol) and the mixture was

stirred at room temperature for 23 hours. The white suspension was then refluxed for 2

hours, leading to a grey suspension. The mixture was cooled to room temperature for 5
minutes, and then the solvent was removed in the rotatory evaporator. Addition diethyl ether (3 mL) to
the crude product led to a grey suspension that was filtered, washed with cold ethanol and diethyl ether

and dried. The product was identified by 'H, =C and IR, as 2.105 (0.06 g, 0.28 mmol, 56 %).

General procedure for the preparation of 2-amino-3-(arylideneamino)maleo nitriles

(2.109):

The experimental procedure was adapted from the information published in the literature (ref. 158,
chapter 2). Diaminomaleonitrile was combined with 1 equivalent of the appropriate aldehyde in the
minimum amount of DMSO. A catalytic amount of H,SO, was added, while the mixture was vigorously
stirred. A solid precipitate was generated almost instantaneously. The mixture was diluted with 15 mL of
water and the dense suspension was cooled in an ice bath for 2 hours. The solid was filtered, thoroughly
washed with water, ethanol and diethyl ether, and dried for 3 days. The product was identified by 'H, =C,
IR and Mp., as the expected imine 2.109.

2-Amino-3-((2-hydroxybenzylidene)amino)maleonitrile (2.109a):

/@ Diaminomaleonitrile (0.54 g, 5.0 mmol) and 1 equivalent of salicylaldehyde (0.61 g, 525
ne. N on ML, 5.0 mmol) were combined in the minimum amount of DMSO. A catalytic amount of

NCINHz H.SO. was added while the mixture was vigorously stirred. A solid precipitate was
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generated almost instantaneously. The mixture was diluted with 15 mL of water and the dense suspension
was cooled in an ice bath for 2 hours. The solid was filtered, thoroughly washed with water, ethanol and
diethyl ether, and dried for 3 days. The dark-yellow solid was identified as 2.109a (1.03 g, 0.49 mmol,

97 %) by comparison with the information presented in the literature (ref. 158, chapter 2)

2-Amino-3-(5-bromo-2-hydroxybenzylidene)amino)maleonitrile (2.109b):

Br

Diaminomaleonitrile (0.54 g, 5.0 mmol) and 1 equivalent of 5-bromosalicylaldehyde
(© (1.01 g, 5.0 mmol) were combined in the minimum amount of DMSO. A catalytic amount
of H,SO, was added while the mixture was vigorously stirred. A solid precipitate was
NC™ NH; generated almost instantaneously. The mixture was diluted with 15 mL of water and the
dense suspension was cooled in an ice bath for 2 hours. The solid was filtered, thoroughly washed with
water, ethanol and diethyl ether, and dried for 3 days. The light-brown solid was identified by 'H, =C and

IR as 2.109b (1.31 g, 0.45 mmol, 90 %).

2-Amino-3-(2-hydroxy-3-methoxybenzylidene)amino)maleonitrile (2.109c¢):

Diaminomaleonitrile  (0.54 g, 5.0 mmol) and 1 equivalent of 3-methoxy
NG |N o OMe  salicylaldehyde (0.76 g, 5.0 mmol) were combined in the minimum amount of
I DMSO. A catalytic amount of H,SO, was added while the mixture was vigorously

NC” “NH,

stirred. A solid precipitate was generated almost instantaneously. The mixture was
diluted with 15 mL of water and the dense suspension was cooled in an ice bath for 2 hours. The solid
was filtered, thoroughly washed with water, ethanol and diethyl ether, and dried for 3 days. The dark-

yellow solid was identified by 'H, =C and IR, as 2.109¢ (1.19 g, 0.49 mmol, 98 %).

