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Abstract

We report here synthetic approaches to access new classes of small molecules based on three heterocyclic scaffolds, i.e.
3,7-dihydropyrimido[4,5-d]pyridazine-4,8-dione, 1,8-naphthyridin-4(1H)-one and 4H-pyrido[1,2-a]pyrimidin-4-one. The
bi-cyclic structure 3,7-dihydropyrimido[4,5-d]pyridazine-4,8-dione is a new heterocycle, described here for the first time.
In silico methodologies of inverse virtual screening have been used to preliminary analyse the molecules, in order to explore
their potential as hits for chemical biology investigations. Our computational study has been conducted with 43 synthetically
accessible small molecules towards 31 cellular proteins involved in cancer pathogenesis. Binding energies were quantified
using molecular docking calculations, allowing to define the relative affinities of the ligands for the cellular targets. Through
this methodology, 16 proteins displayed effective interactions with distinct small molecules within the matrix. In addition,
23 ligands have demonstrated high affinity for at least one cellular protein, using as reference the co-crystallised ligand in
the X-ray structure. The evaluation of ADME and drug score for selected hits also highlights that these new molecular series
can serve as sources of lead candidates for further structure optimisation and biological studies.

Keywords Inverse virtual screening - Heterocycles - Scaffold diversity - Bi-cyclic scaffold - ADME assessment

Introduction combinations, to result into novel bi- or polycyclic frame-

works with diverse physico-chemical and biological prop-

Heterocyclic chemistry is a key source of compounds for
drug discovery due to the capability of the resulting mole-
cules to imitate the structure of endogenous ligands and bind
to a variety of biological targets [1, 2]. In medicinal chem-
istry, heterocyclic structures offer the advantage of generat-
ing molecular libraries based on a specific core scaffold,
permitting screening tests and structure—activity relationship
(SAR) studies for the targets of interest [3]. In particular,
fused heterocycles can be generated with nearly boundless
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erties. Overall, the combination of rings leads to rigid and
sterically well-defined structures, ensuring a high degree of
functional specialisation, as well as the capability to arrange
substituents in three-dimensional space as required by nature
for interactions with biological targets [4]. From cancer ther-
apy to the treatment of infectious, parasitic and metabolic
illnesses, heterocyclic drugs are often used to interfere with
the actions of hormones, the neuronal transmission or the
activity of enzymes, to name a few.

Scaffold diversity (i.e. variation of the nature of core scaf-
folds), appendage diversity (i.e. variation in structural moie-
ties around a common scaffold), functional group diversity
(i.e. variation of the functional groups present in the mol-
ecules) and stereochemical diversity (i.e. variation in the
three-dimensional orientation of macromolecule-interacting
residues) are determinant for late state chemical functionali-
sation in drug discovery [5]. Undoubtedly, the more diverse
a molecule is, the more likely it can interact with a spe-
cific biological macromolecule in a distinctive way [6-9].
In particular, scaffold diversity demonstrates a key element
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to reach increased structural variation and investigate new
areas of the chemical space for biological investigations
[10]. In this regard, it has been reported that the overall
shape diversity of small molecules is formally subordinate
to the nature of the particular molecular scaffold, with the
peripheral substituents having a lower impact [7]. There-
fore, the exploitation of scaffold diversity represents a valid
strategy to implement the whole structural diversity of small
molecule libraries [10-12].

In the context of exploring scaffold diversity in biology
and medicine, heterocycles can lead to increase molecular
functionalisation, due to their potential in terms of structural
isomerism. This can enhance the overall diversity within
libraries, as well as the possibility of identifying hit candi-
dates. Additionally, heterocycles containing nitrogen, oxy-
gen or sulphur that can form hydrogen bonds with functional
groups within the protein binding site offer wide opportuni-
ties to carry out drug optimisation strategies, aimed at tuning
the affinity for a particular target, as well as the solubility,
lipophilicity, polarity and the overall drug-like properties.

Computational methods such as structure-based and
ligand-based screening are widely used in various drug
discovery contexts, spanning from hit identification to lead
optimisation stages [13, 14]. However, these virtual screen-
ing approaches are somehow limited to the analysis of only

Fig.1 Schematic representation
of the two-step design

pyrimido[4,5-d]pyridazines
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one target at a time [15, 16]. In contrast, inverse virtual
screening (iVS) is a computational technique where librar-
ies of compounds are simultaneously tested towards multiple
potential targets, in order to identify hits with pharmacologi-
cal activity [17-19]. Overall, iVS allows for a quicker analy-
sis of target identification, potential side effects, toxicity,
drug repositioning, receptor design and multitarget therapy.
Herein, we report the synthesis and iVS analysis of 43
new heterocyclic small-molecules towards a scaffold-guided
structural diversity approach, to identify new hits for biologi-
cal studies in the field of cancer therapy. Specifically, 31 cel-
lular proteins that are responsible for promoting growth, pro-
liferation, differentiation and metabolism in cancer cells [20,
21] were screened against the 43 novel heterocyclic small
molecules based on pyrimido[4,5-d]pyridazine-4,8-dione,
1,8-naphthyridin-4-one and pyrido(1,2-a)pyrimidine scaf-
folds (Fig. 1). The pyrimido[4,5-d]pyridazine-4,8-dione is
a new bi-cyclic structure, whose synthesis was not reported
in the literature to date. This study indicates that most of the
compounds within the library have potential to interact with
the examined targets, representing a valid starting point to
drive biological evaluation in a rapid and cost-effective fash-
ion. The molecules were also screened via physiologically
based pharmacokinetic (PBPK) analysis, to further assess
permeability and absorption features as drug candidates.
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Materials and methods
General remarks

Reagents and starting materials were obtained from com-
mercial sources. Extracts were dried over Na,SO, and
the solvents were removed under reduced pressure. All
reactions were monitored by thin layer chromatography
(TLC) using commercial plates (Merck) pre-coated with
silica gel 60 F-254. Visualisation was performed by UV
fluorescence (Amax =254 nm) or by staining with iodine
or potassium permanganate. Chromatographic separa-
tions were performed on silica gel columns by gravity
(Kieselgel 40, 0.063-0.200 mm; Merck) or flash chroma-
tography (Kieselgel 40, 0.040-0.063 mm; Merck). Yields
refer to chromatographically and spectroscopically pure
compounds, unless otherwise stated. When reactions were
performed in anhydrous conditions, the mixtures were
maintained under nitrogen atmosphere. Compounds were
named following IUPAC rules as applied by Beilstein-
Institut AutoNom 2000 (4.01.305) or CA Index Name. The
identity and purity of intermediates and final compounds
were ascertained through TLC chromatography, NMR and
mass spectrometry. 'H NMR spectra were recorded on the
Avance 400 instrument (Bruker Biospin Version 002 with
SGU). Chemical shifts (8) are reported in ppm to the nearest
0.01 ppm, using the solvent as internal standard. Coupling
constants (J values) are given in Hz and were calculated
using “TopSpin 1.3’ software rounded to the nearest 0.1 Hz.
Data are reported as follows: chemical shift, multiplicity
(exch, exchange; br, broad; s, singlet; d, doublet; t, triplet; q,
quartet; quin, quintet; sext, sextet; sept, septet; m, multiplet;
or as a combination of these (e.g. dd, dt etc.)), integration,
assignment and coupling constant(s). All melting points
were determined on a microscope hot stage Biichi apparatus
and are uncorrected.

Chemistry

General procedure for compounds 5¢, 5e Hydrazine
hydrate (3 mmol) was added to a cooled (0 °C) and stirred
suspension of commercially available isoxazole derivatives
4c,e (2 mmol) and PPA (50 mmol) in ethanol (5 mL), and
the mixture was heated under stirring for 2-5 h at 80-90 °C.
After dilution with cold water (20-30 mL), pure compounds
5c and Se were recovered by filtration under vacuum.

e 4-(3-Chlorophenyl)isoxazolo[3,4-d]pyridazin-7(6H)-
one (5¢)
Yield = 96%, (475 mg); mp = 241-244 °C (EtOH).
"H-NMR (400 MHz, DMSO-d) § 7.55-7.65 (m, 2H,
Ar), 7.90 (d, 2H, Ar, J = 8.0 Hz), 10.35 (s, 1H, isox-

azole), 12.90 (exch br s, 1H, NH). Anal. Calcd. for
C,H(,CIN;0,: C 53.35, H 2.44, N 16.97. Found: C
53.21,H 2.44, N 16.92.

e 4-Pyridin-3-yl-isoxazolo[3,4-d]pyridazin-7(6H)-one
(5e)

Yield = 69%, (463 mg); mp = 227-228 °C (EtOH).
'"H-NMR (400 MHz, DMSO-dg) & 7.55-7.65 (m, 1H,
Ar), 8.25 (d, 1H, Ar, J = 8.4 Hz), 8.75 (d, 1H, Ar, J
= 8.2 Hz), 9.05 (s, 1H, Ar), 10.35 (s, 1H, isoxazole),
12.90 (exch br s, 1H, NH). Anal. Calcd. for C,;H¢N,O,:
C 56.08, H 2.82, N 26.16. Found: C 56.23, H 2.81, N
26.23.

General procedure for compounds 6a-e A suspension
of isoxazolo pyridazinones 5a-e (0.7-1.2 mmol) in 33%
NH,OH (2.0-2.5 mL) was stirred at 60 °C for 1-2 h. After
cooling, the precipitate was recovered by filtration under
vacuum to give the pure intermediates 6a-d. For compound
6e, the mixture was diluted with water, the suspension was
extracted with CH,Cl, (3 15 mL) and the solvent was evap-
orated in vacuo to afford the compound.

e 5-Amino-6-oxo-3-phenyl-1,6-dihydropyridazine-
4-carboxylic acid amide (6a)

Yield=46% (74 mg); mp>300 °C (EtOH). 'H-NMR
(400 MHz, DMSO-dy) 8 6.40 (exch br s, 2H, NH,), 7.30—
7.45 (m, 5H, Ar), 7.45-7.50 (exch br s, 2H, CONH,), 12.80
(exch brs, 1H, NH). Anal. Calcd. for C,;H,,N,O,: C 57.39,
H 4.38, N 24.34. Found: C 57.55, H 4.37, N 24.26.

®  5-Amino-3-(3-fluorophenyl)-6-oxo-1,6-dihydropyridazine-
4-carboxylic acid amide (6b)

Yield=50% (119 mg); mp=285-287 °C (EtOH). 'H-
NMR (400 MHz, DMSO-dy) 8 6.45 (exch br s, 2H, NH,),
7.20-7.30 (m, 2H, Ar), 7.35 (d, 1H, Ar, J=7.8 Hz), 7.45
(m, 1H, Ar), 7.50 (exch br s, 2H, CONH,), 12.10 (exch
br s, 1H, NH). Anal. Calcd. for C, HyFN,O: C 53.23, H
3.65, N 22.57. Found: C 53.06, H 3.66, N 22.62.

®  5-Amino-3-(3-chlorophenyl)-6-oxo-1,6-dihydropyridazine-
4-carboxylic acid amide (6¢)

Yield=63% (183 mg); mp=257-260 °C (EtOH).
"H-NMR (400 MHz, DMSO-d,) & 6.45 (exch br s,
2H, NH,), 7.40-7.50 (m, 4H, Ar), 7.55 (exch br s, 2H,
CONH,), 11.90 (exch br s, 1H, NH). Anal. Calcd. for
C,HyCIN,O,: C 49.92, H 3.43, N 21.17. Found: C
49.79,H 3.42, N 21.25.

®  5-Amino-6-oxo-3-m-tolyl-1,6-dihydropyridazine-4-carboxylic
acid amide (6d)

Yield=60% (144 mg); mp =263-265 °C (EtOH).
"H-NMR (400 MHz, DMSO-d) & 2.30 (s, 3H, CH,),
6.40 (exch br s, 2H, NH,), 7.15-7.35 (m, 4H, Ar),
7.40 (exch br s, 2H, CONH,), 12.80 (exch br s, 1H,
NH). Anal. Calcd. for C;,H,N,O,: C 59.01, H4.95, N
22.94. Found: C 59.18, H 4.94, N 22.89.
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®  5-Amino-6-oxo-3-pyridin-3-yl-1,6-dihydropyridazine-
4-carboxylic acid amide (6e)

Yield=50% (139 mg); mp =244-247 °C (EtOH).
"H-NMR (400 MHz, DMSO-d,) & 6.55 (exch br s, 2H,
NH,), 7.40 (m, 1H, Ar), 7.50 (exch br s, 1H, CONH,),
7.55 (exch br s, 1H, CONH,), 7.85 (m, 1H, Ar), 8.55
(m, 1H, Ar), 8.65 (s, 1H, Ar), 12.95 (exch br s, 1H,
NH). Anal. Calcd. for C,jH¢N5sO,: C 51.95, H3.92, N
30.29. Found: C 51.82, H 3.92, N 30.37.

General procedure for compounds 7b-d and 7 g-k A
mixture of the suitable 5-amino-1,6-dihydropyridazine-
4-carboxylic acid amide derivatives 6a, 6¢c-e (0.5 mmol),
K,CO; (1 mmol) and the appropriate alkyl(aryl) halide
(0.75-1.25 mmol) was stirred in anhydrous DMF (1-2 mL)
at 80 °C for 0.5-3 h. For compound 7j, the reaction was
carried out at 100 °C for 7 h. After cooling, the precipitate
was recovered by filtration under vacuum to give the pure
intermediates 7b-d, 7 g-i. For compounds 7j,k, the mix-
ture was diluted with water, the suspension was extracted
with CH,Cl, (3x 15 mL), and the solvent was evaporated
in vacuo to afford the crude compounds. Subsequently, 7j,k
were purified by column chromatography using CHCls/
MeOH 9:1 as eluent.

e 5-Amino-1-(4-nitrobenzyl)-6-oxo-3-phenyl-1,6-
dihydropyridazine-4-carboxylic acid amide (7b)

Yield=95% (173 mg); mp=213-217 °C (EtOH).
"H-NMR (400 MHz, CDCl;) & 4.95 (exch br s, 1H,
CONH,), 5.35 (exch br s, 1H, CONH,), 5.40 (s, 2H,
CH,), 7.50 (s, 5H, Ar), 7.60 (d, 2H, Ar, J=8.2 Hz),
8.20 (d, 2H, Ar, J=8.1 Hz), 8.40 (exch br s, 2H, NH,).
Anal. Calcd. for CgH;sNsO,: C 59.18, H 4.14, N
19.17. Found: C 59.35, H4.15, N 19.11.

o 4-(5-Amino-4-carbamoyl-6-oxo-3-phenyl-6 H-pyridazin-
1-ylmethyl)-benzoic acid ethyl ester (7c)

Yield=97% (190 mg); mp = 162-164 °C (EtOH).
'H-NMR (400 MHz, CDCl,) & 1.40 (t, 3H, CH,CH,,
J=17.2 Hz), 4.35 (q, 2H, CH,CH;, J=7.2 Hz), 4.95
(exch br s, 1H, CONH,), 5.35 (exch br s, 1H, CONH,),
5.40 (s, 2H, CH,), 7.50-7.60 (m, 7H, Ar), 8.05 (d,
2H, Ar), 8.10 (exch br s, 2H, NH,). Anal. Calcd. for
C, HyyN,O,: C 64.28, H 5.14, N 14.28. Found: C
64.11, H5.16, N 14.24.

e 5-Amino-1-(4-hydroxymethylbenzyl)-6-oxo-3-phenyl-
1,6-dihydropyridazine-4-carboxylic acid amide (7d)

Yield=77% (135 mg); mp=193-198 °C (EtOH).
'H-NMR (400 MHz, DMSO-d,) & 4.45 (d, 2H, CH,OH,
J=5.6 Hz), 5.15 (exch br t, 1H, CH,0OH, J=5.6 Hz),
5.25 (s, 2H, NCH,), 6.55 (exch br s, 2H, CONH,), 7.25—
7.50 (m, 9H, Ar), 7.65 (exch br s, 2H, NH,). Anal. Calcd.
for C,oH,3N,O5: C 65.13, H 5.18, N 15.99. Found: C
65.30, H5.17, N 15.94.

