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1. INTRODUCTION

Cancer diseases are the most common causes ofragath
only in Hungary but in other countries of the waalslwell.

Using new and sophisticated screening and diagnosti
methods, some tumors can be detected in their statye, but
neither surgical removal nor chemotherapy can gueea
complete recovery.

The development of malignant tumors often occures tu
abnormal signal trasduction processes. The signdilsed by
growth factors are mediated through various phogjbéutmon
cascades from the cell surface receptors towassiticleus.
The key enzymes of these mechanisms are the protein
kinases. The generally known oncogenes encode e&inas
enzymes, therefore the pharmaceutical drug disgavainly
focuses on the development of novel kinase inhigito

My research in the field of kinase inhibitors candivided
into two main parts.

In the first part my task was to examine the bigdmode
of novel B-RAF kinase inhibitors and to determireeit
biological activity profile.

The greater part of my PhD work was to synthesiz@ a
examine molecules which kinase inhibitory profileasv

originally not known in the literature. After thegparation of
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the first compounds we identified the FLT3 kinasetarget
and we concluded that the molecules are selectivE3F
inhibitors.

The present thesis summarizes the results of nearels in
the development of B-RAF and FLT3 kinase inhibitors

1.1. The B-RAF kinase and its role in the developmé of

cancer

One of the most studied signal transduction pathizdlye
RAS/RAF/MEK/ERK cascade, which transmits signaltsnfr
the receptors to the nucleus, thereby controllihg tell
proliferation, differentiation and survival.he B-RAF kinase
belongs to the serine/threonine protein kinase lfaamd is a
crucial member of this pathway. Mutation and abradrm
activation of the kinase occurs mainly in melanonwson
and thyroid tumors, but it can be in the backgroohather
cancer types as well.

One of the most common mutation of B-RAF is the 60
(earlier referred as V599E) point mutation whichame a
glutamic acid/valine substitution at position 600 the

primary structure of the protein.



Since the incidence of this mutation is close t606ih
melanomas, the development of B-RAF(V600E) inhiisitare

important for the treatment of this type of cancer.

1.2. The FLT3 protein kinase

FLT3 is a tyrosine kinase which belongs to the dthir
subgroup of receptor kinases and its structur@mgas to the
c-Kit, FMS (CSFR) and PDGF kinases.

The immature blood cells express the kinase imtpkest
extent in the human body and the enzyme is impoftarthe
proper function of hematopoietic stem cells anditheune
system. The protein can be found on the cell mengbia
monomer state. The binding of the FLT3 ligand (FL o
FLT3L) induces the activation of the kinase whielads to
conformational changes (dimerization) and to the
autophosphorylation of the intracellular part.

The activated FLT3 kinase uses several signal diari®n
pathways to transmit the information in the directiof the
nucleus. The two most important pathways are ti3&//RKkt
and MAPK (RAS / RAF / MEK / ERK), which control the

transcription, translation, differentiation and pfusis.



The overexpression of FLT3 kinase was observedén t
malignant tumors of the hematopoietic system ands it
particularly common (~70-100%) in acute myeloidkiennia
(AML). The two most important mutations are theennial
tandem duplication (ITD) and the D835 point mutatan the
kinase domain. The ITD mutation has the worst posgn
considering drug resistance and survival, therefoege is a
high demand for an FLT3/ITD selective inhibitor the
therapy of AML.

2. OBJECTIVES

Joining to the research groups of Vichem Chemie &l
Cooperation Research Centre my first objective was
identify compounds that inhibit the B-RAF kinaseschuse
the development of such molecules represents aakegy of
cancer drug discovery. My aims in this topic candbeded
into four main points:

1. Examination of the binding mode of published B-RAF
inhibitors, and using the gained information toedetine
the binding mode of the developed compounds by
molecular modeling.

2. Validation of thein silico results usingn vitro biochemical
assays.



3. Determination of the effect of the molecules on BFR
kinase expressing cell lines.

4. Binding kinetics studies and measurements.

My other main objective was to synthesize patestabl
kinase inhibitors and study their structure-acfivit
relationships. The CP-31398 styrylquinazoline danixe was
published in 1999 as a p53 protein activator maéeclhe
kinase inhibitory effect of the compound has natrbstudied
yet, although several well-known inhibitor (gefibn
erlotinib, tandutinib, vandetanib) contains the eam
guinazoline core. Therefore my goals were:

1. Preparation of CP-31398 and the creation of a ktyry
qguinazoline compound library.

2. The determination of the kinase inhibitory profdé the
compounds.

3. Structure-activity relationship studies usinign vitro
biochemical assays.

4. Efficiency tests on several tumor cell lines.

5. Penetration studies using PAMPA assay.



3. METHODS

3.1. Examination of potential B-RAF kinase inhibitas

The Vichem Chemie Research Ltd. and the Max Planck
Institute have developed numerous AXL kinase iribiii
bearing sulfonamide moiety, from which approximatéb0
active compounds were patented.