2-Amino-3-(3-hydroxybenzylideneamino)maleonitrile (2.109d):

(@ Diaminomaleonitrile (0.54 g, 5.0 mmol) and 1 equivalent of 7#hydroxybenzaldehyde
NG 'N of (0.61 g, 5.0 mmol) were combined in the minimum amount of DMSO. A catalytic
NCINHZ amount of H.SO, was added while the mixture was vigorously stirred. A solid
precipitate was generated almost instantaneously. The mixture was diluted with 15 mL of water and the
dense suspension was cooled in an ice bath for 2 hours. The solid was filtered, thoroughly washed with
water, ethanol and diethyl ether, and dried for 3 days. The dark-yellow solid was identified as 2.109d
(0.88 g, 0.42 mmol, 83 %) by comparison with the information presented in the literature (ref. 158,
chapter 2).
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2-Amino-3-(3-chlorobenzylidene)amino)maleonitrile (2.109e):

(@ Diaminomaleonitrile (0.54 g, 5.0 mmol) and 1 equivalent of mchlorobenzaldehyde
NC ’N “ (0.70 g, 5.0 mmol, 567 pL) were combined in the minimum amount of DMSO. A
NG~ “NH, catalytic amount of H,SO, was added while the mixture was vigorously stirred. A solid
precipitate was generated almost instantaneously. The mixture was diluted with 15 mL of water and the
dense suspension was cooled in an ice bath for 2 hours. The solid was filtered, thoroughly washed with
water, ethanol and diethyl ether, and dried for 3 days. The dark-yellow solid was identified by 'H, =C and
IR, as 2.109e (1.10 g, 0.48 mmol, 95 %).

2-amino-3-(4-fluorobenzylidene)amino)maleonitrile (2.109f):

K©/F Diaminomaleonitrile (0.54 g, 5.0 mmol) and 1 equivalent of pfluorbenzaldehyde
NG l (0.62 g, 5.0 mmol, 528 pL) were combined in the minimum amount of DMSO. A

NCINHz catalytic amount of H,SO, was added while the mixture was vigorously stirred. A solid

precipitate was generated almost instantaneously. The mixture was diluted with 15
mL of water and the dense suspension was cooled in an ice bath for 2 hours. The solid was filtered,
thoroughly washed with water, ethanol and diethyl ether, and dried for 3 days. The dark-yellow solid was

identified by 'H, =C and IR, as 2.109f (0.89 g, 0.42 mmol, 83 %).

2-Amino-3-(3-hydroxybenzylideneamino)maleonitrile (2.109g):

K©/OH Diaminomaleonitrile (0.54 g, 5.0 mmol) and 1 equivalent of phydroxybenzaldehyde
NG IN (0.61 g, 5.0 mmol) were combined in the minimum amount of DMSO. A catalytic

NCINHz amount of H,SO, was added while the mixture was vigorously stirred. A solid

precipitate was generated almost instantaneously. The mixture was diluted with 15
mL of water and the dense suspension was cooled in an ice bath for 2 hours. The solid was filtered,
thoroughly washed with water, ethanol and diethyl ether, and dried for 3 days. The dark-yellow solid was
identified as 2.109g (0.88 g, 0.42 mmol, 83 %) by comparison with the information presented in the

literature (ref. 158, chapter 2).

2-amino-3-(2-methoxybenzylidene)amino)maleonitrile (2.109h):

Diaminomaleonitrile (0.54 g, 5.0 mmol) and 1 equivalent of o-methoxybenzaldehyde

NC ,N oMe (0.68 g, 5.0 mmol) were combined in the minimum amount of DMSO. A catalytic amount

I

NC™ “NH, of H,SO, was added while the mixture was vigorously stirred. A solid precipitate was
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generated almost instantaneously. The mixture was diluted with 15 mL of water and the dense suspension
was cooled in an ice bath for 2 hours. The solid was filtered, thoroughly washed with water, ethanol and
diethyl ether, and dried for 3 days. The dark-yellow solid was identified by 'H, =C and Ir as 2.109h (1.02
g, 0.45 mmol, 90 %).

