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Aminopyrazoles as privileged structures in anticancer drug design - an in silico study
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Kinases are enzymes with an essential role in cancer progression. Several kinase inhibitors are already used for
cancer treatment and extensive efforts are made to develop selective inhibitors for other kinases. Therefore, the
assessment of the affinity of some structures for specific molecular targets is mandatory. Our study was focused on
aminopyrazoles, as drug-like scaffolds and privileged structures for protein kinases. Molecular descriptors distributions
(molecular weight, octanol/water partition coefficient, number of hydrogen bond donors and acceptors, and number of
rotatable bonds) were used for characterizing three structural sets containing derivatives of 3-, 4- and 5-aminopyrazole.
The analysis of the interaction profiles between protein kinases and specific inhibitors demonstrated their class-
selectivity towards protein kinases, suggesting potential antitumor activity. We also showed the importance of the
amino group position on the pyrazole ring, indicating a clear difference between aminopyrazole isomers in the drug

design process.
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INTRODUCTION

“Privileged structure” is a concept introduced by
Evans in the late 1980s to define the molecular
frameworks which are able to provide ligands for
more than one type of target, through modification
of functional groups [1]. The benzodiazepine
scaffold was the first privileged structure cited [2],
and thereafter additional similar molecular
fragments were revealed. Examples of privileged
structures include biphenyls, 1,4-dihydropyridines,
bicyclic 6-6 compounds, such as chromones,
quinazolines, 2-benzoxazolones, and fused 5-6 ring
systems, such as indoles or benzimidazoles [3-5].
Based on Evans definition, the target-family
privileged structure concept emerged to describe
chemical frameworks which are specific for a
single target family and off-target affinities are thus
avoided [6].

The aminopyrazole systems prompted enormous
research, as they represent valuable templates in
drug design. The first aminopyrazole derivate used
in antibacterial therapy was sulfaphenazole [7].
MK-0557, a 3-aminopyrazole derivative, was
supposed to act by suppressing the appetite-
stimulating effects of neuropeptide Y, but it failed
to produce clinically meaningful weight loss in
humans [8]. Teneligliptin, a 1H-pyrazol-5-yl-1-
piperazinyl derivative, a dipeptidyl peptidase-4
inhibitor, proved to be useful in the treatment of
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type 2 diabetes mellitus [9].

A large panel of aminopyrazole derivatives
proved to inhibit various protein kinases with a
central role in malignant pathologies. Tozasertib,
Doramapimod,  Barasertib, = AZD1152  and
Rebastinib are just some examples of the
aminopyrazoles used in anticancer design [10-11].

The aminopyrazole moiety is also used in fused
bicyclic compounds, like pyrazolopyrimidine.
Zaleplon is a pyrazolopyrimidine that is marketed
as a sedative-hypnotic drug in the management of
insomnia  [12]. Etazolate, Cartazolate and
Tracazolate are pyrazolopyridines, structurally
related to Zaleplon, exhibiting anxiolytic and
anticonvulsant effects [13].

The  pharmaceutical impact  of  the
aminopyrazole derivatives has prompted a wide
research for developing specific synthetic routes to
these compounds [14, 15].

Based on our previous research in the field of
antitumor pyrazole-derived compounds [16-18],
this study was focused on investigating the target-
selectivity patterns of aminopyrazole derivatives by
structural and biological in silico analysis. The
focus of our research was to establish if
aminopyrazoles, as drug-like scaffolds, are
privileged structures for protein kinases or are
promiscuous compounds targeting a plethora of
biologic structures.

EXPERIMENTAL

The virtual screening and data mining studies of
compounds with certain characteristic substructures
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from large chemical databases is an important step
in assessing structure-activity relationships [19].
The main resource for obtaining freely-available
bioassay data is the PubChem repository provided
by the National Center for Biotechnology
Information, but the data are not curated and are
potentially erroneous [20]. Reaxys is a web-based
chemistry database and its Medicinal Chemistry
section contains over 5400 000 substances and
more than 26 000 000 bioactivity data points
compiled from 320 000 medicinal chemistry
publications and patents, fully indexed and
normalized [21].

Reaxys database was used to link the screening
results to chemical structures in order to identify
structure-bioactivity relationships and to study their
target promiscuity properties. The database was
screened from 10 to 13 November 2014. The access
to Reaxys was granted by the UMF Carol Davila’s
Library.

