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Abstract

In this study thirteen 2-aminopyrimidine derivaweere synthesised and screened as potential
antagonists of adenosing &nd A, receptors in order to further investigate thecitme activity
relationships of this class of compounds. 4-(5-MHtinan-2-yl)-6-[3-(piperidine-1-
carbonyl)phenyl]pyrimidin-2-amine8(n) was identified as a compound with high affinitfes both
receptors, with an AKi value of 6.34 nM and anKi value of 9.54 nM. The effect of selected
compounds on the viability of cultured cells wasessed and preliminary results indicate low
cytotoxicity. In vivo efficacy at Aa receptors was illustrated for compout@tsand8m since these
compounds attenuated haloperidol-induced cataliepsts. A molecular docking study revealed that
the interactions between the synthesised compoamdishe adenosine,Abinding site most likely
involve Phel68 and Asn253, interactions which andlar for structurally related adenosing,A

receptor antagonists.

Keywords: Adenosine A, antagonist, Adenosine;Aantagonist, 2-aminopyrimidine, Parkinson’s

disease

1. Introduction

Parkinson’s disease is a complex, chronic neuraukrgéve disorder, mainly characterised by a

decline in motor function, but also associated wittn-motor manifestations such as cognitive

deficits (e.g. dementia) and neuropsychiatric spmgt, such as depression [1]. Management of the
non-motor symptoms in particular is challenging aadresents an important unmet medical need
[2,3,4]. The neuropathology of the disease is talked by the selective degeneration of

dopaminergic neurons of the nigrostriatal pathwag the resulting deficiency of dopamine in the



basal ganglia [5]. However, the importance of otmeurotransmitter systems and organs in

Parkinson’s disease pathogenesis are increasiegbgnised [6,7,8].

Nevertheless, current treatments are still focusednhancing dopaminergic neurotransmission and
include the use of levodopa, (which is still thédggtandard nearly 50 years since its introduction)
dopamine agonists, catecl@imethyltransferase and monoamine oxidase inhibitiree the

chronic nature of the disease requires long-temmofisnedication, the occurrence of side-effects is
unavoidable, and levodopa especially is associatidthe development of debilitating dyskinesias
[9, 10]. Limited progress has been made in altetfiegorogress of neurodegeneration, and to date, no
agent has been established as neuroprotectiveeas#i modifying [11,12]. Non-dopaminergic targets
for the disease are thus particularly appealingeeally if these would also improve non-motor
symptoms and provide neuroprotection [13]. In régears, antagonists of the adenosing A

receptor in particular has received attention poanising non-dopaminergic alternative (for
examples of reviews see 3, 4, 14-17] and sevetthleske agents such as istradefylline (KW-6002),
preladenant and tozadenant have been investigitezhlty with promising results. Istradefyllinerfo

example has been approved for use as adjunctiatrest for Parkinson’s disease in Japan [18-22].

Adenosine receptors are G-protein coupled receptmtconsist of four subtypes, namely Axa, As
and Ay [23,24]. Of particular importance to Parkinsonisedise are adenosingsAeceptors which
are concentrated in the indirect striatopallidalBE3ergic pathway. This pathway also expresses the
D, dopamine receptor and enkephalin [25-27]. Antagoro$ A, receptors potentiate dopamine
mediated responses and partly restores the imkalzteeen the hypoactive direct striatonigral and
hyperactive indirect striatopallidal pathways ttatvelops in Parkinson’s disease, thus relieving
motor symptoms [14,16,28,29]. Both epidemiologanadl experimental data have shown that
adenosine A antagonists exert a neuroprotective effect [16jtlfermore, it has been reported that
the adenosine A antagonist KW-6002, exhibit antidepressant pragpeih animal models of
depression [30,31] and that adenosing #tagonists have potential in the management of
dyskinesias [29,32]. This illustrates the promitéhese agents as multifactorial non-dopaminergic

treatment of Parkinson’s disease.

Adenosine Areceptors on the other hand, are expressed thoaugfe brain, including the cortex,
hippocampus and striatum [23]. SincerAceptor antagonism also results in motor acowaith
animals [33,34] it has been suggested that duabanism of A and A, receptors would act
synergistically in improving motor deficits in Pawrkon’s disease [4]. Furthermore, since the A
receptor also occurs in systems that are impoftartognitive function, adenosine Antagonism
may improve cognitive deficits experienced in Pashin’'s disease, as illustrated in animals [35-37].

Several dual adenosing/A,, antagonists have in fact been investigated in dsiarad has not only



shown effectiveness in improving motor disabilii¢s38-43], but has also illustrated effectiveniess
enhancing cognition [38]. In summary, dual ader®ginand A, antagonists would thus not only
treat the motor symptoms of Parkinson’s diseasepatehtially be neuroprotective, but may also

improve non-motor symptoms.

The 2-aminopyrimidine motif frequently occurs imgoounds (e.gl- 6) that exhibit potent adenosine
A,a and/or adenosine affinity (Figure 1) and indicates that this scadffad privileged for

antagonism of these receptors [4,15,17,40-48].adiqular relevance to this paper are the findioigs
Van Veldhoven, Matasi and Shook and co-workers42@6,47], who synthesised a number of 2-

aminopyrimidines (e.d3), indenopyrimidones (e.d, 5) and indenopyrimidines (e.§), respectively.

Our research group has been interested in therdessigthesis and evaluation of heterocycles as
antagonists of adenosine receptors. Based ondhenaéntioned findings, the aim of the present
study was to explore the necessity of the methyeiage as present in the indenopyrimidine or
indenopyrimidone scaffolds previously synthesistt42,46] and to further investigate the structure-
activity relationships of the 2-aminopyrimidine old for dual antagonism of adenosing @&d Aa
receptors. We thus set out to synthesise firsthgtaf 2-aminopyrimidines substituted with simple
electron withdrawing and donating grougs ¢ h), and secondly an amide substituted seBgsif),
related to the indenopyrimidones (&y)as synthesised by Shook and co-workers [41]. &gent

herein their affinities for adenosinefand A receptors, the results of docking selected comg®un

into the adenosine A receptor’s binding site, as well as thesivo activities of selected compounds.

2. Chemistry

As shown in scheme 1, the 2-aminopyrimidines weaglity synthesised in two or three steps, albeit
in low yields. Firstly, a Claisen-Schmidt condersatusing commercially available ketones and
aldehydes under basic conditions [49] yielded #srdd intermediate chalconéds( i). For the

amide derivativesg{ - n), the condensation reaction was followed by ardambupling reaction
mediated by 1,icarbonyldiimidazole (CDI) resulting in chalcongs n. All chalcones were cyclised
with guanidine hydrochloride in the presence ofiswchydride [50}to yield the desired 2-
aminopyrimidines&a - n), since the use of sodium hydroxide in ethanallted in complicated

mixtures of products.

3. Results and discussion

The affinities of the 2-aminopyrimidines for theeadsine A, and A receptors were determined by
radioligand binding and are expressed as the recgand dissociation constantsi{ nM) (Tables 1
and 2). Adenosine A receptor affinity was determined using the nomsiile adenosine antagonist,

[*H]5-N-ethylcarboxamide-adenosine °*ffINECA) in the presence of Byclopentyladenosine



(CPA), and A receptor affinity was determined using 13Bjfdipropyl-8-cyclopentylxanthine
([*H]DPCPX) [51-53].

The 2-aminopyrimidines of series 8a(- h) exhibited moderate to weak affinities for the raa&ne
A,a receptor and moderate to good affinities for rkceptors with AK; values ranging from
approximately 3 puM&f, 8g) to approximately 250 nM8p, 8d, 8h) and AKi values ranging from 23
nM (8a) to 650 nM Bf). These compounds all have higher affinities feg adenosine Areceptor
than for the adenosine,Areceptor, with compoun8a being the most selective (selectivity index of
42). For adenosine A receptor affinity, the replacement of the pherybsgituent (R) with either a
furan or methyl furan group, resulted in improvéfindly (compound8a vs. compound8b and8c),
whereas the opposite was true faraffinity, where methyl furan substitution in pattiar proved to
be detrimental. When the affinities of compouBtsand8c, and compound8d and8e are compared,
it is clear that methyl substitution of the furangr results in decreased affinity, especially foe t
adenosine Areceptor. Based on these results, it thus appéatsfor R, furan substitution is
preferable for A, affinity, while phenyl substitution is optimal fét; receptor affinity. These results
are in agreement with literature since the prefegenf the adenosine ,A receptor for furan
substitution is well documented [e.g. 46]. Theraf§i is apparently not significantly affected byeth
electronic effects of the substituent on the pheimg (F) as compound8b and8d (A,:K; values
approx. 250 nM, AK; values 40 - 60 nM) as well as compouBdand8e (A..K; values approx. 400
nM, AK; values 130- 140 nM) had similar affinities fogsfand A receptors, respectively.

On the other hand, the position of the substiteanthe phenyl ring seems to have a significantceffe
on both A and A, affinity, as substitution on theeta position 8¢, R* = H, R = Cl) is superior to
substitution on theoara position 8g, R* = Cl, R = H). A similar observation is made when the
affinities of compound8e and8f are compared, where addition of a second methooypg in the
para position, results in much weaker aAnd A, affinity. However, since only a limited number of

derivatives have been synthesised, these struattiraty relationships should be seen as prelinyinar

For compoundsj - n, the 5-methyl-2-furanyl group was selected asRheubstituent, since it was
synthetically easier to work with than furan andliso less likely to present with metabolic lictieis
[40]. Gratifyingly, this amide series showed impedvadenosine A affinity, while still retaining
good A affinity. The most promising candidate was commb8m, with dual affinity for both Aa
and A receptors witlK; values of 6.34 nM and 9.54 nM, respectively. Fieresine A, affinity, the
amine groups yielded the following order of affinipiperidine > methyl piperazine > morpholine =
ethyl piperazine > pyrrolidine. Piperidine subdiiin was also most advantageous far &finity,
while methyl piperazine substitution was least faable. The affinities of this series of compounds

are quite similar to those reported for relatedimdgnopyrimidones [41], and indicate that the



presence of the five-membered indenyl ring (e.grasent irb and6) is not an absolute requirement

for dual affinity.

To gain an indication of potential cytotoxicity thfe amide derivatives, the effect of these compsund
on the viability of cultured HelLa cells were meaglrFor this purpose, the 3-(4,5-dimethylthiazol-2-
y)-2,5-diphenyltetrazolium bromide (MTT) cell vidiby assay was used [54]. Cell viability was
generally above 60% when exposed for 24 h to eitheM or 10 pM of test compound (Table 3).
These concentrations are almost 1000-fold highan the reportedi values of these compounds.
Cytotoxicity at the doses required to obtain adems\, and A, affinity should thus not be

problematic.

Selected representativ@si (the compound with best dual affinity,&; = 6.34 nM, AK; = 9.54 nM)
and 8k (A.aK; = 16.3 nM), were subjected to vivo studies to determine the effectiveness of these
compounds as dual adenosingM, antagonists. For these studies the effect oféeedompounds

on haloperidol-induced catalepsy in rats was ingastd [33].

As depicted in figure 2, a&ignificant reduction in catalepsy time was obseérfer 8m at all
intraperitoneal (ip) administered doses while anificant reduction in catalepsy time was only

observed for the highest two doses (1 and 2 mdéktgompoundk (Figures 2a and b).

The results obtained with compounfien and 8k are thus similar to those obtained with other
adenosine A, antagonists where catalepsy is reversed in theepoe of Ay antagonists or dual
adenosine AJ/A; antagonists [33,34,43], and provides evidenceirofvivo efficacy of these

compounds as antagonists.