@ Springer

o 5-Amino-3-(3-chlorophenyl)-1-cyclopropylmethyl-6-oxo-
1,6-dihydropyridazine-4-carboxylic acid amide (7 g)
Yield=60% (96 mg); mp=187-189 °C (EtOH). 'H-
NMR (400 MHz, CDCl;) & 0.45-0.60 (m, 4H, cC;Hs5),
1.35-1.45 (m, 1H, cC;Hs), 4.05 (d, 2H, CH, cC;Hj;,
J=7.2 Hz), 5.00 (exch br s, 1H, CONH,), 5.40 (exch
br s, 1H, CONH,), 7.40-7.50 (m, 3H, Ar), 7.60 (s,
1H, Ar), 7.85 (exch br s, 2H, NH,). Anal. Calcd. for
C,sH,5CIN,O,: C 56.52, H 4.74, N 17.58. Found: C
56.33,H4.75, N 17.62.
e 5-Amino-3-(3-chlorophenyl)-1-cyclohexylmethyl-6-oxo-
1,6-dihydropyridazine-4-carboxylic acid amide (7 h)
Yield=60% (108 mg); mp=186-188 °C (EtOH). 'H-
NMR (400 MHz, CDCl,) 6 1.05-1.30 (m, 5H, cC¢H,)),
1.60-1.80 (m, 5H, cC¢H, ), 2.00 (m, 1H, cC¢H, ), 4.05
(d, 2H, CH,, /=7.2 Hz), 4.95 (exch br s, 1H, CONH,),
5.45 (exch br s, 1H, CONH,), 7.40-7.50 (m, 3H, Ar),
7.60 (s, 1H, Ar), 8.10 (exch br s, 2H, NH,). Anal. Calcd.
for C,4H,,CIN,O,: C 59.91, H 5.87, N 15.53. Found: C
59.75,H5.85, N 15.57.
e 5-Amino-3-(3-chlorophenyl)-1-cyclohexyl-6-oxo-
1,6-dihydropyridazine-4-carboxylic acid amide (71)
Yield =30% (52 mg); mp =244-245 °C (EtOH).
'H-NMR (400 MHz, DMSO-d¢) & 1.10-1.25 (m, 1H,
cC¢H, ), 1.35-1.45 (m, 2H, cC¢H,;), 1.60-1.90 (m,
7TH, cC¢H, ), 4.80 (m, 1H, cC¢H, ), 6.50 (exch br s, 2H,
CONH,), 7.40-7.50 (m, 4H, Ar), 7.55-7.65 (exch br s,
2H, NH,). Anal. Calcd. for C;;H,,CIN,O,: C 58.87, H
5.52,N 16.16. Found: C 58.71, H 5.51, N 16.21.
e 5-Amino-1-cyclohexylmethyl-6-oxo-3-m-tolyl-1,6-
dihydropyridazine-4-carboxylic acid amide (7f)
Yield=66% (112 mg); mp=166-167 °C (EtOH).
"H-NMR (400 MHz, DMSO-d) § 0.95-1.30 (m, 5H,
cC¢H,,), 1.55-1.75 (m, 5H, cC(H,,), 1.90 (m, 1H,
cCeH, ), 2.35 (s, 1H, CH;), 3.95 (d, 2H, CH, cC¢H,,,
J=17.2 Hz), 6.45 (exch br s, 2H, CONH,), 7.15-7.35 (m,
4H, Ar), 7.35-7.45 (exch br s, 2H, NH,). Anal. Calcd. for
C,oH,yN,0,: C 67.04, H7.11, N 16.46. Found: C 67.22,
H7.13,N 16.42.
e 5-Amino-1-cyclohexylmethyl-6-oxo-3-pyridin-3-yl-
1,6-dihydropyridazine-4-carboxylic acid amide (7 k)
Yield=28% (112 mg); mp =233-236 °C (EtOH).
"H-NMR (400 MHz, DMSO-dg) & 0.95-1.25 (m, 5H,
cC¢H,; ), 1.55-1.75 (m, 5H, cC¢H,;), 1.90 (m, 1H,
cC¢H,,), 3.95 (d, 2H, CH, cCcH,,, J=7.2 Hz), 6.60
(exch br s, 2H, CONH,), 7.45 (m, 1H, Ar), 7.55 (exch br
s, 2H, NH,), 7.85 (m, 1H, Ar), 8.60 (d, 1H, Ar), 8.65 (s,
1H, Ar). Anal. Calcd. for C;;H,N5O,: C 62.37, H 6.47,
N 21.39. Found: C 62.22, H 6.48, N 21.44.
e Acetic acid 4-(5-amino-4-carbamoyl-6-oxo-3-phenyl-
6H-pyridazin-1-ylmethyl)-benzyl ester (7e)
A mixture of 7d (0.28 mmol) and acetyl chloride
(0.28 mmol) in anhydrous CH,Cl, (2 mL) was stirred
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at room temperature for 3 h. After washing with water,
the organic layer was evaporated in vacuo to afford the
pure 7e as a precipitate. Yield=90% (99 mg); mp=164—
168 °C (EtOH). 'H-NMR (400 MHz, CDCI;) § 2.10 (s,
3H, CH,), 4.95 (exch br s, 1H, CONH,), 5.10 (s, 2H,
CH,COO0), 5.30 (exch br s, 1H, CONH,), 5.45 (s, 2H,
NCH,), 7.30-7.60 (m, 9H, Ar), 8.35 (exch br s, 2H,
NH,). Anal. Calcd. for C,;H,)N,O,: C 64.28, H5.14, N
14.28. Found: C 64.01, H 5.15, N 14.24.

General procedure for compounds 1a-j, 8 A mixture of 7a-c
and 7e-k (7a and 7f are previously described) [22] (0.25-
0.55 mmol), triethylorthoformate (or triethylorthopropionate
for compound 1a) (7.5-30 mmol) and a catalytic amount of
concentrated sulfuric acid (0.05 mmol) was heated at 130 °C
for 1-5 h in a sealed tube. After cooling, the precipitate was
recovered by filtration under vacuum. For compound 1i the
crude precipitate was purified by flash column chromatog-
raphy using CH,CIl,/MeOH 9:1 as eluent. For compound 1a,
after dilution with cold water, the suspension was extracted
with ethyl acetate (3 X 15 mL). Subsequently, the solvent was
evaporated in vacuo and the residue was purified by flash
column chromatography using cyclohexane/ethyl acetate/
MeOH 1:2:0.1 as eluent.

e 7-Ethyl-5-phenyl-3,7-dihydropyrimido[4,5-d [pyridazine-
4,8-dione (8)

Yield=51% (55 mg); mp>300 °C (EtOH). 'H-
NMR (400 MHz, DMSO-dy) & 1.30 (t, 3H, CH,CHs,
J="7.2Hz),4.15 (q, 2H, CH,CH;, J=7.2 Hz), 7.35-7.45
(m, 5H, Ar), 8.45 (s, 1H, Ar), 13.00 (exch br s, 1H, NH).
Anal. Calcd. for C,,H,N,O,: C 62.68, H4.51, N 20.88.
Found: C 62.77, H 4.50, N 20.94.

o 2 7-Diethyl-5-phenyl-3,7-dihydropyrimido[4,5-d pyridazine-
4,8-dione (1la)

Yield=56% (58 mg); mp=257-260 °C (EtOH).
"H-NMR (400 MHz, DMSO-d) § 1.25-1.40 (m, 6H,
N-CH,CH,; and C-CH,CH;), 2.70 (q, 2H, C-CH,CH;,
J=17.2 Hz), 4.20 (q, 2H, N-CH,CH;, J=7.2 Hz), 7.35-
7.50 (m, 5H, Ar), 12.90 (exch br s, 1H, NH). Anal. Calcd.
for. C;¢H,(N,O,: C 64.85, H 5.44, N 18.91. Found: C
64.68, H 5.43, N 18.96.

e 7-(4-Nitrobenzyl)-5-phenyl-3,7-dihydropyrimido[4,5-d]
pyridazine-4,8-dione (1b)

Yield=69% (130 mg); mp > 300 °C dec. (EtOH).
'H-NMR (400 MHz, DMSO-d;) 6 5.50 (s, 2H, CH,Ar),
7.35-7.45 (m, 5H, Ar), 7.60 (d, 2H, Ar, J=8.2 Hz), 8.20
(d, 2H, Ar), 8.50 (s, 1H, Ar), 13.15 (exch br s, 1H, NH).
Anal. Calcd. for. C;oH;3N50,: C 60.80, H 3.49, N 18.66.
Found: C 60.94, H 3.48, N 18.71.

e 4-(4,8-Dioxo-5-phenyl-4,8-dihydro-3H-pyrimido[4,5-d]
pyridazin-7-ylmethyl)-benzoic acid ethyl ester (Ic)

Yield=59% (95 mg); mp=272-274 °C (EtOH). 'H-
NMR (400 MHz, DMSO-d¢) & 1.30 (t, 3H, CH,CH;,
J=17.2 Hz), 4.30 (q, 2H, CH,CH,, J=7.2 Hz), 5.45 (s,
2H, N-CH,), 7.35-7.45 (m, 5H, Ar), 7.50 (d, 2H, Ar,
J=8.4Hz),7.95 (d, 2H, Ar, J=8.1 Hz), 8.45 (s, 1H, Ar),
13.15 (exch br s, 1H, NH). Anal. Calcd. for. C,,H gN,O,:
C 65.66, H 4.51, N 13.92. Found: C 65.45, H 4.52, N
13.96.

Acetic acid 4-(4,8-dioxo-5-phenyl-4,8-dihydro-
3H-pyrimido[4,5-d]pyridazin-7-ylmethyl)benzyl ester
(1d)

Yield=44% (53 mg); mp =240-243 °C (EtOH). 'H-
NMR (400 MHz, DMSO-dy) & 2.05 (s, 3H, CHj;), 5.05
(s, 2H, CH,0CO0), 5.35 (s, 2H, N-CH,), 7.30-7.45 (m,
9H, Ar), 8.45 (s, 1H, Ar), 13.10 (exch br s, 1H, NH).
Anal. Calcd. for. C,,H 4N,O,: C 65.66, H4.51, N 13.92.
Found: C 65.49, H4.51, N 13.95.
7-Ethyl-5-(3-fluorophenyl)-3,7-dihydro-pyrimido[4,5-d]
pyridazine-4,8-dione (I1e)

Yield=72% (93 mg); mp>300 °C (EtOH). 'H-
NMR (400 MHz, DMSO-d) & 1.30 (t, 3H, CH,CH;,
J=7.2 Hz), 4.20 (q, 2H, CH,CH;, J=7.2 Hz), 7.20-
7.30 (m, 3H, Ar), 7.40-7.50 (m, 1H, Ar), 8.45 (s,
1H, Ar), 13.10 (exch br s, 1H, NH). Anal. Calcd. for.
C,,H,,FN,0,: C58.74,H 3.87, N 19.57. Found: C 58.88,
H 3.88, N 19.51.
5-(3-Chlorophenyl)-7-cyclopropylmethyl-3,7-
dihydropyrimido[4,5-d]pyridazine-4,8-dione (If)

Yield=38% (69 mg); mp> 300 °C (EtOH). 'H-NMR
(400 MHz, DMSO-dy) & 0.35-0.55 (m, 4H, cC;Hy), 1.30
(m, 1H, ¢C;Hjs), 4.00 (d, 2H, CH, ¢ ¢cC;Hs, J=6.8 Hz),
7.35-7.50 (m, 4H, Ar), 8.45 (s, 1H, Ar), 13.15 (exch br
s, 1H, NH). Anal. Calcd. for. C;(H;CIN,O,: C 58.46, H
3.99, N 17.04. Found: C 58.65, H 3.98, N 17.08.
5-(3-Chlorophenyl)-7-cyclohexylmethyl-3,7-
dihydropyrimido[4,5-d]pyridazine-4,8-dione (1 g)

Yield=20% (40 mg); mp=271-274 °C (EtOH).
"H-NMR (400 MHz, DMSO-dg) & 0.95-1.25 (m, 5H,
cC¢H,p), 1.55-1.70 (m, 5H, cC¢H,;), 1.90 (m, 1H,
cC¢H, ), 4.00 (d, 2H, CH, cC(H,,, J=7.2 Hz), 7.35—
7.50 (m, 4H, Ar), 8.45 (s, 1H, Ar), 13.10 (exch br s, 1H,
NH). Anal. Calcd. for. C,oH;,CIN,O,: C 61.54, H 5.16,
N 15.11 Found: C 61.37, H5.18, N 15.16.
5-(3-Chlorophenyl)-7-cyclohexyl-3,7-dihydropyrimido[4,5-d]
pyridazine-4,8-dione (1 h)

Yield=58% (73 mg); mp=289-291 °C (Et,0). 'H-
NMR (400 MHz, DMSO-d¢) 6 1.20 (m, 1H, cC¢H,)),
1.40 (m, 2H, cC¢H, ), 1.60-1.90 (m, 7H, cC¢H,,), 4.85
(t, 1H, cC¢H,,, J=7.0 Hz), 7.35-7.50 (m, 4H, Ar), 8.45
(s, 1H, Ar), 13.10 (exch br s, 1H, NH). Anal. Calcd. for.
CsH7CIN,O,: C 60.59, H 4.80, N 15.70. Found: C
60.81, H4.79, N 15.32.
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o 7-Cyclohexylmethyl-5-m-tolyl-3,7-dihydropyrimido[4,5-
d]pyridazine-4,8-dione (1i)

Yield=20% (40 mg); mp=219-222 °C (Et,0).
"H-NMR (400 MHz, DMSO-d) § 0.95-1.30 (m, 5H,
cC¢H, ), 1.60-1.75 (m, 5H, cC4H,;), 1.90 (m, 1H,
cCeH, ), 2.35 (s, 3H, CH,), 4.00 (d, 2H, CH, cC¢H,,,
J=17.2 Hz), 7.15-7.30 (m, 4H, Ar), 8.40 (s, 1H, Ar),
13.05 (exch br's, 1H, NH). Anal. Calcd. for. C,,H,,N,0O,:
C 68.55, H 6.33, N 15.99 Found: C 68.41, H 6.35, N
15.95.

o 7-Cyclohexylmethyl-5-pyridin-3-yl-3,7-
dihydropyrimido[4,5-d]pyridazine-4,8-dione (1)

Yield =20% (30 mg); mp> 300 °C (Et,0). 'H-NMR
(400 MHz, DMSO-dg) & 0.95-1.30 (m, 5H, cC¢H,,),
1.55-1.75 (m, 5H, cC¢H,,), 1.90 (m, 1H, cC¢H,,), 4.00
(d, 2H, CH, cC4¢H,,, J=7.2 Hz), 7.45 (m, 1H, Ar),
7.80 (d, 1H, Ar, J=8.2 Hz), 8.45 (s, 1H, Ar), 8.60 (m,
2H, Ar), 13.05 (exch br s, 1H, NH). Anal. Calcd. for.
C,3sH;gNs0,: C 64.08, H 5.68, N 20.76. Found: C 64.27,
H 5.66, N 20.69.