Synthesis of 6-(2-chlorophenyl)-5-(3-chlorophenyl)-3-cyano-1,6-dihydropyrazine-2-
carboxamide (2.113d):

¢ A suspension of benzylideneamine 2.109e (0.20 g, 0.88 mmol) in ethanol (2 mL)

NC N was combined with 2 equivalents 2-chlorobenzaldehyde (0.25 g, 1.77 mmol, 199

N

|
H,NoC™ "N O uL) and 2 equivalents of triethylamine (0.18 g, 1.77 mmol, 246 uL) and the mixture
(o]

was stirred at room temperature for 3 days. The suspension was cooled in an ice
bath for 2 hours and the dark-yellow solid was filtered, washed with cold ethanol and a few drops of
diethyl ether and dried. The product was identified, by *H, =C and IR as dihydropyrazine 2.113d (0.18
g, 0.47 mmol, 53%).

General procedure for the synthesis of 2-substituted 5-cyano-1-(2-hydroxybenzyl)-1H#

imidazole-4-carboxamides (2.119):

A suspension of the selected benzylideneamine 2.109 in ethanol, was combined with 1.2 equivalents of
an aldehyde and 2 equivalents of triethylamine and the mixture was stirred at room temperature for 13-
22 hours. The suspension was cooled in an ice bath for 2 hours. The solid was filtered, washed with cold
methanol, ethanol and diethyl ether, and dried. The product was identified as the substituted imidazole

2.119.

5-Cyano-1-(2-hydroxybenzyl)-2-phenyl-1 Aimidazole-4-carboxamide (2.119a):

A suspension of benzylideneamine 2.109a (0.20 g, 0.94 mmolin ethanol, was
OoH combined with 1.2 equivalents of benzaldehyde (0.12 g, 1.13 mmol, 115 pL) and
N7 N
»={ 2 equivalents of triethylamine (0.19 g, 1.88 mmol, 262 pL) and the mixture was
H,NOC"  CN

stirred at room temperature for 16 hours. The suspension was cooled in an ice
bath for 2 hours. The light-brown solid was filtered, washed with cold methanol, ethanol and diethyl ether,
and dried. The product was identified by 'H, =C, IR and Mp, as the substituted imidazole 2.119a (0.08
g, 0.25 mmol, 26 %).
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2-(2-Chlorophenyl)-5-cyano-1-(2-hydroxybenzyl)-1 Aimidazole-4-carboxamide (2.119b):

A suspension of benzylideneamine 2.109a (0.20 g, 0.94 mmol) in ethanol, was

C'/%\j oy combined with 1.2 equivalents of 2-chlorobenzaldehyde (0.16 g, 1.13 mmol, 128
Q‘b ulL) and 2 equivalents of triethylamine (0.19 g, 1.88 mmol, 262 L) and the mixture
naos oA was stirred at room temperature for 16 hours and 40 minutes. The suspension was
cooled in an ice bath for 2 hours. The light-pink solid was filtered, washed with cold methanol, ethanol
and diethyl ether, and dried. The product was identified by 'H, =C, IR and Mp, as the substituted imidazole

2.119b (0.14 g, 0.40 mmol, 42 %).

2-(3-Chlorophenyl)-5-cyano-1-(2-hydroxybenzyl)-1 Aimidazole-4-carboxamide (2.119¢):

on combined with 1.2 equivalents of 3-chlorobenzaldehyde (0.16 g, 1.13 mmol, 128

£ cl A suspension of benzylideneamine 2.109a (0.20 g, 0.94 mmol) in ethanol, was
N7 N/\® uL) and 2 equivalents of triethylamine (0.19 g, 1.88 mmol, 262 plL) and the
N

HNOC € mixture was stirred at room temperature for 25 hours. The suspension was cooled

in an ice bath for 2 hours. The light-pink solid was filtered, washed with cold methanol, ethanol and diethyl
ether, and dried. The product was identified by 'H, =C, IR and Mp, as the substituted imidazole2.119¢
(0.25 g, 0.71 mmol, 73 %).

