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INTRODUCTION AND OBJECTIVES METHODS

The design of specific inhibitors of protein tyrosine kinases (PTKI) is

=z

Molecular descriptors (MD) and drug-likeness (DL)

4 e important both for fundamental research and for developing therapeutic parameters of a series of PTKIs (n = 21) were
Bl N strategies in treatment of diseases such as cancer. Numerous PTKIs calculated using Molinspiration property engine
e are currently in discovery and preclinical phases. and the number of v2011.04 and Molinspiration bioactivity score
CD[C\ PTKIs that have been approved for the market. still remains low. v2011.06.

The need for early predictions of the possible failure of a drug

candidate with the aim of reducing the risk of failure in late stages or

after introduction at market is becoming an absolute requirement in

drug discovery process from the initial phases of lead candidate

development.

In these correlation studies we explored P TKIs molecular descriptors
(MDs). drug-likeness (dls) and ADMET parameters that could be

1 Nﬁ relevant for potential target and anti-target profile of investigated PTKIs.

The ADMET properties were computed by MedChem
StudioTM and ADMET PredictorTM 6.0 (Simulations
Plus. Inc.. USA). All analyses were performed using
OriginPro 8.0 software (Origin Laboratories. USA).
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RESULTS AND CONCLUSIONS
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Protein tyrosine kinase inhibitors (PTKIs) with basic
bicyclic ring systems. /.e.. quinoline. quinazoline.
pyrido- and pyrimido-pyrimidine derivatives (Fig. 1)
were used in this study. The highest scores of kinase
inhibitor likeness (Kl-dls) were computed for
pyrimido[5.4-d]pyrimidin-4-amine and pyrido|[3.4-

1,2,11:Y=0
3-10,12-21: Y =NH

Quinolines 1-4: X4, X5, X3=C

Quinazolines 5-14,19-21: X, =N; X,, X3=C
Pyridopyrimidines 156 - 16: X4 X, =N; X3=C
Pyrimidopyrimidines 17 - 18: X; - X3=N
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@ d]pyrimidin-4.6-diamine derivatives (15 - 18) (Table 1).
&m Fig. 1. General structure of PTK inhibitors MiLogP between 3.545 and 3.834 was computed for
_ these molecules with exception for 17 while TPSA was
; L e between 62.730 and 79.801. Study results revealed
b S p Lo that molecules with computed high Kl-dls (0.80-1.27)
WA@D@ ;,;f‘ ; * also have. to a certain degree. a drug-likeness with
]@ o 5% 9:""?, - GPCR ligand (0.21-0.45). ion channel modulator (ICM-
C. s Lo dis) (0.22-0.33) and enzyme inhibitor (EI-dIs) (0.21-
Sk PO —— A 0.36) (Fig. 2. Table 1).
S i T swe e oo 5o X The Kl-dIs with lower values (0.36 — 0.74) were
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computed for quinazoline derivatives (Log P 3.5 — 4.5.
TPSA <60. Mr <400) (Table 1).

Significant relationships (r = 0.88691- 0.98726) were
obtained between MDs (M.. V. TPSA) (Fig. 3).
Molecules 2 — 4. 14 and 21. as well as 3 and 17
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Fig. 2. Relationships between Ki-dls and GPCR I-dls.

Fig. 3. The relationship between M. and V |ICM-dlIs. NRL-dIs.PI-dIs and El-dlIs

\om o 5 were found as unacceptable according to Lipinski’'s
.. : e rule 5 due to Mr > 500. and MiLogP > 5. respectively.
S : . ) ADMET properties of PTKIs were analyzed by ADMET
.. T EE R N I S AN Predictor TM 6.0 and these molecules were revealed
9 jé( g o L R as CYP 2D6 and CYP 3A4 substrates. with CYP Risk 0
N = R A g o1 I . - 2. CYP Code D6. and ADMET Risk 1 -9. TOX MUT
i HN/ j | Cr N 2 100" Risk 1 - 4. while all investigated PTKIs were revealed
T oo o g, * IO as molecule with high values of TOX hERG Risk (5.114
%Q/Q L T o _6.789).
16. HDS029 Fig. 4. The relationship between MiLogP and M, Fig. 5. Relationships between MiLogP. TPSA and K- IS I00UISOT TR S 0y SHOWLG R e F000!

