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Nazev diplomové praceétodnoceni nové série [1,2,4]triazolo[4,d]chinoxalint a

piribuznych slowenin: vysoce @innych antagonisti adenosinovych receptai

Adenosin je lokalni modulator, ktery je zapojenndooha tiznych biologickych
proces.. Svych @inki dosahuje fisobenim na hiky pres adenosinové receptory
(ARs). AZ dosud byly popsanyyii typy ARs- Ay, Aza Azg a A, které pati do skupiny
receptot sg'azenych s G-proteinem. ARs jsolle¥itym cilem no¥ vznikajicich I€iv.

Predkladana diplomova prace se zabyva studiem skupmyych
[1,2,4]triazolo[4,3a]chinoxalint a jim podobnych slaienin jako potencialnich
antagoniat adenosinovych receptor

Prezentované vysledky byly ziskany pouzitim meteazebného radioligandu.

Skupina chinoxalinolh a tetrazolochinoxaliin je selektivni k lidskemu (h) A
receptoru, nicmeén afinita tetrazolochinoxaliin je nizka a u chinoxalingin stredni.
NejvétsSi skupinu testovanych latek tariazolochinoxaliny. Substituent v poloze 1
(R1) urcujé¢ afinitu sloweniny zatimco substituent v poloze 4 ;X Rselektivitu.
Sloweniny bez R jsou neaktivni, naopak nejakt&gi jsou slodeniny s objemnym
substituentem s delSim {Clipofilnim tettzcem. N-alkyl substituovany pyrrol-2-yl
v poloze 4 znatethsniZuje afinitu, ovSem jeho kombinaci s fenylpigro v poloze 1
vznikaji aktivni a zaroue selektivni ligandy potkaniho (r) Aeceptoru. Tyto jsou N4-
ethyl-pyrrol-2-yl-1-fenylpropyl[1,2,4]triazolo[4,&]chinoxalin (K rA; = 4,80 nM) a
N4-propyl-pyrrol-2-yl-1-fenylpropyl[1,2,4]triazold],3-a]chinoxalin (K rA; = 15,2
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nM). DalSi latky hA selektivni je N4-methyl-pyrrol-3-yl-1-benzyl[1,3tdazolo[4,3-
aJchinoxalin (K hAz; = 5,91 nM).

Kli¢ova slova: adenosinové receptory, [1,2,4]triazg®g]chinoxaliny, metoda

vazebného radioligandu, vztahy mezi strukturoutaviabu
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Title of diploma thesis:Evaluation of a novel series of [1,2,4]triazolo[4;3
alquinoxalines and related compounds: highly potent adenosine receptor
antagonists

Adenosine, a local modulator, acts in many divesg®dogical processes. Its
effects are mediated through adenosine receptd®s)(A-our types of ARs have been
described, A Aza Azs and A, which belong to the superfamily of G protein-claap
receptors. AR ligands are being developed as nagsdr

This thesis deals with the study of a novel serés[l,2,4]triazolo[4,3-
ajquinoxalines and related compounds as potenteth@sine receptor antagonists.

The presented results were obtained using radmadidgpgnding assays.



Series of quinoxalinones and tetrazoloquinoxalmdsbit significant selectivity
for human (h) A ARs but their affinity is relatively low for tetzaloquinoxalines and
moderate for quinoxalinones.

Triazologuinoxalines comprise the largest grouphaf series. Generally, the R
substituentdetermines the affinity, while the sRsubstituent confers the selectivity.
Compounds without any jJRsubstituent are not active, conversely compoumits
bulky substituents with a lipophilic chain (C&)e the most potent ones. N-alkyl{Cs)
substituted pyrrol-2-yl at position 4 dramaticathgcreases affinity but combination
with phenylpropyl at position 1 gives very promiand selective ligands at rat (r) A
ARs. These are N4-ethyl-pyrrol-2-yl-1-phenylprofdy#,4]triazolo[4,3a]quinoxaline
(Ki at rA; = 4.80 nM) and N4-propyl-pyrrol-2-yl-1-phenylprdfl;2,4]triazolo[4,3-
alquinoxaline (K at rA; = 15.2 nM). Another potent and RAR selective compound is
N4-methyl-pyrrol-3-yl-1-benzyl[1,2,4]triazolo[4,8lquinoxaline (K at hAg = 5.91 nM).

Key words: adenosine receptors, [1,2,4]triazoleiduinoxalines, radioligand

binding assays, structure-activity relationships
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1.Introduction

Adenosine, a major constituent of nucleic acidsA®P, is involved in many
physiological and pathological processes includdagkinson’s disease, inflammation,
asthma bronchiale, neuropathy etc. Its effectsraeiated through adenosine receptors
(ARs) which occur abundantly in the human body ianghost species.

Due to widespread functions of adenosine andeiteptors, efforts have been
carried out to develop potent and selective agem@atl antagonists of ARs for several
decades. Until 2008, around 2000 compounds have fegented as AR ligands and at
least 20 clinical trials are going on currently.2008, Lexiscan® was approved by the
US Food and Drug Administration (FDA) for medicateuas the first synthetic
adenosine receptor ligand. Lexiscan® (regadenosochemically 2-[4-
[(methylamino)carbonyl]-1H-pyrazol-1-ylJadenosine onohydrate) is an A
adenosine receptor antagonist. It is a pharmaadbgstress agent indicated for
radionuclide myocardial perfusion imaging (MPI) patients unable to undergo
adequate exercise stréss

The main research of AR ligands has been focusemadifications of natural
ligands themselves, i.e. xanthines such as caffeintheophylline. Nowadays some
approaches have been directed toward the studiffefesht tricyclic systems. Among
them, [1,2,4]triazolo[4,&]quinoxalines and related compounds were widely
investigated by alterations on position 1 and 4hef tricyclic scaffold. Next studied
series are tetrazoloquinoxalines and quinoxalimé&so They were supposed to have
selective A antagonist effects. The advanced compounds caldsbd for following
trials.

The aim of this project was:

1) To test effects o& novel series of [1,2,4]triazolo[4&eguinoxalines and

related compounds at all four adenosine receptors
2) To determinate Kvalues of active compounds

3) To find new selective ligands of adenosine recaptespecially A)
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2. Theoretical background

2.1. G protein-coupled receptors

G protein-coupled receptors (GPCRs) comprise ttges group of cell-surface
receptors in the body. They facilitate cellular ecoomication and mediate many
responses to signals from other cells such as hwsjoneurotransmitters or local
mediators. Despite of the large simé this group of proteins and the diversity of
ligands, all GPCRs have a similar structure.

They consist of asingle polypeptide chain that crosses the phospidoli
membraneseven times. At the inner face of the cytoplasmatembrane, it couples
GTP-binding protein, called G protein. G proteiosigist of three subunitse;  andy.

A signal induces change of the receptor conformatod thereby activates the G
protein. In the inactive state, thesubunit binds GDP. When the GPCRaidivated by
an agonist, the subunit releases GDP and binds GTP in its plakis. grocess induces
a large conformational change in the G protein autivates it in this way.
Subsequently the-subunit is dissociated from tifa-subunit having different targets
for their interactions. GTPase activity of theubunit causes the hydrolysis of GTP to
GDP. This way it becomes in(n)active. The actiatyG protein depends on the speed
of the GTP hydrolysis. It is usually acceleratedtbg binding of thex-subunit to a
second protein, a regulator of G protein signa{RGSY.

There are several different kinds of G proteinsidid into following major

groups:

. Ga;, also called transducin, is crucial for the vispalrception.
G, activates cyclic GMP phosphodiesterase, which Hydes cyclic-GMP and
in this way allows the cyclic-GMP-sensitive charsnt close. The subsequent
hyperpolarisation and decrease irf Gabncentration results in an electric signal

of the visual centre of perception.

. Gagrr, an olfactory-specific G protein, which stimulatgenylyl
cyclase in odorant epithelium. The resulting insee@n cyclic AMP activates
cyclic-AMP-gated cation channels and it leads te tepolarisation of the
olfactory receptor neuron. It initiates a nerve uise which is conducted into

the olfactory centre in the brain.

12



. Gas stimulates adenylyl cyclase and in this way insesacyclic
AMP concentration. Except optic and olfactory organubiquitously acivates
cyclic-AMP-dependent protein kinase (PKA). The bngdof cyclic AMP to the
PKA alters its conformation and the activated PKBAogphorylates specific

target proteins.
. Ga; inhibits adenylyl cyclase.