In order to rationalise the results obtained in theioligand binding studies, a docking study was
performed using CDOCKER (Discovery Studio 3.1). Blyathesised compounds were docked into a
model of the binding site of the adenosing Peceptor (PDB code: 3PWH). Visual inspection & th
docked poses with most favourable CDOCKER intepacénergy firstly revealed that the three-
membered ring system of all derivativéda ¢ n), undergoreTt interactions with Phel68. Hydrogen
bonding interactions also occur between the exazwachino-group and Asn253 for most derivatives.
These interactions most likely anchor the aminapigine in the binding site and are also important
binding interactions predicted for other 2-amindpydine antagonists [55] (Figure 3 and 4).
Additionally, hydrogen bonding interactions wersaabbserved with His250, Ser67, Glu169, Phel68
and Ala63 for some compounds. Interestingly, fompounds8a - h there were two different

orientations, one where the C-6 substituent waantated towards His250 and another where the C-4



substituent was orientated towards His250 (FigyreTBe CDOCKER interaction energies of these
two poses were in all cases very similar. The dugkiesults gave no clear explanation for the
observed higher affinity of the amide derivativ@s-(n) compared to the series 1 compourts-(h).
However, when ranked according to CDOCKER intecaicgnergy, most of the series 2 compounds
ranked above the series 1 compounds, except fopaana8f, which ranked above compouBd. It
would thus appear that the interaction betweenathéle derivatives§f - n) and the receptor is
generally more favourable than for the “smallertidstives and provides some explanation for the

superior affinity of compoundgj - n.

4. Conclusion

This series of 2-aminopyrimidines, particularly twmide derivativesgf - n), which are related to
previously synthesised arylindenopyrimidines, retfinity for both adenosine Aand A, receptors.
The 2-aminopyrimidine scaffold can thus be optimis&d the presence of a five-membered “linker
ring” is not an absolute requirement for affinitg.vivo activity is indicative of adenosine antagonism
rather than agonism and has been illustrated fopoaindsBk and8m with A,,Ki values of 16.3 nM
and 6.34 nM and i values of 136 nM and 9.54 nM, respectively. Dagkresults indicate that
these compounds are predicted to bind in a faséimoilar to that illustrated for other compounds of

the 2-aminopyrimidine class.

5. Experimental section
5.1 Chemistry

Chemical reagents were purchased from Sigma-Aldraohd used without further purification.
Reactions were routinely monitored on TLC usingcpeged Kieselgel 60 F254 sheets with ethyl
acetate: petroleum ether (1:4) as mobile phasadides 1 &a - h) and dichloromethane: methanol
(9:1) as mobile phase for series 2 compouq{ls if). Melting points were determined using a Buchi
B-545 apparatus, and are uncorrected. Mass speeteobtained on a dual focusing DFS magnetic
sector mass spectrometer in El+ mode. The masdrgpefor compound/n was obtained with a
Bruker micrOTOF-QIl mass spectrometer in atmosghgréssure chemical ionisation (APCI) mode.
Proton {H) and carbon™C) NMR spectra were recorded on a Bruker Avancé00 spectrometer at
frequencies of 600 MHz and 150 MHz, respectivelyamBles were dissolved in either
deuterochloroform (CDG) or deuterated dimethylsulfoxide (DMSd#B). 'H NMR data are reported
in parts per million (ppm) and the following abbigions are used: s (singlet), br s (broad singtet)
(doublet), br d (broad doublet), dd (doublet of lolets), t (triplet), br t (broad triplet), q (quet), p
(pentet/quintet) or m (multiplet). Chemical shifise referenced to the residual solvent signal (GDCI
7.26 and 77.0 ppm fofH and °C respectively; DMS@i6: 2.5 and 39.5 ppm folH and *°C,
respectively). Assignments were based on datarafstairom 1D {H, **C, DEPT) and 2D (HSQC,



HMBC, COSY) NMR experiments. HPLC analyses weredtmted with an Agilent 1100 HPLC
system equipped with a quaternary pump and an wgil&00 series diode array detector. A Venusil
XBP C18 column (4.6& 150 mm, 5 pm) was used with a solvent gradiengnara (30% acetonitrile
and 70% MilliQ water initially) at a flow rate of tl/min. The concentration of acetonitrile in the
mobile phase was linearly increased up to 85% av@zriod of 5 min. Each HPLC run lasted 15 min
and a time period of 5 min was allowed for equdiion between runs. The test compound was
injected (20 pl, 1 mM) into the HPLC system and éheent was monitored at a wavelength of 254
nm.

5.1.1 Procedure for the synthesis of 3-[ (1E)-3-(5-methylfuran-2-yl)-3-oxoprop-1-en-1-yl] benzoic acid
(71)

A solution of 4% (w/v) sodium hydroxide (34 mmolpasvadded to a suspension of 3-formylbenzoic
acid (17 mmol) and 1-(5-methyl-2-furyl)ethanone ¢hihol) in methanol (100 ml). The mixture was

stirred at room temperature for 24 h and acidifiéith concentrated hydrochloric acid to a pH of 1-2.

The precipitate that formed was filtered, rinsethwivater and recrystallised from methanol to afford
7i.

5.1.1.1 3-[ (1E)-3-(5-methylfuran-2-yl)-3-oxoprop-1-en-1-yl] benzoic acid (7i)

Yield 68%; Pale yellow crystals; mp 191.7-194.1 (fiethanol);'H NMR (600 MHz, DMSOd6) &
13.20 (br s, 1H, OH), 8.33 (br s, 1H, 1;8.07 (br dJ = 7.8 Hz, 1H, H-, 7.98 (dtJ = 1.4, 7.7 Hz,
1H, H-4), 7.82 (dJ = 3.5 Hz, 1H, H-3), 7.75 (dJ = 16.0 Hz, 1H, H-7 or H-8), 7.71 (d= 16.0 Hz,
1H, H-7 or H-8), 7.57 (tJ = 7.7 Hz, 1H, H-5, 6.42 (dd,J = 1.1, 3.5 Hz, 1H, H4, 2.40 (s, 3H,
CHs).*C NMR (151 MHz, DMSOd6) § 175.6 (C-1), 167.0 (acid C=0), 158.8 (C}5151.8 (C-2),
141.2 (C-3), 135.0 (C4, 132.8 (C-6, 131.6 (C-3, 131.0 (C-4, 129.2 (C-2 C-8), 123.1 (C-2),
121.9 (C-3), 109.6 (C-4), 13.8 (CH). EI-HRMS m/z: calcd for ¢H;,04, 256.07356, found
256.07292; Purity (HPLC): 100%.

5.1.2 General procedure for the synthesis of chalcones (7] — 7n)

1,1'-Carbonyldiimidazole (CDI) (7.0 mmol) was addeda suspension of the acidi)((5.8 mmol) in
dichloromethane (70 ml). The reaction mixture wiérsexl under nitrogen at room temperature for 2 h
and the appropriate amine (7.0 mmol) was added.nfikire was then stirred for a further 3 h. The
reaction was quenched by the addition of brinethrdaqueous phase extracted with dichloromethane
(2 x 20 ml). The combined organic fractions weresihel once with saturated sodium hydrogen
carbonate and twice with brine. The organic fractiwas concentratedn( vacuo), purified with

column chromatography [dichloromethane: methan®l2A and recrystallised from methanol.



5.1.2.1 E)-1-(5-methyl furan-2-yl)-3-[ 3-(mor pholine-4-car bonyl) phenyl] prop-2-en-1-one (7))

The title compound was prepared frgf)-1-(5-methylfuran-2-yl)-3-[ 3-oxoprop-1-en-1-yl] benzoic
acid (7i) and morpholine in a yield of 54%: mp 149.1-14%®(methanol), pale yellow crystaf$4
NMR (600 MHz, CDC}) § 7.80 (d,J = 15.8 Hz, 1H, H-3), 7.69 (brd,= 1.6 Hz, 1H, H-2, 7.65 (dtJ
= 1.6, 7.7 Hz, 1H, H%, 7.47 — 7.36 (m, 3H, H-2, H-5H-4), 7.25 (br dJ = 3.4 Hz, 1H, H-3), 6.21
(dd, J = 1.0, 3.4 Hz, 1H, H4, 3.93 — 3.31 (m, 8H, 4 x morpholine §H2.43 (s, 3H, CH. °C
NMR (151 MHz, CDC})) § 176.8 (C-1), 169.6 (amide C=0), 158.4 (};5152.3 (C-2), 141.8 (C-3),
136.0 (C-1or C-3), 135.4 (C-1or C-3), 129.9 (C-6), 129.1, 128.5 (C4C-5)*, 126.6 (C-2), 122.4
(C-2), 119.8 (C-3), 109.4 (C-14), 66.8, 48.2, 42.5 (morpholine GH EI-HRMS m/z: calcd for
Ci9H16NOy, 325.13141, found 325.13031; Purity (HPLC): 106%x no particular order.

5.1.2.2 (E)-1-(5-methyl furan-2-yl)-3-[ 3-(4-methyl pi perazine-1-car bonyl ) phenyl] prop-2-en-1-one

(7k)

The title compound was prepared fronE)-IL-(5-methylfuran-2-yl)-3-[3-oxoprop-1-en-1-yl]beoic
acid (7i) and 1-methylpiperazine in a yield of 67 %: mp .08132.2 °C (methanol), yellow crystals.
'H NMR (600 MHz, CDCY) § 7.79 (d,J = 15.8 Hz, 1H, H-3), 7.68 (brd,= 1.6 Hz, 1H, H-2, 7.63
(dt,J=1.6, 7.7 Hz, 1H, H§, 7.45 — 7.35 (m, 3H, H:AH-5, H-2), 7.25 (dJ = 3.5 Hz, 1H, H-3),
6.20 (d,J = 3.5 Hz, 1H, H-4), 3.81 (br s, 2H, CONCH\, 3.44 (br s, 2H, CONCHI, 2.50-2.27 (m,
10H, 2 X CHNCHs, 2 x CH).**C NMR (151 MHz, CDG)) § 176.8 (C-1), 169.5 (amide C=0), 158.3
(C-5"), 152.3 (C-2), 141.9 (C-3), 136.5 (C-Dbr C-3), 135.3 (C-1or C-3), 129.7 (C-6, 129.0 (C-4
or C-5), 128.5 (C-4or C-8), 126.6 (C-2, 122.3 (C-2), 119.8 (C“3, 109.4 (C-4), 55.2

(CH,NCHs), 54.6 (CHNCHjz), 47.6 (CONCH), 45.9 (piperazine C§), 42.0 (CONCH), 14.1 (furan
CHs,). EI-FHRMS m/z: calcd for gH2N,0s, 338.16304, found 338.16270; Purity (HPLC): 97%.

5.1.2.3(2E)-3-[ 3-(4-ethyl pi per azine-1-car bonyl ) phenyl] - 1-(5-methyl fur an-2-yl ) prop-2-en-1-one (71)

The title compound was prepared fronE)L-(5-methylfuran-2-yl)-3-[3-oxoprop-1-en-1-yl]beoic
acid (7i) and 1-ethylpiperazine in a yield of 63%: mp 98&8 °C (methanol), orange sofid.NMR
(600 MHz, CDCY) § 7.80 (d,J = 15.9 Hz, 1H, H-3), 7.68 (br s, 1H, M}27.63 (br dJ = 7.6 Hz, 1H,
H-6), 7.45 — 7.36 (m, 3H, H4H-5, H-2), 7.25 (dJ = 3.5 Hz, 1H, H-3), 6.21 (d,J = 3.5 Hz, 1H,
H-4"), 3.81 (br s, 2H, CONCHi, 3.44 (br s, 2H, CONCHi, 2.55 — 2.33 (m, 9H, 2 x GNCHj,
NCH,CHs, furan CH), 1.08 (t,J = 7.2 Hz, 3H, NCHCH5)."*C NMR (151 MHz, CDG)) 5 176.8 (C-
1), 169.4 (amide C=0), 158.3 (€ 152.3 (C-2), 141.9 (C-3), 136.5 (C-br C-3), 135.3 (C-1or
C-3), 129.8 (C-6, 129.0 (C-4or C-8), 128.5 (C-4or C-8), 126.6 (C-2, 122.3 (C-2), 119.8 (C“3,
109.4 (C-2), 53.1 (CHNCH,), 52.3 (CHNCH,), 52.2 (NCHCH,), 47.7 (CONCH), 42.1



(CONCH,), 14.1 (furan_CH), 11.8 (piperazine_CH. EI-HRMS m/z: calcd for &H24N,Os,
352.17869, found 352.17790; Purity (HPLC): 98%.