General procedure for compounds 1 k,I Compounds 1 k,l
were obtained from 8 by adopting the general procedure
described for intermediate of type 7. After dilution with
cold water, compound 1 k was recovered by filtration under
vacuum. For compound 1 1, the suspension was extracted
with CH,Cl, (3 x 15 mL) and the solvent was evaporated
in vacuo.

e 7-Ethyl-3-methyl-5-phenyl-3,7-dihydropyrimido[4,5-d]
pyridazine-4,8-dione (1 k)

Yield=26% (37 mg); mp=237-239 °C (EtOH).
"H-NMR (400 MHz, CDCl,) & 1.45 (t, 3H, CH,CH,,
J=7.2 Hz), 3.55 (s, 3H, N-CH;), 4.40 (q, 2H,
N-CH,CH;, J=7.2 Hz), 7.40-7.50 (m, 5H, Ar), 8.40 (s,
1H, Ar). Anal. Calcd. for. C;sH,N,0,: C 63.82, H 5.00,
N 19.85. Found: C 63.96, H 5.01, N 19.91.

e 3-Benzyl-7-ethyl-5-phenyl-3,7-dihydropyrimido[4,5-d]
pyridazine-4,8-dione (11)

Yield=46% (83 mg); mp=217-219 °C (EtOH).
"H-NMR (400 MHz, CDCl,) & 1.45 (t, 3H, CH,CH,,
J=17.2 Hz), 4.40 (q, 2H, CH,CH,;, J=7.2 Hz), 5.15 (s,
2H, CH,Ph), 7.30-7.50 (m, 10H, Ar), 8.45 (s, 1H, Ar).
Anal. Calcd. for. C,H 4N,O,: C70.38, H 5.06, N 15.63.
Found: C 70.54, H 5.05, N 15.68.

General procedure for compounds 1 m,n A mixture of 1c or
1d (0.12 mmol), ethanol (1.5 mL) and 6 N NaOH (0.5 mL)
was stirred at room temperature for 1-2 h. After evapora-
tion of the solvent and dilution with cold water the suspen-
sion was acidified with 6 N HCI. For compound 1 m, the
mixture was extracted with ethyl acetate (3x 15 mL) and
evaporation of the solvent afforded desiderated compound.
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For compound 1n, the solid was recovered by filtration under
vacuum.

e 4-(4,8-Dioxo-5-phenyl-4,8-dihydro-3H-pyrimido[4,5-d]
pyridazin-7-ylmethyl)-benzoic acid (1 m)

Yield=25% (15 mg); mp=295-298 °C dec. (EtOH).
"H-NMR (400 MHz, DMSO-dy) & 5.45 (s, 2H, CH,),
7.35-7.50 (m, 7H, Ar), 7.90 (d, 2H, Ar, J=8.4 Hz), 8.45
(s, 1H, Ar), 13.15 (exch br s, 1H, NH). Anal. Calcd. for.
CyoH 4N,O,4: C64.17,H3.77, N 14.97. Found: C 64.36,
H 3.78, N 15.02.

o 7-(4-Hydroxymethylbenzyl)-5-phenyl-3,7-
dihydropyrimido[4,5-d]pyridazine-4,8-dione (In)

Yield=65% (30 mg); mp=170-174 °C dec. (EtOH).
'H-NMR (400 MHz, DMSO-d,) & 4.45 (d, 2H, CH,OH,
J=5.6 Hz), 5.15 (exch br t, 1H, CH,OH, J=5.6 Hz), 5.35
(s, 2H, CH,), 7.25-7.45 (m, 9H, Ar), 8.45 (s, 1H, Ar),
13.10 (exch br s, 1H, NH). Anal. Calcd. for C,,H,(N,O5:
C 66.66, H 4.48, N 15.55. Found: C 66.82, H 4.49, N
15.49.

®  5-Amino-6-oxo-3-pyridin-3-yl-1,6-dihydropyridazine-
4-carboxylic acid methyl ester (9b)

A mixture of isoxazolopyridazinone 5e (0.46 mmol)
and piperidine (0.23 mmol) in anhydrous methanol
(6 mL) was stirred at 65 °C for 1.5 h. After evaporation
of the solvent, the mixture was diluted with cold water
(5 mL), neutralised with 2 N HCI and extracted with
CH,Cl, (3% 15 mL). Evaporation of the solvent afforded
the final compound 9b. Yield =46% (52 mg); mp=210—
212 °C (EtOH). 'H-NMR (400 MHz, CDCl,) § 3.55 (s,
3H, CH;0), 6.50 (exch br s, 2H, NH,), 7.25-7.45 (m, 1H,
Ar), 7.65 (m, 1H, Ar), 8.60 (m, 2H, Ar), 11.90 (exch brs,
1H, NH). Anal. Calcd. for C;;H,,N,O5: C 53.66, H 4.09,
N 22.75. Found: C 53.83, H4.08, N 22.71.

General procedure for compounds 10a-d Compounds 10a-
d were obtained from 9a,b adopting the general procedure
described intermediate of type 7. After dilution with water,
the suspension was extracted with CH,Cl, (3 x 15 mL). The
organic layer was recovered, dried on sodium sulfate and
evaporated to afford the pure compounds 10a and 10¢, while
compounds 10b,d were purified by flash column chromatog-
raphy using cyclohexane/ethyl acetate 1:2 as eluent.

e 5-Amino-1-cyclohexylmethyl-6-oxo-3-phenyl-1,6-
dihydropyridazine-4-carboxylic acid methyl ester (10a)
Yield=50% (85 mg); mp=134-136 °C (EtOH). 'H-
NMR (400 MHz, CDCl5) & 1.05-1.30 (m, 5H, cCH,,),
1.65-1.75 (m, 5H, cC¢H,,), 2.00 (m, 1H, cC¢H,,), 3.50
(s, 3H, CH;0), 4.05 (d, 2H, CH, cC¢H,,;, /=7.0 Hz),
7.05 (exch br s, 2H, NH,), 7.35-7.45 (m, 5H, Ar). Anal.
Calcd. for C,oH,;N;05: C 66.84, H6.79, N 12.31. Found:

C 66.63, H 6.81, N 12.34.
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o 5-Amino-1-benzyl-6-oxo-3-phenyl-1,6-dihydro-pyridazine-
4-carboxylic acid methyl ester (10b)

Yield=77% (130 mg); mp=145-147 °C (EtOH). 'H-
NMR (400 MHz, CDCl,;) 6 3.50 (s, 3H, CH;0), 5.35 (s,
2H, CH,Ph), 7.05 (exch br s, 2H, NH,), 7.30-7.50 (m,
10H, Ar). Anal. Calcd. for C,(H;;N;05: C 68.05, H5.11,
N 12.53. Found: C 68.28, H 5.10, N 12.49.

e 5-Amino-1-cyclopropylmethyl-6-oxo-3-phenyl-1,6-dihydro-
pyridazine-4-carboxylic acid methyl ester (10c)

Yield=40% (115 mg); mp=119-121 °C (EtOH). 'H-
NMR (400 MHz, CDCl;) § 0.45-0.60 (m, 4H, cC;Hy),
1.35-1.50 (m, 1H, c¢C;Hy), 3.50 (s, 3H, CH;0), 4.05 (d,
2H, CH,cC;Hs, J=6.8 Hz), 7.05 (exch br s, 2H, NH,),
7.40 (s, 5H, Ar). Anal. Calcd. for C,cH,;N;05: C 64.20,
H 5.72, N 14.04. Found: C 64.37, H5.70, N 14.08.

e 5-Amino-1-(3-chlorobenzyl)-6-oxo-3-pyridin-3-yl-
1,6-dihydropyridazine-4-carboxylic acid methyl ester
(10d)

Yield=75% (140 mg); mp=197-199 °C (EtOH). 'H-
NMR (400 MHz, CDCl,) 6 3.65 (s, 3H, CH;0), 5.30 (s,
2H, NCH,), 7.00 (exch br s, 2H, CONH,), 7.30 (s, 3H,
Ar), 7.45 (s, 1H, Ar), 7.95 (m, 1H, Ar), 8.30 (m, 1H, Ar),
8.80 (m, 2H, Ar). Anal. Calcd. for. C;4H;sCIN,O;: C
58.31,H4.08, N 15.11. Found: C 58.15, H4.09, N 15.16.

General procedure for compounds 11a-d Compounds 11a-
d were obtained starting from 10a-d (1.2 mmol), following
the same procedure described for 1 m,n. In this case, the
mixture was heated at 60-70 °C for 1-2 h. After acidifica-
tion with 6 N HCI, the final compounds were recovered by
filtration under vacuum.

e  5-Amino-I-cyclohexylmethyl-6-oxo-3-phenyl- 1,6-dihydro-
pyridazine-4-carboxylic acid (11a)

Yield=93% (370 mg); mp =224-226 °C dec.
(Cyclohexane). "H-NMR (400 MHz, CDCl,) § 1.05-1.30
(m, 5H, cC¢H,,), 1.65-1.75 (m, 5H, cC¢H,;), 2.00 (m,
1H, cC¢H,,), 4.05 (d, 2H, N-CH,, /=7.3 Hz), 5.05 (exch
br s, 1H, OH), 7.45 (s, 5H, Ar), 8.05 (exch br s, 2H,
NH,). Anal. Calcd. for C;iH,;N;05: C 66.04, H 6.47, N
12.84. Found: C 66.25, H 6.45, N 12.88.

®  5-Amino-1-benzyl-6-oxo-3-phenyl- 1,6-dihydro-pyridazine-
4-carboxylic acid (11b)

Yield=42% (160 mg); mp=207-211 °C dec. (EtOH).
"H-NMR (400 MHz, CDCl5) & 5.35 (s, 2H, NCH,), 5.15
(exch brs, 1H, OH), 7.30-7.50 (m, 10H, Ar), 7.80 (exch
br s, 2H, NH,). Anal. Calcd. for C,gH,5N;05: C 67.28,
H4.71, N 13.08. Found: C 67.46, H 4.70, N 13.04.

o 5-Amino-1-cyclopropylmethyl-6-oxo-3-phenyl-1,6-dihydro-
pyridazine-4-carboxylic acid (11c)

Yield=90% (310 mg); mp=203-206 °C dec. (EtOH).
"H-NMR (400 MHz, CDCl;) § 0.45-0.60 (m, 4H,
cC;H;) 1.35-1.45 (m, 1H, c¢C;Hs), 4.05 (d, 2H, N-CH,,

J=7.2Hz), 5.70 (exch br s, 1H, OH), 7.45 (s, 5H, Ar),
7.75 (exch br s, 2H, NH,). Anal. Calcd. for C;5H;5N;05:
C 63.15, H 5.30, N 14.73. Found: C 63.38, H 5.28, N
14.70.

e 5-Amino-1-(3-chlorobenzyl)-6-oxo-3-pyridin-3-yl-
1,6-dihydropyridazine-4-carboxylic acid (11d)

Yield=98% (440 mg); mp=228-232 °C dec. (E,0). 'H-

NMR (400 MHz, DMSO-dy) 6 5.30 (s, 2H, N-CH,), 7.30 (d,
1H, Ar, J=8.2 Hz), 6.95 (exch br s, 1H, OH), 7.35-7.45 (m,
4H, Ar), 7.75 (d, 1H, Ar, J=8.4 Hz), 8.55 (m, 2H, Ar), 8.70
(exch br s, 2H, CONH,). Anal. Calcd. for C;3H,sCIN,O5: C
58.31,H4.08, N 15.11. Found: C 58.48, H4.07, N 15.16.

General procedure for compounds 12a-d A catalytic amount
of Et;N was added to a cold suspension of 11a-d (0.4 mmol)
in SOCI, (1.5-3 mL) and the mixture was refluxed for 1 h.
The excess of SOCI, was removed in vacuo. After cooling,
33% NH,OH (4-6 mL) was added and the suspension was
stirred for 0.5—1 h. Ice-water (10-15 mL) was added to the
residue and the final compounds 12b and 12¢ were recovered
by filtration under vacuum. For compounds 12a and 12d,
the mixture was extracted with ethyl acetate (3 15 mL)
and the solvent was evaporated in vacuo to afford pure final
compounds, while 12a was purified by flash column chro-
matography using cyclohexane/ethyl acetate 1:3 as eluent.

® 5-Amino-I-cyclohexylmethyl-6-oxo-3-phenyl- 1,6-dihydro-
pyridazine-4-carboxylic acid amide (12a)

Yield=66% (86 mg); mp=179-181 °C (Cyclohex-
ane). "H-NMR (400 MHz, CDCl,) & 1.05-1.30 (m, 5H,
cC¢H, ), 1.65-1.80 (m, 5H, cC¢H,;), 2.00-2.10 (m, 1H,
cCeH,)), 4.05 (d, 2H, CH, cC¢H,,, /J=7.6 Hz), 4.95
(exch br s, 1H, CONH,), 5.45 (exch br s, 1H, CONH,),
7.45-7.55 (m, 5H, Ar), 8.15 (exch br s, 2H, NH,). Anal.
Calcd. for C,gH,,N,0,: C 66.24, H6.79, N 17.17. Found:
C66.45 H6.77,N 17.11.

®  5-Amino-1-benzyl-6-oxo-3-phenyl- 1,6-dihydro-pyridazine-
4-carboxylic acid amide (12b)

Yield=30% (40 mg); mp=218-221 °C dec. (EtOH).
"H-NMR (400 MHz, CDCl;) & 4.95 (exch br s, 1H,
CONH,), 5.30 (exch br s, 1H, CONH,), 5.35 (s, 2H,
CH,Ph), 7.30-7.55 (m, 10H, Ar), 8.25 (exch br s, 2H,
NH,). Anal. Calcd. for C;gH;(N,O,: C 67.49, H5.03, N
17.49. Found: C 67.26, H 5.04, N 17.46.

o 5-Amino-I-cyclopropylmethyl-6-oxo-3-phenyl-1,6-dihydro-
pyridazine-4-carboxylic acid amide (12c)

Yield=55% (63 mg); mp=203-206 °C (EtOH). 'H-
NMR (400 MHz, CDCl;) & 0.45-0.60 (m, 4H, cC;Hs),
1.35-1.50 (m, 1H, cC;Hs), 4.05 (d, 2H, CH, cC;Hj;,
J=7.2 Hz), 5.00 (exch br s, 1H, CONH,), 5.40 (exch br
s, 1H, CONH,), 7.45-7.60 (m, 5H, Ar), 7.90 (exch br
s, 2H, NH2). Anal. Calcd. for C;gH(N,O,: C 67.49, H
5.03, N 17.49. Found: C 67.26, H 5.04, N 17.46.
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e 5-Amino-1-(3-chlorobenzyl)-6-oxo-3-pyridin-3-yl-1,6-
dihydro-pyridazine-4-carboxylic acid amide (12d)
Yield=72% (102 mg); mp=235-238 °C dec.
(EtOH). '"H-NMR (400 MHz, DMSO-d,) & 5.30 (s, 2H,
NCH,Ar), 6.70 (exch br s, 2H, NH,), 7.30-7.45 (m,
5H, Ar), 7.50-7.60 (exch br s, 2H, CONH,), 7.85 (d,
1H, Ar, J=8.2 Hz), 7.90 (exch br s, 2H, NH,), 8.60 (d,
1H, Ar, J=8.4 Hz), 8.65 (s, 1H, Ar). Anal. Calcd. for
C7H,CINsO,: C 57.39, H 3.97, N, 19.68. Found: C
57.55,H3.98, N 19.62.