2-(2,5-Dichlorophenyl)-5-cyano-1-(2-hydroxybenzyl)-1 Aimidazole-4-carboxamide (2.119d):

cl A suspension of benzylideneamine 2.109a (0.20 g, 0.94 mmol) in ethanol, was
cl on combined with 1.2 equivalents of 3-chlorobenzaldehyde (0.20 g, 1.13 mmol) and

N/—N 2 equivalents of triethylamine (0.19 g, 1.88 mmol, 262 pL) and the mixture was
naoe N stirred at room temperature for 17 hours. The suspension was cooled in an ice
bath for 2 hours. The light-brown solid was filtered, washed with cold methanol, ethanol and diethyl ether,
and dried. The product was identified by 'H, =C, IR and Mp, as the substituted imidazole 2.119d (0.14

g, 0.35 mmol, 37 %).

5-Cyano-2-(furan-2-yl)-1-(2-hydroxybenzyl)-1 Aimidazole-4-carboxamide (2.119e):

o? A suspension of benzylideneamine 2.109a (0.20 g, 0.94 mmol) ) in ethanoal,

P OH  was combined with 1.2 equivalents of furfural (0.11 g, 1.13 mmol, 94 pL) and 2

equivalents of triethylamine (0.19 g, 1.88 mmol, 262 pL) and the mixture was
H,NOC CN

stirred at room temperature for 66 hours and 30 minutes. The suspension was
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cooled in an ice bath for 2 hours. The light-brown solid was filtered, washed with cold methanol, ethanol
and diethyl ether, and dried. The product was identified by 'H, =C, IR and Mp, as the substituted imidazole
2.119¢ (0.10 g, 0.31 mmol, 33 %).

5-cyano-2-(4-cyanophenyl)-1-(2-hydroxybenzyl)-1 Aimidazole-4-carboxamide (2.119f):

N A suspension of benzylideneamine 2.109a (0.20 g, 0.94 mmol) in ethanol, was

combined with 1.2 equivalents of 4-cyanobenzaldehyde (0.15 g, 1.13 mmol) and
OH
NZON Z 2 equivalents of triethylamine (0.19 g, 1.88 mmol, 262 plL) and the mixture was
N

H,NOC ¢ stirred at room temperature for 15 hours. The suspension was cooled in an ice
bath for 2 hours. The grey solid was filtered, washed with cold methanol, ethanol and diethyl ether, and
dried. The product was identified by *H, =C, IR and Mp, as the substituted imidazole 2.119f (0.21 g,

0.62 mmol, 66 %).

5-Cyano-1-(2-hydroxybenzyl)-2-(3-nitrophenyl)-1 Aimidazole-4-carboxamide (2.119g):

NO, A suspension of benzylideneamine 2.109a (0.20 g, 0.94 mmol) in ethanol, was
@/ combined with 1.2 equivalents of 3-nitrobenzaldehyde (0.17 g, 1.13 mmol) and 2

NN equivalents of triethylamine (0.19 g, 1.88 mmol, 262 ul) and the mixture was

H,NOC  ©CN . . . .
2 stirred at room temperature for 15 hours. The suspension was cooled in an ice bath

for 2 hours. The grey solid was filtered, washed with cold methanol, ethanol and diethyl ether, and dried.
The product was identified by *H, =C, IR and Mp, as the substituted imidazole 2.119g (0.30 g, 0.83
mmol, 89 %).

2-(4-Chlorophenyl)-5-cyano-1-(2-hydroxybenzyl)-1 Aimidazole-4-carboxamide (2.119h):

cl A suspension of benzylideneamine 2.109a (0.20 g, 0.94 mmol) in ethanol, was

combined with 1.2 equivalents of 3-chlorobenzaldehyde (0.16 g, 1.13 mmol) and

NN P 2 equivalents of triethylamine (0.19 g, 1.88 mmol, 262 pL) and the mixture was
N é