5.1.2.4(2E)-1-(5-methyl furan-2-y1)-3-[ 3-(pi peridine-1-carbonyl)phenyl] prop-2-en-1-one (7m)

The title compound was prepared fronE)L-(5-methylfuran-2-yl)-3-[3-oxoprop-1-en-1-yllbeoic
acid (/i) and piperidine in a yield of 78%: mp 144.7 — 14544-2-144-4 °C (methanol), pale yellow
solid.'H NMR (600 MHz, CDCJ) 6 7.81 (d,J = 15.8 Hz, 1H, H-3), 7.68 (br s, 1H, H}27.63 (br d,J

= 7.8 Hz, 1H, H-, 7.45 — 7.35 (m, 3H, H4H-5, H-2), 7.25 (d, 1HJ = 3.4 Hz, H-3), 6.21 (dJ =
3.4 Hz, 1H, H-4), 3.71 (s, 2H, CONC}), 3.33 (s, 2H, CONC}), 2.43 (s, 3H, CH), 1.71 — 1.42 (m,
6H, 3 x piperidine Ch)."”*C NMR (151 MHz, CDGJ)) 5 176.9 (C-9), 169.5 (amide C=0), 158.3 (C-
5", 152.3 (C-2), 142.1 (C-3), 137.2 (C'B 135.2 (C-1), 129.5 (C-6), 128.9 (C-4or C-5), 128.3
(C-4 or C-B), 126.4 (C-2, 122.2 (C-2), 119.8 (C“3, 109.4 (C-4), 48.7 (CONCH), 43.1
(CONCH), 26.5, 25.5, 24.5 (3 x piperidine @H14.2 (CH). EI-HRMS m/z: calcd for §HxNOs,
323.15214, found 323.15116; Purity (HPLC): 96%.

5.1.2.5(2E)-1-(5-methyl furan-2-yl)-3-[ 3-(pyrrolidine-1-car bonyl) phenyl] prop-2-en-1-one (7n)

The title compound was prepared fronE)IL-(5-methylfuran-2-yl)-3-[3-oxoprop-1-en-1-yl]beoic
acid (7i) and pyrrolidine in a yield of 74%: mp 120.8-122@® (methanol), yellow crystal$d NMR
(600 MHz, CDCY) § 7.82 — 7.76 (m, 2H, H:2H-3), 7.62 (br dJ = 7.7 Hz, 1H, H-§, 7.49 (br d,J =
7.7 Hz, 1H, H-4), 7.44 — 7.37 (m, 2H, H5H-2), 7.24 (d,) = 3.5 Hz, 1H, H-3), 6.2 (d,J = 3.5 Hz,
1H, H-4"), 3.63 (t,J = 7.1 Hz, 2H, CONCH), 3.41 (t,J = 6.6 Hz, 2H, CONCH), 2.41 (s, 3H, CH),
1.95 (p,J = 6.9 Hz, 2H, CHCH,CH,), 1.86 (p,J = 6.7 Hz, 2H, CHCH,CH,)."*C NMR (151 MHz,
CDCly) 8 176.9 (C-1), 168.9 (amide C=0), 158.3 (0;5152.3 (C-2), 142.1 (C-3), 137.8 (CB
135.0 (C-1), 129.9 (C-6), 128.8 (C-4or C-3), 128.6 (C-4or C-8), 126.6 (C-2, 122.1 (C-2), 119.8
(C-3"), 109.4 (C-4), 49.5 (CONCH), 46.2 (CONCH), 26.3 (CHCH,CH,), 24.3 (CHCH,CH,),
14.1 (CH). APCI-HRMS m/z: calcd for GH1gNOs (M + H)*, 310.1438, found 310.1448; Purity
(HPLC): 93%.

5.1.3 General procedure for the synthesis of 2-aminopyrimidines

Guanidine hydrochloride (4.6 mmol) was dissolvedairsmall amount of DMF (15 ml), and the
appropriate chalcone (3.1 mmol) and sodium hydfRle@ mmol) were added while stirring. The
reaction mixture was heated (110 °C) for 24 h umidogen, allowed to cool to room temperature
and then diluted with equal volumes of ethyl asetatd water. The aqueous phase was extracted with
ethyl acetate (twice) and the organic layers wemakined. All traces of DMF were removed by

washing the combined organic layers with waterirf#es). The organic layer was concentraited



vacuo and the crude product was purified with columnoamatography [petroleum ether: ethyl

acetate (4:1)] and recrystallised from ethanol.

5.1.3.14-(3-chlorophenyl)-6-phenyl pyrimidin-2-amine (8a)

The title compound was prepared fronkE)3-(3-chlorophenyl)-1-phenylprop-2-en-1-onéa) in a
yield of 15%: mp 128.6-131.4 °C (ethanol), (lit.21:3 133°C) [56] white solid.*H NMR (600 MHz,
CDCly) § 8.05 (m, 3H, Ar-H), 7.92 (df] = 1.5, 7.6 Hz, 1H, H-4'/6"), 7.53 — 7.39 (m, 6H:;HA H-5),
5.42 (s, 2H, NH). C NMR (151 MHz, CDG)) § 166.5, 164.64, 163.6 (C-2, C-4, C-6)*, 139.5,
137.4, 134.8 (C‘1C-1', C-3")*, 130.6, 130.3, 130.0, 128.8 (2C), 127.2, 122C)( 125.1 (Ar-C),
104.1 (C-5). EI-HRMS m/z: calcd for 16H,5CIN3, 281.07198, found 281.07167; Purity (HPLC):

99%.* In no particular order.

5.1.3.24-(3-chlorophenyl)-6- (furan-2-yl)pyrimidin-2-amine (8b)

The title compound was prepared fronk)3-(3-chlorophenyl)-1-(furan-2-yl)prop-2-en-1-o(#b) in

a yield of 22%: mp 144.1-144.4 °C (ethanol), lightlow solid.'"H NMR (600 MHz, CDCJ) & 8.05
(brt,J=1.9 Hz, 1H, H-2"), 7.91 (df, = 1.45, 7.6 Hz, 1H, H-6"), 7.59 (ddi= 0.8, 1.8 Hz, 1H, H-5"),
7.42 (dddJ = 8.0, 2.1, 1.2 Hz, 1H, H-4"), 7.38 (bdt= 7.8 Hz, 1H, H-5"), 7.34 (s, 1H, H-5), 7.20 (dd,
J=0.8, 3.5 Hz, 1H, H-3"), 6.56 (dd,= 1.8, 3.5 Hz, 1H, H-4"), 5.41 (s, 2H, BH"C NMR (151
MHz, CDCk) 8 164.6 (C-2 or C-4), 163.4 (C-2 or C-4), 157.246)C4152.0 (C-2"), 144.6 (C-5"),
139.3 (C-1, 134.8 (C-3"), 130.4 (C-4' or C-529D0 (C-4' or C-5"), 127.2 (C-2"), 125.1 (C-6")213
(C-3" or C-4"), 111.80 (C-3" or C¥ 101.94 (C-5). EI-HRMS m/z: calcd for 14E1;4CIN5O,
271.05124, found 271.05049; Purity (HPLC): 98%.

5.1.3.34-(3-chlorophenyl)-6- (5-methylfuran-2-yl) pyrimidin-2-amine (8¢)

The title compound was prepared fronk)8-(3-chlorophenyl)-1-(5-methylfuran-2-yl)prop-2+4.-
one (¢ in a yield of 45%: mp 170.5-172.1°C (ethanol)llgw solid*H NMR (600 MHz, CDCJ) &
8.05 (br s, 1H, H-2", 7.92 (d,= 7.6 Hz, 1H, H-6"), 7.46 — 7.37 (m, 2H, H-4', H-5.31 (s, 1H, H-5),
7.11 (br s, 1H, H-3"), 6.17 (br s, 1H, H-4"),& 8, 2H, NH), 2.43 (s, 3H, Ch."*C NMR (151 MHz,
CDCly) 6 164.3 (C-2 or C-4), 163.3 (C-2 or C-4), 157.3 (C¥55.4 (C-5"), 150.5 (C-2"), 139.4 (C-
1", 134.8 (C-3", 130.3 (C-4' or C-5), 129.9 (w4 C-5"), 127.2 (C-2'), 125.1 (C-6"), 113.3 (G;3'
108.8 (C-4"), 101.6 (C-5), 14.0 (@HEI-HRMS m/z: calcd for gH1-ONsCI, 285.06690, found
285.06556; Purity (HPLC): 100%.

5.1.3.44-(3-methoxyphenyl)-6-(furan-2-yl)pyrimidin-2-amine (8d)
The title compound was prepared fronk)A-(furan-2-yl)-3-(3-methoxyphenyl)prop-2-en-1-ofral)
in a yield of 19%: mp 113.8-116.8 °C (ethanol),kdarown crystals'H NMR (600 MHz, CDC}) §



7.64 — 7.57 (m, 3H, H-2',H-4' H-5"), 7.40 — 7.3, @H, H-5, H-5'), 7.19 (dd] = 0.82, 3.4 Hz, 1H,
H-3"), 7.03 (dddJ = 0.96, 2.59, 8.1 Hz, 1H, H-6"), 6.55 (dds 1.7, 3.4 Hz, 1H, H-4"), 5.41 (s, 2H,
NH,), 3.89 (s, 3H, OCH."*C NMR (151 MHz, CDGCJ) § 165.92 (C-4), 163.35 (C-2), 159.96 (C-3,
156.43 (C-6), 152.15 (C-2"), 144.51 (C-5"), 138(8-1'), 129.68 (C-5'), 119.47 (C-4"), 116.54 (-6
112.21 (C-2'/C-3"/C-4"), 112.21 (C-2'/C-3"/Q4'112.07 (C-2'/C-3"/C-4"), 102.18 (C-5), 55.37
(OCH,). EI-HRMS m/z: calcd for GH:N;O,, 267.10078, found 267.09949; Purity (HPLC): 92%.

5.1.3.54-(3-methoxyphenyl)-6-(5-methyl furan-2-yl)pyrimidin-2-amine (8¢

The title compound was prepared fronk)8-(3-methoxyphenyl)-1-(5-methylfuran-2-yl)prope?-
1-one ¢ in a yield of 43%: mp 149.0 -150.6 °C (ethanbght orange crystalsSH NMR (600 MHz,
CDCly) 6 7.64 — 7.58 (m, 2H, H-2', H-4"), 7.38 (bdtr 7.9 Hz, 1H, H-5"), 7.33 (s, 1H, H-5), 7.09 (d,
J = 3.3 Hz, 1H, H-3"), 7.02 (dd,= 2.6, 8.2 Hz, 1H, H-6"), 6.15 (dd~= 0.9, 3.3 Hz, 1H, H-4"), 5.44
(s, 2H, NH), 3.88 (s, 3H, OCH), 2.44 (s, 3H, CH."*C NMR (151 MHz, CDG)) 5 165.6 (C-4),
163.4 (C-2), 159.9 (C-3'), 157.0 (C-6), 155.1 (-350.6 (C-2"), 139.1 (C-1'), 129.6 (C-5'), ML9.
(C-4", 116.3 (C-6'), 113.0 (C-3"), 112.1 (C-2D8.7 (C-4"), 101.7 (C-5), 55.4 (OGH14.0 (CH).
EI-HRMS m/z: calcd for gH1sNsO,, 281.11643, found 281.11556 ; Purity (HPLC): 100%.

5.1.3.64-(3,4-dimethoxyphenyl)-6-(5-methyl furan-2-yl )pyrimidin-2-amine (8f)

The title compound was prepared fronE):3-(3,4-dimethoxyphenyl)-1-(5-methylfuran-2-yl)pr&-
en-1-one Tf) in a yield of 27%: mp 167.4-168.1 °C (ethanoByldyellow crystals'H NMR (600
MHz, CDCk) 6 7.68 (d,J = 2.0 Hz, 1H, H-2, 7.61 (ddJ = 2.1, 8.4 Hz, 1H, H-6"), 7.29 (s, 1H, H-5),
7.08 (d,J = 3.3 Hz, 1H, H-3"), 6.93 (d, = 8.4 Hz, 1H, H-5"), 6.15 (dd,= 0.8, 3.3 Hz, 1H, H-4"),
5.35 (s, 2H, NH), 3.98 (s, 3H, OCH), 3.93 (s, 3H, OCH), 2.42 (s, 3H, CH.*C NMR (151 MHz,
CDCly) 6 165.2 (C-4), 163.3 (C-2), 156.7 (C-6), 155.0 (§-851.1, 150.6 (C-4' or C-3' and C)2,
149.0 (C-3o0r C-4), 130.2 (C-1%, 120.1 (C-6"), 112.8 (C-3"), 11(C?5"), 109.8 (C-2"), 108.7 (C-4"),
100.8 (C-5), 56.0 (OCH, 55.9 (OCH), 14.00 (CH). EI-HRMS m/z: calcd for GH;/N3Os,
311.12699, found 311.12618; Purity (HPLC): 100%htnparticular order.