General procedure for compounds 10-s Compounds 1o-s
were obtained starting from 12a-d (0.55 mmol) following
the same procedure described for 1a-j. After cooling, the
precipitate was recovered by filtration under vacuum.

e 7-Cyclohexylmethyl-5-phenyl-3,7-dihydropyrimido[4,5-
d]pyridazine-4,8-dione (1o)

Yield=48% (90 mg); mp=250-253 °C (EtOH).
"H-NMR (400 MHz, DMSO-d) § 0.95-1.25 (m, 5H,
cC¢H,; ), 1.60-1.70 (m, 5H, cC¢H,;), 1.85-1.95 (m, 1H,
cCeH, ), 4.00 (d, 2H, NCH,, J=7.2 Hz), 7.40 (s, 5H,
Ar), 8.45 (s, 1H, Ar), 13.00 (exch br s, 1H, NH). Anal.
Calcd. for C,4H,,N,0O,: C 67.84, H 5.99, N 16.66. Found:
C67.61,H6.01, N 16.70.

o 7-Benzyl-5-phenyl-3,7-dihydro-pyrimido[4,5-d pyridazine-
4,8-dione (Ip)

Yield=65% (120 mg); mp=289-292 °C (EtOH).
'H-NMR (400 MHz, DMSO-d,) & 5.35 (s, 2H, NCH,),
7.30-7.40 (m, 10H, Ar), 8.45 (s, 1H, Ar), 13.10 (exch
brs, 1H, NH). Anal. Calcd. for C,H;,N,O,: C 69.08, H
4.27,N 16.96. Found: C 69.29, H 4.26, N 16.34.

e 7-Cyclopropylmethyl-5-phenyl-3,7-dihydro-pyrimido[4,5-
d]pyridazine-4,8-dione (1q)

Yield=32% (52 mg); mp=285-287 °C (EtOH).
"H-NMR (400 MHz, DMSO-d) § 0.35-0.50 (m, 4H,
cC;Hs), 1.25-1.35 (m, 1H, cC;Hs), 4.05 (d, 2H, NCH,,
J=17.2 Hz), 7.35-7.45 (m, 5H, Ar), 8.45 (s, 1H, Ar),
13.05 (exch br s, 1H, NH). Anal. Calcd. for C,¢H,,N,O,:
C 65.30, H 4.79, N 19.04. Found: C 65.49, H 4.80, N
19.09.

e 7-(3-Chlorobenzyl)-5-pyridin-3-yl-3,7-
dihydropyrimido[4,5-d]pyridazine-4,8-dione (Ir)

Yield=15% (30 mg); mp=252-255 °C (EtOH). 'H-
NMR (400 MHz, DMSO-dy) 6 5.35 (s, 2H, NCH,), 7.30
(d, 1H, Ar), 7.35-7.45 (m, 4H, Ar), 7.85 (d, 1H, Ar),
8.50 (s, 1H, Ar), 8.55-8.65 (m, 2H, Ar). Anal. Calcd.
for C;3H,,CIN5O,: C 59.11, H 3.31, N 19.15. Found: C
59.24,H3.31, N 19.08.

o 7-Cyclopropylmethyl-2-ethyl-5-phenyl-3,7-dihydro-
pyrimido[4,5-d]pyridazine-4,8-dione (1 s)

Yield=25% (45 mg); mp=209-213 °C dec. (Et,0).

'H-NMR (400 MHz, DMSO-d,) 8 0.35-0.50 (m, 4H,
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cC;Hs), 1.25 (t, 3H, CH,CH;, J=7.2 Hz), 1.25-1.35 (m,
1H, cC;H5), 2.70 (q, 2H, CH,CH;, J=7.2 Hz), 4.00 (d,
2H, NCH,, J=7.2 Hz), 7.35-7.45 (m, 5H, Ar), 13.05
(exch br s, 1H, NH). Anal. Calcd. for C;gH{N,O,: C
67.07, H 5.63, N, 17.38. Found: C 67.28, H 5.65, N
17.43.

General procedure for compounds 1t,u Compounds 1t,u
were obtained starting from 1o and 1q adopting the gen-
eral procedure described for compounds 7. For 1u, the
mixture was diluted with cold water, extracted with CH,Cl,
(3% 15 mL) and the solvent was evaporated in vacuo. Lastly,
the final compound was purified by flash column chromatog-
raphy using cyclohexane/ethyl acetate 1:3 as eluent.

e 7-Cyclohexylmethyl-3-ethyl-5-phenyl-3,7-
dihydropyrimido[4,5-d]pyridazine-4,8-dione (1t)
Yield=56% (102 mg); mp=216-219 °C (EtOH).
'"H-NMR (400 MHz, CDCl;) § 1.05-1.30 (m, 5H,
cCeH, ), 1.40 (t, 3H, CH,CH;, J=7.2 Hz), 1.60-1.80
(m, 5H, cC¢H,;), 2.00-2.10 (m, 1H, cC¢H,,), 4.00 (q,
2H, CH,CH,, J=7.2 Hz), 4.20 (d, 2H, CH,cC¢H,,
J=6.8 Hz), 7.40-7.50 (m, 5H, Ar), 8.40 (s, 1H, Ar).
Anal. Calcd. for C,H,,N,0,: C 69.21, H 6.64, N 15.37.
Found: C 69.38, H 6.62, N 15.33.
e 7-Cyclopropylmethyl-3-ethyl-5-phenyl-3,7-
dihydropyrimido[4,5-d]pyridazine-4,8-dione (1u)
Yield=62% (100 mg); mp=176-180 °C (EtOH). 'H-
NMR (400 MHz, CDCl;) 8 0.45-0.60 (m, 4H, cC;Hj),
1.40 (t, 3H, CH,CH; J=7.2 Hz), 1.40-1.55 (m, 1H,
cC;Hs), 4.05 (q, 2H, CH,CH,, J=7.2 Hz), 4.20 (d, 2H,
CH,cC3Hs J=6.8 Hz), 7.40-7.55 (m, SH, Ar), 8.45 (s,
1H, Ar). Anal. Calcd. for C;gHsN,O,: C 67.07, H5.63 N
17.38. Found: C 67.23, H 5.64, N 17.33.

General procedure for compounds 18b and 2a A mixture of
the ester 15 [17] (0.06 g, 0.26 mmol), 0.04 g (0.26 mmol)
of the appropriate R-benzyl chloride and K,CO; (0.07 g,
0.52 mmol) in anhydrous DMF (4 mL) was heated at 50 °C
for 30 min. After cooling, water was added and the mixture
was extracted with CH,Cl, (3 x 15 mL). The organic phase
was recovered and dried on sodium sulphate. After removal
of the solvent, the residue was purified by flash column chro-
matography using toluene/ethyl acetate 1:1 as eluent.

e Ethyl-1,4-dihydro-1-(4-chlorobenzyl)-7-methyl-4-oxo-
1,8-naphtyridine-3-carboxylate (2a)

Yield=80% (75 mg); mp=139-141 °C (Cyclohex-
ane). '"H-NMR (400 MHz, DMSO-d,) § 1.28 (t, 3H,
CH,CH,;, J=17.0 Hz), 2.65 (s, 3H, CH;), 4.25 (q, 2H,
CH,CH,, J=17.0 Hz), 5.65 (s, 2H, CH,-Ph), 7.35-7.40
(m, 5H, 1H naphthyridine H6 and 4H Ar), 8.45 (d, 1H,
naphthyridine H5, J=8.0 Hz), 9.00 (s, 1H, naphtyridine
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H2). Anal. Calcd. for C;gH,,CIN,O5: C 63.96, H 4.80, N
7.85. Found: C 63.78, H4.79, N 7.87.

e Ethyl-1,4-dihydro-1-(4-fluorobenzyl)-7-methyl-4-oxo-
1,8-naphtyridine-3-carboxylate (18b)

Yield 75% (67 mg); mp=139-141 °C (EtOH).
"H-NMR (400 MHz, CDCl,) § 1.40 (t, 3H, CH,CHj,,
J=17.0 Hz), 2.65 (s, 3H, CH;), 4.25 (q, 2H, CH,CH;,
J=7.0 Hz), 5.60 (s, 2H, CH,-Ph), 7.05 (t, 2H, Ar,
J=7.6 Hz), 7.25 (d, 1H, naphtyridine H6, /J=28.0 Hz),
7.35(dd, 2H, Ar, J=8.4 Hz and J=1.2 Hz), 8.65 (d, 1H,
napthyridine HS, J=8.0 Hz), 8.70 (s, 1H, naphtyridine
H2). Anal. Calcd. for C,gH,;FN,0;: C 67.05, H5.03, N
8.23. Found: C 67.22, H 5.03, N 8.21.

General procedure for compounds 18c,d and 2b A mixture
of the ester 15 [17] (0.11 g, 0.50 mmol), the appropriate
R-phenylboronic acid (0.120 g, 1.0 mmol), copper acetate
(0.14 g, 0.76 mmol) and triethylamine (0.14 g, 0.1 mmol) in
anhydrous CH,Cl, (2 mL) was stirred at room temperature
for 24 h. After dilution with CH,Cl, (10 mL), the suspen-
sion was sequentially washed with 33% aqueous ammonia
(3x10mL), 10% NH,C1 (1 x 10 mL) and H,0 (2x 10 mL).
The organic layer was dried and evaporated in vacuo. The
crude residue was purified by flash column chromatography
using cyclohexane/ethyl acetate 1:2 as eluent.

e Ethyl-1,4-dihydro-7-methyl-4-oxo-1-phenyl-
1,8-naphtyridine-3-carboxylate (18c)

Yield=60% (93 mg); mp=202-205 °C (EtOH).
'"H-NMR (400 MHz, CDCly) 6 1.40 (t, 3H, CH,CHs;,
J=17.2 Hz), 2.50 (s, 3H, CH;), 4.40 (q, 2H, CH,CH;,
J=7.2 Hz), 7.25-7.35 (m, 1H, naphthyridine H6),
7.45-7.50 (m, 2H, Ar), 7.55-7.60 (m, 3H, Ar), 8.70-
8.75 (m, 2H, naphtyridine H5 and H6). Anal. Calcd. for
C,gH;¢N,05: C 70.12, H 5.23, N 9.09. Found: C 70.33,
H 5.22, N 9.06.

e [Ethyl-1,4-dihydro-1-(3-fluorophenyl)-7-methyl-4-oxo-
1,8-naphtyridine-3-carboxylate (18d)

Yield=12% (20 mg); mp=218-221 °C (EtOH).
"H-NMR (400 MHz, CDCl,) & 1.40 (t, 3H, CH,CH,,
J=7.2 Hz), 2.55 (s, 3H, CH;), 4.45 (q, 2H, CH,CHs;,
J=17.2 Hz), 7.30-7.70 (m, 4H, naphthyridine H6 and
3H Ar), 7.50-7.60 (m, 1H, Ar), 8.65 (s, 1H, naphthy-
ridine H2), 8.70 (d, 1H, naphthyridine HS, J=8.0 Hz).
Anal. Calcd. for CgH,sFN,05: C 66.25, H4.63, N 8.58.
Found: C 66.41, H 4.64, N 8.55.

e Ethyl 7-methyl-1-(3-nitrophenyl)-4-oxo-1,4-dihydro-
1,8-naphthyridine-3-carboxylate (2b)

Yield=45% (80 mg); mp=212-215 °C (EtOH).
"H-NMR (400 MHz, CDCl,) & 1.30 (t, 3H, CH,CH,,
J=17.2 Hz), 2.53 (s, 3H, CH,), 4.44 (q, 2H, CH,CH;,
J=7.2 Hz), 7.30-7.35 (m, 1H, naphthyridine H6),
7.41 (s, 1H, naphthyridine H2), 7.50-7.60 (m, 3H, Ar),

8.40-8.50 (m, 2H, Ar), 8.72 (d, 1H, naphthyridine HS,
J=8.0 Hz). Anal. Calcd. for C,;gH,sN;O05: C 61.19, H
4.28,N 11.89. Found: C 61.37, H4.29, N 11.83.

General procedure for the synthesis of the carboxylic acids
19b-e Compounds 19b-e were obtained starting from inter-
mediate 2a and 18b-d (1.2 mmol) following the procedure
previously described for 1 m,n.

e [,4-Dihydro-1-(4-chlorobenzyl)-7-methyl-4-oxo-
1,8-naphtyridine-3-carboxylic acid (19b)

Yield=95% (375 mg); mp=252-255 °C (EtOH). 'H-
NMR (400 MHz, DMSO-dy)  2.75 (s, 3H, CHj), 5.70 (s,
2H, CH,-Ph), 7.25-7.35 (m, 4H, Ar), 7.45 (d, 1H, naph-
tyridine H6, /=8.0 Hz), 8.70 (d, 1H, naphtyridine HS5,
J=8.0Hz), 9.00 (s, 1H, naphtyridine H2), 14.55 (exch br
s, IH, COOH). Anal. Calcd. for C;;H;CIN,05: C 62.11,
H 3.99, N, 8.52. Found: C 62.30, H 3.98, N 8.49.

o [,4-Dihydro-1-(4-fluorobenzyl)-7-methyl-4-oxo-
1,8-naphtyridine-3-carboxylic acid (19c)

Yield=97% (363 mg); mp=253-256 °C (EtOH). 'H-
NMR (400 MHz, CDCl,) 6 2.80 (s, 3H, CHj), 5.70 (s,
2H, CH,), 7.05 (t, 2H, Ar, J=7.6 Hz), 7.40-7.50 (m, 3H,
2H Ar and naphtyridine H6), 8.70 (d, 1H, naphtyridine
HS5, J=8.0 Hz), 9.00 (s, 1H, naphtyridine H2), 14.60
(exch br s, 1H, COOH). Anal. Calcd. for C,;H,3FN,0O5: C
65.38, H4.20, N, 8.97. Found: C 65.13, H4.21, N 8.95.

e [,4-Dihydro-1-phenyl-7-methyl-4-oxo-1,8-naphtyridine-
3-carboxylic acid (19d)

Yield=90% (302 mg); mp=274-276 °C (EtOH). 'H-
NMR (400 MHz, CDCl,) 6 2.60 (s, 3H, CH;), 7.40-7.50
(m, 3H, 2H Ar and naphtyridine H6), 7.55-7.65 (m, 3H,
Ar), 8.75 (d, 1H, naphtyridine H5, J=8.0 Hz), 9.00 (s,
1H, naphtyridine H2), 14.55 (exch br s, 1H, COOH).
Anal. Calcd. for C;¢H,N,05: C 68.56, H 4.32, N 9.99.
Found: C 68.41, H 4.33, N 9.94.

e [,4-Dihydro-1-(3-fluorophenyl)-7-methyl-4-oxo-
1,8-naphtyridine-3-carboxylic acid (19e)

Yield=98% (350 mg); mp> 300 °C (EtOH). 'H-
NMR (400 MHz, CDCl,) 6 2.65 (s, 3H, CH3), 7.20-7.30
(m, 3H, Ar), 7.40 (d, 1H, naphtyridine H6, /J=8.0 Hz),
7.50-7.60 (m, 1H, Ar), 8.70 (d, 1H, naphtyridine HS,
J=8.0Hz), 9.00 (s, 1H, naphtyridine H2), 14.40 (exch br
s, IH, COOH). Anal. Calcd. for C,¢H;,;FN,0;: C 64.43,
H3.72, N, 9.39 Found: C 64.22, H3.71, N 9.36.