Pyrazole was the first structure used in the
guery, and the search filters were “no ring closure”
and “no mixtures”. The use of the “no ring closure”
option removed all fused rings like
pyrazolopyrimidine or pyrazolopyridines. The
results were again filtered by sub-structure, using 3-
aminopyrazole. Next, the compounds containing 3-
nitropyrazole were excluded and the non-drug
structures were removed using the effect filter. The
compounds with insecticidal, pesticidal or
herbicidal effects were filtered out and the final set
(3AP) was obtained. The same procedure was used
in the case of the 4-aminopyrazole set (4AP) and 5-
aminopyrazole (5AP).
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The resulting structural sets were analyzed
regarding their molecular descriptors distribution:
the molecular weight (MW), the calculated
logarithm of the octanol/water partition coefficient
(CLogP), the number of hydrogen bond donors
(HBD), the number of hydrogen bond acceptors
(HBA), and the number of rotatable bonds (RTB).

The pX querylet was used to filter a particular
range of affinities between the compounds and the
targets. It represents the logarithmic inverse value
of any affinity measure, like inhibitory
concentration 50% (IC50), efficacy concentration
50% (EC50), inhibition constant (Ki) or
dissociation constant (Kd).
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RESULTS AND DISCUSSION
Molecular descriptors distribution

Using the search method described in the
“Experimental” section, we identified 3 sets of
aminopyrazole compounds, classified by the amino
group position as 3AP, 4AP and 5AP. The 3AP set
contained 19611 compounds, the 4AP set 13129
and the 5AP set 27058 compounds.

The average value of MWs was 421 g/mol for
the 3AP set, 434 g/mol for 4AP, and 466 g/mol for
5AP. The 3AP and 4AP sets have standard
deviation close to 80, and for the 5AP set it is
around 100 (Figure 1). The high average MW
values in comparison with that of the
aminopyrazole scaffold provide a higher probability
for selective development.
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Fig. 1. Histograms of MW distribution in the
aminopyrazole derivatives.

The distribution of ClogP values across the three
sets of aminopyrazole derivatives took in all cases a
bell-shaped curve, but the means differed
significantly. In the 3AP group the average ClogP
is close to 3, in the 4AP set it is 3.7, the highest
being 4.3 in the 5AP set (Figure 2).
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Fig. 2. Histograms of ClogP distribution in the
aminopyrazole derivatives.

The analysis of the HBD values distribution
(Figure 3) showed a good similarity between the
3AP and 5AP sets, with unimodal bell-shaped
curves. Meanwhile, the 4AP had a bimodal
distribution.  This may indicate different
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implications of the hydrogen bonds donors,
depending on the type of target.
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Fig. 3. HBD distribution in the aminopyrazole
derivatives.

HBA values were similarly distributed in all
aminopyrazole derivatives, having a mean value
between 7 and 8 HBD.
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Fig. 4. HBA distribution in the aminopyrazole
derivatives.

The RTB descriptor distribution in the three sets
indicated a close similarity between the 3AP and
4AP sets (Figure 5). The distribution of the RTB
values in the 5AP group differs significantly from
those in the 3AP and 4AP sets. The RTB
distribution curves resemble those of the MW
distribution, with positively skewed data.
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Fig. 5. The distribution of RTB wvalues in the
aminopyrazole derivatives.

The number of compounds in the three sets,
containing fluorine (F), chlorine (CI), bromine (Br),
iodine (1) or any of these four halogen elements was
computed. In each set, the number of compounds
containing at least one halogen atom in their
structure was close to 54%. The fluorine was found
in 34% to 39% of the compounds, and the chlorine
atom in 20% to 25% of the compounds, depending
on the set.

The analysis of the descriptors frequency in each
group of derivatives indicated significant
differences between the 3 sets, emphasizing the
importance of the amino position on the pyrazole
ring. The study also showed that the aminopyrazole
scaffold needs a larger framework to become drug-
like.

Target-selectivity patterns

The set of 3-aminopyrazole derivatives
contained 19611 compounds which can interact
with 1858 biological targets; the 4AP set was
formed of 13129 compounds which are active
against 1343 targets, the 5AP set contained 27058
compounds which can interact with 2237 targets.
The Analysis View tool was used to compute the
number of compounds acting on each biologic
target (Table 1). The results are presented in Table
1 as percentage of the number of compounds in
each set.

The occurrence frequency for the top 20
biologic targets interacting with aminopyrazole
derivatives clearly indicated a class-selectivity of
these compounds for kinases, especially for protein
kinases. Exceptions are: cytochrome P450 3A4
(cyp3A4)  which interacts with 621 4-
aminopyrazoles, (4.3% of the 4AP set); sodium-
glucose linked transporter 1 (sgltl) interacting with
almost 3% of the 3AP group.

The biological targets with the highest
frequency of occurrence are classified based on
their type and function, as presented in Table 2.

The analysis of the interaction profiles of protein
kinase — inhibitors indicated a clear difference
between the utility of aminopyrazoles isomers in
the drug design process. For example, 3-
aminopyrazole derivatives had the highest
probability to interact with the Janus kinase family
(jakl, jak2, jak3 and trk2), whereas 4-
aminopyrazole derivatives had a higher affinity for
the cyclin-dependent kinase family. The 5-
aminopyrazole group showed selectivity mostly for
the mitogen-activated protein kinase 14 (p38a).
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Table 1. Biological targets and number (%) of compounds to act on each target. The targets are mentioned in
descending order of the compounds number.