HNOC  C stirred at room temperature for 25 hours. The suspension was cooled in an ice
bath for 2 hours. The light-pink solid was filtered, washed with cold methanol, ethanol and diethyl ether,
and dried. The product was identified by 'H, =C, IR and Mp, as the substituted imidazole 2.119h (0.11

g, 0.30 mmol, 31 %).
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2-(3-Bromophenyl)-5-cyano-1-(2-hydroxybenzyl)-1 Aimidazole-4-carboxamide (2.119i):

oH combined with 1.2 equivalents of 3-bromobenzaldehyde (0.21 g, 1.13 mmol, 132

?Br A suspension of benzylideneamine 2.109a (0.20 g, 0.94 mmol) in ethanol, was
N~ Nb ul) and 2 equivalents of triethylamine (0.19 g, 1.88 mmol, 262 uL) and the
N

H,NOC C . . .
2 mixture was stirred at room temperature for 19 hours. The suspension was cooled

in an ice bath for 2 hours. The light-pink solid was filtered, washed with cold methanol, ethanol and diethyl
ether, and dried. The product was identified by *H, =C, IR and Mp, as the substituted imidazole2.119i
(0.27 g, 0.68 mmol, 73 %).

2-(4-Bromophenyl)-5-cyano-1-(2-hydroxybenzyl)-1 Aimidazole-4-carboxamide (2.119j):

B A suspension of benzylideneamine 2.109a (0.20 g, 0.94 mmol) in ethanol, was

combined with 1.2 equivalents of 3-bromobenzaldehyde (0.21 g, 1.13 mmol, 132

OH
N7 N/\© uL) and 2 equivalents of triethylamine (0.19 g, 1.88 mmol, 262 pL) and the mixture
N

HNOC  C was stirred at room temperature for 19 hours. The suspension was cooled in an

ice bath for 2 hours. The light-pink solid was filtered, washed with cold methanol, ethanol and diethyl
ether, and dried. The product was identified by :H, =C, IR and Mp, as the substituted imidazole 2.119j
(0.27 g, 0.68 mmol, 73 %).

2-(4-Fluorphenyl)-5-cyano-1-(2-hydroxybenzyl)-1 Aimidazole-4-carboxamide (2.119k):

F A suspension of benzylideneamine 2.109a (0.20 g, 0.94 mmol) in ethanol, was
on combined with 1.2 equivalents of 3-fluorobenzaldehyde (0.14 g, 1.13 mmol, 126

Qb uL) and 2 equivalents of triethylamine (0.19 g, 1.88 mmol, 262 L) and the mixture
e & was stirred at room temperature for 19 hours. The suspension was cooled in an ice
bath for 2 hours. The light-brown solid was filtered, washed with cold methanol, ethanol and diethyl ether,
and dried. The product was identified by 'H, =C, IR and Mp, as the substituted imidazole 2.119k (0.20

g, 0.61 mmol, 65 %).

5-Cyano-1-(2-hydroxybenzyl)-2-(p-tolyl)-1 Aimidazole-4-carboxamide (2.119l):

A suspension of benzylideneamine 2.109a (0.20 g, 0.94 mmol) in ethanol, was

combined with 1.2 equivalents of ptolualdehyde (0.14 g, 1.13 mmol, 133 pL) and

N7 Nb 2 equivalents of triethylamine (0.19 g, 1.88 mmol, 262 plL) and the mixture was
N

stirred at room temperature for 13 hours. The suspension was cooled in an ice bath
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for 2 hours. The brown solid was filtered, washed with cold methanol, ethanol and diethyl ether, and
dried. The product was identified by 'H, =C, IR and Mp, as the substituted imidazole 2.1191 (0.14 g,
0.40 mmol, 43 %).

5-Cyano-1-(2-hydroxybenzyl)-2-(2-methoxyphenyl)-1 Aimidazole-4-carboxamide (2.119m):

A suspension of benzylideneamine 2.109a (0.20 g, 0.94 mmol) in ethanol, was
Meo/? OH combined with 1.2 equivalents of 2-methoxybenzaldehyde (0.15 g, 1.13 mmol)
! Nocucr\?@ and 2 equivalents of triethylamine (0.19 g, 1.88 mmol, 262 uL) and the mixture
2 was stirred at room temperature for 18 hours and 20 minutes. The suspension
was cooled in an ice bath for 2 hours. The light-orange solid was filtered, washed with cold methanol,
ethanol and diethyl ether, and dried. The product was identified by 'H, =C, IR and Mp, as the substituted

imidazole 2.119m (0.13 g, 0.37 mmol, 40 %).