General procedure for the synthesis of final compounds
2c-i The appropriate carboxylic acid of type 19 (0.24 mmol)
was converted into the acyl chloride with SOCI, (6.5 mmol)
and triethylamine (0.06 mL) at room temperature for
40-60 min. After removing the excess SOCl,, the residue
was washed 3 times with cyclohexane and used in the fol-
lowing step without further purification. Under stirring at
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0 °C, a solution of the appropriate acyl chloride (1.3 mmol)
in anhydrous THF (5-7 mL) was added dropwise to a
solution of the appropriate amine (2.6 mmol) dissolved in
anhydrous THF (3—7 mL). The mixture was stirred at room
temperature for 2-3 h. After removed of the solvent, the resi-
due was treated with cold water and extracted with CH,Cl,
(3% 15 mL). The crude amides were purified by flash col-
umn chromatography using CHCIl;/MeOH 9:1 (for 2d,e),
cyclohexane/ethyl acetate 1:2 (2f), EtOH/CHCl,/ethyl ether/
petroleum ether/33% NH,OH 4.5:18:18:45:0.25 (for 2 g,h),
or by crystallisation from ethanol (for 2¢,d,i).

e [-Ethyl-7-methyl-4-oxo-N-(pyridin-3-yl)-1,4-dihydro-
1,8-naphthyridine-3-carboxamide (2c)

Yield=10% (10 mg); mp=160-163 °C (EtOH).
"H-NMR (400 MHz, CDCl,) & 1.60 (t, 3H, CH,CH,,
J=7.0 Hz), 2.75 (s, 3H, CHj;), 4.60 (q, 2H, CH,CHs,,
J=17.0 Hz), 7.30-7.35 (m, 1H, pyridine), 7.40 (d, 1H,
naphthyridine H6, J=8.0 Hz), 8.25-8.30 (m, 1H, pyri-
dine), 8.30-8.40 (m, 1H, pyridine), 8.70 (d, 1H, naph-
thyridine HS, J=8.0 Hz), 8.95 (s, 1H, pyridine), 9.05 (s,
1H, naphthyridine H2), 12.35 (exch br s, 1H, NH). Anal.
Calcd. for C;H,(N,O,: C 66.22, H 5.23, N 18.17. Found:
C 66.06, H 5.25, N 18.12.

e N'-Acetyl-1-ethyl-7-methyl-4-0xo0-1,4-dihydro-
1,8-naphthyridine-3-carbohydrazide (2d)

Yield=15% (10 mg); mp =264-267 °C (EtOH).
"H-NMR (400 MHz, CDCl,) § 1.55 (t, 3H, CH,CH,,
J=17.0Hz), 2.20 (s, 3H, COCHj;), 2.70 (s, 3H, CHj;), 4.60
(g, 2H, CH,CHj;, J=17.0 Hz), 7.35 (d, 1H, naphthyridine
H6, J=8.4 Hz), 8.05 (exch br s, 1H, NH), 8.70 (d, 1H,
naphthyridine HS, /=8.0 Hz), 9.00 (s, 1H, naphthyri-
dine H2), 12.10 (exch br s, 1H, NH). Anal. Calcd. for
C4,H¢N,O5: C 58.32, H5.59, N 19.43. Found: C 58.47,
H 5.60, N 19.48.

e [-Ethyl-N,7-dimethyl-4-oxo-N-phenyl-1,4-dihydro-
1,8-naphthyridine-3-carboxamide (2e)

Yield=63% (50 mg); mp=160-163 °C (EtOH).
"H-NMR (400 MHz, CDCl,) & 1.40 (t, 3H, CH,CH,,
J=17.2 Hz), 2.60 (s, 3H, CH;), 3.50 (s, 3H, N-CH,), 4.40
(q, 2H, CH,CH;, J=7.2 Hz), 7.10-7.15 (m, 2H, Ar),
7.15-7.30 (m, 4H, 3H Ar and naphthyridine H6), 7.90—
8.00 (m, 1H, naphthyridine H5), 8.40-8.50 (m, 1H, naph-
thyridine H2). Anal. Calcd. for C;oH,oN;0,: C 71.01, H
5.96, N 13.08. Found: C 71.17, H5.95, N 13.12.

o [-Ethyl-7-methyl-N-(naphthalen-2-yl)-4-oxo-1,4-dihydro-
1,8-naphthyridine-3-carboxamide (2f)

Yield=60% (50 mg); mp=217-220 °C (EtOH).
"H-NMR (400 MHz, CDCl,) § 1.60 (t, 3H, CH,CH,,
J=7.0 Hz), 2.80 (s, 3H, CH,), 4.65 (q, 2H, CH,CHs;,
J=17.0 Hz), 7.40 (d, 1H, naphthyridine H6, /=8.4 Hz),
7.55 (t, 2H, Ar, J=17.6 Hz), 7.60-7.70 (m, 2H, Ar), 7.90
(d, 1H, Ar, J=7.6 Hz), 8.40 (d, 1H, Ar, J=8.0 Hz), 8.55
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(d, 1H, Ar, J=7.8 Hz), 8.80 (d, 1H, naphthyridine HS,
J=8.0 Hz), 9.15 (s, 1H, naphthyridine H2), 12.80 (exch
br s, IH, NH). Anal. Calcd. for C,,H;4N;0,: C 73.93, H
5.36, N, 11.76. Found: C 73.70, H 5.34, N 11.73.

e [-(4-Chlorobenzyl)-N,7-dimethyl-4-oxo-1,4-dihydro-
1,8-naphthyridine-3-carboxamide (2 g)

Yield=20% (16 mg); mp=231-233 °C (EtOH). 'H-
NMR (400 MHz, CDCl;) 6 2.70 (s, 3H, CH;), 3.05 (d,
3H, NH-CH;, /=9.2 Hz), 5.65 (s, 2H, CH,-Ph), 7.30—
7.40 (m, 5H, 4H Ar and naphthyridine H6), 8.66 (d,
1H, naphthyridine HS, J=8.0 Hz), 9.00 (s, 1H, naph-
thyridine H2), 9.75 (exch br s, 1H, NH). Anal. Calcd.
for C;3gH,(CIN;0,: C 63.25, H 4.72, N 12.29. Found: C
63.02, H4.73, N 12.33.

e [-(3-Fluorophenyl)-N,7-dimethyl-4-oxo-1,4-dihydro-
1,8-naphthyridine-3-carboxamide (2 h)

Yield=70% (52 mg); mp=201-204 °C (EtOH). 'H-
NMR (400 MHz, CDCl,) 6 2.60 (s, 3H, CH3), 3.05 (d,
3H, NH-CH,, J=6.0 Hz), 7.20-7.30 (m, 3H, Ar), 7.35
(d, 1H, naphtyridine H6, J=8.0 Hz), 7.50 (t, 1H, Ar,
J=7.6 Hz), 8.70 (d, 1H, naphtyridine H5, /J=28.0 Hz),
9.00 (s, 1H, naphtyridine H2), 9.70 (exch br s, 1H, NH).
Anal. Calcd. for C;H,,FN;0,: C 65.59, H 4.53, N 13.50.
Found: C 64.45, H 4.55, N 13.53.

o N'-Acetyl-1-(3-fluorophenyl)-7-methyl-4-oxo- 1,4-dihydro-
1,8-naphthyridine-3-carbohydrazide (2i)

Yield=87% (80 mg); mp=290-293 °C (EtOH).
'"H-NMR (400 MHz, CDCl;) § 2.15 (s, 3H, COCH,),
2.58 (s, 3H, CH3), 7.20-7.30 (m, 3H, Ar), 7.36 (d, 1H,
naphthyridine H6, J=8.0 Hz), 7.55-7.60 (m, 1H, Ar),
8.55 (exch br s, 1H, NH), 8.73 (d, 1H, naphthyridine HS,
J=28.0 Hz), 8.90 (s, 1H, naphthyridine H2), 12.15 (exch
brs, 1H, NH). Anal. Calcd. for C;gH;sFN,O;: C 61.01,
H, 4.27, N, 15.81. Found: C 61.15, H 4.28, N 15.86.

General procedure for the synthesis of the 3,5-
dichloropyridilamides 2j,k NaH (0.43 mmol) was added to a
cooled (0 °C) solution of 3,5-dichloro-4-pyridilamine (0.43 mmol)
in anhydrous THF (3 mL), and the mixture was stirred for
3 h. The appropriate acyl chloride (0.43 mmol) in anhydrous
THF (3 mL) was added at 0 °C. After 30 min, the solvent
was removed, and the residue was sequentially washed with
6 M NaOH (2x 10 mL), 2 N HCI (2x 10 mL) and H,O. The
solid residue was purified by flash column chromatography
using cyclohexane/ethyl acetate 2:1 as eluent.

e N-(3,5-Dichloropyridin-4-yl)-1-ethyl-7-methyl-4-oxo-
1,4-dihydro- 1,8-naphthyridine-3-carboxamide (2j)
Yield=7% (10 mg); mp=237-241 °C (EtOH).
"H-NMR (400 MHz, CDCl,) & 1.60 (t, 3H, CH,CH,,
J=17.2 Hz), 2.75 (s, 3H, CH,), 4.63 (q, 2H, CH,CH,,
J=7.2 Hz), 7.39 (d, 1H, naphtyridine H6, J=28.0 Hz),
8.60 (s, 2H, pyridine), 8.75 (d, 1H, naphtyridine HS5,
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J=8.4 Hz), 9.00 (s, 1H, naphtyridine H2), 12.30 (exch
brs, 1H, NH). Anal. Calcd. for C;;H,,C1,N,0O,: C 54.13,
H 3.74, N 14.85. Found: C 54.19, H 3.75, N 14.88.
N-(3,5-Dichloropyridin-4-yl)- 1-(4-fluorobenzyl)-7-methyl-
4-ox0-1,4-dihydro- 1,8-naphthyridine-3-carboxamide (2 k)

Yield=7% (14 mg); mp=266-269 °C (EtOH). '"H-NMR
(400 MHz, CDCl;) 6 2.76 (s, 3H, CH,), 5.71 (s, 2H, CH,-
Ph), 7.06 (t, 2H, Ar, J=8.4 Hz), 7.40-7.50 (m, 3H, 2H Ar
and naphtyridine H6), 8.60 (s, 2H, pyridine), 8.75 (d, 1H,
naphtyridine HS, J=8.4 Hz), 9.10 (s, 1H, naphtyridine H2),
12.20 (exch br s, 1H, NH). Anal. Calcd. for C,,H,sCL,FN,O,:
C57.78,H3.31, N, 12.25. Found: C 57.91, H 3.30, N 12.29.
1-Ethyl-7-methyl-3-(5-methyl-1,3,4-oxadiazol-2-yl)-1,8-
naphthyridin-4(1H)-one (2 1)

The reaction was performed using POCI; on silica gel
as dehydrating agent. This reagent was prepared as fol-
lows: POCl; (1.5 mL) was dissolved in anhydrous pyri-
dine (3 mL), and the solution was diluted with CH,Cl,
(25 mL), then cooled at 0 °C, and the silica gel (10 g) was
added portion-wise. After 1 h, the solvent was carefully
removed in vacuo. 0.5 g di POCI; adsorbed on silica gel
were added to compound 2d (0.02 g, 0.07 mmol) sus-
pended in toluene (1.5 mL), and the mixture was warmed
at 80 °C for 5 h. The solvent was removed in vacuo, and
the residue was extracted 5 times with CH,Cl,. Evapora-
tion of the solvent afforded the crude product which was
purified by flash column chromatography using CHCl,/
MeOH 9:1 as eluent. Yield=68% (13 mg); mp=188—
191 °C (EtOH). 'H-NMR (400 MHz, CDCl;) & 1.55 (t,
3H, CH,CH,, J=7.0 Hz), 2.65 (s, 3H, CH; oxadiazole),
2.70 (s, 3H, CHy), 4.95 (q, 2H, CH,CH;, J=7.0 Hz),
7.30 (d, 1H, naphthyridine H6, /=8.0 Hz), 8.65-8.70
(m, 2H, naphthyridine HS and H2). Anal. Calcd. for
C4H,4N,0,: C62.21, H 5.22, N 20.73. Found: C 62.08,
H 5.23, N 20.80.
Ethyl-1,4-dihydro-1-ethyl-7-(3-nitrophenyl)-4-oxo-
1,8-naphthyridine-3-carboxylate (2 m)

A suspension of 3-nitrophenylboronic acid (0.06 g,
0.35 mmol), 2 M Na,CO; (2 mL) in EtOH (2 mL)
was added to a stirred mixture of the ester 20c [23]
(0.10 g, 0.35 mmol) and tetrakis(triphenylphosphine)-
palladium(0) (0.020 g, catalytic amount) in toluene
(2 mL). The reaction was heated at 60 °C for 90 min.
After cooling, the mixture was extracted with toluene
(3x15 mL) and dried on Na,SO,. The solvent was
removed in vacuo, and the residue was purified by flash
column chromatography using EtOH/CHCl,/ethyl ether/
petroleum ether/33% NH,OH 4.5:18:18:45:0.25 as elu-
ent. Yield=10% (12 mg); mp=225-228 °C (EtOH).
"H-NMR (400 MHz, CDCl;) & 1.45 (t, 3H, OCH,CHj,
J=17.2 Hz), 1.65 (t, 3H, N-CH,CH;, J=7.2 Hz), 4.45
(g, 2H, OCH,CH;, J=7.2 Hz), 4.65 (q, 2H, N-CH,CHj,
J=72Hz),7.76 (t, 1H, Ar, J=8.0 Hz), 7.95 (d, 1H, naph-

thyridine H6, J=8.4 Hz), 8.40 (d, 1H, Ar, J=8.0 Hz),
8.48 (d, 1H, Ar, J=8.0 Hz), 8.70 (s, 1H, naphthyridine
H2), 8.90 (d, 1H, naphthyridine H5, J=28.0 Hz), 9.00 (s,
1H, Ar). Anal. Calcd. for C;oH;;N;05: C 62.12, H 4.66,
N, 11.44. Found: C 62.26, H4.64, N 11.41.

General procedure for the synthesis of final compounds
2n-p Compounds 2n-p were obtained by adopting the same
procedure for carboxamides 2c-i, reacting 22a,b with the appro-
priate amine. The crude compounds 20,p were purified by flash
column chromatography using EtOH/CHCl,/ethyl ether/petro-
leum ether/33% NH,OH 4.5:18:18:45:0.25 as eluent, while
compound 2n was purified by crystallisation from ethanol.

e [-Ethyl-7-methoxy-4-oxo-N-phenyl-1,4-dihydro-
1,8-naphthyridine-3-carboxamide (2n)

Yield=50% (38 mg); mp=189-192 °C (EtOH).
'"H-NMR (400 MHz, CDCl,) 6 1.60 (t, 3H, CH,CHs;,
J=17.2 Hz), 4.10 (s, 3H, OCH,), 4.53 (q, 2H, CH,CH;,
J=7.2 Hz), 6.91 (d, 1H, naphthyridine H6, /J=8.8 Hz),
7.13 (t, 1H, Ar, J=7.2 Hz), 7.38 (t, 2H, Ar, J=7.8 Hz),
7.79 (d, 2H, Ar, J=28.0 Hz) 8.66 (d, 1H, naphthyridine
HS5, J=8.4 Hz), 8.93 (s, 1H, naphthyridine H2), 12.25
(exch br s, 1H, NH). Anal. Calcd. for C;gH,;N;05: C
66.86, H 5.30, N, 13.00. Found: C 66.71, H 5.28, N 13.04.

e [-Ethyl-4-oxo-N-phenyl-7-(pyrrolidin-1-yl)-1,4-dihydro-
1,8-naphthyridine-3-carboxamide (20)

Yield=20% (17 mg); mp=234-237 °C (EtOH).
"H-NMR (400 MHz, CDCl;) & 1.50 (t, 3H, CH,CH,,
J=7.0Hz), 1.50-1.60 (m, 2H, pyrrolidine), 1.70-1.90 (m,
4H, pyrrolidine), 2.10-2.20 (m, 2H, pyrrolidine), 4.40 (q,
2H, CH,CH;, J=17.0 Hz), 6.50 (d, 1H, naphthyridine H6),
7.10 (t, 1H, Ar, J=7.2 Hz), 7.36 (t, 2H, Ar, J=7.8 Hz),
7.79 (d, 2H, Ar, J=8.4 Hz), 8.41 (d, 1H, naphthyridine
HS, J=8.8 Hz), 8.80 (s, 1H, naphthyridine H2), 12.40
(exch br s, 1H, NH). Anal. Calcd. for C,,H,,N,O,: C
69.59,H 6.12, N 15.46. Found: C 69.78, H6.10, N 15.51.

e [-Ethyl-N-methyl-4-oxo-N-phenyl-7-(pyrrolidin-1-yl)-
1,4-dihydro- 1,8-naphthyridine-3-carboxamide (2p)

Yield=50% (45 mg); oil. 'H-NMR (400 MHz, CDCl;) &
1.35 (t, 3H, CH,CH,), 1.50-1.60 (m, 2H, pyrrolidine), 1.60—
1.75 (m, 2H, pyrrolidine), 1.75-1.80 (m, 2H, pyrrolidine),
2.00-2.15 (m, 2H, pyrrolidine), 3.50 (s, 3H, N-CHj;), 4.20
(g, 2H, CH,CH,), 6.40 (d, 1H, naphthyridine H6), 7.10-7.20
(m, 1H, Ar), 7.15 (s, 1H, naphthyridine H2), 7.20-7.30 (m,
4H, Ar), 8.15 (d,1H, naphthyridine H5). Anal. Calcd. for
C,,H,,N,O,: C70.19, H 6.43, N 14.88. Found: C 70.03, H
6.45,N 14.83.

e 6-Methyl-4-oxo-4H-pyrido[ 1,2-a]pyrimidine-3-carboxylic
acid (17)

A suspension of the ethyl ester 16 [24] (0.085 mmol)
in a mixture of acetic acid (5 mL) and 6 M HCI (5 mL)
was refluxed for 3 h. After evaporation in vacuo, the
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residue was crystallised from EtOH. Yield=18%
(15 mg); mp=178-181 °C (EtoH). 'H-NMR (400 MHz,
CDCly) 6 3.20 (s, 3H, CH3), 7.10 (d, 1H, pyridopyrimi-
dine H9, J=6.8 Hz), 7.70 (d, 1H, pyridopyrimidine
H7, J=8.8 Hz), 7.85 (t, 1H, pyridopyrimidine HS,
J=17.6 Hz), 9.15 (s, 1H, pyridopyrimidine H2), 12.65
(exch br s, 1H, COOH). Anal. Calcd. for C;(HgN,0O;: C
58.82, H 3.95, N 13.72. Found: C 58.69, H 3.96, N 13.75.

