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a b s t r a c t

The design and synthesis of pyridazinone and phthalazinone derivatives are described. Newly synthe-
sized compounds were tested on a panel of four kinases in order to evaluate their activity and potential
selectivity. In addition, the promising compounds were tested on four cancer cell lines to examine cyto-
toxic effects. The compounds inhibited DYRK1A and GSK3 with different activity. SAR analysis and dock-
ing calculations were carried out to aid in the interpretation of the results. Taken together, our findings
suggest that pyridazinone and phthalazinone scaffolds are interesting starting points for design of potent
GSK3 and DYRK1A inhibitors.

� 2013 Elsevier Ltd. All rights reserved.

Large numbers of protein kinases are involved in controlling the
phosphorylation of protein in cells. This process plays an important
role in the regulation of various cellular processes.1–3 Alterations of
this kinase signalling are found in numerous human pathologies.4

Accordingly, kinase inhibitors continue to be of high interest for
therapeutic intervention. Currently, large numbers of small mole-
cule kinase inhibitors are undergoing clinical trials for the treat-
ment of cancer and other diseases, showing that kinases
constitute important therapeutic targets.

The role of cyclin-dependent kinases (CDKs) to regulate the cell
cycle and apoptosis have been well explored.5–8 They are involved
in several diseases, including cancer, Alzheimer’s disease, Parkin-
son’s disease, stroke, diabetes, polycystic kidney disease, glomeru-
lonephritis, inflammation, and AIDS.5,9 Glycogen synthase kinase-3
(GSK-3) plays an important role in a large number of cellular pro-
cesses, apoptosis control, neurodegenerative disorders (Alzhei-
mer’s disease) and cardiovascular diseases.9 Furthermore, casein
kinase 1 (CK1) plays an important role in controlling cell differen-

tiation, proliferation, apoptosis, circadian rhythms and has been
implicated in neurodegenerative diseases.10,11 Dual specificity,
tyrosine phosphorylation regulated kinase 1A (DYRK1A) plays a
key role in Alzheimer’s disease and Down syndrome.12

Several structurally diverse ligands were previously reported to
inhibit GSK-3. Examples include thiadiazolidindiones (TDZD), hyd-
antoins, triazoles, thiazoles, maleimides, dithiazolidindiones, and
pyrazolepyridines.13–19 Many current efforts toward the develop-
ment of novel kinase inhibitors concentrate on structure-based li-
gand design. A large number of X-ray structures of kinase-inhibitor
complexes are deposited in the Protein Data Bank with resolutions
in the range of 1.95–2.8 Å that provide a basis for compound design
and optimization. We have explored pyridazinone and phthalazi-
none scaffolds as potentially novel kinase inhibitors. Herein, we re-
port the design, synthesis and evaluation of novel pyridazinone
and phthalazinone derivatives.

The synthesized compounds were tested for kinase inhibitory
activity against four protein kinases including DYRK1A, CK1,
CDK5, and GSK3 types and, in addition, for cytotoxic activity
against four different human cancer cell lines. Structure–activity
relationships and the potential contribution of kinase inhibition
to anti-tumor properties are discussed.
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A detailed literature survey revealed that the majority of cur-
rently available kinase inhibitor scaffolds consist of planar hetero-
cycles that carry both hydrogen bond donors and acceptor
moieties.20–22 The analysis of cyclin-dependent kinase inhibitors
and comparison with pyridazinone and phthalazinone cores sug-
gested that derivatives of these scaffolds should merit consider-
ation as potential kinase inhibitors (Fig. 1). Hence, we
synthesized pyridazinone and phthalazinone derivatives and eval-
uated their kinase inhibitor property.

Heating 3-phenylmaleic anhydride 1 under reflux with hydra-
zine sulfate in water yielded intermediate 2.23,24 Further treatment
of 2 with POCl3 gave the dichloro derivatives 3.24 Similarly, 1,4-
dichlorophthalazine 525 was synthesized from the commercially
available 2,3-dihydrophthalazine-1,4-dione 4 by treating with
POCl3 (Scheme 1).

Amination of intermediates 3 and 5 was carried out with vari-
ous amines (Scheme 2a and b). The use of excess amine with inter-
mediate 3 leads to the formation of two isomers 6a–h. The two
isomers can be separated easily using flash chromatography to give
each isomer in pure form except in the cases of 6g and 6h where
close rf resulted in poor separation and yielded only a small
amount of pure 6g. The use of the microwave was found to accel-
erate the reaction rate and reduce the reaction time dramatically
from 3 h to 30 min.26 Compounds 7a–g were obtained by heating
6a–g with acetic acid in presence of sodium acetate under reflux
overnight using conventional heating.27 The same result was

achieved by heating the same reaction mixture in microwave at
120 �C for 5 min.

The use of excess amine in the case of intermediate 5 gives the
diamine 8e. Mono-substitution of intermediate 5 was achieved
using an equimolar quantity of the appropriate amine in presence
of base to afford 8a–d as single isomers. Hydrolysis of 8a–d was
achieved using the above mentioned method to afford 9a–d.

Simple amino substituted compounds 10a, 10b and 16 were
synthesised by the direct amination of chloro aromatics 3 and 5
with NH4OH either under reflux overnight or microwave irradia-
tion for 30 min (see Scheme 3a and b).

Hydrolysis of compound 10a with acetic acid in the presence of
sodium acetate for 3 h, gave two products 11a and 11b, which
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Figure 1. Structural similarity of cyclin-dependent kinase inhibitors and pyridazinone and phthalazinone scaffolds. HRM, a selective DYRK1A inhibitor, hymenialdisine, an
inhibitor of different kinases, and BRW1383, a selective GSK3 inhibitor, are compared to pyridazinone and phthalazinone. These compounds display pharmacophoric
resemblance. Key structural features are highlighted in red or bold lines.
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Scheme 1. Synthesis of the dichloro derivatives 3 and 5.
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