. G, activates the plasmamembrane-bound enzyme phoppkeli
C-$ (PLCB). The phospholipase cleaves phosphatidylinosifstbisphosphate
(PIP,) into two products: inositol 1,4,5-triphosphatBsfland diacylglycerol. 1P
releases CGA from the endoplasmic reticulum (ER) and the cylioso
concentration of G4 is so rapidly increased. It initiates a cascadegss of
phosphorylation. In this way the cell regulates tiplé cell functions, for
instance antiapoptosis cell regulation. The othredpct of the PIRPhydrolysis,
diacylglycerol activates different isoenzymes oftpin kinase C (PKC). It can

be also used in the synthesis of eicosanoids.
. G is able to interact directly with ion channels

. Gayz and Guys activate a monomeric GTPase of the Rho family
via the guanine exchange factor (GEF), which rdgalathe cytoskeleton

contractior?.

13



2.2. Characterization of adenosine

NH.,
N .y
¢ |

HO Y N,;;J

OH OH

Figure 1: Chemical figure of adenosine

Adenosine is an important signalling molecule whitas many regulatory
functions mediated through adenosine receptors &iso a building block of many
important molecules such as ATP and nucleic &tidslenosine is not considered to be
a classical neurotransmitter but a neuromodulatarait be released directly from cells
(it is stored in no special vecicles), or by degtaxh of ATP by extracellular enzymes.
Adenosine can be metabolized by two pathways: mdgl phosphorylation to AMP

(under normal conditions) or by deamination to inesy adenosine deaminase.

In a human body adenosine has diverse effectsiditces sedation in brain
through release inhibitioof excitatory neurotransmitters. In the heartas megative
inotropic, chronotropic and dromotropic as wellaagihypertensive effects. Further it

has antidiuretic effects and it also influencesitheune system.

The concentration of extracellular adenosine canebbanced under some
pathological conditions - ischemia, hypoxia, traumstress, convulsions or
inflammatior?.

Adenosine is the ligand of adenosine receptordciwbelong to the
family of purine receptors.

14



2.3. Adenosine receptors

The family of purine receptors consists of two mgimoups: P1 (adenosine)

receptors and P2 (nucleotide) receptors.

There are four subtypes of adenosine receptor#i A Az As. All of them are
G protein-coupled. Aand A couple to the @ protein, inhibiting thus cyclic AMP
whereas A and A couple to the @s proteirf.

QOutside of cell
Adenosine

- |
(e S 1
TS T

@ @ @ @ @
T K el L Adenyiate ™ el
W Inhibits *~_CYCIas@ _~ Evcites
Kinase S
_protein | 4———— Cyclic AMP ATP

inside of cell

Figure 2: Adenosine receptors: mechanisms of effécts

2.3.1. Structure

Adenosine receptors have seven transmembrane (oMgids of hydrophobic
amino acids like other G protein-coupled receptdM.domains are connected by three
extracellular and three intracellular hydrophilicops of different lenght. The N
terminal is located outside of the cell and the &minal inside of the cell.
Transmembrane domains are crucial for the ligamidlibg and for the receptor

specificity. The ligand binding site is createdébgocket of the transmembrane regions.
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Histidine residues on TM6 and TM7 play also an ingnat role in ligand binding. The
second extracellular loop is often glycosylatede Thtracellular part of the receptor
interacts with the G protéth

(a1l Agonist & antagonist
recognition site
e

R[]

Binding of NH 2

5-substituted

agonists Extracellular

Intraceilular

(13

G4}

COOH

Figure 3: Schematic representation of the alenosine receptor

2.3.2. A, Receptor

A; receptors are widely distributed in the most sg®ciThey are highly
expressed in most brain regions, spinal cord, adipiissue, heart muscle and on

leukocytes.

In the nervous system, Areceptors mediate inhibition of neurotransmision.
Adenosine is released under some pathological tondj such as hypoxia and
ischemia. This mechanism of inhibition has a nerotgetive role. A receptors can
also influence behaviour, they have sedative, dybdo anticonvulsant and locomotor
depressant effects. On the other hakgantagonists (xanthines) have central stimulant
effects. They also induce cardiac depression (tiiromnegative chronotropic,
dromotropic and inotropic effects. These effecte ased in clinical treatment of

16



supraventricular tachycardia and of bradyarrhytnhakidneys, A receptors induce
vasoconstriction, a decrease of glomerular filiratiand inhibition of renin secretion.

Aj receptor agonists

Some selective Aagonists from Risubstituted adenosine derivates were found,
such as Ricyclopentyladenosine (CPA), ®Myclohexyladenosine and (-)\e-
Phenylisopropyl)adenosine (R-PIA). Another selextiagonist — Zhloro-N-
cyclopentyladenosine (CCPA) has an additional switisin at C2-position.

A; receptor antagonists

Xanthine-based derivates with hydrophobic subsiisjefor example 1,3-
dipropyl-8-cyclopentylxanthine (DPCPX), are impaoittaelective A antagonists.

There are also some non-xanthine selective antsigomepresented by non-
fused rings (e.g. N-(3-phenyl-1,2,4-thiadiazol-%44hydroxybenzamide), bicyclic
fused heteroaromatic systems (e.g. pyrazolopfgridine-5-carboxylic acid ethyl ester
derivates) or tricyclic fused heteroaromatic systenfe.g. 1,2,4-triazolo[1,5-

alquinoxalin-4-amines).

2.3.3. Ay receptors

Adenosine Aa receptors are abundantly expressednmune tissues, platelets,
the CNS, vascular smooth muscle and endothéflum

The highest concentration of,Areceptors is in the striatum, thmucleus
accumbens and tlwfactory tubercle.

Furthermore the & receptors are highly expressed in immune tisseys and
skeletal muscles.

A, receptors stimulate neurotransmitter release bplatg to G proteir?.

17



Aza-Dy interactions

There is a negative functional interaction betwe®rn and dopamine P
receptors in the neostriatum and nucleus accumbermss been observed, thie
stimulation of adenosine A receptors induces a reduced affinity of dopamuoenests
to dopamine B receptors, while stimulation of ;.Dreceptors inhibits A receptor-
induced activation of adenylate cycl&2é?)

These antagonistic interactions regulate the fanctof the GABAergic
encephalinergic system. This mechanism is congidéoe be very useful for the
treatment of Parkinson’s disease. Till now the mastd preparate for Parkinson’s
disease has bean3,4-dihydroxyphenylalanine (L-DOPA) combinedth a peripheral
DOPA decarboxylase inhibitor. During a long-timeeatment with L-DOPA, the
therapeutic effects decrease while the adverseedfdets increase. These side effects
include the progressive decline of symptomatic beneend-of-dose “wearing-off*,
“on-off” phenomenon and dyskinesia.

Aza antagonists could enhance the effect of L-DOPAReyllockade of A-D>
receptor interactions. However, there are still data about potential use in

monotherap¥?.

Aoareceptor agonists

A receptor agonists have antiinflammatory effectgjihgpertensive activity
and they accelerate wound healing. They also could s®d o treat psychosis and
Huntington’s disease. They seem to be useful intrre@ment of asthma bronchiale,
chronic obstructive pulmonary disease and sepsis.

Generally Aya receptor agonists are adenosine derivates altardmbth the
purine and the sugar moiety.

C2-substituted adenosine derivatives with bulky ssitieents have been
introduced (e.g. 2-phenylethynyladenosine or 2-yhek-yl)adenosine).

The most potent agonists with sugar moiety altenstiare the 5N-ethyl-, 5 N-

methyl- and 5'N-cyclopropylcarboxamido substituted compoufitis

18



Azareceptor antagonists

Aa receptor antagonists are promising compounds &t we to palliate the
symptoms of Parkinson’s disease, mainly the motompsoms, dyskinesia, dystonia,

and depression.

Some selective A receptor antagonists were developed: for examp(@- 8-
chlorostyryl)caffeine (CSC), 1,3-dialkyl-7-methy(8,4,5-trimethoxystyryl)xanthine
(TMSX) or 3,7-dimethyl-1-propargylxanthine derivat@®@MPX)?2®.

2.3.4. Aogreceptors

Ag receptors are the least explored adenosine raseptioey practically occure
on every cell but in small number. Relatively higlexpression can be found the
caecum, large intestine and urinary bladder.

Both, agonists and antagonists could have benkfiefeects in asthma.
Activation of Apg receptors inhibits the TNFrelease from monocytes and it has also
supressive effects on the expression of pro-inflatony cytokines in macrophages
whereas Ag receptors induce bronchoconstriction in airways.

The blockade of Ag receptors has antinociceptive effects. Caffeing lbeen
used as an adjuvant analgesic drug for a long biatehe finding about itsrucial role

of A,g receptor blockade is relatively new.