General procedure for the synthesis of pyridopyrimidine
carboxamides 3a-f Compounds 3a-f were obtained starting
from intermediate 17 following the same procedure described
for 2c-i. After 40 min of stirring at room temperature, the
solvent was removed, and the residue was purified by flash
column chromatography using CHCl;/MeOH 9:1 (for 3a),
EtOH/CHCl,/ethyl ether/petroleum ether/33% NH,OH
4.5:18:18:45:0.25 (for 3b,d,e), toluene/ethyl acetate 1:2 (for
3c) or cyclohexane/ethyl acetate 1:1 (for 3f) as eluents.

o 6-Methyl-4-oxo-N-methyl-4H-pyrido[ 1,2-a]pyrimidine-
3-carboxamide (3a)
Yield=65% (34 mg); mp=201-203 °C (EtOH). 'H-NMR
(400 MHz, CDCl,) & 3.05 (s, 3H, NH-CHj;), 3.10 (s, 3H,
CH,), 6.85-6.95 (m, 1H, pyridopyrimidine H9), 7.55-7.70
(m, 2H, pyridopyrimidine H7 and H8), 8.80 (exch br s, 1H,
NH), 9.15 (s, 1H, pyridopyrimidine H2). Anal. Calcd. for
C,H;N;0,: C 60.82, H 5.10, N 19.34. Found: C 60.65, H
5.12,N 19.39. [25]
e 6-Methyl-4-oxo-N-phenyl-4H-pyrido[ 1,2-a]pyrimidine-
3-carboxamide (3b)
Yield=45% (30 mg); mp=179-181 °C (Et,0). 'H-NMR
(400 MHz, CDCl,) & 3.20 (s, 3H, CH;), 7.00-7.05 (m, 1H,
pyridopyrimidine H9), 7.15 (t, 1H, Ar, /=_8.4 Hz), 7.35 (t,
2H, Ar, J=7.8 Hz), 7.70-7.80 (m, 4H, 2H Ar+ pyridopyrimi-
dine H7 and HS), 9.25 (s, 1H, pyridopyrimidine H2), 11.00
(exch brs, 1H, NH). Anal. Calcd. for C,H;5N;0,: C 68.81,
H 4.69, N 15.05. Found: C 68.62, H4.71, N 15.08. [25]
e 6-Methyl-N-(naphthalen-2-yl)-4-oxo-4H-pyrido[1,2-a]
pyrimidine-3-carboxamide (3c)
Yield=21% (16 mg); mp=176-179 °C (EtOH). 'H-NMR
(400 MHz, CDCl,) 6 3.30 (s, 3H, CH3), 7.05-7.10 (m, 1H,
pyridopyrimidine H9), 7.55 (t, 2H, Ar, J=7.6 Hz), 7.60 (t,
1H, pyridopyrimidine H8, /=8.4 Hz), 7.70 (d, 1H, pyridopy-
rimidine H7, J=8.0 Hz), 7.75-7.85 (m, 2H, Ar), 7.90 (d, 1H,
Ar, J=7.8 Hz), 8.20 (d, 1H, Ar, /=7.8 Hz), 8.50 (d, 1H, Ar,
J=7.6 Hz), 9.35 (s, 1H, pyridopyrimidine H2), 11.60 (exch
brs, 1H, NH). Anal. Calcd. for C,;H;5N;0,: C72.94, H4.59,
N 12.76. Found: C 72.75,H 4.59, N 12.73.
e N-Benzhydryl -6-methyl-4-oxo-4H-pyrido[ 1,2-a[pyrimidine-
3-carboxamide (3d)
Yield=15% (13 mg); mp=160-164 °C (EtOH). 'H-NMR
(400 MHz, CDCl,) & 3.15 (s, 3H, CHj;), 6.50 (d,1H, NH-CH,
J=28.0 Hz), 6.90 (d, 1H, pyridopyrimidine H9, J=6.4 Hz),
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7.25-7.30 (m, 2H, Ar), 7.30~7.40 (m, 8H, Ar), 7.60 (d, 1H,
pyridopyrimidine H7, J=8.0 Hz), 7.70 (t, 1H, pyridopyrimi-
dine HS, /=7.2 Hz), 9.20 (s, 1H, pyridopyrimidine H2), 9.80
(d, IH, NH). Anal. Calcd. for C;3H;(N;O,: C 74.78, H5.18,
N 11.37. Found: C 74.61, H5.16, N 11.309.

o N,N-Dibenzyl-6-methyl-4-oxo- 4H-pyrido[ 1,2-a]pyrimidine-
3-carboxamide (3e)

Yield=15% (14 mg); mp=260-263 °C (Petroleum ether).
'H-NMR (400 MHz, CDCl,) § 3.10 (s, 3H, CH;), 4.50 (s, 2H,
CH-Ph), 4.75 (s, 2H, CH,-Ph), 6.80 (d, 1H, pyridopyrimi-
dine H9, /=6.4 Hz), 7.20 (d, 2H, Ar, /=8.0 Hz), 7.30-7.40
(m, 8H, Ar), 7.50 (d, 1H, pyridopyrimidine H7, /=7.8 Hz),
7.55 (t, 1H, pyridopyrimidine H8, J=7.8 Hz), 8.35 (s, 1H,
pyridopyrimidine H2). Anal. Calcd. for C,,H,;N;0,: C
75.18, H5.52 N 10.96. Found: C 75.36, H 5.50, N 10.98.

o 6-Methyl-4-oxo-N,N-diphenyl-4H-pyrido[ 1,2-a [pyrimidine-
3-carboxamide (3f)

Yield=40% (34 mg); mp=121-124 °C (EtOH). 'H-
NMR (400 MHz, CDCl;) 6 2.45 (s, 3H, CH;), 6.70 (d,
1H, pyridopyrimidine H9, J=6.0 Hz), 6.95 (t, 2H, Ar,
J=7.2 Hz), 7.10 (d, 4H, Ar, J=8.0 Hz), 7.15-7.20 (m,
4H, Ar), 7.40 (d, 1H, pyridopyrimidine H7, J=9.2 Hz),
7.50 (t, 1H, pyridopyrimidine H8, /J=7.8 Hz), 8.55 (s, 1H,
pyridopyrimidine H2). Anal. Calcd. for C,,H;;N;0,: C
74.35,H4.82, N 11.82. Found: C 74.26, H 4.84, N 11.87.

Molecular modelling

The pairwise similarity was calculated by using ECFP4/FCFP4
circular fingerprints using Forge 10.6.0 Revision: 36,004 (Cres-
set Biomolecular Discovery Ltd.). Each ligand was then sub-
jected to an optimisation process with the additions of hydro-
gens using YASARA (version 14.7.17, YASARA Biosciences).
Using the same software, each ligand was subjected to an energy
minimisation process to obtain 3D structures ready for molecu-
lar docking saved as a PDB file. Once obtained the 3D struc-
tures for all the compounds, the geometry was also optimised at
semi-empirical level using the PM3 semi-empirical Hamiltonian
as implemented in MOPAC 2016 package. A protein database,
consisting of 31 crystallised proteins, was built through Pro-
tein Data Bank (www.rcsb.org) and then using YASARA the
proteins was prepared by removing water and ions, and other
co-crystallised molecules. Moreover, the protein structure was
also optimised by the addition of hydrogens. A simulation
cell was created in the binding pockets of the 31 selected pro-
teins, defined as 2 A cube around the 3D ligand. The ligand
was then removed, ready for the molecular docking process as
a YASARA scene file. To obtain binding energies, molecular
docking calculations were done using King’s Virtual Desk-
top client running eight cores 2.59 Ghz Intel Xenon processor
and utilising the Autodock Vina software package applied in
YASARA (i.e. dock_run.mcr). The highest docking calculation
for each ligand was selected and imputed in a matrix.
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Drug score and ADME assessment

The current set of compounds was analysed with the PBPK
modelling software platform PK-Sim/MoBi (Bayer Technol-
ogy Services, Leverkusen, Germany) version 9. Physico-
chemical properties of the compounds and their unbound
fractions are presented in Table S8. A uniform 20 mg intra-
venous (I/V) and oral administration protocol applied to the
European population (European ICRP 2002/Generic model
PK-Sim-MoBi) were adopted for the compound dataset, due
to the unavailability of data on minimum effective concentra-
tion, minimum toxic concentration and therapeutic window.
European ICRP 2002 is a generic model structure, having the
physiological database of predefined European population and
its demographic features as reported in Table S10.

Results and discussion
Heterocyclic small-molecule design

To generate new series of molecular diverse compounds, we
have used a two-step computing-assisted molecular design.

As showed in Fig. 1, the design focused on the search for
bioisosteric-replacements/scaffold-hopping [26, 27] of the
quinolinone scaffold. Quinolines and quinolinones are widely
explored scaffolds in medicinal chemistry. The increase of
their molecular diversity would result in expanding the array
of biological targets and drug discovery applications for this
chemotype [28, 29]. Our bioisosteric replacement analysis
led to the selection of three nitrogen-containing heterocy-
clic frameworks, i.e. 3,7-dihydropyrimido[4,5-d]pyridazine-
4,8-dione, 1,8-naphthyridin-4(1H)-one and 4H-pyrido[1,2-a]
pyrimidin-4-one, showing features of both synthetic accessibil-
ity and molecular diversity. In the second step of the design,
a ligand growing approach was chosen to enlarge the library
of compounds and reach optimum physico-chemical proper-
ties, i.e. molecular weight, cLogP, cLogS, H-bond-acceptors,
H-bond-donors, total surface area, relative polar surface area,
shape index and flexibility [30, 31]. The results of the ligand
growing experiments led to define 43 analogues reported in
Tables 1, 2, and 3. To assess the molecular diversity within the
compounds, the pairwise similarity was calculated by using
ECFP4/FCFP4 circular fingerprints [32, 33]. The results of
the calculated physico-chemical properties and the fingerprints
analyses are reported in Figs. 2 and 3 and Tables S2 and S3

Table 1 Structures of the heterocyclic small-molecules with pyrimido[4,5-d]pyridazine-4,8-dione scaffold

Comp. R Ri R: R3
1a Ph C,H;s CoHs H
1b Ph CH,-(4-NO,)-Ph H H
1c Ph CH,-(4-COOC,Hs)-Ph H H
1d Ph CH,-(4-CH,OCOCH3;)-Ph H H
le 3-F-Ph C2H5 H H
1f 3-Cl-Ph CH,cCsH5 H H
lg 3-Cl-Ph CHzCC()Hn H H
1h 3-CI-Ph cCeH1y H H
1i 3-CH3-Ph CHzCC()Hn H H
1j pyridin-3-yl CH,cCsHny H H
1k Ph CoHs H CH;
11 Ph C.Hs H CHzPh
1m Ph CH,-(4-COOH)-Ph H H
In Ph CH,-(4-CH,OH)-Ph H H
10 Ph CHQCC6H] 1 H H
1p Ph CH,Ph H H
1q Ph CHacC3Hs H H
Ir pyridin-3-yl CH,-(3-Cl)-Ph H H
1s Ph CHzCC3H5 Csz H
1t Ph CHzCC6H11 H C2H5
1u Ph CH20C3H5 H C2H5
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Table 2 Structures of the heterocyclic small-molecules with 1,8-naphtyridin-4-one scaffold

O
Pz R
o
Ry~ N7 N
R;
Comp. Ri R R:

2a CH,-(4-Cl)-Ph COOCH,CH3 CH3
2b 3-NO,-Ph COOCH,CH3 CH3
2¢ CH>CH; CONH- pyridin-3-yl CH3
2d CHCH; CONHNHCOCH3 CH;
2e CHCH; CON(CH3)Ph CH;

2f CH,CH;3 CONH-naphtalen-2-yl CH;
2g CH»-(4-Cl)-Ph CONHCH; CH;
2h 3F-Ph CONHCH; CH;

2i 3F-Ph CONHNHCOCH; CH;

2j CH>CH; CONH-(3,5-dichloropyridin)-4-yl CH;
2k CHz-(4-F)-Ph CONH-(3,5-dichloropyridin)-4-yl CH;

21 CH,CH3 5-methyl-1,3,4-oxadiazol-2-yl CH3
2m CH2CH3 COOCHQCH3 3—N02-Ph
2n CH,CHj3 CONHPh OCH;
20 CH.CH; CONHPh pyrrolidin-1-yl
2p CH,CH; CON(CH3)Ph pyrrolidin-1-yl

(see Supporting Information). ECFP4/FCFP4 circular finger-
prints showed that the new set of compounds covers a wide
range of molecular features (in line with the structural diversity
investigated in this study), which can be summarised as fol-
lows: molecular weight, from 217 to 457; cLogP, from -0.83 to
3.81; cLogS, from —6.56 to —1.26; H-acceptors, between 5 and
9; H-donors, between 0 and 2; total polar surface, from 167 to
321; relative polar surface area, from 0.15 to 0.35; shape index,
from 0.43 to 0.58; flexibility, from 0.28 to 0.53.

Chemistry

The synthetic procedures carried out to obtain the 43 target
compounds of type 1-3 are reported in Schemes 1, 2, 3 and

4. The structures were confirmed on the basis of analytical
and spectral data. Scheme 1 shows the synthetic pathway
affording the final compounds 1a-n containing the new bi-
cyclic scaffold pyrimido[4,5-d]pyridazine-4,8-dione. Inter-
mediates 5a-e (5a [34] and 5b,5d [22]) were obtained start-
ing from isoxazole 4a-e (where 4c and 4e are commercially
available, while compounds 4a, 4b and 4d were synthesised
by adopting previously reported protocols) [22, 35] using
hydrazine hydrate and polyphosphoric acid (PPA) in etha-
nol. The 4-amino-5-amido derivatives 6a-e were obtained
by reacting analogues of type 5 with 33% NH,OH at 60 °C.
The alkylation of 6a-e with suitable alkyl(aryl) halides in
standard conditions afforded the intermediates 7a-d and 7f-
k (where 7a,f were previously reported) [22]. Differently,

Table 3 Structures of the CH 3 @) (@)

heterocyclic small-molecules R

with pyrido[1,2-a]pyrimidine P

scaff(I)Jl}cll : Py = N | ITJ 2

N R
NN N 3
Comp. R: R;

3a H CH3
3b H Ph
3c H naphtalen-2-yl
3d H CH(Ph),
3e CH,-Ph CH,-Ph
3f Ph Ph
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ECFP4

Fig.2 ECFP4 and FCFP4 fingerprint similarity matrix

compound 7e was obtained from 7d by treatment with acetyl
chloride in anhydrous CH,Cl, at room temperature. Lastly,
compounds 1a-j and 8 were obtained by the cyclisation of
intermediates of type 7 with triethylorthoformate or triethy-
lorthopropionate in H,SO,. For the synthesis of 1 k,l, com-
pound 8 was alkylated with the appropriate alkyl halide in
standard conditions, while compounds 1 m,n were obtained
starting from 1c and 1d through hydrolysis with NaOH in
EtOH at room temperature.