5.1.3.74-(4-chl orophenyl)-6-(5-methyl furan-2-yl)pyrimidin-2-amine (8¢)

The title compound was prepared fronk)8-(4-chlorophenyl)-1-(5-methylfuran-2-yl)prop-2+4.-
one (7g) in a yield of 30%: mp 204.6 — 205-8-205-205.1&¢h&nol), dark yellow powdetH NMR
(600 MHz, DMSO€F6) 6 8.14 (d,J = 8.6 Hz, 2HH-2', H-6"), 7.56 (dJ = 8.6 Hz, 2H, H-3', H-5"), 7.39
(s, 1H, H-5), 7.21 (d) = 3.3 Hz, 1H, H-3"), 6.76 (s, 2H, N} 6.32 (ddJ = 1.0, 3.3 Hz, 1H, H-4"),
2.37 (s, 3H, CH."*C NMR (151 MHz, DMSQd6) & 163.9 (C-2 or C-4), 163.1 (C-2 or C-4), 156.7
(C-6), 154.7 (C-5"), 150.4 (C-2"), 136.0 (C-135.2 (C-4"), 128.8 (C-2', C-6' or C-3', C-5), BB&C-



2', C-6' or C-3', C-5), 113.3 (C-3"), 108.9 (§;49.4 (C-5), 13.7_(CH. EI-HRMS m/z: calcd for
C15H1,CIN3O, 285.06689, found 285.06633; Purity (HPLC): 99%.

5.1.3.84-(4-fluorophenyl)-6-(furan-2-yl) pyrimidin-2-amine (8h)

The title compound was prepared fronk) 2 -(4-fluorophenyl)-3-(furan-2-yl)prop-2-en-1-ogh) in

a yield of 41%: mp 162.3-162.5 °C (lit. 170 °C Y]%ethanol), faded yellow crystais. NMR (600
MHz, CDCE) & 8.09 — 8.03 (m, 2H, H-2",H-6"), 7.59 (dt 0.8, 1.8 Hz, 1H, H-5"), 7.37 (s, 1H, H-5),
7.19 — 7.13 (m, 3H, H-3", H-3", H-5"), 6.57 (dbi= 1.8, 3.4 Hz, 1H, H-4"), 5.28 (s, 2H, BHC
NMR (151 MHz, CDC}) & 165.0 (C-2 or C-4), 164.4 (der = 250.5 Hz, C-3, 163.3 (C-2 or C-4),
157.1 (C-6), 152.2 (C-2"), 144.6 (C-5"), 133.5)gk = 3.5 Hz, C-1'), 129.1 (der = 8.5 Hz C-2', C-
6'), 115.7 (dJcr = 21.3 Hz, C-3 C-B), 112.3 (C-3"), 111.6 (C-4"), 101.7 (C-5). EI-MB m/z:
calcd for G4H10FN;O, 255.08079, found 255.07982; Purity (HPLC): 100%.

5.1.3.94-(5-methylfuran-2-yl)-6-[ 3-(mor pholine-4-carbonyl)phenyl] pyrimidin-2-amine (8))

The title compound was prepared from Ef2-(5-methylfuran-2-yl)-3-[3-(morpholine-4-
carbonyl)phenyl]prop-2-en-1-on&jj in a yield of 20%: mp 205.9 — 206-4-205-205.1(f@&thanol),
yellow solid.'H NMR (600 MHz, CDC}) & 8.11 (m, 2H, H-2', H-6"), 7.55 — 7.46 (m, 2H, H45"),
7.35 (s, 1H, H-5), 7.09 (d,= 3.4 Hz, 1H, H-3"), 6.16 (br d,= 3.4 Hz, 1H, H-4"), 5.32 (s, 2H, NH
3.87 — 3.43 (m, 8H, morpholine GK12.42 (s, 3H, CH.”*C NMR (151 MHz, CDGCJ) § 170.0 (C=0),
164.6 (C-2 or C-6), 163.4 (C-2 or C-6), 157.3 (C4H5.3 (C-5"), 150.4 (C-2"), 138.1 (C-1"), 135.7
(C-3), 128.8, 128.7, 128.4, 125.9 (G-2-4, C-5', C-6')*, 113.2 (C-3"), 108.7 (C-4"), 10XG-5),
66.8, 48.2, 42.6 (morpholine GH14.0 (CH). EI-HRMS m/z: calcd for gH»oN4Os, 364.15354,
found 364.15292; Purity (HPLC): 92%. * In no paut&r order.

5.1.3.104-(5-methylfuran-2-yl)-6-[ 3-(4-methyl pi per azine- 1-carbonyl ) phenyl] pyrimidin-2-amine (8k)
The title compound was prepared fromEf2-(5-methylfuran-2-yl)-3-[3-(4-methylpiperazine-1
carbonyl)phenyl]prop-2-en-1-on&K) in a yield of 57%: 194.3-194.4 °C (methanol),asresolid.*H
NMR (600 MHz, CDC}) 6 8.13 — 8.07 (m, 2H, H-2', H-6"), 7.53 — 7.45 (A, 2-4', H-5"), 7.35 (s,
1H, H-5), 7.09 (dJ = 3.4 Hz, 1H, H-3"), 6.15 (br d,= 3.4 Hz, 1H, H-4"), 5.30 (s, 2H, N1 3.83 (br
S, 2H, CONCH), 3.46 (br s, 2H, CONCH, 2.60 — 2.19 (m, 10H, 2 x GNCHj, 2 x CH). *C NMR
(151 MHz, CDC}) 8 169.8 (C=0), 164.7 (C-2 or C-6), 163.4 (C-2 or)C4#57.3 (C-4), 155.3 (C-5"),
150.5 (C-2"), 138.1 (C-1, 136.2 (C-3"), 128.887, 128.2, 125.9 (C-2', C;4-5, C-6)*, 113.2 (C-
3"), 108.8 (C-4"), 101.6 (C-5), 55.2 (NMCH3), 54.6 (CHNCH,), 47.7 (CONCH), 46.0 (piperazine
CHg), 42.1 (CONCH), 14.0 (furan_CH). EI-HRMS m/z: calcd for §H23NsO,, 377.18518, found
377.18422; Purity (HPLC): 85%. *In no particulader.



5.1.3.114-(5-methylfuran-2-yl)-6-[ 3-(4-ethyl pi per azine- 1-car bonyl ) phenyl] pyrimidin-2-amine (8I)

The title compound was prepared fromE)3-[3-(4-ethylpiperazine-1-carbonyl)phenyl]-1-(5-
methylfuran-2-yl)prop-2-en-1-on€/lj in a yield of 16%: 178.1-178.4 °C (methanol) hligprange
solid. *H NMR (600 MHz, CDCJ) § 8.12 — 8.07 (m, 2H, H-2', H-6"), 7.52 — 7.44 (iH, M-4', H-5)),
7.34 (s, 1H, H-5), 7.08 (&, = 3.4 Hz, 1H, H-3"), 6.14 (dd,= 1.0, 3.4 Hz, 1H, H-4"), 5.38 (s, 2H,
NH,), 3.83 (br s, 2H, CONCHi, 3.46 (s, 2H, CONC}H), 2.62 — 2.21 (m, 9H, 2 x GNCHj,
NCH,CHs, furan CH), 1.07 (t,J = 7.4 Hz, 3H, NCHCHs)."*C NMR (151 MHz, CDG)) § 169.7
(C=0), 164.7 (C-2 or C-6), 163.4 (C-2 or C-6), I5{C-4), 155.2 (C-5"), 150.4 (C-2"), 138.0 (C-1)
136.2 (C-3"), 128.7, 128.7, 128.2, 125.9 (C-2', 45", C-6')*, 113.1 (C-3"), 108.7 (C-4"), 181C-
5), 53.0 (CHNCH,), 52.3 (CHNCH,), 52.2 (NCHCHsy), 47.7 (CONCH), 42.1 (CONCH), 14.0
(furan CH), 11.8 (NCHCHy). EI-HRMS m/z: calcd for &H,sNsO,, 391.20083, found 391.20052;
Purity (HPLC): 100%. *In no particular order.

5.1.3.124-(5-methyl furan-2-yl)-6-[ 3-(piperidine-1-carbonyl ) phenyl] pyrimidin-2-amine (8m)

The title compound was prepared from E)Y2-(5-methylfuran-2-yl)-3-[3-(piperidine-1-
carbonyl)phenyl]prop-2-en-1-on&rf) in a yield of 56%: 179.2-180.5 °C (methanol),ngya crystals.
'H NMR (600 MHz, CDCJ) § 8.12 — 8.05 (m, 2H, H-2', H-6"), 7.52 — 7.44 (rH, H-4', H-5"), 7.35
(s, 1H, H-5), 7.09 (d) = 3.4 Hz, 1H, H-3"), 6.15 (dd,= 1.1, 3.4 Hz, 1H, H-4"), 5.35 (s, 2H, HH
3.73 (br s, 2H, CONC}), 3.36 (br s, 2H, CONCH, 2.42 (s, 3H, ChH), 1.77 — 1.39 (m, 6H, 3 x
piperidine CH).”*C NMR (151 MHz, CDGJ)) § 169.8 (C=0), 164.9 (C-2 or C-6), 163.4 (C-2 or)c-6
157.2 (C-4), 155.2 (C-5"), 150.4 (C-2"), 137.91(%; 136.8 (C-3"), 128.7, 128.5, 127.9 125.7 (G=2"
4', C-5, C-6), 113.1 (C-3"), 108.7 (C-4"), 101.6 (C-5), 4833DNCH,), 43.1 (CONCH), 26.5, 25.5,
24.5 (3 x piperidine_C}, 14.00 (CH). EI-HRMS m/z: calcd for &H».N4O,, 362.17428, found
362.17292; Purity (HPLC): 97%.

5.1.3.134-(5-methyl furan-2-yl)-6-[ 3-(pyrrolidine-1-carbonyl)phenyl] pyrimidin-2-amine (8n)

The title compound was prepared from EJ2-(5-methylfuran-2-yl)-3-[3-(pyrrolidine-1-
carbonyl)phenyl]prop-2-en-1-on@r) in a yield of 27%: 212.7 — 213:4-213-7-213.8 t@ethanol),
yellow crystalsH NMR (600 MHz, CDC}J) 5 8.20 (t,J = 1.8 Hz, 1H, H-2'), 8.10 (df,= 1.5, 7.8 Hz,
1H, H-6"), 7.59 (dtJ = 1.4, 7.7 Hz, 1H, H-4"), 7.49 @,= 7.7 Hz, 1H, H-5'), 7.36 (s, 1H, H-5), 7.08
(d,J =3.4 Hz, 1H, H-3"), 6.14 (dd,= 1.2, 3.3 Hz, 1H, H-4"), 5.37 (s, 2H, BH3.66 (t,J = 7.0 Hz,
2H, CONCH), 3.44 (t,J = 6.7 Hz, 2H, CONC}), 2.41 (s, 3H, CH, 1.95 (p,J = 7.0 Hz, 2H,
CH,CH,CH,), 1.86 (p,J = 6.7 Hz, 2H, CHCH,CH,).”*C NMR (151 MHz, CDG)) § 169.2 (C=0),
164.8 (C-2 or C-6), 163.4 (C-2 or C-6), 157.2 (C4H5.2 (C-4"), 150.5 (C-1"), 137.7 (Cer C-3),
137.6 (C-1' or C-3'), 128.8, 128.5, 128.3, (C-45'CC-6")*, 125.9 (C-2), 113.1 (C-3"), 108.7 4},
101.5 (C-5), 49.6 (CONCH| 46.2 (CONCH), 26.3 (CHCH,CH,), 24.4 (CHCH,CH,), 14.0 (CH).



EI-HRMS m/z: calcd for gH,oN4O,, 348.15863, found 348.15730; Purity (HPLC): 95%h mo

particular order.