_Ajp receptor agonists

No selective Ag agonists were introduced buggreceptors seem to prefer C2-

substituted adenosine derivatives.

Ao receptor antagonists

There are some compounds of xanthine-derived sieicivhich have high

affinity and good selectivity in humans. Typicalthey have small alkyl substituents at
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the 1- and 3-position. Aryl or heteroaryl at thg@dsition selectively enhances;iA
receptor affinity (e.g. 1,3-dipropyl 8-pyrazolylrideatives).

From non-xanthine derived,Areceptor antagonists, there are some pyrimidine-
2-amines or substituted thiazoles (e.g. pyrazabel1,2,4-triazolo[1,5€]pyrimidines)
among others).

2.3.5. Ajreceptors

Aj receptors are largely distributed in the most hutissues, above all in testes,
lungs, kidneys, placenta, heart, brain, spleerrusteladder, jejunum, proximal colon,

and eye.

As receptors are also expressed on mast cells of batspot on human mast
cells, which predominantly express;gAreceptors. Activation of thentan cause
bronchoconstriction, facilitate the release of rglie mediators and is linked to the

inflammation and asthma.

Asreceptor agonists

Structurally, A receptor agonists are adenosine derivates. Theresame
profitable modifications: at the adenine moietye Bubstitution at the Namine moiety
(e.g. N-(3-iodobenzyl)-5"-(N-methylcarbamoyl)adenosine-WECA)) gives selective
and potent derivatives. Selectivity can be incrddse parallel alteration in position 2
(e.g. 2-chloro-IB-MECA). More potent are also 4ietderivatives (e.g. 2-chlorti®-(3-

iodobenzyl)-4’-thioadenosine-5"-methyluronamide).

Asreceptor antagonists

A series of aminothiazole (e.g. 3-(4-methoxyphey§mino-7-oxo-
thiazolo[3,2]pyrimidine) derivates are thought teat chronic obstructive pulmonary
disease, as adjuvants together with antiinflamnyatamonchodilatory or antihistaminic

drugs.
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A series of 4-(pyrazolo-3-yl)[1,2,4]triazolo[4,3epljinoxalines were proposed
for the treatment of renal and cardiac diseasesgdss asthma or bronchitis.

2.4. [1,2,4]triazolo[4,3«a]quinoxalines

These compounds were investigated in the past senfd benzodiazepine
and/or adenosine receptor ligands.

Many compounds, structurally quite different fromnkzodiazepines, are able to
bind competitevely to the benzodiazepine site ofe ttGABAy receptor.
[1,2,4]triazolo[4,3a]quinoxalines together with [1,2,4]triazolo[1¢fquinazolin-5(6H)-
ones, [1,2,4]triazolo[4,B]pyridazines and imidazo[1,&lquinoxaline derivates belong
to these compounds.

Adenosine receptor antagonists are typically armmaitrogen-containing
heterocyclic compounds, such as xanthines, pyrfizélajpyridines, pyrrolo[2,3-
dlpyrimidines, pyrazolo[3,4]pyrimidines, [1,2,4]triazolo[1,&]quinoxalines and

[1,2,4]triazolo[4,3a]quinoxalines®.

2.5. Radioligand Binding Studies

Radioligand binding assays are relatively simplé very exact and reliable
methods for studying receptors. They are used termidne the interactions of
hormones, neurotransmitters, growth factors, atade@ drugs with the receptors. They
may be used to analyse the affinity of an inveséigalrug for a receptor or binding site,
and the density (B) of a receptor in a given tisstk A radioligand is a ligand labeled
with a radioactive isotope (usuafi or **1) incorporated into the molecule.

A radioligand can bind to a receptor, transpogazyme or to other proteilfs

Ideally, it should have thiellowing properties:

1) High affinity (Kg of 1 nM or less) to minimize the non-specific bimgl

2) Low non-specific binding — to consider an assagu$icient. At least 50% of
total binding must be specific, 70% is good and 98%deal

3) High specific activity (30 Ci/mmol or higher) toteet low receptor densitie®
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2.5.1. Assay conditions

Time - The incubation time is theoretically exactly theei necessary to reach
the equilibrium. This is practically impossible ands sufficient to reach steady state
conditions.

Buffer — Tris(hydroxymethyl)aminomethane (TRIS) buffercemmonly used
but it is not the only possible one. More importenthe pH value. It should be in the
physiological range, between 7-8.

Radioligand concentration It depends on the type of binding experimene Th

higher the radioligand concentration the highernba-specific binding. On the other
hand,a higher concentration results in higher numberspaf (count per minute) bound
and thus lower counting error. The radioligand @mation is often chosen
approximately equal to theyl§f the radioligand for binding to the receptor.

Receptor concentratior The higher theeceptor concentration the better the

binding. It is based on the assumption that theeeotration of ligand is constant (<10
% of the radioligand is bourfd).

2.5.2. Separation of bound radioligand from the free

radioligand

When steady-state conditions have beeached, the bound radioligand is
separated from the free radioligand. The most widesled separative techniques are
filtration and centrifugation.

It is important to minimize the dissociation of theund radioligand during this
procedure. If significant dissociation happens, iteasured binding values will be too
low. This can be avoided by reducing the tempeeatuth the ice cold wash buffer,
thus slowing down the dissociation rate. This safpam must be done as rapidly as
possible (till 10 seconds).

For membrane binding assays, vacuum filtrationughoglass fiber filters is the
most convenient. It is based on the principle thatfilter retains radioligand-receptor
complex and free radioligand passes through ther fiThis filter is made of glass fibres
twenty times thinner than human hair and it is abterized by very high efficientd).

To minimize the non-specific binding of radioligandto the filter, the filter should be
presoaked in appropriate solutions (e.g., 0.1% @aag@olyethylenimine) for a certain

time.
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The filtration is accomplished by a cell harvegsigre filter machine. This
instrument also enables rapid rinsing to removielues of free radioligarfd.

2.5.3. Principle of Liquid scintillation counting

Liquid scintillation counting (LSC) is the typicalused method for counting of
organic radioactive compounds. LSC also detects gladh lenght of soff emission in
contrast to solid scintillation. Liquid medium etes the close contact between the
scintillator and the isotop atoms, which is impbksiin solid scintillation. Thé.iquid
scintillation cocktail absorbs the energy emittgdddioisotops and changes it into light
flashes. Ascintillation cocktail usuallyontains an organic solvent as wellpggnary
and secondary scintillators. It accomplishes the @&eations-absorption and re-emission.
The solvent comprisethe majority of the total scintillation cocktailh& emitted energy
is captured in aromatic rings of solvent and isdtmted to primary scintillator. This
captured energy is transformed and emitted as. Iiggtondary scintillators are included
in scintillation cocktail to transfer the fluoreswe energy to longer optimal wave
length. One molecule of scintillator gives off juste photon on activation. The amount
of photons corresponds to the path length of ihgarticle. The scintillation counter
evaluates each pulse of photons on the basis o&ri@unt of photons in the pulse
which is proportional to the singlp emission event. The intensity of radiation is
expressed as counts per minute (CPM), which is gtmgmal to the amount of

radioisotope in a samp

2.5.4. The law of mass action

The principle of radioligand binding assays isdmhen a simple model — the
law of mass action (Equation 1), where the ligandb{nds to (a) the free receptor (R)
to form a ligand-receptor complex (LR)o/Kis the association rate constant aggli&
the dissociation rate constant.
oK
Ligand (L) + Receptor (R) «— Ligand-Receptor Comp(eR) [1]
Koft
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Equilibrium occurs when the association and disgimn rates are equal
(Equation 2)

[L] - [R] + Kon=[LR] - ko [2]

The equilibrium dissociation constant ¢an be expressed by rearranging the
equation (Equation 3

—:—:Kd [3]

Two basic experimental methods for binding assagslascribed: saturation
and competition binding.

2.5.5. Saturation binding

Saturation experiments are performed to determeneptor affinity (1/k) and
density (Bhay)-

Kg [mol/l] is the dissociation equilibrium constarftaodrug for a receptor. It is
defined as the ratio of the dissociation rate amisikys) of the Ligand-receptor
complex to the association rate constagf)(lKSmaller ky means that the receptor has a
higher affinity for the ligand, respectively larg€s means that the receptor has a lower
affitnity for the ligand.

Bmax [mol/g] is the maximum density of receptors occdpiat saturation
concentration of radioligand.

In saturation experiments, the receptor conceptrastays constant, while

the radioligand concentration varies.