No 3AP % 4AP % 5AP %
1 jak2 14.93 jak2 11.76 p38a 17.03
2 aura 14.83 tyk2 10.39 kdr 8.59
3 jak3 12.04 aura 9.51 trka 6.74
4 igflr 9.39 gsk3beta 8.42 abl 6.16
5 tyk2 9.16 aurb 8.40 c-src 5.43
6 jakl 8.48 kdr 8.26 b-raf 4.94
7 aurb 7.96 pi3k 8.24 aura 4.49
8 c-src 7.56 cdk2/cyclin 7.90 c-raf 3.76
9 erk2 7.29 cdkl/cyclin 7.26 cdk2/cyclin 3.46
10  hk4 6.91 jak3 6.92 tie2 3.33
11 cdk2/cyclin 6.70 piml 6.30 fit3 3.22
12 trka 6.36 met 5.59 fofrl 2.71
13 gsk3beta 5.78 jakl 5.03 Ick 2.59
14 aktl 5.49 cyp3A4 4.73 erk2 2.55
15  flt3 4.36 cdk5/cyclin 4.67 jak2 2.40
16 trkb 3.96 cdké/cyclin 4,57 aurb 2.36
17 kdr 3.89 cdk3/cyclin 4.20 igflr 2.31
18  sgltl 2.99 pim2 4.04 jnk2 2.31
19 mapkapk2 2.68 pim3 4.03 jak3 2.29
20 syk 2.64 frap 3.96 jnk3 2.26

Table 2. Biological target classification.

Function Biological target

igflr (insulin-like growth factor |1 receptor), trka
(tropomyosin-receptor-kinase ~ A), trkb  (tropomyosin-
receptor-kinase B), flt3 (Fms-like tyrosine kinase 3), kdr
Receptor tyrosine kinases (vascular endothelial growth factor receptor 2), met
(hepatocyte growth factor receptor), tie2 (tyrosine kinase
with immunoglobulin-like and EGF-like domains), fgfrl
(fibroblast growth factor receptor 1)
jakl (Janus kinase 1), jak2 (Janus kinase 2), jak3 (Janus
kinase 3), tyk2 (tyrosine kinase 2), c-src (c-src kinase), Ick
(lymphocyte-specific protein tyrosine kinase), syk (spleen
tyrosine kinase), abl (Bcr-Abl tyrosine-kinase)
aura (Aurora A kinase), aurb (Aurora B kinase), cdkl/cyclin
(cyclin-dependent kinase 1), cdk2/cyclin (cyclin-dependent
kinase 2), cdk3/cyclin (cyclin-dependent kinase 3),
cdk5/cyclin - (cyclin-dependent  kinase 5), cdk6/cyclin
(cyclin-dependent kinase 6), erk2 (mitogen-activated protein
kinase 1), mapkapk2 (MAP kinase-activated protein kinase
2), jnk2 (mitogen-activated protein kinase 9), p38a
Serine/threonine protein kinases (mitogen-activated protein kinase 14), gsk3beta (glycogen
synthase kinase 3 beta), aktl (v-akt murine thymoma viral
oncogene homolog 1), piml (proto-oncogene
serine/threonine-protein kinase 1), pim2 (proto-oncogene
serine/threonine-protein kinase 2), pim3 (proto-oncogene
serine/threonine-protein kinase 3), frap (mechanistic target
of rapamycin), b-raf (serine/threonine-protein kinase B-
Raf), c-raf (proto-oncogene c-RAF)
Carbohydrate kinases hk4 (glucokinase)
Phosphatidylinositol kinases pi3k (phosphatidylinositol-3-kinases)

Non-receptor tyrosine kinases
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Our in silico study demonstrated that
aminopyrazoles are privileged structures in the
design of protein kinases inhibitors. We further
investigated whether the aminopyrazole scaffold is
necessary for a compound to interact with a
particular protein kinase. Therefore we searched the
Reaxys database for all the substances interacting
with a certain protein kinase at a pX value over 3.
We also calculated the number of compounds
which contain an aminopyrazole scaffold in their
structure (Table 3).

Table 3. The number (%) of compounds containing
an aminopyrazole scaffold and the kinases specifically
inactivated by these compounds.