5.2 Biological methods

5.2.1.Materials

Adenosine deaminase (type X from calf spleeff)¢y¢lopentyladenosine (CPA), anhydrous
magnesium chloride, Trizma® Base, Trizma® Hydroddke, silicone solution (Sigma-cote), 3-(4,5-
Dimethylthiazol-2-yl)-2,5-diphenyl-2H-tetrazoliunrdmide (MTT), phosphate-buffered saline (PBS)
and isopropanol were obtained from Sigma Aldricim&hyl sulfoxide (DMSO), Whatman® GF/B
25 mm diameter filters and formic acid were obtdifrem Merck. Filtercount scintillation fluid,
radioligands, H]5'-N-ethylcarboxamide-adenosine’f[NECA, 25 Ci/mmol (250 pCi)} and 1,3-
[*H]-dipropyl-8-cyclopentylxanthine {HIDPCPX, 120 Ci/mmol) were obtained from Separation
Scientific SA. Cell culture media (Dulbecco’s Mddd Eagle Medium (DMEM)), fungizone,
trypsin/EDTA, streptomycin, fetal bovine serum goahicillin were obtained from Gibco and Merck.
Well-plates (24 and 96) and culture flasks wereioletd from Corning. Sterile syringe filters (0.22

uM) were obtained from Pall Corporation Life Sciesice

5.2.2 Radioligand binding studies

Tissue preparation for binding studies

Radioligand binding studies were carried out asntegl in literature [51-53]. The Animal Research
Ethics Committee of the North-West University (NV@035-10-A5) approved the collection of
animal tissue required for these assays. Adult riigeague Dawley rats were obtained from the
Vivarium of the North-West University, Potchefstro@ampus. Striata (for the adenosing Assays)
and whole brains (for the adenosingalsay) were dissected on ice and immediately fsoagn with
liquid nitrogen and then stored at -70 °C untiluieed. The frozen striata as well as the wholerbrai
tissue were suspended in ice-cold 50 mM Tris buffiet 7.7 at 25°C) and homogenised using a
Polytron PT-10 homogeniser (Brinkman) to yield fisaspensions of 1 g/5 ml, which were aliquoted
and stored at -70 °C until required. Test compoumeee dissolved (10 mM) and further diluted in
DMSO, with the final concentration of DMSO in theeubations being 1%. All pipette tips as well as
the 4 ml polypropylene tubes used for the inculpatiwere coated with Sigmacote®. The incubations
were prepared using 50 mM Tris buffer (pH 7.7 at°€%. For the adenosine,A assay, the final
volume of the incubations was 1 ml and each inéabatontained test compound (0-100 puM),
membrane suspension yielding ~10 mg of origingLigsweight of rat striata, 10 mM Mg£0.2 units

of adenosine deaminase, 50 nM CPA and 4 M¥NECA. The MgC} (A, assay) and adenosine
deaminase (4 and A assays) were firstly added to the membrane suispersd this mixture was

subsequently added to the incubations. The ordeadufition was test compound, membrane



suspension, CPA andH{]NECA. All incubations were carried out in duplieaNon-specific binding
was determined in triplicate in the presence of GP@0 uM replacing the test compound). For the
adenosine Aassay, the final volume of the incubations wase alsnl and each incubation contained
test compound (0-100 uM), membrane suspensioniggelimg of original tissue weight of rat whole
brain, 0.1 units of adenosine deaminase and 0.1*yDPCPX. The order of addition was test
compound, membrane suspension att]JPCPX. All incubations were carried out in duplie.
Non-specific binding was determined in triplicatethe presence of CPA (100 uM replacing the test
compound). After incubation for 1 h (with vortexiadfer 30 minutes), the incubations were rapidly
filtered through Whatman® GF/B 25 filters (25 mnauteter) fitted on a Hoffeler vacuum system.
The damp filters were placed into scintillationlsiand scintillation fluid (4 ml) was added. Thelsi
were shaken thoroughly and left for 2 h. A PackeieCARB 2100 TR scintillation counter was used
to count the radioactivity retained on the filtegpecific binding was defined as total binding nsinu

nonspecific binding, and was expressed as countsipete (CPM).

Data analysis
Using the one site competition model of the PrissoBware package (GraphPad) the CPM values

were plotted against the logarithm of the ligandhaamtration to give a sigmoidal dose-response
curve, from which the I§g values were determined. For adenosinebiding, K; values were
calculated from the I values by using the Cheng-Prusoff equation [58Rplicable to radioligand
binding assays [51]. & the equilibrium dissociation constant for theiotigand FH]DPCPX, was
taken as 0.36 nM [52]. Since adenosing Ainding was performed in the presence of CPA, an
adapted version of the Cheng-Prusoff equation \gasl.uThe K of the radioligand,?H[NECA, was
taken as 15.3 nM and a. Kalue of 685 nM was used for CPA [51]. The bindaffinities of the
known adenosine Aagonist, CPA, and the,A antagonists, KW-6002 and ZM241385 were also
determined as controls. The results of the radiokitbinding studies are reported as the mean *

standard error of the mean (SEM) of duplicate deitetions.

5.2.3 MTT cell viability assay

Cdll culture

HeLa cells were maintained in 250 Tfiasks in DMEM media (30 ml) containing 10% feb@vine
serum, 1% penicillin (10 000 units/ml)/streptomy€l® mg/ml), and fungizone (25@/ml). The
cells were incubated at 3T in an atmosphere of 10 % €Qhe media was replaced once a week

and cells were allowed to reach confluency befeeein assays.

Preparation of compounds



Stock solutions of test compounds were prepar&@M$O (10 mM) and further diluted in DMSO to
concentrations of tM and 10uM. These solutions were filtered via a syringeefilbefore addition to

the cell cultures.

MTT Assay

Once confluent, cells were detached with 3 ml tryfEDTA (0.25%/0.02%) and seeded in 24-well
plates at 500 000 cells/ well. Plates were thenbated for 24 h and the wells subsequently rinsed
with 0.5 ml DMEM free from fetal bovine serum. Alume of 0.99 ml DMEM (free from fetal
bovine serum) was subsequently added to each eleived by 10 pl of the test compound. In each
24-well plate, wells were reserved as either peesitiontrol (100% cell death via lyses with 0.03%
formic acid) or negative controls (100% cell vidgibs a result of no drug treatment). The plates
were then incubated at 37 °C for a further 24 hrevfadter media was aspirated from each well.

The wells were then washed twice with 0.5 ml/w@&B8Pand 20Qu of 0.5% MTT (prepared in PBS)
was added to each well. The well plates were ingbat 37°C for 2 h in the dark, where after the
residual MTT was aspirated and 280sopropanol was added to dissolve the formed &aan
crystals. The well-plates were then incubated atréemperature for 5 min to allow dissolution of
the blue formazan crystals, where after 100 phefisopropanol solution of each well plate was
transferred to a corresponding well in a 96-wedlt@l The absorbance was measured
spectrophotometrically at 560 nM (using a Labsystdfltiscan RC UV/V spectrophotometer), with
the absorbance of the negative control signifyi6Q % viability and the absorbance of the positive
control signifying 0% viability. The effects of thest compounds were evaluated in triplicate aad th
residual cell viabilities reported as the mean +@&ihe percentage viable cells compared to the

negative control (100%).

5.2.4Invivo assays

Animals

Sprague-Dawley rats were given free access to atdridboratory food and water until the required
weight was obtained (240 g - 300 g). All effortsrevamade to minimise animal suffering as
experiments were carried out in accordance witiNthgonal Institute of Health's Guide for the Care
and Use of Laboratory Animals. The experimentaltqmol was approved by the North-West
University ethical committee (NWU-00035-10-A5).

Compounds

To induce catalepsy a dose of 5 mg/kg haloperiBelénace Injection; 5 mg/ml) was administered
intraperitoneally (ip) [33]. A vehicle solution wasepared by mixing a 1:1:4 solution of DMSO,
Tween 80 and saline. Compoundk (and 8m) were dissolved in a required amount of vehicle

solution to yield concentrations of 0.1, 0.4, 1 @whg/ml. A suitable volume of these solutions was



injected depending on the weight of the rat, rasglin final dose concentrations of 0.1, 0.4, 1 and

mg/kg. All injections were administered ip.

Catalepsy test

The experiments were carried out between 8:00 &r#Dlin a lit room with a controlled temperature.
All the rats were drug naive and were only useceoRaloperidol-induced catalepsy was measured
with the standard bar test, in a Perspex chambésgtth, 23 cm; width, 10.5 cm; height, 9 cm) with a
horizontal plastic bar (diameter, 1 cm; length,516m) fixed at 9 cm above the floor, and at 7 cm

from the back of the box.

Animals were divided into 5 groups, each group &mig 6 rats. The 5 groups were treated with 0,
0.1, 0.4, 1 and 2 mg/kg of the test compound, smdy. All rats received ip injections of

haloperidol (5.0 mg/kg) to induce catalepsy. 30 Mater, the rats in each group received ip
injections of compound. The vehicle solution wasamstered to rats in the control group. Catalepsy
was measured 60 min. after the haloperidol injastioy placing the rats in the Perspex box withrthei
front paws on the horizontal bar. Catalepsy wassomea as the time the animal maintained its
position on the bar. Time was recorded until onbath of the rat’s front paws were removed from

the bar, or up to 120 seconds.

The results of the animal experiments are repatethe mean + standard error of the mean (SEM).
Data were analysed by means of one-way analysiaridnce (ANOVA) across all groups, and were
subsequently subjected to Dunnett's post-test terdene if statistical differences exist between
mean values. A p value < 0.05 is judged as beiaigsttal significant. These analyses were carried

out with the Prism software package.

5.3 Molecular docking

Molecular docking studies were carried out with Wisndows based Accelr§sDiscovery Studio 3.1
software. The crystal structure of the adenosigeréceptor [Protein Data Bank (PDB) code 3PWH]
co-crystalised with the known,A antagonist ZM241385 was used. This receptor waggped with
the ‘Clean protein’ function to correct problemglsas incomplete amino acid side chains and typed
with the CHARMmM forcefield. A fixed atom constraintas applied to the backbone and a
minimisation was then carried out using the GeisdlBorn approximation with Molecular Volume
(GBMV) as the solvent model to obtain a receptoeradrgetic minimum. A binding sphere with a
radius of 5 A was defined using the existing ligg@t1241385) before it was removed from the
receptor. Selected inhibitors were cleaned andapeebfor docking with the 'Prepare ligand' protocol
to correct valences and remove duplicates wherdifends were visually inspected and remaining

errors corrected. The CDOCKER protocol was usedthier docking of ligands. The orientations,



CDOCKER and CDOCKER interaction energies of thediferent conformers of each ligand were
considered and the best conformation for each digeaiected. Ann situ ligand minimisation was
then performed on the selected conformers and rseonconformers visually inspected and

compared.
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Figure 2a.Reduction in haloperidol induced-catalepsy in ng&eague-Dawley rats by compouBieh.
Time to descend from the bar was measured in hattip€5 mg/kg, ip) treated rats after ip admirgsiton
of compoundBm (0.1, 0.4, 1, 2 mg/kg). Each bar represents aesiiate ¢ SEM) of (n = 6) rats in the
cataleptic position (*,**indicate significant diffences compared with the haloperidol + vehicle r@nt
group as determined by one-way ANOVA [F (4, 25).893; P < 0.005) followed by Dunnet'’s post test
with *P = 0.01 - 0.05 and **P = 0.001 — 0.01).
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Figure 2b. Reduction in haloperidol induced-catalepsy in ngeague-Dawley rats by compouskl

Time to descend from the bar was measured in hattip€5 mg/kg, ip) treated rats after ip admirgsiton

of compoundk (0.1, 0.4, 1, 2 mg/kg). Each bar represents aediate ¢ SEM) of (n = 6) rats in the
cataleptic position (* indicates significant diffgrces compared with the haloperidol + vehicle @dntr
group as determined by one-way ANOVA [F (4, 25).£03; P < 0.05) followed by Dunnet’s post test with
P =0.01-0.05).



Figure 3: lllustration of the different orientations of compw 8b in the binding site of the A receptor.
Intermolecular hydrogen bond interactions are olekbetween the exocyclic amino group and Asn258lew
T=T1 stacking occurs between the three ring systemsPded 68 A). In orientationB, an additional hydrogen

bonding interaction is observed between the fusgigen and Asn253 (Figure generated using Pymol).