The data analysis

The parameter measured is the amount of radioadigand specifically
bounded to the receptor. However, most radioligaardsable to bind to more binding

sites. The non-specific binding sites can be otbeeptors, other parts of tissues, or just
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sites on test tubes or glass fiber filters. Totatllmg is the amount of radioligand bound
to the receptor in the absence of unlabeled ligana-$pzcific binding is the binding in
the presence of unlabeled ligand. It is necessargdasure both total and non-specific

binding and the difference is the specific binding.
The non-specific binding is direct proportionakhe radioligand concentration.

Total
on
£
=
= Specific
ad] Nen-specific

[Radioligand]

Figure 4: Graphical presentation specific binding-illustoatiof the total and the

non-specific binding. The red curve symbolizesgpecific binding.

The most suitable way to analyse the data fromsHtaration experiments is

nonlinear regression using computer programs aph®ad, San Diego, CA.
Another alternative for visualization of the dagtbo use a hyperbolic or a

sigmoidal curve analysis.
Before the nonlinear regression programs were widehilable, it had often

been required to transform the data into a lineamfand then to analyse them with

linear regression.
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Slope = -1/K;

Bound
BoundiFree

El’na(

Free Bound

Figure 5: Scatchard (more accurately called Rosenthal) plots

2.5.6. Competition binding (IC 5o measurements)

This method is used to determine the concentratfandrug required to inhibit
binding of the standard radioligand by 50% sg®@alues). The affinity of a drug of
interest is determined indirectly, by measuringaitdity to compete with a radioligand
of known parameters at binding to the same receptor

The K value, the equilibrium dissociation constant faoanpetitive inhibitor of
the receptor, is proportional to thes§Gralue. It can be obtained using the Cheng-
Prusoff equation (Equation 4), where L is the cotraion of the radioligand andgK

determines the affinity of the radioligand for tieeeptor.

IC
Ki = — (4]

L
1+K_d

The next step is the determination of the seldgtiof a drug for receptor sub-
types.

In competition experiments, the radioligand concidn is constant and the
unlabeled ligand concentration varies. The higloercentration of the unlabeled ligand

the lower binding of the radioligahd
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Data analysis

_|
=
=
B
1

Total Radioligand Binding

=
[#3]

logér

log[Unlabeled Drug]
Figure 5: Competition plot

The high plateau of the curve equalstth@ radioligand binding in the absence
of unlabeled ligand. The low plateau of the cuegeals the non-specific (NS) binding.
The difference between high and low plateaus issfiexific binding. The 16 is the
concentration of unlabeled ligand that results Gf65nhibition of the radioligand. The
Y axis is typically expressed in cpm, fmol bound peiligram protein, number of
binding sites or in 9.
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3. Experimental
3.1. Materials
3.1.1. Chemicals

ADA

BSA

CADO
DMSO
DPCPX
EDTA

HCI conc.
Isopropanol
LumaSafe Szintillationscocktail
NECA

PEI
Sucrose

TRIS

3.1.2. Radioligands
[*H]CCPA

[PHIMSX 2
[*H]PSB-603

[*H]PSB-11
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Roche, Germany
Roth, Germany
Fluka, USA
Riedel, Germany
Tocris, USA
AppliChem
Riedel de Haen, Germany
Uni Bonn, Germany
Perkin Elmer, USA
Sigma, USA
Sigma, USA
Roth, Germany

Roth, Germany

Quotient Bioresearch, UK

Amersham, UK
YE-Healthcare, UK

Amersham, UK



3.1.3. Equipment

Autoclave

Balance

Centrifuge
Incubator

Filter

Hamilton syringe

Harvester

Laminar-air flow

Magnetic stirrer + hotplate

pH-Meter

Photometer
Pipettes

Ultraturrax

Varioklav 75T H+P
3850ELV Systec
Competence CP Sartorius
SBC 42 SCALTEC
KERN 440- 47N

Beckman Avanti, J-201

IG 650 Jouan

GF/B Glass fibre cuts

Roth, Germany

Brandell M24, Gaithersburg,
MD, USA
Brandell M48, Gaithersburg,
MD, USA

Microflow Biological safety
cabinet Nunc

RCT Basic IKA
Labortechnik

691 pH Meter Metrohm
WTW pH 197
Beckman DU 530
Eppendorf

T25 basic IKA Labortechnik
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Vortexer MS 2 Minishaker IKA

Labortechnik

3.1.4. Computer programs
GraphPad Prism 4.0

ISIS/Draw 2.4

3.2. CHO cell culture
3.2.1. Materials

human Ag CHO cells Prof. Miller, University of Bonn
human A CHO cells Prof. Klotz, University of Wirzburg
Medium

DMEM F12, Mixture 1:1 Invitrogen
Supplements

10% FCS (0.1M) Sigma

1% PenStrep (1000 U/ml Penicillin, 10 mg/ml Strepycin Invitrogen

0.4% G418 (50 mg/ml) Calbiochem

Store at 4°C

Trypsin

PBS buffer 500 ml

EDTA (0.5 M, pH 7.6) Roth
120°C, 20 min., autoclave

Trypsin 2.5% (sterile) 10 ml PAN

Phenol red 0.5% (sterile) 1.5ml Biochrom
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Store at -20°C

PBS buffer

NacCl 150 mM Roth

KCI 2.5 mM Sigma
NagHPO, x 2H,0 7.5 mM Applichem
KH.PO, 1.5mM Applichem

pH 7.2, store at 4°C

TRIS/EDTApH 7.4

TRIS 5mM 0.303 g Roth
EDTA 2 mM 0.372¢g Roth
Aqua dest. ad 500 ml

Store at 4°C

The cell suspension was transferred into the Tl&boulture flask, prepared
with 25 ml medium. The cells were incubated at 3liChe cell density was about
70% (3 to 4 days). Then the cell suspension wassfeared into ten T175 flasks. Each
flask was prepared with 25 ml medium. The old mediwas removed and the cells
were washed with 5 ml PBS. Using trypsin solutibml, 37°C, 1 min) the cells were
removed from the bottom of the flask. Medium (5 mBs added to the cell suspension
to neutralize trypsin and it was divided into terepgared flasks. When the cells were
70% confluent, they were transferred into 180 diskesselsThe dishes were prepared
with 25 ml of complete medium. The medium was reatbfrom the flask. The flask
was washed with 5 ml PBS followed by 5 ml trypsindetach the cells from the
bottom, and the flask was incubated for 1-2 miB3&C. Medium (15 ml) was added

into the flask and the cell suspension was dividezD dishes (1 ml per dish).
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3.3. Membrane preparation

When the cells were 70% confluent, the medium vessoved and each dish
was washed with approximately 5 ml of PBS buffeheTdishes were immediately
frozen at -80°C and then thawed and 1-2 ml of 5 RS/2 mM EDTA was added.
Using a rubber wiper the cells were collected frahe bottom of the dish.
Subsequently, the cells were homogenized using laatitrax (twice for 15 seconds)
and centrifuged for 10 min. at 1000 g and 4°C. Bhpernatant was subsequently
centrifuged for 60 min at 37 000 g and 4°C. Thailtewy pellet was resuspended with
18 ml TRIS buffer (50 mM) and once more homogeniZzEde homogenisate was

divided in 1 ml vials and shock-frozen in liquidnoigen. Vials were stored at -80°C.

3.3.1. Striatal membrane preparation
Material: Rat brains Pel Fre&z¢&JSA

All the following procedures were carried out oe.iRat striatum was dissected
and kept in TRIS (50 mM) solution on ice. The sumpen was homogenized with an
Ultraturrax (max. 10 s) and centrifuged twice atO8D g, 15 min, 4°C. The pellet was

resuspended in TRIS buffer, homogenized with aratlirrax and stored at -80°C.

3.3.2. Cortex membrane preparation
Material: Rat brains Pel Fre&z¢&JSA

All the following procedures were carried out aC4(on ice). Rat cortex was
dissected and kept in sucrose (0.32 M) solutionicen The tissue was homogenized
with a glass Potter and centrifuged four timesstfit was centrifuged at 1000 g for 10
min, 4°C (to remove nuclei and unbroken cells) &reh three times at 37 000 g, 1 h,
4°C with subsequent exchange of the buffer (fromrase via water to TRIS). The
pellet was resuspended in TRIS buffer, homogenizitldl an Ultraturrax and stored -
80°C.
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3.4. Protein determination — Lowry’s method

Reagents
A Nax,COs 2% Sigma

NaOH 0.1 M University of Bonn
B CwSQO,. 5 HO 0.5% Applichem

Sodium tartrate 1% University of Bonn

C Always new made: 50 parts of reagent A + 1 paréagent B

D Folin & Ciocalteau’s Phenol Reagent Working Siolat
18 ml Folin reagent (F-9252) Sigma
ad 90 ml aqua bidest.