No  Target 3AP 4AP 5AP
1 jak2 7.17 3.62 1.33
2 jak3 3.15 2.33 1.45
3 tyk2 1.84 11.12 1.85
4 c-src 4,01 0.02 3.64
5 abl 0.46 0.14 3.44
6 kdr 1.07 1.48 2.32
7 igflr 10.99 0.69 3.51
8 trka 7.36 0.63 0.24
9 aura 9.51 4.44 3.10
10 aurb 10.79 7.58 2.75
11  p38a 0.23 0.17 13.24
12 gsk3beta 3.39 1.22 1.15

This analysis revealed the importance of the 5-
aminopyrazole scaffold in the development of p38a
inhibitors, approximately 13% of them containing
this framework in their structure. Only a very small
percentage contained the 3-aminopyrazole or the 4-
aminopyrazole scaffold.

The 3-aminopyrazole scaffold proved to be
important in the design of insulin-like growth factor
| receptor inhibitors, and of Aurora A and B kinase
inhibitors.

The 4-aminopyrazole structure exhibited affinity
for the tyrosine kinase 2, almost 11% of its
inhibitors sharing this scaffold.

Correlating these data with the molecular
descriptors distribution, we found that the
aminopyrazole may be important for a certain
target, but it needs a larger framework in order to
reach a molecular weight in the range of 300 to 600
g/mol, a logP value between 1 and 5, and the proper
number of hydrogen bonds donors and acceptors.

CONCLUSIONS

Using data mining techniques, we demonstrated
that the aminopyrazole derivatives represent
privileged structures for protein kinases, despite
their apparent promiscuity. We also emphasized the
importance of the amino group position in the
pyrazole ring, which dictates the affinity profile for

particular protein kinases. Protein kinases are key
players in cancer progression, being involved in
uncontrolled growth, survival, neovascularization,
metastasis and invasion [21]. By suppressing the
activity of particular kinases, the development of
cancer cells might be impaired, whilst normal cells
are minimally affected [22]. It is therefore expected
that the new aminopyrazole derivatives would
possess antitumor effects, if properly targeted.
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AMUHOITUPA3OJIUTE KATO IPEJAIIOYETEHU CTPYKTYPU ITPU IM3AMHA HA
I[TPOTHUBO-PAKOBU JIEKAPCTBA - in silico UIBCJIEABAHE

.M. Hutynecky?, I'. Hemenky?, A. Byszecky*!, O.T. Onapy*
YYuusepcumem no meouyuna u papmayus ,, Kapon Jasuna*, Byxypew 020956, Pymvrus

Tloctenmna Ha 1 nekemBpu, 2014 r., kopurupana Ha 7 asryct, 2015 r.

(Pestome)

KuHazure ca eH3MMHU C ChIIECTBEHA pOJISl 32 Pa3BUTHETO HA pakoBUTe 3a0oisBaHusA. Hskom WHXUOUTOPH Ha
KHHA3UTEe BeUe Ce W3MOJI3BAT 3a JICUCHHUETO Ha paka, KaTo ca IPaBEeHW MHOTO OIHTH 32 pa3pabOTBaHETO Ha CEICKTHBHU
MHXHOUTOPH 32 IPYrH KMHA3H. 3a Ta3M Lel € 3aIbIDKUTENHO J1a ce OLICHN ahUHUTETa Ha CTPYKTYPHUTE Ha HAKOHU LICICBH
Monekynu. Hamero wuscnenBane e (oKycupaHO BBPXY aMUHONUPA30JIUTE C JEKapCTBO-NOAOOHA CTPYKTYypa,
IperoyYeTeHa 3a IpoTeHH-KuHa3a. PasnpeneneHneTo Ha MOJIEKYIHUTE JECKPUITOPH (MOJICKYJIHO TErJo, KOSQUIUEHT
Ha paslpe/eNicHHe OKTaHOoJ/Bo/a, OpOosi JOHOPH U aKLENTOPH HA BOAOPOAHH BPB3KU U OpOsl HA POTUPALIHMTE BPB3KH) €
M3NOJI3BAHO 32 OXapakTepPU3MPaHETO Ha TPH CTPYKTYPHH TPYIH, ChIbpXKAlld NPOM3BOAHM Ha 3-, 4- u 5-
aMHUHOITUPa30idd. AHanM3bT Ha NPODWINTE HAa B3aMMOJCHCTBHE MEXAY NPOTEHH-KMHA3UTE W Clelu(UIHUTE
MHXHOUTOPH TOKa3Ba KJIac-CEJIEKTHBHOCTTA CIPSAMO MPOTEHH-KWHA3UTE, BHYINABAKH aHTHTYMOpHO neilicteue. Hue
CBIIO IOKa3aXMe 3HAYCHHETO Ha IIOJIOKCHUETO HAa aMHHO-TpyNaTa KbM NUPAa30JIOBUS HPBCTEH, IMOKa3BaiKu sCHaTa
pasiiuKa MeKAy U30MEpUTE Ha aMHHOITUPA30JIUTE NP IU3aiiHa Ha JIEKAPCTBEHUTE MperapaTH.
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