5-Cyano-1-(2-hydroxy-3-methoxybenzyl)-2-(3-nitrophenyl)-1 Aimidazole-4-carboxamide (2.119n):

NO, A suspension of benzylideneamine 2.109¢ (0.20 g, 0.83 mmol) in ethanol,

%\j/ on was combined with 1.2 equivalents of 3-nitrobenzaldehyde (0.15 g, 1.00

N:Nb/OMe mmol, and 2 equivalents of triethylamine (0.17 g, 1.66 mmol, 230 uL) and
H,NOC"  CN

the mixture was stirred at room temperature for 66 hours. The suspension
was cooled in an ice bath for 2 hours. The beige solid was filtered, washed with cold methanol, ethanol
and diethyl ether, and dried. The product was identified by 'H, =C, IR and Mp, as the substituted imidazole
2.119n (0.16 g, 0.41 mmol, 49 %).

2-(2-Chlorophenyl)-5-cyano-1-(2-hydroxy-3-methoxybenzyl)-1 Aimi dazole-4-carboxamide (2.119o0):

A suspension of benzylideneamine 2.109¢ (0.20 g, 0.83 mmol) in ethanol,

C'/E/P OH was combined with 1.2 equivalents of 2-chlorobenzaldehyde (0.14 g, 1.00
H/\G/OM‘% mmol, 113 plL) and 2 equivalents of triethylamine (0.17 g, 1.66 mmol, 230
natoe 8 uL) and the mixture was stirred at room temperature for 68 hours. The
suspension was cooled in an ice bath for 2 hours. The beige solid was filtered, washed with cold methanol,
ethanol and diethyl ether, and dried. The product was identified by 'H, =C, IR and Mp, as the substituted

imidazole 2.1190 (0.16 g, 0.42 mmol, 51 %).
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2-(Benzo[d|[1,3]dioxol-5-yl)-5-cyano-1-(2-hydroxybenzyl)-1 Aimidazole-4-carboxamide (2.119p):

0\

o A suspension of benzylideneamine 2.109a (0.20 g, 0.94 mmol) in ethanol, was

combined with 1.2 equivalents of piperonal (0.17 g, 1.13 mmol) and 2 equivalents

N N% of triethylamine (0.19 g, 1.88 mmol, 262 pL) and the mixture was stirred at room
H,NOC B CN temperature for 17 hours and 20 minutes. The suspension was cooled in an ice

bath for 2 hours. The light-brown solid was filtered, washed with cold methanol, ethanol and diethyl ether,
and dried. The product was identified by H, =C, IR and Mp, as the substituted imidazole 2.119p (0.09
g, 0.26 mmol, 28 %).

5-Cyano-1-(2-hydroxybenzyl)-2-(6-methoxynaphthalen-2-yl)-1 Aimidazole-4-carboxamide (2.119q):

OMe A suspension of benzylideneamine 2.109a (0.20 g, 0.94 mmol) in ethanol, was
‘ combined with 1.2 equivalents of 6-methoxy-2-naphthaldehyde (0.21 g, 1.13 mmol)
O and 2 equivalents of triethylamine (0.19 g, 1.88 mmol, 262 L) and the mixture

OH
z . . . .
N N/\® was stirred at room temperature for 16 hours. The suspension was cooled in an ice
N

reNoC - © bath for 2 hours. The light-purple solid was filtered, washed with cold methanol,

ethanol and diethyl ether, and dried. The product was identified by 'H, =C, IR and Mp, as the substituted
imidazole 2.1191 (0.20 g, 0.51 mmol, 54 %).
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