This method is based on the reaction between pr@ed copper in alkaline
solution as the first step and the subsequent tiesuof the Folin reagent as the second
step which results in a turn of colour to intensblee. Four samples with increasing
concentration of protein (0, 1:50, 1:20, 1:10) iRI$ buffer were prepared. Reagent C
(1000 pl) was added into each sample and the tubes wetednaind incubated for 20
min at room temperature. After that 1Q0 of reagent D was added, samples were
mixed and incubated for 30 min. The samples werasomed in a spectrophotometer at
500 nm. The protein concentration was determinedcbmparison to a standard

curve’,
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Figure 6: Example of a standard curve with B

3.5. Radioligand binding assay

The assays were carried out in assay tubes. Ebehrialuded the same amot

of radioactively labeled ligand, protein and TRI&fbr. Using human protein, asse

were carried out in duicates, other assays in triplicat8he first two tubes contain

untesteccompound to determinate the total binding. The sédwo tubes containean

unlabeled liganavhith high affinity to determinate the nogpecific binding
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3.5.1. A calculation of the necessary amount of

radioligand and a protein

Radioligand

Ligand [ul] = (Number of tubes + 6) x Specific activity [Ci/mr] x final conc. Ligand [nM] x Total volume [
1000 x conc. radioligarcCi/L]

Buffer [ml] = (Number of tubes) x 0.1 |

Human protein

Protein [ml] =(Number of tubes + 6) x final conc. Protejm]

concadioligand Proteingg/mi]

Buffer [ml] = (Number of tubes + 6) x 0.1 — Protein [ml]

ADA [pl] = (Number of tubes + 6) x final conProtein ug] x wl ADA (2U ADA/mg Protein
1000ug
Rat protein

The protein suspension was diluted 1:4 with 50 mRIS buffer (pH 7.4) an
mixed with ADA (2 U/ml protein solutiorAfter definedincubation time, it was filtere
using a cell harvester. The harvester wreawashed with cold 50 mM TRIbuffer.
Subsequently, the GF/B filter was put in the haeresnd the tested samples w
filtered. The filter was washed three times to wElthe no-specific binding. Filte
strips with bound protein and radioligand were aut and put into scintillion tubes,
and 2.5 ml of gatillation cocktail was added. After 6 hours otubation time the
were measured in Liquid Scintillation Counter (DS®esults wereanalyzed with
GraphPad Prism 4.0.
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3.5.2. A;binding assays

A; receptors for this assay natively expressed irbrain cortical membranes
were utilized. {HJCCPA (specific activity: 42.6 Ci/mmol, final coestration: 1 nM)
was used as radioligand. Unlabeled CADO (final eoi@ation: 10uM) was used to
determine non-specific binding. Each data point watermined in triplicate assay

tubes. The incubation time was 90 min at room teatpee.

3.5.3. A, binding assays

Rat brain striatal membranes were used as a saird, receptors. The
radioligand for these assays wa$i{]MSX-2 (specific activity: 84 Ci/mmol, final
concentration: 1 nM). NECA (final concentration: pll) was used to determine non-
specific binding. Each data point was measurediphdate. The incubation time was
30 min at room temperature. GF/B-filters hadé&soaked in 0.3% PEI solution for 30-
60 min before the filtration. This was an importatép to minimize the non-specific

binding on the filter.

3.5.4. A,g binding assays

Human Ag receptors were recombinantly expressed in CHOs cgdtably
expressing cell line).>H]PSB-603 (specific activity: 73 Ci/mmol, final coentration:
0.3 nM) was the specific radioligand foryAbinding assays and DPCPX (final
concentration: 1M) was used to determine non-specific binding. Esample was
carried out in duplicate assay tubes. The incubatime was 75 min at room
temperature. 50 mM TRIS washing buffer + 0.1% BS#swsed to minimize the non-

specific binding on the filter.

3.5.5. Ajzbinding assays
Human A receptors werastably expressed CHO cell$H|PSB-11 (specific

activity: 53 Ci/mmol, final concentration: 1 nM) wased as a radioligang;PIA (final
concentration: 10QuM) served to determine non-specific binding. Eaempgle was
carried out in duplicate assay tubes. The incubatime was 45 min at room

temperature.
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Table 1: Radioligands used

Radioligand Chemical name Chemical figure Speci
activity
[Ci/mmol]
[*H]CCPA 2-Chloro-N- /Q\ 58
*H
cyclopentyladenosine 3 N
N/
MY
Cl)\N Ngi?/\OH
HO OH
[PHIMSX-2 | 3-(3-Hydroxypropyl)-8- 84
(m-methoxystyryl)-7- 0 3H7<':H
N N
methyl-1- AL
propargylxanthine JJ o o,
HO
[*H]PSB-11 | 2-Phenyl-8-ethyl-4- 53
methyl-(&R)-4,5,7,8,- F\N o 3
tetrahydro-H-imidazo j\)IN/
. . N
[2,1-]purine-5-one o 3
[°H]PSB-603 8-[4-[4-(4- TN j’tn o 73
. . N ‘/ \‘Sﬁo
Chlorophenzyl)piperazideg- O%H ¥ \Nw
1-sulfonyl)phenyl]]-1- &N
propylxanthine Q
cl
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Table 2 Unlabeled ligands used

Ligand Chemical name Chemical figure
CADO 2-Chloroadenosine NH,
N
)l\/ \>
cI” N o o
HO OH
NECA N-Ethylcarboxamido- NH,
. Y
adenosine NK\‘ y
egls
N
H
HO OH
R-PIA R-N®-Phenylisopropyl- o
adenosine N/H
X
OIS
NN S
=
HO OH
DPCPX 8-Cyclopentyl-1,3-
dipropylxanthine o 9y
SN N
JPRad
o~ N N
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4. Results and discussion

The ribose moiety was proven to be crucial for agianeffects of the majority
of AR ligands. Therefore, this presented novelesers assumed to be antagonistic at
adenosine receptors since they I#wk ribose moiefy.

At first the compounds were screened at a condemraf 1luM. Promising
derivatives (more than 35% inhibition atld concentration) were subsequently tested
to get curves showing dependency between the ctratien of the ligand and %
specific binding of radioligand. To obtain relialdarves, it was necessary to measure
seven different concentrations of the tested comg@otlihese curves allow to determine

the K values as the main parameter for deduction o€stre-activity relationships.

4.1. Structure-Activity Relationships

The tested series can be divided into three gragpsrding to their structure:

quinoxalinones, tetrazoloquinaxolines and triazolngxolines.

4.1.1. Quinoxalinones
©:N\ R

All tested quinoxalinones show affinity to ;Aadenosine receptor. The
substituent in position 2 influences the affinitiy @ compound. The results obtained
(Table 3) indicate that the pyrrolo-substituted ngialinones are the most potent
compounds from the series. A lipophilic chain,.(£3) at the N atom of the pyrrol
moiety leads to further increase ig &finity.

The rank order of affinity increases accordingtte hature of the substituents:
phenyl (MDO066)< fur-2-yl (MD025) < N-methylpyrrol-3-yl (IW 13)< thiophen-3-yl
(MDO068) < thiophen-2-yl (MD044x N-ethylpyrrol-2-yl (MD020)< N-propylpyrrol-2-
yl (MD022).

The lactame group of quinoxalinones determines gedectivity. Except for the

fur-2-yl substituted derivative (MDO025) the noveligoxalinones show selective
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affinity at Az adenosine receptors. MD025 shows affinity gta& well as at & and

Ao receptors

Table 3. Quinoxalinones

Compd.

IW 13

MDO020

MDO022

MDO025

MDO044

MDO068

MDO066

CH

@\

Q
/“mI

zZ

=

/

/

// (@]

wn

=

="
2

=

o3

=

&

@n

O

Areceptor

Ki £ SEM [nM]
(% Inhib. + SEM
at 1 uM)

(n=3)

(13+1)

(1%2)

(19 £ 2)

(28 £ 0)

(18 £ 2)

(17 £0)

A receptor

K+ SEM[nM]
(% Inhib. + SEM
at1luM)
(n=3)

(16 £ 2)

(4 +11)

(-15 £ 13)

212+ 27
(50 £ 3)

(8+5)

(10 + 13)

(22 +2)
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£ receptor
Ki+ SEM [nM]
(% Ifthix SEM
at1lpuM)
(n=1)

(-10 £ 5)

(11 + 10)

(-7 £ 10)

(62+7)

(33%3)

(58 + 3)

(-8 £17)

A receptor
K+ SEM[nM]
(% Inhib. + SEM

1anM)
(n=3)

130+ 25
(59 £2)

25.0+ 5.5
(84 + 13)

16.6% 6.1
(84 + 13)

144+ 63
(65 £ 2)

33.8+ 8.0
(70 £5)

93.8+16.3
(&7)

232+ 31
(42 £ 5)



4.1.2. Tetrazoloquinoxalines
N R
LY
N \N
N=N

Most of the tetrazoloquinoxalines exhibit seledyivio As; receptors. Only
MDO054 with a fur-2-yl residue has similar affinigt Aoa, Azs and A receptors. The

affinity of most compounds atykeceptorss just moderate (> 30 nM).