Scheme 2 reports the synthesis of the final compounds
10-u also showing the pyrimido[4,5-d]pyridazine-4,8-dione
scaffold. The pyridazinones 9a [22] and 9b were obtained
starting from Sa and Se, by reductive cleavage with piperi-
dine in anhydrous CH;OH at 60 °C. After alkylation in
standard conditions with the appropriate alkyl halide to
give 10a-d, the 4-ammino-5-carboxyl derivatives 11a-d
were obtained through hydrolysis with 6 N NaOH in EtOH
at 60-70 °C. 11a-d were then converted by treatment with
SOCl,, Et;N and 33% NH; into the corresponding amide
derivatives 12a-d which, in turn, were cyclised to final
compounds 1o-s with triethylorthoformate or triethylortho-
propionate, by adopting the same procedure described in
Scheme 1. Lastly, the alkylation of 1o and 1q with ethyl
bromide afforded the final compounds 1t,u.

The naphtyridone scaffold 15 (Scheme 3) was syn-
thesised from 2-amino-6-methylpyridine 13 and diethyl-
2-(ethoxymethylene)malonate (EMME), through a simultaneous
and thermally induced ring closure of the diethyl-(6-methyl-
2-pyridylaminomethylene)malonate intermediate 14 [36, 37].

High
similarity

Low
similarity

Compound 15 was treated with the suitable alkyl/aryl halide in
standard alkylation conditions (for 18a,b, 2a) [38], or coupled
with the appropriate R-phenylboronic acid in the presence of
Cu(OAc), to obtain compounds 18¢,d and 2b. Subsequently,
the alkaline hydrolysis of the ester group afforded the carboxylic
acids 19a-e (19a [38]) which were firstly converted in the cor-
responding acid chlorides using SOCl, at room temperature and
then treated with the appropriate amine in dry tetrahydrofuran
to give the final compounds 2¢-k. The oxadiazole derivative
2 1 was synthesised from the acetyl carboxyhydrazide 2d using
POCI; on Si0, as cyclodehydrating agent. During the synthesis
of intermediate 15, a side-reaction following the Gould-Jacobs
mechanism afforded the isomer 4H-pyrido[ 1,2-a]pyrimidine 16
[24]. The latter was used to synthesise the pyrido(1,2-a)pyrimi-
dine analogues 3a-f through the following steps: (i) treatment
with HCl in acetic acid at reflux (to obtain the corresponding
carboxylic acid 17) and (ii) conversion into the final products
3a-f using the same procedure adopted for 2¢-k.

Scheme 4 reports the synthesis of the naphthyridone-based
amide derivatives 2n-p and the 3-carbethoxy 2 m bearing at
position 7 a methoxy, a pyrrolidine or a 3-NO,-phenyl sub-
stituent. Starting from intermediates of type 20 [23, 39, 40],
the alkylation reaction with bromoethane e potassium car-
bonate in dry DMF afforded the derivatives 21a,b [23, 39].
Differently, the derivative 2 m was obtained through Suzuki
coupling performed on 20c and using 3-nitrophenylboronic
acid, 2 M sodium carbonate and tetrakis(triphenylphosphine)-
palladium(0) in toluene. Alkaline hydrolysis of 21a,b gen-
erated the carboxylic acids 22a,b [39, 41] which, in turn,
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Molecular weight
cLogP

clLogS

H-acceptors
Total surface area

Shape index

H-donor
Molecular flexibility

Relative PSA

Fig.3 Variability of physico-chemical properties within the library of 43 compounds

was converted into the final amides 2n-p through the acid
chlorides intermediates, in usual conditions.

Molecular modelling

Adopting iVS methodologies, the library of compounds
reported here (43 terms) was subsequently screened
against a panel of 31 cellular targets, that are involved
in the development, proliferation or progression of can-
cer in order to find potential hits for biomedical stud-
ies (Table S1, Supporting Information). The 31 targets
were selected from a previously reported dataset, where
a panel of several proteins involved in cancer was suc-
cessfully validated for iVS investigations [17, 20, 21].
In this study, protein targets with diverse physiological
functions were selected for the screening. Specifically,
we have usedkinases with various roles (phospho-CDK2/
Cyclin A, B-Raf, PLK1, AKT, Pi3K, CK2, human ana-
plastic lymphoma kinase, PAK6, MDM2, MST3, C-SRC,
MRCK, human ROS1 kinase, C-Abl kinase, PTK6, BRAF,

@ Springer

ephrin A2 receptor protein kinase), grow factors (EGFR,
C-Met, VEGFR2, FGFR1), transporters (FABP4), chaper-
ones (HPS90), cellular enzymes (17-beta-hydroxysteroid
dehydrogenase typel, PARP, matriptase, DNPH1, car-
bonic anhydrase IX), BCL6 (a transcription factor) and the
human retinoid X receptor alpha. AutoDock Vina was used
as the docking software [20, 21]. The analysis of binding
energies between the new heterocyclic ligands and targets
was reported in Table S4 (see Supporting Information).
Docking analysis of crystallised ligands, with an estab-
lished binding mode, was carried out in order to obtain a
minimum energy level which has been used as the cut-off
for the assessment of binding energies of the new ligands.
In particular, the binding efficiency was evaluated through
the ratio between the binding energies of analysed ligands
and reference ligands co-crystallised in the protein, by

applying Eq. (1):
AGcompound

ey

~ AGreference ligand
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H H Ri
EtOOC COR N-N N-N N-N
o) YR p 0 A=Y c o) Y—R
N/ [\ / — = _ —_— —
o~ H N\O\ H H,N  CONH, H,N  CONH,
4a-e
ba-e 7a-d, Tf-k
a
5a-e ¢
CH,OCOCH; for 7d
Comp. 7 R R4
R4
a Ph C2H5 ) —-N
b Ph CHy-(4-NO,)-Ph N-N e o Y—R
—_— -
c Ph CHy-(4-COOC;Hs)-Ph o) \ N o
d Ph CH,-(4-CH;OH)-Ph — >\_NH
f 3-F-Ph CoHs HN - CONH; R,
g 3-CI-Ph CHZCC3H5 7Te
h 3-CI-Ph CH2CCGH11 c 8’ la_j
i 3-CI-Ph CCsH11
for 8
j 3—CH3—Ph CHzCCeHH f
k Pyrldln-3-yl CHQCC6H11 for 1¢ and 1d
R1
-N
Comp. R R1 R2 R3 0] \
8 Ph CHs H - —
1a Ph CH CH - N
215 5 \\_NH
1b Ph CH,-(4-NO,)-Ph H - 1k,
1c Ph CHx(4-COOCHs)-Ph H - 1m,n
1d Ph CH,(4-CH,OCOCH3)-Ph  H -
1e 3-F-Ph CoHs H -
1 3-Cl-Ph CHycCaHs H ; °°"‘:' 4-6 ;
19 3-CI-Ph CHocCgH11 H - b 3-F-Ph
1h 3-Cl-Ph cCeHi1 H ; c 3-Cl-Ph
. d 3-CHs-Ph
1i 3-CHs-Ph CHxcCeH11 H - e Pyridin-3-yl
1j Pyridin-3-yl CH,cCeH11 H -
1k - - - CHs
11 - - - CHPh
1m - CH,-(4-COOH)Ph - -
1n - CH,-(4-CH,OH)-Ph - -

Scheme 1 Reagents and conditions: (a) NH,NH,.H,0, PPA, EtOH, 80-90 °C, 2-5 h; (b) 33% NH,OH, 60 °C, 1-2 h; (c) suitable alkyl(aryl)
halide, K,CO;, DMF, 80 °C, 1-3 h; (d) acetyl chloride, anhydrous CH,Cl,, rt, 3 h; (e) triethylorthoformate (or triethylorthopropionate), H,SO,
conc, 130 °C, 1-5 h; (f) 6 N NaOH, EtOH, rt, 1-2 h

Equation (1) was used as an inclusion criterion to assess ~ normalisation procedure. This approach allows to select
which are the compounds worth further analysis. Only = and examine only the proteins showing the highest affin-
the analogues achieving a 8 > 1 were processed through a ity for the ligands. The matrix containing & calculations
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Scheme 2 Reagents and condi- H H R4 Ry
tions: (a) anhydrous MeOH, N—-N N— b N—N . N—N\
piperidine, 65 °C, 1.5 h; (b) o] YR _a _ o0 YR ——» O _\ R _— , O0X_ /)R
suitable alkyl halide, K,CO,, —
DMF, 80 cy 30-90 mi121; (S N/\O\ H H,N  COOCH; H,N  COOCH; HN - COOH
6 N NaOH, EtOH, 60-70 °C,
1-2 h; (d) stepl: SOCl,, E;N, Sa, Se 9a,b 10a-d 11a-d
60-70 °C, 1 h; step 2: 33%
NH,OH, 0 °C, 30-60 min; (e) 9 R l"
triethylorthoformate (or triethy- “a _ Ph
lorthopropionate), H,SO, conc., b Pyridin-3-yl R R
130 °C, 2-4 h; (f) CH;CH,Br, ‘lll—N ‘Ill—N
K,CO,, dry DMF, 80 °C, o N, e o YR
30 min R, f jgzz; -~ —
N—-N for 1o N o H,N  CONH,
o \ and 1q N NH
N o Rz 12a-d
LN
N lo-s
C2H5 lt,ll

1 R Ri R: Comp. 10-12 R R

o Ph CH2cCeH 11 H a Ph CHycCeH11

P Ph CH2-Ph H b Ph CH,-Ph

q Ph CHzcCsHs H c Ph CHacCsHs

r Pyridin-3yl CH>(3-C)-Ph  H d Pyridin-3-yl CHx-(3-Cl)}-Ph

s Ph CH2cCsHs C2Hs

t CH2cCeH 11

u - CH2cCsHs

(Table S5, Supporting Information) highlighted 17 proteins
(PDB codes: 1XKK, 2FB8, 2RKU, 2XAB, 3L3L, 3LBZ,
3PE1, 3ZXZ, 4ASE, 4KS8, 4P5E, 4Q07, 4QMZ, 4U5],
4UAL, 4YCS8 and 519Y) where some specific compounds
of the library express good to high affinity. In addition, we
found higher affinity towards most of the ligands for the two
proteins 2RKU and 4Y5J, with 2RKU having higher binding
energies than the co-crystallised ligand in all dockings and
4Y5]J having only two results that were not higher than the
co-crystallised ligand.

Similarly, several ligands have shown affinity for more
than one cellular protein. Examining the & calculation
matrix, seven ligands have greater 8 for 10 or more targets.
These are the ligands 1b, 1 g, 1 m, 2f, 2j, 2 k, 3¢, 3d, which
can be valid hits for multitarget pharmacological approach
[42]. Moreover, four ligands (i.e. 1u, 2a, 2d and 2e) show
selectivity towards one single protein, hence demonstrating
possible candidates for targeted therapy. In contrast, the &
calculation matrix shows that only one ligand, 3a, did not
have a & > 1 for any of the 31 proteins.

Normalisation of the binding energies values was con-
ducted as proposed by Lauro et al. [20, 21] in order to over-
come the lack of selectivity and occurrence of false posi-
tives, as well as to avoid systematic errors associated with
the interaction of ligands and biological targets. Equation (2)
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was used to normalise the binding energy values in the
matrix:

V = VO/[(ML + MR)/2] )

In this formula, V is the value associated with each com-
pound and can be used to generate a ranking system between
a protein and a ligand. VO is the value of the binding energy
(kcal/mol) from the molecular docking calculations, ML is
the average binding energy (kcal/mol) of each ligand on dif-
ferent targets and MR is the average binding energy (kcal/
mol) associated with each target on various targets. Every
single value in the matrix representing a single ligand versus
a specific receptor was normalised taking simultaneously
into account the specific averages contained in V values
(Table S6, Supporting Information), which were also cal-
culated for ligands co-crystallised in the protein in order to
show significant interactions within the matrix.

The values obtained led to the identification of several
compounds showing interaction with a number of proteins,
highlighting 16 targets (PDB codes: 1XKK, 2FB8, 2RKU,
2XAB, 3L3L, 3PEl, 3ZXZ, 4ASE, 4KS8, 4P5SE, 4Q07,
4QMZ, 4U5], 4UAL, 4YCS8 and 519Y) from the 17 already
selected with the Eq. (1). Specifically, these cellular proteins
showed a higher trend of V values for the compound dataset,
in comparison to the V values of the specific co-crystallised
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Scheme 3 Reagents and CH; O

conditions: (a) EMME, toluene, @Jj/”\
100 °C, 6 h; (b) diphenyl ether,

270 °C, 4 h; (¢) for 2a and

18a,b: alkyl halide, K,CO;,

DMF, 60 °C, 30-180 min; for 3a-f

18c,d and 2b: R-arylboronic
acid, Cu(OAc),, Et;N, CH,Cl,,
24 h, rt; (d) 6 N NaOH, EtOH,
0.5-1 h, rt; (e) for 2c—i, step 1:
SOClI, (excess), Et3N (cata-
lytic), 2-3 h, rt; step 2: appro-
priate amine, anhydrous THF,
2-3 h, rt; for 2j.k, step 1: SOCl,
(excess), Et3N (catalytic),

s

CH; O O

17
2\ | OEt
A \

15
2-3 h, rt; step 2: 3,5—dichloro- 13 14
4-pyridilamina, NaH, anhydrous c
THF, 30 min, rt; (f) POCl,/
SiO,, toluene, 80 °C, 5 h; (g)
6 M HCI, AcOH, reflux, 3 h w /(\/6]/”\ /(j\)j)\
)
R R
2ck 1 R1
19a-e
f 2a,b, 18a-d
from 2d
CHg Comp. R4
0 (o) N\ 188,193 CH20H3
- N 19b  CHx(4-Cl)-Ph
= N 18b,19c CH,-(4-F)-Ph
L 18c,19d Ph
H3C™ °N NK 18d,19¢ 3F-Ph
2 R4 R
2 a  CH(4-Ci)}Ph -
b 3-NO.-Ph -
3 R R c CH,CH; NH-pyridin-3-yl
P oh d CH,CH; NHNHCOCH;
b H Ph3 e CH.CHs N(CHs)Ph
c H naphtalen-2-yi f CH,CH; NH-naphtyl-3-yl
a H CH(Ph)s g  CHy(4-Cl)}-Ph NHCH;
e CHPh  CHPh h 3FPh NHCHs
p Ph Ph i 3F-Ph NHNHCOCH;
j CH,CH; NH-(3,5-dichloropyridin)-4-yl
k  CHr(4-F)}Ph NH-(3,5-dichloropyridin)-4-yl

inhibitor. V values against the selected targets are summa-
rised in Table 4 and Fig. 4.