The sulfonamide functional group often occurs i th
published B-RAF inhibitors, thus based on simiiasttwelve

compounds (Figure 1) were selected for furthestest

RZ

Figure 1 General structure of the examined BRAF inhibitors.

The biological evaluation of the compounds wereiedr
out usingin vitro biochemical assays, tumor cell lines and
binding kinetic studies applying the reporter diggment

assay.



3.2. Preparation and evaluation of styrylquinazolie

derivatives

| have used the SciFinder Schdthand Reaxys databases
for the data collection about the preparation ef @P-31398
reference compound.

Although the structure of the compound was desdribea
Science article (1999) and a patent (2000), abdgenning of
my research (2007) the synthesis of the molecudlenlodbeen
published yet. Therefore | have developed a protmsshe
preparation (Figure 2) using analogue reactionsn frine
literature. The substituted styrylquinazoline datives were

synthesized on the basis of this synthetic route.
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Figure 2 Developed synthesis method for CP-31398



The biological effects and the selectivity of theletules
were tested using biochemical assays, tumor cedsli flow
cytometry (FACS) and permeability (PAMPA) assays.

4. RESULTS

4.1. Examination of potential B-RAF kinase inhibitas

The binding mode of the B-RAF inhibitors was stadie
using molecular modeling methods.

According to the docking studies similar interasido the
published B-RAF inhibitors could be detected: hygno
bonds with the hinge region and with the DFG matsf,well
as hydrophobic interactions with the amino acidshef ATP
binding site.

Sorafenib was used as a reference compound for the
biochemical assays. Sorafenib inhibited the wilgety8-RAF
with a 0,11uM ICso and the mutant B-RAF(V600E) with a
0,07uM ICsgvalue.

Five of our compounds showed nanomolaggl®@alues
(ICs50< 0.68uM), six showed no remarkable activity ¢ 1-
20 uM) and one compound was completely inactive;{¢23

uM) against the B-RAF kinases.
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Figure 3 Measured Ig values on cell lines harbouring wild
type B-RAF
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Figure 4 Determined IGy values on cell lines harbouring
V600E mutant B-RAF

We also measured the effect of the molecules od-type
and mutant B-RAF(V600E) expressing tumor cell lines
(Figure 3 and 4). As the result of the tests wenébthat the
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compounds were less or not active against wild-tggeAF

expressing cell lines (MeWo, M24met), while on thdbkat
contain the V600E mutation (HT29, A375p, UACC25f¢ t
compounds showed good effect. This is notewortlegabse
in the kinase assays they were almost equally tefee@n

both enzymes.

A special behavior of the wild type B-RAF expresgsin
cells may be responsible for these different effetising
SiRNA and western blot methods it was found that th
increased MAPK pathway activation was the resulamfA-
and/or C-RAF kinase activation.

The compounds were screened in a displacement &ssay
gain information about their binding kinetics. Wauhd that
our compounds have fast binding kinetics. Basedtlan
docking results and the similarities with the psbéd

inhibitors we classified them as type | ¥z kinadgbitors.

4.2. Preparation and evaluation of styrylquinazolie

derivatives

Using the developed synthetic route for CP-313%&ve
synthesized additional 122 styrylquinazoline and 2

styrylpyrimidine derivatives.

11



The kinase inhibitory profile was determined by
DiscoveRx KINOMEscafi method and weidentified the
FLT3 kinase as target of the molecules (FigureVireover,
in case of mutant FLT3 kinases we foun®0% binding in
5uM compound concentration. Albigh lower binding
affinity was measured against other kinaG@SNK1A1 779,
GAK 65% and RIOK1 63%, buh 5uM concentration thes

values were not significant.
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Figure 5 The selectivity illustrated on the kinasee. Targe

proteins are shown on Figureahd the percentage of prote

binding can be seen on Figure B

All compounds were tested first a kinase assay (IMAF
at a single point concentration (/). Our aim was to sot

out the ineffectiveones and only the best compounds v
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selected for the more precises¢neasurements. Our best
FLT3(ITD) inhibitors are shown in Table 1.