Table 4. Tetrazoloquinoxalines

Compd. R A; receptor A receptor £s receptor A receptor
Ki £ SEM [nM] K+ SEM[nM] Ki+ SEM [nM] K+ SEM[nM]
(% Inhib. + SEM (% Inhib. + SEM (% Ithix SEM (% Inhib. £ SEM

at 1 uM) at 1 uM) at1uM) 1ai M)
(n=3) (n=3) (n=1) (n=3)
CH,
N
My
IW 15 04.3+43.3
(31+1) (15 = 8) (7 £6) (59 = 4)
CH,
{
NN
MDO037 =
(5 £ 3) (10 + 8) (-1 £3) (35 + 4)
(CH3
NN
MDO029 = 32.8+8.2
(12 + 4) (-19+7) (-10 £ 5) (44 +3)
O™\
MDO054 = 179+ 19 243+ 59
(30 £ 1) (50 £ 7) (56 + 0) (50 + 3)
PN\
MDO51 = 64.9+ 6.4
(19  3) (15 + 9) (30 £ 8) (68 + 4)
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S
P
MDO079

96.8 +21.4
(15+6) (15 £ 3) (22+1) (281)
MDO70 g : 135+ 38
(32 1) (17 +7) (-11 + 4) (47 £3)

4.1.3. Triazoloquinoxalines

Substituted triazoloquinoxalines comprise the mestensive group of this
series. They were divided into seven subgroupsrdogp to their R substituent (i.e.
phenyl, fur-2-yl, N-methylpyrrol-3-yl, N-ethylpyrt&-yl, N-propylpyrrol-2-yl,
thiophen-3-yl, thiophen-2-yl).

The R substituent is very important for the affinity afaizoloquinoxalines.
Compounds without any Rubstituent have no or just mininal affinity fdr @alenosine
receptor subtypes (Table 5). Compounds with a builggphilic substituents with
longer (G) carbon chain show the highest affinity at adem®sieceptors but no

selectivity (table 6). For the selectivity the Substituent seems to be the determinant.
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Table 5.Nonsubstituted [1,2,4]triazolo[4 @quinoxaline derivatives
o
N \N
./

Compd. R A; receptor A receptor £s receptor A receptor
Ki £ SEM [nM] K+ SEM[nM] Ki+ SEM [nM] K+ SEM[nM]
(% Inhib. + SEM (% Inhib. + SEM (% Ithix SEM (% Inhib. £ SEM

at 1 uM) at 1 uM) at1 uM) 1ai M)
(n=3) (n=3) (n=1) (n=3)
CH,
N
Py
W 17 580+ 282
(21 +4) (-2 £11) (-11 £ 8) (30 + 4)
CH,
{
NN
MDO031 =
(16 + 1) (-12 + 14) (20 £ 2) (19+7)
CH,
-
MDO030 =
(0£5) (-17 £ 12) (-9£2) (16 + 4)
O™\
NS
MDO058 100+ 21
(24 + 1) (56 + 2) (41 +0) (37+2)
N
~
MDO055 363+ 54 357+ 94
(34 £3) (28 £5) (23 £2) (23+2)
S
PV
MDO080 447+ 116
(21+1) (26 £9) (28 £0) @=20)
MDOQ072 7 : 343+ 56
(33+3) (16 £ 6) (7+9) (16 + 16)
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Table 6.[1,2,4]triazolo[4,3a]quinoxalines with bulky Rsubstituents — 1st part
CoC
N \N
_
O~

Compd. R A; receptor A receptor £ receptor A receptor
Ki £ SEM [nM] K+ SEM[nM] Ki+ SEM [nM] K+ SEM[nM]
(% Inhib. + SEM (% Inhib. + SEM (% Ithix SEM (% Inhib. £ SEM

at1uM) at1uM) at1puM) 13 M)
(n=3) (n=3) (n=1) (n=3)
C
NN
MDO045 = 4.80+ 2.03 102+ 67
(96 + 1) (13 +5) (15 +1) (50 +11)
</CH3
NN
MD032 ~  152+¢58
(87 + 6) (16 + 4) (-6 £ 6) (30 £ 0)
O\
MDO061 = 0.576+ 0.290 0.845+ 0.259 51.7+10.4
(104 + 1) (97 + 1) (103 + 4) (72 + 4)
A\
~
MDO064 4.31+0.34 33.8+14.6
(101 + 0) (77 £ 3) (72 + 3) (36 +7)
S
)
MDO083 5.07+ 1.57 39.1+5.2
(98 £ 1) (75 £ 4) (73+1) (4@)
MDO074 7 : 0.937+0.160 16.6+ 3.1 89.8+ 35.7
(102 + 0) (87 £ 5) (83+1) (53 +9)
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Table 6.[1,2,4]triazolo[4,3a]quinoxalines with bulky Rsubstituents — 2nd part

3

CH
/
N
|

Compd. R A; receptor Aw receptor £y receptor A receptor
Ki £ SEM [nM] Ki+ SEM [nM] Ki £ SEM [nM] K+ SEM[nM]
(% Inhib. £ SEM (% Inhib. + SEM (% Itthix SEM (% Inhib. + SEM

at 1 pM) at 1 pM) at 1 pM) 131 M)
(n=3) (n=3) (n=1) (n=3)
IW 18 : 1.58+0.23 35.7+17.3 26.9+5.8
(100 £ 1) (83 +5) (96 £1) (63 £5)
S
{ )
IW 25 3.43+0.24 27.7+8.5 21.8+2.01
(100 £ 1) (75 £ 3) (73 £1) (93 £5)
o}
[ )
IW 26 2.65+0.31 49.4+ 247 25.8+2.2
(99 + 0) (74 £ 2) (67 £7) (85 + 2)
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% specific binding of

% specific binding of

MDO045
atrA,
(rat cortex)

1004
804
604

40

[BHICCPA

204

C T T T T 1
10*° 10° 10® 107 10° 10°
conc. [M]

Ki: 4.80 £2.03 nM

* Figure 7: MDO045 - concentration-inhibition curve

MD032
atrA,
(rat cortex)
100+
80
A 60
O
O
T 401
S
20
C ] ] ] 1
10° 10® 107 10° 10°

conc. [M]

Ki: 15.2 £5.75 nM

** Figure 8: MD032 — concentration-inhibition curve
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Phenyl-substituted [1,2 4]triazolo[4&@8quinoxalines

L

N\N
-/
N

R1

Among the phenyl-substituted [1,2,4]triazolo[4[8uinoxalines two A
selective compounds were identified: MDO75 €&83.8 nM) and MD092 (K= 23.7
nM). Both of them are furyl substituted but fur-Rshows higher affinity at A
receptors over other adenosine receptors. MethgHyirhas noticeably higher affinity
(MD103 - K = 44.4 nM) at A receptors than the furyl derivatives. The methyl
connection between furyl and the tricyclic systareéases affinity at Avithout effects
towards selectivity.

The most potent coumpound of this series is tpbehylpropyl derivative with
K; value = 0.937 nM at Abut also very high affinity at other adenosine ptoes. The
nonsubstituted derivative (MD0O72) has no or just laffinity at adenosine receptors,
similarly to the chloride derivative (MD071).