Figure 4: Docking orientation of compoun@®j in the active site of the adenosinejAreceptor. An
intermolecular hydrogen bond interaction is obsérisetween the exocyclic amino group and Asn253]ewhi
T=T1 stacking occurs between the three ring systemsPaied 68. Additional hydrogen bond interactions occu

between the morpholine in the side chain and Gler@@Ser67 (Figure generated using Pymol).
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c 3-Cl 5-methyl-2-furanyl
X Ar d 3-OCHj, 2-furanyl
e 3-OCH; 5-methyl-2-furanyl
f 3,4-OCH3; 5-methyl-2-furanyl
g 4-Cl 5-methyl-2-furanyl
'e) h 4-F 2-furanyl
i 3-COOH 5-methyl-2-furanyl
7j-n j morpholinyl 5-methyl-2-furanyl
k 4-methyl-piperazinyl  5-methyl-2-furanyl
I 4-ethyl-piperazinyl 5-methyl-2-furanyl
m 1-piperidinyl 5-methyl-2-furanyl
n 1-pyrrolidinyl 5-methyl-2-furanyl

Scheme 1Synthesis of 2-aminopyrimidine derivativBsReagents and Conditions: (i) NaOH, EtOH/MeOH,

rt, 3 h; (ii) Guanidine hydrochloride, NaH, DMF,@3C, 24 h. (iii) CDI, CHCI,, NHR, rt, 5 h.



Table 1: Adenosine receptor affinitigi) of compoundsa- h.

Comp.

8a

8b

8c

8d

8e

8f

89

8h

-OCH;

-OCHs

-OCH;

Py

%\ /
A . .,
= o [~ 2 A
SO

. .

O

“
q

.
O

N

NH,

)

AoaKi (nM)
948 + 141

245+21.1
399 + 151
249 +79.6
409 * 217
2778 + 375
3320 + 484

257 +£36.4

2.88 +0.670

A Ki (M)

22.8+5.51

39.1+3.64

129+12.1

61.4 +0.435

145 +19.6

650 + 63.0

434 +13.0

158 +12.1

10.4 +1.57

Sl
AaKi/A (Ki

42

6.3

3.1

4.1

2.8

4.3

7.6

1.6




ZM241385

11.1 +3.97
- o

KW-6002

®/alues are given as mean + SEM of duplicate detetiuns

*Selectivity index




Table 2: Adenosine receptor affinitigi) of compoundsj - n.

NH,
@)
= R3
R1
R2
, . _ _ SI°
Comp. R R R AonKi (M) 2 AKi (nM)? -
AgAKllAlKl
O -
Y g o
8j -H [Nj @’ 29.3+0.978 521+169 0.6
0
OY%
NG O
8k -H [ j @’ 16.3+2.18 136 + 1.88 0.1
N
|
Oﬁ;‘%;
N e
8l H [ j 1) s09:310  37.5:0857 0.8
N

O
IR
8m -H N U 6.34 +0.532 9.54 +1.34 0.7

(J

8n -H N U 58.2+19.9 36.8 £5.42 1.6

CPA 10.4 +1.57
ZM241385 2.88 +0.670
KW-6002 11.1 £3.97

®alues are given as mean + SEM of duplicate deteatitns
*Selectivity index

‘=4




Table 3: The percentage viable cells remaining after treatmvith amide derivatives3j - 8n), as

compared to untreated cells (100%).

% Viable cells

Comp. 1 um?® 10 pm?
8j 98.6 + 4.45 81.7 £5.97
8k 106.6 + 9.76 76.8 £18.1
8l 65.7 £4.95 60.1 £0.00
8m 64.3+4.74 61.6 £4.46
8n 101 +£6.22 67.9+7.09

®/alues are given as mean + SD of triplicate deteations




Resear ch highlights

* 2-Aminopyrimidines were synthesised and screened for dual adenosine A; and A, receptor
affinity

*  Compound 8m was the most potent compound with A, and A; Ki values of 6.34 nM and
9.54 nM respectively.

*  Two of the amide derivatives (8k and 8m) exhibited in vivo activity in the haloperidol
induced catalepsy assay performed in rats



Supporting information:

Synthetic procedures
General procedure for the synthesis of chalcones (7a — 7h)

Ketone (8.57 mmol, 1 equiv) and benzaldehyde (8.57 mmol, 1 equiv) were dissolved in ethanol, and
stirred at room temperature. To this mixture, a solution of 40% (w/v) sodium hydroxide (0.5 equiv)
was added drop wise. After the reaction mixture was stirred at room temperature for 3 hours, the
residue that formed was filtered and washed with cold ethanol. The resulting solid was recrystallised

from ethanol.

(2E)-3-(3-chlorophenyl)-1-phenylprop-2-en-1-one (7a)

The title compound was prepared from acetophenone and 3-chlorobenzaldehyde in a yield of 34%:
mp 74.7-75.1 °C (ethanol), pale yellow crystals. '"H NMR (600 MHz, CDCl;) & 8.05 — 8.00 (m, 2H,
H-2", H-6"), 7.73 (d, J = 15.7 Hz, 1H, H-3), 7.65 - 7.57 (m, 2H, H-2’, H-4""), 7.56 — 7.47 (m, 4H, H-2,
H-3", H-5", H-6"), 7.40 — 7.32 (m, 2H, H-4', H-5");"*C NMR (151 MHz, CDCls) & 190.0 (C-1), 143.0
(C-3), 137.8 (C-1"), 136.7 (C-1"), 134.9 (C-3"), 133.0 (C-4"), 130.3, 130.2 (C-4', C-5), 128.7, 128.5
(C-2", C-6" and C-3", C-5"), 127.9 (C-2), 126.8 (C-6'), 123.2 (C-2). EI-HRMS m/z: calcd for
CisH11CIO, 242.04984, found 242.04878; Purity (HPLC): 93%.

(2E)-3-(3-chlorophenyl)-1-(furan-2-yl)prop-2-en-1-one (7b)

The title compound was prepared from 2-acetylfuran and 3-chlorobenzaldehyde in a yield of 17%: mp
76.2-77.1 °C (ethanol), light yellow crystals. '"H NMR (600 MHz, CDCls) & 7.78 (d, J = 15.8 Hz, 1H,
H-3), 7.67 — 7.65 (m, 1H, H-5"), 7.62 (br t, J = 1.9 Hz, 1H, H-2') 7.49 (br dt, J = 1.6, 7.3 Hz, 1H, H-
6), 7.43 (d, J = 15.8 Hz, 1H, H-2), 7.39 — 7.31 (m, 3H, H-4', H-5', H-3"), 6.60 (dd, J = 1.7, 3.6 Hz,
1H, H-4"); ®C NMR (151 MHz, CDCl;) § 177.5 (C-1), 153.5 (C-2"), 146.7 (C-5"), 142.2 (C-3),
136.5 (C-1'), 134.9 (C-3"), 130.4, 130.1 (C-4', C-5"), 127.9 (C-2'), 126.9 (C-6"), 122.3 (C-2), 117.8 (C-
3"), 112.6 (C-4"). EI-HRMS m/z: calcd for C13HCIlO,, 232.02911, found 232.02796; Purity (HPLC):
92%.



(2E)-3-(3-chlorophenyl)-1-(5-methylfuran-2-yl)prop-2-en-1-one (7c)

The title compound was prepared from 1-(5-methyl-2-furyl)ethanone and 3-chlorobenzaldehyde in a
yield of 12%: mp 91.4-92.3 °C (ethanol), orange crystals. '"H NMR (600 MHz, CDCls) & 7.77 (d, J =
15.7 Hz, 1H, H-3), 7.65 - 7.61 (m, 1H, H-2), 7.52 — 7.47 (m, 1H, H-6"), 7.41 - 7.32 (m, 3H, H-4', H-
5', H-2), 7.31 — 7.27 (m, 1H, H-3"), 6.24 (m, 1H, H-4"), 2.46 (s, 3H, CH;)."*C NMR (151 MHz,
CDCl3) 6 176.7 (C-1), 158.4 (C-2" or C-5"), 152.3 (C-2" or C-5"), 141.4 (C-3), 136.6 (C-1'), 134.8
(C-39, 130.2, 130.1 (C-4' and C-5"), 127.7 (C-2'), 126.8 (C-6"), 122.5 (C-2), 119.9 (C-3"), 109.4 (C-
4"), 14.2 (CH3). EI-HRMS m/z: calcd for C14H1,ClO,, 246.04476, found 246.04435; Purity (HPLC):
100%.

(2E)-1-(furan-2-yl)-3-(3-methoxyphenyl)prop-2-en-1-one (7d)

The title compound was prepared from 2-acetylfuran and 3-methoxybenzaldehyde in a yield of 22%:
mp 65.4-66.4 °C (ethanol), amber crystals. '"H NMR (600 MHz, CDCls) & 7.83 (d, J = 15.8 Hz, 1H,
H-3), 7.65 (dd, J = 0.8, 1.7 Hz, 1H, H-5"), 7.42 (d, J = 15.8 Hz, 1H, H-2), 7.35 - 7.29 (m, 2H, H-5',
H-3"), 7.25 - 7.22 (br d, 7.5 Hz, 1H, H-6"), 7.15 (br t, J = 2.0 Hz, 1H, H-2"), 6.95 (ddd, J = 0.9, 2.6,
8.2 Hz, 1H, H-4), 6.59 (dd, J = 1.7, 3.6 Hz, 1H, H-4"), 3.84 (s, 3H, OCH,;)."*C NMR (151 MHz,
CDCl3) 6 177.9 (C-1), 159.8 (C-3'), 153.6 (C-2"), 146.5 (C-5"), 143.9 (C-3), 136.0 (C-1'), 129.9 (C-
5, 121.3 (C-6' or C-2), 121.1 (C-6' or C-2), 117.6 (C-3"), 116.3 (C-4"), 113.4 (C-2"), 112.5 (C-4"),
55.3 (OCHj3). EI-HRMS m/z: calcd for Cy4H,03, 228.07864, found 228.07796; Purity (HPLC):
94%.

(2E)-3-(3-methoxyphenyl)-1-(5-methylfuran-2-yl)prop-2-en-1-one (7€)




The title compound was prepared from 1-(5-methyl-2-furyl)ethanone and 3-methoxybenzaldehyde in
a yield of 46%: mp 96.9-97.5 °C (ethanol), yellow crystals."H NMR (600 MHz, CDCl3) & 7.79 (d, J =
16.1 Hz, 1H, H-3), 7.35 (d, J = 16.1 Hz, 1H, H-2), 7.31 (t, J = 8.0 Hz, 1H, H-5'), 7.24 (d, 1H, J = 3.5
Hz, H-3"), 7.22 (br d, 1H, J = 7.7 Hz, H-6"), 7.13 (br s, 1H, H-2'), 6.94 (dd, J = 2.6, 8.2 Hz, 1H, H-4),
6.20 (dd, J = 0.8, 3.4 Hz, 1H, H-4"), 3.83 (s, 3H, OCHa), 2.43 (s, 3H, CH3).*C NMR (151 MHz,
CDCl3) 6 177.1 (C-1), 159.8 (C-3'), 158.2 (C-5"), 152.4 (C-2"), 143.1 (C-3), 136.1 (C-1'), 129.8 (C-
5, 121.5 (C-2), 121.0 (C-6"), 119.6 (C-3"), 116.0 (C-4'), 113.4 (C-2), 109.3 (C-4"), 55.3 (OCHs5),
14.1 (CH3). EI-HRMS m/z: calcd for C45H 1403, 242.09429, found 242.09396; Purity (HPLC): 100%.