As mentioned earlier, all the proteins examined in this
study are established targets with key roles in cancer patho-
genesis. Moreover, 12 out of the 16 selected proteins which
showed good affinity for the ligands are protein kinases. In
this regard, the pyrimido[4,5-d]pyridazine-4,8-dione scaf-
fold is a bi-cyclic structure containing a fused pyridazinone
heterocycle [43, 44], which is a privileged structural motif
for targeting the cellular proteins investigated in this study.
For example, several previously reported inhibitors of
VEGEF-2, PDE4, c-met and EGFR inhibitors are based on

the pyridazinone scaffold [45-47]. Pyridazine-based drugs
such as olaparib and fuzuopali are also targeted to PARP
for use in ovarian, breast, gastric and prostate solid tumours.
Likewise, pyridine-containing molecules are inhibitors of
B-Raf kinase and PLK 1 [48], as well as naphthyridine-based
scaffolds, have been investigated for antiproliferative activity
[49]. These literature evidences support our iVS study as an
effective approach to identify hits from a database of ligands
showing affinity for protein targets with relevance in cancer
pathogenesis.

For selection and comparison of ligands which can
be useful hits for biomedical studies, the molecules were
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Scheme 4 Reagents and o o o O
conditions: (a) for 21a,b: Br- Z OFt / Ot . O O
CH,CHS, 20a or 20b, K,CO;, ] _a ] b o = Y o
DMF, 60 °C, 30-180 min; for RZ™ N” N Ry 'N” N for 21a,b X
2 m: 3-nitrophenylboronic acid, Ry K Rew N° N
20c, tetrakis, 2 M Na,COs3, 22a.b K
ethanol, toluene, 60 °C, 2-3 h; 20a-¢ 21a,b; 2m ’
(b) NaOH 6 N, EtOH, 0.5-1 h,
rt; (¢) step 1: SOCI, (excess), 20 R, R, 21,22 R; ¢
Et;N (catalytic), 2-3 h, rt; step a OCHj5 H a OCH;
2: appropriate amine, anhydrous b pyrrolidin-1-yl H b pyrrolidin-1-yl o Q9
THF, 2-3 h, 1t c c CH.CH, z R
48
R, N NK
2n-p
Comp. R R

2m 3-NO,-Ph -

2n OCH3; NHPh

20 pyrrolidin-1-yl NHPh

2p pyrrolidin-1-yl  N(CH 3)Ph

ranked for each particular protein using the V value matrix
(Table S6, Supporting Information). Table 4 shows that
ligand 3¢ was in the top three ranks between the analysed
molecules of several chosen proteins, suggesting as a poten-
tial drug candidate with multitarget activity. Differently,
ligand 3a is the ligand usually found in the lowest ranks
and not present in any top ranks of the protein. One ligand
(1 k) demonstrates selective for one cellular protein, while
six others (1b, 1q, 2¢, 2j, 2p and 3f) show affinity only for a
small number of cellular targets. These results confirm the
validity of Eq. 1 as an inclusion and exclusion criterion for
the selection of possible hits. Subsequent pharmacological
tests will conclusively confirm which are the potential hits
as anticancer drug candidates. Nevertheless, the iVS analysis
suggests that nine ligands (1b, 1 k, 1q, 2¢, 2j, 2p, 3a, 3c
and 3f) have high binding efficacy towards several cellular
proteins considered in this study.

Drug score and ADME assessment

Physiologically based pharmacokinetic (PBPK) models
are valid tools for early stages of drug discovery to pre-
dict the pharmacokinetics of drug candidates, by integrat-
ing information on human physiology and anatomy with
physic-chemical (e.g. acidity/basicity, lipophilicity, solu-
bility) and biological (e.g. unbound fraction) properties
of the molecules [50]. More in detail, PBPK modelling is
a blood flow-based pharmacokinetic modelling in which
each compartment represents a physiologically distinct
compartment, such as an organ or tissue with a specific
blood flow, describing drug concentration changes over
time in each organ. The parameters and compartments are
then optimised to fit the model with existing data. This
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approach differs from other pharmacokinetic prediction
tools used in the field, such as PopPK modelling, which
is also a compartment-based pharmacokinetic modelling
[51]. However, in contrast to PBPK, in PopPK, the com-
partments are not linked to anatomic or physiologic values.
In general, PopPK basically considers available pharma-
cokinetic information and builds a model that fits the data.
PopPK modelling follows a “top-down” approach, being
mainly empirical and starting with a very simple model
(usually one compartment) and assessing linear kinetics.
Additional peripheral compartments can then be added
to interpret the data and assess statistical significance.
Differently, PBPK models are based on the “bottom-up”
approach, starting from the organ or at the tissue level
[52]. In PBPK, simulated version of drug concentrations
in various tissues versus time profiles is usually gener-
ated to carry out the analysis [53]. Using the PK-Sim/
Mobi platform (Bayer Technology Services), we have
processed the 43 compounds composing library through
PBPK to evaluate the plasma concentration—time profile
(Figs. S1-S5, Supporting Information). Pharmacokinetic
parameters used in our model, including area under the
curve (AUC), maximum concentration (Cmax), time to
reach maximum concentration (tmax), mean residence
time (MRT), clearance (CL/F) and volume of distribution
(Vd), are presented in Table S7. Overall, the PBPK analy-
sis highlights compounds 1a, 1q (with pyrimido[4,5-d]
pyridazine-4,8-dione scaffold) and 3b (with pyrido(1,2-a)
pyrimidine scaffold) displayed the highest values of AUC,
followed by 1 k and 1f. The respective Cmax values of
these five terms were also higher than the Cmax values of
the rest of the compounds (Table S8, Supporting Informa-
tion). However, the value of absolute bioavailability results
reduced to 18.5% for 1q, 1 k and 1f when the AUC after
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Table 4 Calculated V values used to rank binding affinity between ligands and proteins, for the selected proteins with &> 1

Protein (PDB code)
Ligand 1xkk 2fb8 2rku 2xab 3131 3lbz 3pel 3zxz dase 4ks8 4pSe 4q07 4qmz 4u5j 4ual 4yc8 5i9y
Co-crystallised 098 1.05 085 1.02 095 0.72 1.12 1.09 093 090 0.87 091 094 081 1.04 103 1.03
la 1.04 103 106 095 102 077 1.02 093 085 099 0.89 104 090 096 1.02 1.00 1.06
1b 1.07 106 1.03 094 109 077 118 1.02 093 103 09 097 095 1.05 1.19 099 0.99
1c 1.08 1.05 1.01 09 097 077 113 099 090 1.02 093 091 094 1.02 1.12 1.03 096
1d 1.09 1.09 114 087 103 082 1.17 1.07 094 103 1.02 091 1.01 1.01 1.06 1.08 0.99
1le 096 103 1.00 095 102 073 1.05 097 08 094 094 1.02 092 099 098 095 096
1f 096 106 09 09 103 072 1.01 1.08 085 094 098 1.03 096 099 097 091 094
1g 1.10 1.10 1.06 099 1.10 078 1.13 1.01 095 1.06 101 1.00 099 1.05 1.10 1.07 1.01
1h 1.04 103 1.11 1.02 1.04 075 101 099 088 105 099 1.00 097 1.00 097 099 1.05
1i 095 104 108 1.02 1.11 0.75 1.01 1.06 089 097 094 100 1.02 1.06 1.08 098 0098
1j 1.04 099 1.08 099 105 0.77 097 098 093 099 1.06 097 1.01 1.02 1.06 096 1.00
1k 1.01 107 096 093 1.02 075 108 090 083 095 093 1.06 091 094 101 099 0.98
11 1.09 1.15 1.06 096 107 0.74 107 092 089 103 096 099 096 1.04 1.16 096 1.01
Im 1.07 108 109 1.04 107 080 1.15 105 096 1.07 099 097 099 1.02 1.08 1.03 1.01
In 1.04 107 105 1.00 107 0.78 1.12 1.04 094 105 099 09 097 1.01 1.11 1.00 1.03
1o 095 102 105 099 1.01 0.72 108 108 091 097 099 1.00 096 1.05 1.07 096 0.98
1p .11 108 1.06 099 108 078 1.12 1.01 095 105 1.00 1.01 096 1.03 1.10 0.98 0.99
1q 093 1.12 094 093 100 0.71 101 105 083 091 095 1.05 095 099 1.01 091 093
1r 1.06 1.13 110 097 1.07 079 108 098 088 1.04 1.00 1.01 105 1.03 1.08 095 1.01
1s 1.02 1.11 1.02 094 099 074 091 100 086 093 093 097 098 097 1.01 1.04 1.05
1t .11 1.11 1.06 097 1.09 079 108 097 098 1.02 093 096 098 1.03 1.14 1.01 1.02
1u 093 1.13 096 097 099 0.73 101 100 085 097 092 1.00 093 099 1.03 093 092
2a 099 098 107 095 100 0.74 099 1.08 088 097 095 099 091 095 1.00 096 094
2b 1.05 106 096 093 105 076 1.09 098 087 1.02 1.00 1.03 096 1.00 1.03 093 0.94
2c 098 096 099 098 099 074 107 1.12 084 098 092 093 093 1.00 1.05 1.00 0.98
2d 093 094 099 096 093 076 107 106 083 094 090 091 092 090 098 097 0.90
2e 08 096 106 104 1.03 074 107 1.11 088 095 093 095 1.01 1.04 1.15 100 098
2f 1.10 099 1.13 1.09 112 0.76 1.13 107 105 100 098 1.03 097 1.06 1.04 121 1.03
2g 1.02 099 1.13 092 102 0.74 1.04 1.11 092 098 099 098 094 1.00 0.99 1.00 0.96
2h 1.07 108 095 092 107 074 1.12 099 084 101 091 098 098 1.05 1.07 092 096
2i 096 096 098 095 103 0.76 096 101 100 090 086 098 099 1.04 098 1.06 1.06
2j 1.15 114 115 096 110 0.80 1.07 108 1.02 098 096 092 099 1.07 1.10 1.16 0.99
2k 1.15 108 1.15 095 1.02 079 09 1.14 099 101 093 095 103 108 1.14 1.14 1.07
21 099 098 099 095 098 0.76 1.04 099 085 092 096 091 094 093 1.03 095 1.02
2m 1.06 102 1.09 094 094 074 099 099 090 096 1.01 088 097 1.00 095 1.07 1.05
2n 099 099 09 097 097 074 108 108 089 102 097 088 101 099 1.14 092 095
20 1.00 1.00 097 101 099 0.78 098 108 088 095 099 091 098 1.08 1.13 097 096
2p 096 106 098 099 088 0.80 1.10 121 096 103 1.00 091 1.04 1.03 1.04 1.09 1.10
3a 086 092 090 095 092 0.70 092 094 084 0.87 08 09 091 088 0.86 092 0.90
3b 099 108 100 1.02 105 0.80 106 106 093 093 088 1.00 097 095 1.06 098 096
3c 1.17 113 117 109 108 0.85 105 100 099 098 099 093 102 097 1.00 1.11 1.08
3d 1.06 1.12 115 1.11 1.11 0.87 108 106 096 099 1.01 1.04 101 1.03 1.13 1.08 1.03
3e 1.03 1.14 106 108 120 0.77 104 109 099 100 098 096 099 094 1.08 1.00 1.06
3f 1.00 1.11 111 107 114 0.72 1.07 0.82 097 087 092 106 1.00 095 1.05 097 1.06
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Fig.4 Matrix of the calculated V values used to rank binding affini-
ties between ligands and cellular targets, for selected proteins with
8> 1. Green-high value, red-low value

Fig.5 Scatter plots for the cor-

relation between cLogP and PK cLoeP vs V.

parameters (Vd and bioavaila-

oral administration is taken into consideration, while 3b
and 1a still possess a bioavailability of 44.6 and 36.3%. Vd
values for 3b, 1q and 1a are 337.7, 278.6 and 442.1 mL/
kg, respectively. These low values suggest that the reduced
lipophilic nature of 3b, 1q and 1a may be a determinant
for their lower volume of distribution, influencing their
lower absorption and bioavailability after oral adminis-
tration. In this regard, a correlation coefficient of 0.4 was
found (Fig. 5) for both cLogP (i.e. lipophilicity measure)
versus Vd, and cLogP versus bioavailability, in line with
the assumption that the lipophilicity of the molecules may
play a role in the absorption when administrated orally.
Among the terms with pyrimido[4,5-d]pyridazine-
4,8-dione scaffold, compound 1t showed the highest value
of bioavailability (95.2%) followed by compounds 1i and
11, having a bioavailability of 92.4 and 90.8%, respectively
(Table S9, Supporting Information). Therefore, these com-
pounds demonstrate optimal features for oral administra-
tion. Compound 1t has a high cLogP (i.e. 2.18) due to the
presence of the CH,cCcH,, residue at R1 and the ethyl
group at R3 of the pyrimido[4,5-d]pyridazine-4,8-dione
core, in addition to the Ph at R and the H at R2 which are
common to the majority of the other compounds with the
same scaffold (Table 1). Similarly, also compounds 1i and
11 possess relatively high values of cLogP (i.e. 1.866 and
1.9261 respectively), suggesting higher absorption in the
case of oral formulations. With regard to the analogues
with 1,8-naphthyridin-4-one scaffold, 2 g and 2 h (with
4-C1-CH,Ph and 3-F-C¢H* residues in the X position;
Table 2) display the highest bioavailability (i.e. 98.1% and
98.5%) within the library (Table S9, Supporting Informa-
tion). The cLogP values of 2 h and 2 g are also high (i.e.
2.107 and 2.0004). For the analogues with pyrido(1,2-a)
pyrimidine scaffold, compound 3d possess the highest bio-
availability (i.e. 96.4%; Table S9, Supporting Information),
having a cLogP of 2.29 which is most likely determined
by the presence of the CH(Ph), residue at R1 position
(Table 3). However, also 3c and 3e have high cLogP and

10(

bility). a Correlation of R2=04 70000 W 3‘“ °
between cLogP and Vd. b ) ) °
Correlation of R2=0.4 between £ L

cLogP and bioavailability (%) ° ® 2 e o

= ° = .q" ". 2
2 N q“i“
o?
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bioavailability values in close range. Lastly, compounds 1c,
1 m, 1n, 2 m and 3a, resulted in very low bioavailability
values of 2.9, 8.3, 9.6, 3.1, 3.2% (Table S9, Supporting
Information), suggesting that these analogues would have
poor absorption after oral administration.

Conclusions

In this study, a new set of scaffold-diverse compounds was
developed by means of a two-step molecular design pro-
cess based on scaffold hopping/bio-isosteric replacement
and automated ligand growing methodologies. We have
used this approach to carry out a preliminary evaluation
of a compound dataset versus a panel of cellular proteins
involved in cancer cell survival and cancer progression.
Standard synthetic procedures allow the ease production of
the molecular series used in this work, which are based on
three bi-cyclic heterocycles, i.e. pyrimido[4,5-d]pyridazine-
4,8-dione, 1,8-napthyridin-4-one and pyrido(1,2-a)pyrimi-
dine. Our data further confirm the advantages of inverse
virtual screening protocols as an in silico approach to imple-
ment conventional methods in drug design and discovery,
allowing the preliminary assessment of affinity between a
set of ligands and suitable pharmacological targets. The nor-
malisation of the binding energies proves valid to identify
significant interactions between the ligands and several pro-
tein targets used in the study (i.e. HSP90, PARP, VEGFR?2,
mammalian sterile20-like kinase 3, EGFR kinase, B-Raf
kinase, PLK1, protein kinase CK2, c-Met, PAK6 kinase,
DNPHI1, carbonic anhydrase IX, c-Src, MRCK beta, c-Abl
kinase, and ephrin A2 receptor protein kinase). In parallel,
the normalisation process also proposes nine ligands (1b,
1Kk, 1q, 2¢, 2j, 2p, 3a, 3c and 3f) as useful tools for biomed-
ical investigations in the context of cancer chemotherapy.
With a bioavailability higher than 90%, compounds 1t, 2 g,
2 h and 3d also demonstrate permeability and absorption
features worth to be assessed in subsequent pharmacologi-
cal studies.
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