Table 7.Phenyl-substituted [1,2,4]triazolo[4&@quinoxalines

Compd. R A; receptor An receptor £y receptor A receptor
Ki £ SEM [nM] K+ SEM [nM] Ki £ SEM [nM] K% SEM[nM]
(% Inhib. £ SEM (% Inhib. £ SEM (% Iithix SEM (% Inhib. £ SEM

at 1 uM) at 1 uM) at1 uM) 1ai M)

(n=3) (n=3) (n=1) (n=3)
MDOQ072 H 343+ 56

(33£3) (16 £ 6) (7+£9) (16 £ 16)
MDO71 C—"  103+33 342+ 62

(59 + 8) (21 £ 6) (10 £ 3) (39 £ 3)

/]

MDO75 % 83.8+10.3

(70 £ 2) (18 £ 6) (28 £ 4) (15+1)
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MD092 N0 23.7+5.6 169+ 29
(88 + 4) (35 + 4) (34 +8) (39 + 6)
(0]
/
MD103 @\/ 73.2+45.7 99.0+ 23.8 44.4+ 16.2
(67 +10) (49 +7) (5+5) (80 + 6)
X
MDO093 \_s 72.4+12.1
(62 + 3) (14 +2) (26 + 1) (37+2)
6
MDO088 s 101+ 24 77.5+13.8 27.6+ 4.7
(46 + 4) (53 £5) (26 +5) (78 £ 6)
{1
MDO073 S 144+ 33 106+ 21 25.7+ 4.7
(53 + 6) (53 £ 3) (21 + 4) (80 + 8)
MDO074 ©\N 0.937+ 0.160 16.6+3.1 89.8+ 35.7

(102 £ 0) (87 £5) (83+1) (53 +9)

Fur-2-yl-substituted [1,2 4]triazolo[4 Squinoxalines

The 1-phenylpropyl-substituted derivative exhilbitgh affinity at all adenosine
receptors (K= 0.576 nM at A, 0.845 nM at Aa, 51.7 nM at Aand 103% inhibition at
Aog at 1uM concentration). The nonsubstituted derivative @88) has no or just low
affinity at adenosine receptors so as the chlat@téevative (MD059).

Thiophenyl-substituted derivatives show comparadfiénity at A; and Aa
receptors but the carbon linkage between thiophanglthe tricyclic system results in
increased affinity at Areceptors as shown by MDO060; ®16.9 nM at A) and MD087
(Ki =27.2nM at A).
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In furyl-substituted derivatives the carbon linketween furyl and the tricyclic
system is again important for the affinity ag Aeceptors. The Kvalue of MD090
(pyrrol-2-yl derivative) is 192 nM while the ;Kalue of MD102 (methylpyrrol-2-yl
derivative) is 43.1 nM.

Table 8. Fur-2-yl-substituted [1,2,4]triazolo[4 Aquinoxalines

Compd. R A; receptor An receptor £y receptor A receptor
Ki £ SEM [nM] Ki = SEM[nM] Ki+ SEM[nM] K+ SEM[nM]
(% Inhib. £ SEM (% Inhib. + SEM (% Itthix SEM (% Inhib. + SEM
at1 um) at 1 uMm) at1 uM) 10 M)
(n=3) (n=3) (n=1) (n=3)
MDO058 H 100 £ 21
(24 1) (56 +2) (41+0) (37x2)
MDO059 C~ 179+ 19 112+ 40
(37 x£2) (76 £ 2) (58 £1) (47 £5)
a8
MDO062 0 72.6% 8.56 158+1.8
(71 £ 2) (90 £ 2) (87 £8) (33x1)
MD090 N0 23.2+3.2 2.45+0.34 152 + 41
(89 £3) (105 £ 5) (91 x£4) (62 £ 4)
o}
/
MD102 @\/ 69.7+£13.0 82.6% 10.6 43.1+16.2
(68 = 3) (74 £3) (74 £ 16) (81 +6)
T
MDO091 \s 81.8+17.8 28.8+5.3
(68 £ 2) (91 £2) (59x2) (44 £ 4)
6
MDO087 S 178+ 27 20.7+ 6.8 27.2+£54
(53 +4) (73 £11) (85 = 6) (95 +8)
A
MDO060 S 64.0£3.1 26.8+51 16.9+ 7.0
(74 £ 2) (77 x4) (49 £6) (87 £5)
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MDO061 ©\N 0.576 + 0.290 0.845 + 0.259 51.7 £10.4
(104 + 1) (97 1) (103 + 4) (72 £ 4)

Thiophen-2-yl-substituted [1,2 4]triazolo[4aé8quinoxalines

7N

N NS
e

L

Ry

The phenylpropyl-substituted derivative (MD064) s high affinity at A,
Aoa, Azg but not at A receptors. The least active compounds from thieseare the
chloride-substituted (MD057) or unsubstituted (MBP8erivatives.

Furyl derivatives (MD065, MD095) have higheg And A affinity and lower
affinity at Ag receptors, while the methylfur-2-yl substituent (MI2) increases the
affinity at As receptors and decreases the affinity gaid Apa.

Another thiophenyl residue in the molecule induaedecrease in affinity at,A
receptors. The carbon linker between thiophene thedtricyclic system (MDO063,
MDO76) results in higher affinity atA, A,s and A receptors.

Table 9. Thiophen-2-yl-substituted [1,2,4]triazolo[4aBguinoxalines

Compd. R A; receptor A receptor £s receptor A receptor
Ki + SEM [nM] Ki £ SEM[nM] Ki+ SEM [nM] K+ SEM[nM]
(% Inhib. + SEM (% Inhib. + SEM (% Ithix SEM (% Inhib. £ SEM

at 1 uM) at 1 uM) at1uM) 1ai M)

(n=3) (n=3) (n=1) (n=3)
MDO055 H 363+ 54 357 + 94

(34 £ 3) (28 + 5) (23+ 2) (23+2)
MDO057 C—"  254+6.4 41.9+0.9 36.2+ 3.8

(37+7) (45 + 7) (14 + 11) (62 + 4)
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=

MDO065 76.4+12.1 549+79
(63 £ 4) (36 £ 6) 4+2) (31+5)
\_0
MDO094 51.5+19.7 84.8+ 18.9
(75 £5) (59+1) (24 £ 0) (15+9)
(J—
MD104 137+ 62 82.8+32.0 40.4+6.0
(42 £5) (607) (557) (78 £ 6)
X
MDO095 \ S 58.8+6.9 36.0+ 13.7
(49 £ 4) (19 £5) (17 £ 14) (58 £ 6)
6
MDO063 S 248+ 81 66.7+ 30.7 32.9+7.0
(38+1) (73+2) (66 £ 4) (83+5)
O
MDO076 S 194+ 65 56.8+ 18.5 13.8+7.2
(53 +4) (64 £ 8) (61 £2) (86 £ 4)
MDO064 ©\N 4.31+0.34 33.8+14.6
(101 +£0) (77 £3) (72 £3) (36+£7)

Thiophen-3-yl-substituted [1,2 4]triazolo[4ddguinoxalines

S
| )

X

N \N
_
R] N
In these molecules, another thiophenyl residuelteesu loss of affinity for A
receptors. Methylthiophenyl derivatives (MD085, MEX) show higher affinity at 4,
A.s, and A receptors than the corresponding derivatives witthiophenyl residue

(MDO097). Furyl-substituted derivatives (MD084, MDH9MD105) are somewhat
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weaker at all adenosine receptors, similarlyh@snonsubstituted (MD080) or chloride-
substituted (MD081) compounds.
The most potent derivative from this series is MBO0O&ith phenylpropyl

substitution (Kfor A;=5.07 nM) active also at other adenosine receptors

Table 10.Thiophen-3-yl-substituted [1,2,4]triazolo[4aBquinoxalines

Compd. R A; receptor An receptor £y receptor A receptor
Ki £ SEM [nM] Ki = SEM[nM] Ki+ SEM[nM] K+ SEM[nM]
(% Inhib. £ SEM (% Inhib. + SEM (% Itthix SEM (% Inhib. + SEM

at 1 pM) at1 pM) at1 pM) 131 M)
(n=3) (n=3) (n=1) (n=3)
MDO080 H 447+ 116
(21 +1) (26 + 9) (28 + 0) (-5 + 20)
MDO081 C—o 224+ 64
(20 £ 4) (37 £7) (45 +0) (44 £ 3)
a8
MD084 o 212+ 18
(42 £ 4) (28 £ 4) (45 + 6) (14 £ 3)
MD09%6  “° 93687 171+ 47
(61 +5) (49 + 6) (61 £ 3) (39 £ 19)
(@]
|
MD105 % 113+ 70 28.6+ 7.0
(28 £ 2) (31 %5) (69 + 3) (67 + 4)
T
MD097 \_s 65.7+ 16.0
(33 +0) (14 + 6) (45 £ 1) (45 + 5)
6
MDO082 s 68.4+ 19.0 43.7+20.1
(28 + 5) (49 + 2) (55 + 6) (91 +7)
.
MDO085 S 54.8+ 10.4 29.2+11.9
(22 +2) (56 + 3) (74 1) (64 +9)
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MDO083 ©\N 5.07+1.57 39.1£52

(98 + 1) (75 + 4) (73 +1) (40 £ 2)

N-methylpyrrol-3-yl-substituted [1,2.4]triazolo[4d8quinoxalines

CH

N
N\:(@
(LT

N
_
=

Compounds with bulky substituents on the threeararbhain (IW18, W25,

3

IW26) were found to be highly potent at all adenesieceptors.