(2E)-3-(3,4-dimethoxyphenyl)-1-(5-methylfuran-2-yl)prop-2-en-1-one (7f)

The title compound was prepared from 1-(5-methyl-2-furyl)ethanone and 3,4-dimethoxybenzaldehyde
in a yield of 35%: mp 116.3-117 °C (ethanol), yellow crystals. ‘H NMR (600 MHz, CDCls) § 7.78 (br
d, J = 15.7 Hz, 1H, H-3), 7.26 — 7.16 (m, 3H, H-6', H-2, H-3"), 7.11 (br s, 1H, H-2"), 6.85 (br d, J =
8.4 Hz, 1H, H-5'), 6.19 (br s, 1H, H-4"), 3.93 (s, 3H, OCHj3), 3.90 (s, 3H, OCHjs), 2.40 (s, 3H,
CH,).*C NMR (151 MHz, CDCl;) & 177.2 (C-1), 157.8 (C-5"), 152.5 (C-2"), 151.2 (C-3' or C-4),
149.1 (C-3' or C-4'), 143.3 (C-3), 127.7 (C-1"), 123.0 (C-2), 119.1 (C-6' or C-3"), 119.2 (C-6' or C-3"),
111.0 (C-5", 110.1 (C-2Y), 109.2 (C-4"), 55.9 (OCHj3;), 55.9 (OCH3), 14.1 (CH3). EI-HRMS m/z:
calcd for C16H1604, 272.10486, found 272.10447; Purity (HPLC): 90%.

(2E)-3-(4-chlorophenyl)-1-(5-methylfuran-2-yl)prop-2-en-1-one (79)

The title compound was prepared from 1-(5-methyl-2-furyl)ethanone and 4-chlorobenzaldehyde in a
yield of 41%: mp 151.4-151.9 °C (ethanol), pale yellow solid."H NMR (600 MHz, CDCl5) § 7.70 (d,
J =15.7 Hz, 1H, H-3), 7.49 (m, 2H, H-2', H-6"), 7.29 - 7.24 (m, 3H, H-2, H-3', H-5'), 7.18 (d, J = 3.4
Hz, 1H, H-3"), 6.14 (dd, J = 0.9, 3.4 Hz, 1H, H-4"), 2.36 (s, 3H, CH3)."*C NMR (151 MHz, CDCls) &
176.9 (C-1), 158.3 (C-5"), 152.4 (C-2"), 141.7 (C-3), 136.2 (C-4"), 133.3 (C-1"), 129.5 (C-2', C-6' or



C-3, C-5Y, 129.1(C-2, C-6' or C-3, C-5'), 121.7 (C-2), 119.7 (C-3"), 109.4 (C-4"), 14.2 (CH3). EI-
HRMS m/z: calcd for C14H1;ClO,, 246.04476, found 246.04409; Purity (HPLC): 96%.

(2E)-1-(4-fluorophenyl)-3-(furan-2-yl)prop-2-en-1-one (7h)

(13"
/.
4

The title compound was prepared from 1-(4-fluorophenyl)ethanone and furan-2-carbaldehyde in a

yield of 40%: mp 59.9-60.5 °C (ethanol), dark orange solid."H NMR (600 MHz, CDCl3) & 8.09 — 8.02

(m, 2H, H-2', H-6"), 7.59 (d, J = 15.3 Hz, 1H, H-3), 7.52 (d, J = 1.7 Hz, 1H, H-5"), 7.42 (d, J = 15.3

Hz, 1H, H-2), 7.19 — 7.12 (m, 2H, H-3', H-5), 6.72 (d, J = 3.4 Hz, 1H, H-3"), 6.51 (dd, J = 1.7, 3.4

Hz, 1H, H-4").*C NMR (151 MHz, CDCl;) & 188.0 (C-1), 165.5 (d, Jc.r = 253.5 Hz, C-4'), 151.5 (C-

2", 145.0 (C-5"), 134.4 (d, Jc.r = 3.2 Hz, C-1"), 130.96 (d, Jc.r = 9.6 Hz, C-2', C-6"), 130.8 (C-3),

118.7 (C-2), 116.4 (C-3"), 115.6 (d, Je.r = 21.9 Hz, C-3', C-5"), 112.7 (C-4"). EI-HRMS m/z: calcd
for C15HeFO,, 216.05866, found 216.05805; Purity (HPLC): 91%.



4-(3-chlorophenyl)-6-phenylpyrimidin-2-amine (8a)
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4-(3-chlorophenyl)-6-(furan-2-yl)pyrimidin-2-amine (8b)
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4-(3-chlorophenyl)-6-(5-methylfuran-2-yl)pyrimidin-2-amine (8c)
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4-(furan-2-yl)-6-(3-methoxyphenyl)pyrimidin-2-amine (8d)
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4-(3-methoxyphenyl)-6-(5-methylfuran-2-yl)pyrimidin-2-amine (8¢e)
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4-(3,4-dimethoxyphenyl)-6-(5-methylfuran-2-yl)pyrimidin-2-amine (8f)

'H-NMR
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4-(4-chlorophenyl)-6-(5-methylfuran-2-yl)pyrimidin-2-amine (89)

'H-NMR
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4-(4-fluorophenyl)-6-(furan-2-yl)pyrimidin-2-amine (8h)
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4-(5-methylfuran-2-yl)-6-[3-(morpholine-4-carbonyl)phenyl]pyrimidin-2-amine (8j)

'H-NMR
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4-(5-methylfuran-2-yl)-6-[3-(4-methylpiperazine-1-carbonyl)phenyl]pyrimidin-2-amine (8k)
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4-(5-methylfuran-2-yl)-6-[3-(4-ethylpiperazine-1-carbonyl)phenyl]pyrimidin-2-amine (8I)

1
H-NMR
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4-(5-methylfuran-2-yl)-6-[3-(piperidine-1-carbonyl)phenyl]pyrimidin-2-amine (8m)

'H-NMR
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4-(5-methylfuran-2-yl)-6-[3-(pyrrolidine-1-carbonyl)phenyl]pyrimidin-2-amine (8n)
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Mass spectra
(2E)-3-(3-chlorophenyl)-1-phenylprop-2-en-1-one (7a)

SJ2_HR-c1#29 RT: 0.77 AV:1 NL: 1.72E5
T: + ¢ El Full ms [ 229.50-257.50]
242.04878
C15H11 01 35Cly
-2.11699 ppm

[N
o

Relative Abundance
HH?\Hﬁ)HH?\H?H\\L?HHH?HH?HH?HH%;HH?

e ]

241.04064
C15H10 01 3Cly
-3.43564 ppm

[ B |

243.04334 244.04560
Ci7H70, Ci1sH11013%Cly
-2.95649 ppm -3.03551 ppm

w B

247.98670
C12 Hs 0435Cl,
-1.58123 ppm

=N

T
240 241 242 243 244 245 246 247 248

(2E)-3-(3-chlorophenyl)-1-(furan-2-yl)prop-2-en-1-one (7b)
SJ8_HR-c1#91 RT: 1.65 AV:1 NL: 2.70E6
T: + ¢ El Full ms [ 217.50-245.50]
232.02796
C13Hg 0235CIy
-2.58589 ppm

H\\caHFFHH?HH?HH?H\EHHEF‘HHE“?HHE%H?

<}

233.02139
C12Hg 02 N1 35Cly 234.02549
-10.38374 ppm C13Hg 0237Cly
-0.50228 ppm

Relative Abundance
B a1

w

235.98696
C1702
-9.82686 ppm

N

i

T [ T T T T [ T T T [ T T T T [ T T T [ T T T T [ T T T [ T T T T [ T 0T T [ T T T T [ T T T T [ T T T1T
2315 232.0 2325 233.0 2335 234.0 2345 235.0 2355 236.0 236.5
m/z

(2E)-3-(3-chlorophenyl)-1-(5-methylfuran-2-yl)prop-2-en-1-one (7c)
SJ20_HR-c1#40 RT: 0.69 AV:1 NL: 8.70E5
T: + ¢ El Full ms [ 241.50-258.50]
246.04435
C14H11 02 35Cly
0.55376 ppm

H
383

245.03587
C14H10023Cly
-2.10909 ppm

@ 0~
o o

248.04181
C14H11 0237Cly
2.21448 ppm

w b
o o

243.99022 250.98979
C7H100535Cl2 CgH11 06 35Cl1 37Cly

0.97163 Fpm 0.07120 ppm

BN
o o

Relative Abundance
o
o
pn o T o T T T e T T

T T T 1 [ T 1 T | T Tt T ] T t T | T T T [ 1 T T T T T T 1 1
240 242 244 246 248 250 252 254 256 258 260
m/z



(2E)-1-(furan-2-yl)-3-(3-methoxyphenyl)prop-2-en-1-one (7d)

SJ10 HR-c1#20 RT: 055 AV: 1 NL: 2.94E6
T: + cEl Full ms [ 217 50-245 50]
228.07796
CiaH 2032
100+ -0.58387 ppm

903

80 22707061

703 CreHn 02

E 1.48674 ppm

Relative Abundance
o
S
In

303 229.08140
E C1eH1202
203 -19.73487 ppm

=]
ITRTARERTI

T T
2255 226.0 226.5 227.0 22745 228.0 2285 229.0 2295 2300 2305 2310 2315
miz

(2E)-3-(3-methoxyphenyl)-1-(5-methylfuran-2-yl)prop-2-en-1-one (7€)

5J22 HRc1#30 RT: 083 AV:-1 NL:4 11E5

T: + cEl Fullms [ 229.50-258 50]
24209396
CisH12032

1005 0.88271 ppm

o w
=21
i

—
=

241.08588
CisH1202
-0.15808 ppm

@
=

.
=

Relative Abundance
o
S

24309790 24503516
CieHig Oa 24398744 CogHos

CaHe:0s
i @ -13.929%4
1511552 ppm 1005988 ppm ppm
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o o
1

L B e e e e e AL B e e s s s B e o e e e B . s s s s s s e s e B
2400 2405 2410 2415 242.0 2425 2430 2434 2440 2445 24510 2455
miz

(2E)-3-(3,4-dimethoxyphenyl)-1-(5-methylfuran-2-yl)prop-2-en-1-one (7f)
S5J40 HR—c1#46 RT: 072 AV:- 1 MNL: 951E5
T: + cEl Full ms [ 267.50-284 .50]

27210447

CieHie0s

100; 0.60226 ppm

@ = o W
[= = = =1

271.09655
CieHis04
0.24533 ppm 27310822
CieHirOu
-14.34328 ppm

Relative Abundance
[ L o
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(2E)-3-(4-chlorophenyl)-1-(5-methylfuran-2-yl)prop-2-en-1-one (79)

SJ30 HR-c1422 RT: 060 AV: 1 NL:2.07E6
T: + ¢ El Full ms [ 229.50-258 50]

24604409

C 1:H 11 02 %CI4

-0.49264 ppm

1004 245 03654 ®

3 CiaH1a 02 %Cly
- 0.64018 ppm

E 24703856
CreHag 02%7Cl4
2075984 ppm

Relative Abundance
I
=
N

T T —T T T T T T T T T T T T T T T T T T T T
243 244 245 246 247 248 249 250 251 252
miz

(2E)-1-(4-fluorophenyl)-3-(furan-2-yl)prop-2-en-1-one (7h)

SJ24 HR-c1#18 RT: 037 AV: 1 NL:2.68E6

T: +cElFullms [203.50-221.50]
216 05805
CizHs OzF4

100+ -0.29288 ppm

90—;

80

703

Relative Abundance
o
=
|

21706164
215.05019 CiaH4OzF

CizHz02Fy
-0.45246 ppm 19 799‘51 ppm

]
=
ol ol

B e o e e e e e e L e e e e A L e T T T T T T T T T T T T T T
214.0 214 5 2150 2155 216.0 2165 2170 2175 218.0 2185 219.0 2195
miz

3-[(1E)-3-(5-methylfuran-2-yl)-3-oxoprop-1-en-1-yl]benzoic acid (7i)

8J32 HR1-c1#34 RT: 095 AV:1 NL: 1.31E5
T: + cEl Fullms [241.50-272 50]
256.07292
CigHi204
1005 -0.34651 ppm
903
80
70

50 25506511 269.24350
CiwsH110g 255 22565

50
257 22498
-0.29432 ppm

40
30

256.21746

Relative Abundance

26521278
254 20306

20
253.99871 257.98803 253 98359

10

T 1
254.0 254 5 2550 2555 256.0 256.5 257.0 2575 2580 2585 259.0 2595
miz

L
2535



(2E)-1-(5-methylfuran-2-yl)-3-[3-(morpholine-4-carbonyl)phenyl]prop-2-en-1-one (7j)

SJ36 HR1-c1#84 RT:1.13 AV:1 NL: 1.80E6
T: + ¢ El Full ms [317.50-333.50]