2

R
N\ N
N
R
R
. ) 3 FLT3(TD) FLT3(ITD)
ID R R R inhibition in Ic M
10 UM (%) 50 (M)
106 | H 4-F NN -dimethylethane-1,2-diaming 86,1 0,76
116 [ H |4-Methyisuffanyl NN -dimethylethane-1,2-diaming 92,3 0,55
123 | H 4-1sopropyl | N ,N -dimethylethane-1,2-diaming 99,8 0,2
124 | H 4-1sopropyl N ,N -diethylethane-1,2-diamine 95,4 0,65
126 [ H |4-Methyisulfonyl N ,N -dimethylethane-1,2-diaming 96,1 0,33
134 [ CI 4-F N ,N -dimethylpropane-1,3-diamine 79,2 0,91
147 | CI | 4-Methylsuffanyl N ,N -dimethylethane-1,2-diaming 82,1 0,61
151 ClI 4-1sopropyl | N,N-dimethylethane-1,2-diaming 89,9 0,41
153 [ CI | 4-Methyisulionyl NN -dimethylpropane-1,3-diamine 94,4 0,87
155 | CI |4-Methylsulfonyl N ,N -dimethylethane-1,2-diaming 91,0 0,24
156 | CI |4-Methyisulfonyl N,N -diethylethane-1,2-diamine 92,1 0,44
181 | F 4-1sopropyl | N,N -dimethylethane-1,2-diaming 100,0 0,58
182 | F 4-1sopropy! N ,N -diethylethane-1,2-diamine 100,0 0,87

Table 1 The biological effect of the best FLT3(ITD)

inhibitors

The compounds were tested on MV4-11 acute myeloid
leukemia cell line. These measurements were algoriant
because this cell line contains the FLT3 (ITD) niota and
increased expression was also manifested. Compdawisg

good FLT3 kinase inhibitory effect showed signifita

13



antitumor activity (1Ge< 1 uM) on this cell line, which is in a
correlation with the biochemical results.

It was published that the reference compound CP313
can restore the function of the p53 protein and aisreases
the expression of the tumor suppressor. We screeuned
compounds on several cell lines (A431, HCT116, HT29
MCF7) that harbour p53 mutation. On these cells we
measured substantially weaker effectsgS 1uM) than on
the FLT3 expressing MV4-11 cells.

Flow cytometry (FACS) was used to determine thd cel
death process. The results showed that the moteaulieice
programmed cell death (apoptosis) instead of nexros

According to the permeability assay (PAMPA) the
compounds have good penetration value and can tres=ll

membranes with passive diffusion.

5. CONCLUSIONS

5.1. Examination of potential B-RAF kinase inhibitas

Using molecular modeling methods | have predictasl t
binding affinity of 12 sulfonamide derivatives toet B-RAF
kinase. The in silico results were validated usirgchemical

assay and we identified five molecules with sigaifit
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activity (IC50< 0.68 uM). We tested the compounasB>
RAF expressing cell lines and concluded that thet be
derivatives inhibit the growth of the B-RAF(V600B)utant
tumor cell line equally to sorafenib.

The binding kinetics were determined and due to the
results, the compounds were classified as type Kidase
inhibitors.

5.2. Preparation and evaluation of styrylquinazolie

derivatives

The large number of the synthesized molecules gavke
opportunity to establish a detailed structure-aigtiv
relationship study, for which we used ilmevitro biochemical
results (percentage enzyme inhibition andsgl(alues).
According to these results the following conclusi@ould be

made (Figure 6):

1 1
R 8 3
. NWR
6 N,
R* s
4
Figure 6
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The quinazoline core is essential for the FLT3 bitbry
effect, the pyrimidines are ineffective.

The quinazoline ring can be unsubstituted or
monosubstituted, while the disubstituted compouads
ineffective.

Incorporation of a halogen atom at the 6th positoes
not substantially alter the effect. However theoflnated
derivatives are a bit worse than the molecules atoimiy
bromine or chlorine at this position.

Compounds having a substitution in the 7th and 8th
position are ineffective.

The benzo[g]quinazoline based molecules condensdd w
benzaldehydes are also ineffective.

The R group can be a substituted phenyl or a thiophene
ring.

In the case of the unsubstituted quinazolines wbstguted
phenyl derivatives are effective but the thiophanalogs
do not show any activity. However considering the
tricyclic compounds, the thiophene derivatives acéve
while the substituted phenyl derivatives are conebye
inactive.

The R group has to be a monosubstituted aromatic ring fo

the strongest inhibition. Derivatives containing4-3,
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disubstituted phenyl group showed reduced effedtthe
3,4,5-trisubstituted phenyl containing moleculese ar
completely ineffective.

The para substitution of the*Rhenyl ring is the most
preferred, substituents in the meta position gyeatiuce
the effect. The best substituents are the isopyopyl
methylsulfonyl and methylsulfanyl functional groups

The R group has to be a side chain which improves the
solubility and contains a tertiary amino group. Eherter
chains N,N-dimethylethane-1,2-diamine, N,N-
dimethylpropane-1,3-diamine) are much better thiam t
longer and largerN,N-diethylpropane-1,3-diamindy*,N*-
diethylpentane-1,4-diamine, morpholine, N-
methylpiperazine or pyrrolidine) ones.

The presence of the styrylquinazolin core and fide-s
chain is essential for the activity. Compounds authside
chains have absolutely no effect, the same wayhas t

double bond reduced derivatives.
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