The benzyl-substituted compound IW22 shows gotetBeity for Azreceptors
(Ki for Az = 5.91 nM). It is evident that the three-carbonichbetween a bulky
substituent and the tricyclic system increasesigyfiat all four adenosine receptor
subtypes while one carbon linker results in sigaifit selectivity towards £receptors.

Nonsubstituted (IW17) or chloride-substituted (I\WW2@ands have no or just
low affinity at all adenosine receptors.

Methylheterocyclic substituted compounds (IW21, [BW2IW24) have
comparably moderate affinity at all four adenosieeeptors except for IW20, which is

a very potent compound ag feceptors (K= 7.03 nM).
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Table 11.N-methylpyrrol-3-yl-substituted [1,2,4]triazoloBta]quinoxalines

Compd. R A; receptor An receptor £y receptor A receptor
Ki £ SEM [nM] Ki+ SEM [nM] Ki £ SEM [nM] K+ SEM[nM]
(% Inhib. £ SEM (% Inhib. + SEM (% Itthixt SEM (% Inhib. + SEM
at1 um) at1 uMm) at1 uM) 10 M)
(n=3) (n=3) (n=1) (n=3)
IW 17 H 580+ 282
(21 +4) (-2 £11) (-11£8) (30 +4)
IW 23 O—"  160+31 47.5+19.9
(52 £4) (-14 £ 25) (24 £ 6) (69 £ 4)
o}
/
IW 24 Q\/ 150+ 22 75.9% 34.8 255+ 1.22
(55 +4) (43 x4) (50 £0) (BB)
6
W 21 S 198+ 40 82.0£6.1 21.8+12.1
(44 £5) (67 £5) (60 £13) (100 + 4)
A
IwW 20 S 90.1+ 27.6 79.8+23.1 7.03£0.58
(63 £5) (50 £5) (51+12) (96 £9)
W 22 é 5.91+1.207
(28 £ 6) (25 £3) (44 £3) (96 £ 10)
S
IW 25 = 3.43+0.24 27.7+£85 21.8+2.01
(100 £ 1) (75 +£3) (73x1) (93 +5)
/ (©)
w26 2.65+0.31 49.4+ 247 25.8+ 2.2
(99 £0) (74 £ 2) (67 £7) (85£2)
IW 18 ©\N 1.58 + 0.23 35.7+£17.3 26.9+5.38
(100 £ 1) (83 £5) (96 £1) (63 £5)
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W 22
atrA;

(human recombinant)
120~

1004
80+
60+

404

[*H]PSB 11

204

% specific binding of

C 1 1 1 1
101 10° 10® 107 10°% 10°
conc. [M]

Ki: 5.91+£1.20 nM

**+*% Figure 9: IW 22 — concentration-inhibition curve

N-Ethylpyrrol-2-yl-substituted [1,2.4]triazolo[4 &quinoxalines

N S
L

N\N
_
N

Ry

Generally, N-ethylpyrrol-2-yl-substituted [1,2,43tzolo[4,3a]quinoxalines are
not active at adenosine receptors. There is onlg ewrception - MD045. The
phenylpropyl moiety increases affinity (for A; = 4.80 nM) while the N-ethylpyrrol-2-
yl residue induceselectivity towards Areceptor.
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Table 12.N-Ethylpyrrol-2-yl-substituted [1,2,4]triazolo[4&quinoxalines

Compd.

MDO031

MDO056

MDO047

MDO098

MD106

MDO099

MDO086

MDO042

MDO045

Q

?C\) O//

el

A; receptor
Ki £ SEM [nM]
(% Inhib. £ SEM

at 1 uM)
(n=3)

(16 + 1)

(12 +5)

(18 + 1)

169+ 12
(40 + 4)

(2 £ 6)

(16 £ 2)

(0 £5)

(7 1)

4.80+2.03
(96 + 1)

An receptor
Ki+ SEM [nM]
(% Inhib. £ SEM

at1luM)
(n=3)

(-12 £ 14)

(11 +4)

(-20 £ 11)

(8+6)

(4 +14)

(7 +3)

(-11 + 14)

6+ 12)

(13 £ 5)

56

£y receptor A receptor

Ki+ SEM[nM] K+ SEM[nM]

(% Ithi= SEM (% Inhib. + SEM

at 1 pM) 131 M)
(n=1) (n=3)
(20 + 2) (19 +7)
9 £7) (30 + 1)
(11 % 5) (6 +11)
(4 £12) (45 + 9)

73.7 £29.3
(5+2) (66 + 6)

120+ 21
(20 + 6) (40 £ 0)
(20 £ 1) (24 + 9)
(17 +0) (41 £ 0)

102 + 67
(15 + 1) (50 + 11)



N-Propylpyrrol-2-yl-substituted [1,2,4]triazolo[4d8quinoxalines

H,C

NN
N =~
S
NN
_
N
R

The N-propylpyrrol substituent causes dramatic loksaffinity at adenosine
receptors.

The phenylpropyl moiety at MD032 increases affirotyly at A receptor (K=
15.2 nM).

Table 13.N-Propylpyrrol-2-yl-substituted [1,2,4]triazoloBta] quinoxalines

Compd. R A; receptor An receptor £y receptor A receptor
Ki £ SEM [nM] K+ SEM [nM] Ki £ SEM [nM] K+ SEM[nM]
(% Inhib. £t SEM (% Inhib. £ SEM (% Iithix SEM (% Inhib. £ SEM

at 1 uM) at 1 uM) at1uM) 1a M)
(n=3) (n=3) (n=1) (n=3)
MDO030 H
(0+5) (-17 £ 12) (-9 £ 2) (16 £ 4)
MDO036 C—~—
(-1£3) (16 £ 3) (-7 +8) (19 £ 2)
at
MDO041 o
(7+1) (-4 £9) (-8+2) (33 +6)
MD100 N0
(16 £ 2) (1%7) (0 £6) (27 £ 5)
G
MD107 4 146 + 99
(1t 5) (-5 +13) (1+3) (56 + 2)
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MD101

MDO089

MDO035

MDO032

Rke

(11 £ 0)

(7 1)

(4+2)

15.2+5.8
(87 £6)

(-4 +10)

(8+1)

(18 + 1)

(16 + 4)

58

(4+2)

(-13 £ 5)

120+ 48
(48 + 6)

168+ 53
(45 + 3)

139+ 48
(40 £ 0)

(30 £ 0)



5. Conclusions

A novel series of [1,2,4]triazolo[4 8lquinoxalines and related compounds has
been tested as potential adenosine receptor ligdiusse compounds belong to the
non-xanthine AR antagonists. They were designeth Wie expectation to havesA
antagonistic effects.

Results were obtained using radioligand bindinggs®ased on the principle of
competitive inhibition. IG values of active compounds obtained from comjoetiti
curves were converted tqg Kalues using the Cheng-Prusoff equation. Strucotivity
relationship between individual compounds wereweriby comparing their;Kalues.
The main properties in view were affinity and séisty for ARs.

Tested compounds were divided into three subgrougpsnoxalinones,
tetrazoloquinoxalines and triazoloquinoxalines. Tdmtam group of quinoxalin-1-ones
determines their selectivity towardss AARs, and their affinity is rather high.
Tetrazoloquinoxalines are s;AAR selective as well, but their affinity is lower.
Combining substituents in position 1;JRnd 4 (R) of the tricyclic skeleton represents
the largest subgroup — the triazoloquinoxalines.hdls been shown that the; R
substituent determines affinity of a compound whilee R, substituent confers
selectivity.

There are three more promising derivatives in #émges of [1,2,4]triazolo[4,3-
alquinoxalines:  N4-ethyl-pyrrol-2-yl-1-phenylprop$l2,4]triazolo[4,3a]quinoxaline
selective for rA, N4-propyl-pyrrol-2-yl-1-phenylpropyl[1,2,4]triata{4,3-
alquinoxaline selective for rA and N4-methyl-pyrrol-3-yl-1-benzyl[1,2,4]triaz{4h3-
alquinoxaline, selective for hAARS.

This thesis has confirmed the hypothesis of thesapounds being AAR
ligands, but many compounds show nanomolar affatitgther AR subtypes as well.

Subsequent functional assays must be carried out caofirm that
[1,2,4]triazolo[4,3a]quinoxalines really have antagonistic activity adenosine
receptors.

The presented series of novel AR ligands has bested at all four ARs.
However, due to the lack of time; alues at Ag AR have not been determined, which

will have to be done in the future.
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