32513031
CiaHigDaNy
-1.69649 ppm

Relative Abundance

32613248
C 19 H;g Ol 1
-19.01536 ppm

(2E)-1-(5-methylfuran-2-yl)-3-[3-(4-methylpiperazine-1-carbonyl)phenyl]prop-2-en-1-one (7k)

SJ46 HR1-c1#58 RT: 0.75 AV:1 ML: 1.80E6
T: + c Bl Fullms [ 329.50-345.50]
33816270
CoxpHzOaNz
0.61405 ppm

Relative Abundance

339.16536
CaoHza03Nz
-14.61771 ppm

340.98857
|

N R B B S B B L — T T T T
3370 3375 3380 3385

(2E)-3-[3-(4-ethylpiperazine-1-carbonyl)phenyl]-1-(5-methylfuran-2-yl)prop-2-en-1-one (71)

SJ48 HR1-c1#49 RT: 061 AV:1 NL: 3.20E5
T: + cElIFullms [ 341.50-357 50]

T T
3390
miz

7T
3410

362 17790
CoHaze DaNo
100 -0.68689 ppm
90
80
@ 704
% |
= 60
g |
2 50
z 3
5 407 353.18228
& 303 C21Hz= 02Nz
E -10.45733 ppm
203 35231113 354.32768
3 C=Hsx 02 CxHa0s
10335098235 35140666 39.55844 ppm 41.87372 ppm
2 LI Lt T T T T [ T Tt T T T [ T T e T T I| II T T [ T T T 1
351.0 3515 352.0 3525 3530 3535 3540 3545



(2E)-1-(5-methylfuran-2-yl)-3-[3-(piperidine-1-carbonyl)phenyl]prop-2-en-1-one (7m)

SJ58 HR-c1#132 RT: 177 AV-1 NL: 138E6
T: + ¢ El Full ms [ 317.50-333.50]
32315116
CoxgHz OzMy

1005 -1.36180 ppm

903

803
N (E
% |
< 60
= -
= 4
£ 503
g |
Z 403
R 32214401 | 32415447
€ 30 CorHa OaN,|C20H=0a N 328.98223

E 0.75470 ppm |~1527352 ppm
203 331.98249
10 31798569  319.98382 32498786  326.95096
3 | . | . |
T T T T T T | T T [ T T T ] T T T T [ T T T [ T T T [ T T T [ T T
316 318 320 322 324 326 328 330 332 334
miz

(2E)-1-(5-methylfuran-2-yl)-3-[3-(pyrrolidine-1-carbonyl)phenyl]prop-2-en-1-one (7n)

Intens. ] +MS, 0. 1min #(7 )
%1057
1.25
1.00]
] 310.1448
0.75]
0.50
0.259
E 257 2471
0.00 . . i — il . i
50 100 150 200 250 300 miz
Meas. miz # Formula Score m/z er[mDa] err[ppm] mSigma rdb e Conf N-Rule
3101448 1 C19H20N O3  100.00 310.1438 -1.0 3.4 49 105 even ok
2 CI1S5HI16NTO 9.62 3101411 3.7 -12.0 88 115 even ok

4-(3-chlorophenyl)-6-phenylpyrimidin-2-amine (8a)

SJ6 HR-c2#34 RT: 0.80 AV:1 NL: 1.92E6
T: +cElFullms [267.50-295.50]

1005

w
=
1

o
=)
L1

@ =
[=T=1
AIRERINNEN]

.
=
Litiy

Relative Abundance
[y
f=]
L

[R)
=
il

(o]
=
1

=
il

281.07167
CgHqz N2 25Cl4
0.86412 ppm

230.06418
CigH M2 25Cl4
2.07884 ppm

28206814
C1eH11 N2
26563951 pp

cl, 28307025
" CieH N2 2Cl4

™ 627077 ppm

28407226
CigH1zaM2¥Cl4
-14.23101 ppm
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— ]
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4-(3-chlorophenyl)-6-(furan-2-yl)pyrimidin-2-amine (8b)
5J16 HRc1#54 RT: 0.81 AV: 1 MNL:1.90E6
T: + c El Full ms [ 267 50-283 50]
271.05049
CaaHag O N2 Gl
-0.72917 ppm

=
=1
1]

o w
= o
|

70

273.04774
27004273
CqaHa Q1 N2 2Cl4 979 04868 C1aH1g Q1 N2*Cl4
-0.50726 ppm CizH2Cl gl 001367 pom
-0.39837 ppm

Relative Abundance
m
=

274.05060
CizHyq Oz Nz 3#Cl4
0.57455 ppm
! il

T T T T T T T T - L e e e e s e e e e e e e B e B ey e e
269.0 269.5 270.0 2705 2710 2715 2720 2725 273.0 2735 274.0 2745 275.0
miz

4-(3-chlorophenyl)-6-(5-methylfuran-2-yl)pyrimidin-2-amine (8c)
SJ44 HR-c1#71 RT: 1.03 AV: 1 NL: 3.50E5
T: + cEl Fullms [ 279.50-295 50]
285.06556
CieHqz2 04 N225Cl4
-2.74420 ppm

w
=1
|

287.06210
CisH2 01Nz ¥Cl4
_ 286.06600 -4 48763 ppm
C]fﬁ?j[[j]??\;jaf(:h CigH 2 04 N2 *Cly
-1.32930 ppm -28.56062 ppm 288.06095
CisH4 04Nz ¥Cl4
-35.62404 ppm

Relative Abundance
o
=)

T
283 284 285 286 287 288 289

4-(3-methoxyphenyl)-6-(furan-2-yl)pyrimidin-2-amine (8d)
SJ168 HR-c1#47 RT- 096 AV-1 NL-4 70E6
T: + cElFullms [253.50-285.50]
266.09201
CigHiz 02Nz
-1.49390
1005 P 26700049
Cq1Hz 05 *Cl4
0.39976 ppm

- @ W
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Relative Abundance
m
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268.10254
C1aH 17 01Nz FCl4
0.10161 ppm
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4-(3-methoxyphenyl)-6-(5-methylfuran-2-yl)pyrimidin-2-amine (8e)
SJ26 HR-c1#55 RT: 131 AV- 1 NL:4.70E5
T: + c El Fullms [ 267.50-295 50]
28010791 281.11856
CieH1202N2 CiyeHis0OaNa
-0.50756 ppm 112226 ppm

Relative Abundance
o
ES

.
=
INRRAIRIRIRRERANNERIRRTRIRTRRI RRTRINRRNI AT

30 27898541 28211918
CyHiOzN3 CieH102MN3z
2 7499471 ppm -16.02163 ppm
10
T T T T T T T '| T IAaasnani s m B s e e
278 279 280 281 282 283 284
mlz

4-(3,4-dimethoxyphenyl)-6-(5-methylfuran-2-yl)pyrimidin-2-amine (8f)
5J42 HR-c14#62 RT: 0.97 AV:1 MNL: 3.09E6
T: + cElFullms [303.50-322.50]
311.12618
CirHi702N2

1004 -0.63992 ppm

w
=

310.11938
Cg H 1303[‘] )
0.81635 ppm

.
=

31212952
CiHz 0Ny
1.96631 ppm

= M oW
o o o

Relative Abundance
o
ES
[AEEERERTA IRTRIRRTANRERI ARERINNTRINNIRI RRRNERNER]

4-(4-chlorophenyl)-6-(5-methylfuran-2-yl)pyrimidin-2-amine (8g)
SJ34 HR-c1#53 RT: 077 AV: 1 MNL:6.16E5
T: +cElFullms [279.50-295.50]
28506633
CqieH12 04 N2 25CI4
-0.04584 ppm

@ = 0 W o
S o o o o

267.06310
CigHiz0q4 Nz 3Cl4
284 05843 286.06576 -1.01629 ppm
CsH1is0eN; Tl CsHwoOele
0.23311 ppm 0.43705 ppm 283 06776
C+He0z Ne2Cl, 27Cl4
0.28250 ppm

N - T T
o o a o

Relative Abundance
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4-(4-fluorophenyl)-6-(furan-2-yl)pyrimidin-2-amine (8h)

SJ28 HR-c1#42 RT: 114 AV: 1 NL: 251E5
T: +cElFullms [241.50-270.50]

25507982
CieH1gOq NaFy
1005 -1.65633 ppm
90
803
2 ?U—E
5 3
g 60—:
2 7 254 07118
i 505 C1aHoO1NaF
F 40 -4.87944 ppm
> ] 25608494
& 303 CraH1pOz Ns
203 7.94275 ppm
103 | ‘
. T T T I| T T T T T T T T T T T T T T T T T T T T T T ‘| T T T T T T T
253 254 255 256 257 258 259
miz

4-(5-methylfuran-2-yl)-6-[3-(morpholine-4-carbonyl)phenyl]pyrimidin-2-amine (8j)

5J38 HR-c1#72 RT: 101 AV:1 NL:7.98E4
T: + cElFullms [353.50-372.50]

100
90
80
70
60
50
40

Relative Abundance

30 363.14682
Cm H 19 03 Mo
20 455149 ppm

364.15292
CopHzpOzNs
-0.19387 ppm

36515596
CxpHz1O0aNa
-13.31165 ppm

4-(5-methylfuran-2-yl)-6-[3-(4-methylpiperazine-1-carbonyl)phenyl]pyrimidin-2-amine (8k)

SJ50 HR1-c1#92 RT: 137 AV:1 NL: 1.33E5
T: +cElFullms [364.50-385.50]

377.18422
Cz1Hz20z2N5

100 -1.08769 ppm

90

803
g 70
g 3
@ 3
Z 604
g ]
2 503
bl =
E |
5 40 37640650 378.18256
& 303 C1aHa Oz N5 C21Hz:02Ns

E 11131697 ppm 177 41401 -26.15285 ppm
20 37697832 | CisHe 0z Ns
103 11017256 ppm 37642194
7 | . |
T T T T T T T T T T T T T T T T T T T T T T T
376.0 765 7.0 775 378.0 785

miz



4-(5-methylfuran-2-yl)-6-[3-(4-ethylpiperazine-1-carbonyl)phenyl]pyrimidin-2-amine (8l)

SJ54 HR-c1#31 RT: 160 AV:1 NL:3.59E6
T: + cElFullms [379.50-406.50]

391.20052
Cz H;E O;NE

1005

389.18421
Cz H;g O; N B
-1.08150 ppm

Relative Abundance

39019182
CxmHzuOzNsg
-1.61836 ppm

o
F=)
[TRRIRTRER RN RRET ARTRANR TN FRAN NNENL AT

‘ 390877

0.61922 ppm

392.20290
CzHze0zNs
-13.27118 ppm

T
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3900
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T
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LI LI T
3925 393.0 3935

4-(5-methylfuran-2-yl)-6-[3-(piperidine-1-carbonyl)phenyl]pyrimidin-2-amine (8m)

SJ62 HR-c1#61 RT: 082 AV: 1 NL: 4 26E6
T: +cElFullms [ 353.50-371.50]

361.16570
C;] H;] O;NL
-0.55628 ppm

Relative Abundance
o A
o o o
ol b bl

36217292
CotHpaO2MNe
-2.236658 ppm

36317650
C21H2202Na
-13.91307 ppm

4-(5-methylfuran-2-yl)-6-[3-(pyrrolidine-1-carbonyl)phenyl]pyrimidin-2-amine (8n)

SJ56 HRc1#94 RT: 114 AV_1 NL:593E5
T: + cElFull ms [ 341.50-356.50]

34815730
C;sz]OEN;
1005 -2.23287 ppm
903
80
g 70
g |
= 603
= |
ER
I 503
e 1
E 4U_: 347.97956 34915785
& 303 CagHzt Oz Ne
20 34715036 -23.07497 ppm
] 34836950 348 95368
103 346.98323 347'3|65?1 | 349 37968 350.39172
:I T ‘| T T T T [ T T T T T T T T 7 T T T T 1 T T T T 1 T T T T I| T ‘I 7T T 1
347.0 75 3480 348.5 349.0 3495 3560.0 350 5



Examples of sigmoidal dose response curves

8m (A1)

2000+

2 6
-500- log C

Sigmoidal dose response curve obtained during the determination of A; affinity of compound 8m in

the radioligand binding assay .

8m (Aza)

-2 2 4 é
Log C

-500-

Sigmoidal dose response curve obtained during the determination of A, affinity of compound 8m in

the radioligand binding assay.