promising PTKI is molecule 16 with high score of Kl-dlIs
(1.18). and the lowest predicted values for ADMET
Risk (3). CYP Risk (1) and TOX MUT Risk (2).
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Table 1. Computed parameters of investigated PTKIs 1 — 21
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‘nib’ . GPCR I- ADMET CYP  TOXMUT TOX
~ O\ No. olecule miLogP TPSA N, M. Non  Nomnn  Nog Vv gs  ICM-dis  Kidls  NRL-dls  Pl-dis  El-dis Risk Risk ik hERG Re fe rences
)\/X/N Lenvatinib
1 (E7080) 3.735 115579 | 30.0 | 426.86 8 4 0 | 357.004 | 0.18 0.00 062 | -0.23 0.14 0.16 2 1 3 5.476
18. BIBX1382 -
2 Cabozantinib 4.936 98.790 380 | 515541 | 8 2 1 450.893 | 0.15 -0.11 0.34 0.01 0.10 0.09 6 1 1 5.521
3 Neratinib 5.426 112.407 | 39.0 | 543.027 | 9 2 2 478.18 0.13 020 | 067 | -005 | -0.06 | 0.15 4 0 3 5.926
w 4 Bosutinib 4984 | 82889 | 360 | 530456 | 8 1 1 | 460597 | 011 | -007 | 070 | -007 | -015 | 0.10 9 1 4 6.729 1. Mishra H. Singh N. Lahiri T. Misra K. A comparative study on the
- PR o7 o1 200 | 275350 | & 1 ; 25092 008 12 | oea e 20 | 004 - 1 . o molecular descriptors for predicting drug-likeness of small molecules.
andetani . . . . . . -U. . -U. -U. . . it
Bioinf. 2009. 3. 384-388.
6 Erlotinib 2.795 74.747 29.0 | 393443 | 7 1 0 362.06 0.13 0.11 068 | -010 | -016 | 0.18 2 1 3 5.502 2. Han C. Zhang J. Zheng M. Xiao Y. Li Y. Liu G. An integrated drug-
19. Desmethylerlotinib 7 Gefitinib 4.192 68.751 31.0 446.91 7 1 0 385.07 0.11 -0.04 0.66 -0.21 -0.30 0.03 3 0 3 6.398 likeness study for bicycﬁc privi|eged structures: from physicochemica|
8 Afatinib 4.215 88.615 340 | 485947 | 8 2 0 417.872 | 0.21 -0.11 0.73 -0.38 -0.07 0.21 5 0 2.5 6.136 properties to in vitro ADME properties. Mol Divers. 2011. 15. 857 -
P - ”ﬁ 9 Canertinib 4.353 88.615 34.0 | 485947 | 8 2 0 | 418642 | 0.01 014 | 057 | -030 | -0.3¢4 | -0.05 5 0 3 5.722 876. : : :
N P 10 AZD8931 3.316 88.615 33.0 | 473936 | 8 2 0 | 407.257 | 0.15 016 | 058 | -036 | -0.12 | 0.04 2 0 3 5.746 3. Aro_nov AM. _MCCIa'n B. Moody CS. Murckp MA. Kinase-likeness
P and Kinase-Privileged Fragments: Toward Virtual Polypharmacology. J
o | 11 Cediranib 4.253 72.515 33.0 | 450514 | 7 1 0 | 404.671 0.26 0.06 062 | -016 | -0.01 0.19 8 2 3 6.192 Med Chem. 2008. 51. 1214-1222
20. PD153035 ] ' AR ' v :
\©/ 12 CUDC101 3.860 105.605 | 32.0 | 43449 | 8 3 0 | 400537 | 0.27 0.05 0.75 0.07 0.30 0.53 1 1 3 5.740 4. Walters WP. Murcko A. Murcko MA. Recognizing molecules with
13 WHI-P154 3.793 76.507 23.0 | 376210 | 6 2 0 280.528 | -0.05 -0.18 0.68 -0.33 -0.49 0.13 2 0 3.5 5.242 drug-like properties. Curr Opin Chem Biol. 1999. 3. 384-387.
Nﬁ 14 Saracatinib 4.462 90.457 38.0 | 542.036 | 10 1 1 473244 | 0.22 -0.10 0.70 -0.11 -0.07 0.16 5 1 4 6.468 5. Rewcastle GW.. Denny WA. Bridges AJ. Zhou H. Cody DR.
~ AN 15 PD158780 3.542 62.73 | 200 | 330189 | 5 2 0 | 246226 | 032 | 033 | 127 | -0.78 | -028 | 0.39 3 0 4 5.555 McMichael A. Fry DW. Tyrosine kinase inhibitors. 5. Synthesis and
\ N c. 16 HDS029 3.82 79.801 | 250 | 35576 | 6 2 0 | 287935 | 038 023 | 118 | -026 | 001 | 020 3 1 2 5.144* structure-activity .relatlo.nshlps for 4-[(phenylmethy!)am|no]- ang 4-
C[ (phenylamino)quinazolines as potent adenosine S'-triphosphate
A ! 17 BIBU1361 5.33 70.071 31.0 | 443958 | 7 1 1 395976 | 0.34 0.19 0.80 0.36 014 | 0.25 6 2 4 6.769 binding site inhibitors of the tyrosine kinase domain of the epidermal
N 7 18 BIBX1382 3.834 78.860 27.0 | 387.850 | 7 2 0 | 328628 | 045 0.26 116 | -0.35 | -0.08 | 0.38 5 1 3 6.129 growth factor receptor. J. Med. Chem. 1995. 38. 3482-3487.
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| 19 szlr:ﬁert]?g' -0.552 86.986 | 28.0 | 380424 | 7 3 0 | 347382 | 0.17 013 | 075 | -003 | -012 | 0.25 1 0 3 5.376" 6. Pasha FA. Muddassar M. Srivastava AK. Cho SJ. In silico QSAR
N studies of anilinoquinolines as EGFR inhibitors. J Mol Model. 2010.
21. Lapatinib | 20 PD153035 1.236 57.524 220 | 361219 | 5 2 0 | 275361 | -0.09 -0.11 068 | -056 | -054 | 0.06 3 1 4 5.501 16. 263277
21 Lapatinib 3.343 110.932 | 40.0 | 582077 | 8 3 1 483.949 | -004 | -052 | 036 | -035 | -021 | -0.08 9 1 1 6.206 ' '




