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Abstract. Adenosine induces bronchial hyperresponsivenedsirglammation in asthmatics through
activation of Ag adenosine receptor §8AdoR). Selective antagonists have been shown enwadte
airway reactivity and improve inflammatory conditgin pre-clinical studies. Hence, the identifioati

of novel, potent and selective,#doR antagonist may be beneficial for the potentiahtment of
asthma and Chronic Obstructive Pulmonary Disea&P(@). Towards this effort, we explored several
prop-2-ynylated C8-aryl or heteroaryl substitutiams xanthine chemotype and found that 1-prop-2-
ynyl-1H-pyrazol-4-yl moiety was better tolerated at the fgeition. Compoun®9, exhibited binding

affinity (K;) of 62 nM but was non-selective for,#doR over other AdoRs. Incorporation of
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substituted phenyl on the terminal acetylene irsgdahe binding affinityK;) significantly to <10 nM.
Various substitutions on terminal phenyl group difterent alkyl substitutions on N-1 and N-3 were
explored to improve the potency, selectivity fosgAdoR and the solubility. In general, compounds
with meta-substituted phenyl provided better selectivity #ssAdoR compared to that gbara-
substituted analogs. Substitutions such as basioeamlike pyrrolidine, piperidine, piperazine or
cycloalkyls with polar group were tried on termireadetylene, keeping in mind the poor solubility of
xanthine analogs in general. However, these substits led to a decrease in affinity compared to
compound59. Subsequent SAR optimization resulted in iderdifn of compound6 with high
human AgAdoR affinity (K; = 13 nM), selectivity against other AdoR subtymesd with good
pharmacokinetic properties. It was found to be tempofunctional AsAdoR antagonist with &; of 8
nM in cAMP assay in hg-HEK293 cells and an Kg of 107 nM in IL6 assay in NIH-3T3 cells.
Docking study was performed to rationalize the olese affinity data. Structure-activity relationship
(SAR) studies also led to identification of compd@6 as a potent AZAdoR antagonist with; of 1.8
nM in cAMP assay and good aqueous solubility of fi®® at neutral pH. Compound6 was further
tested forin vivo efficacy and found to be efficacious in ovalburmduced allergic asthma model in

mice.

Keywords: Adenosine; cAMP; Bioavailability; Propargyl; Hetargl; Human liver microsomes

1. Introduction

Adenosine plays numerous important physiologicdsovia a family of four G-protein coupled
receptors (GPCR), namely AAza, Azs and A adenosine receptors (AdoRs) [1} &nd AxAdoRs are
stimulated by low nanomolar adenosine concentrafiarile micromolar concentrations of adenosine
are required for the activation of;AAand AAdoRs [2]. The low affinity AdoRs (4 and A) are
activated only under stressful conditions wherettersmsine levels are elevated to micromolar

concentrations. Increased levels of adenosine haea reported under pathophysiological conditions,
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such as hypoxic or ischemic conditions, after massell death, or as a consequence of inflammatory
processes [3,4]. Rodent and humamAdoRs share 86-87% amino acid sequence homologyT g
A,sAdoRs show a ubiquitous distribution, with highéstels observed in the cecum, colon, bladder,
mast cells, hematopoietic cells, and lung, whilgdplevels are detected in other organs, suchas br
and liver [6].

Apart from the differences in affinity to adenosinte receptors also differ in their signaling
mechanism. A and AAdoRs mediate inhibition of adenylate cyclase tiglowGi coupled pathway,
whereas Ag and Aa stimulate adenylate cyclase activity via Gs caupland result in increased
intracellular cAMP levels [5]In addition, coupling of Ax and AgAdoRs to phospholipase C via,G
resulting in mobilization of intracellular calciuamd direct coupling to calcium channels (stimulaiod
calcium influx), have also been reported [7-9].

Adenosine has been shown to cause mast cell ddgtianu{10], vasodilation [11], chloride secretion
in epithelial cells [12, 13], growth inhibition a&fmooth muscle cells [14], and stimulation of gleecos
production in rat hepatocytes [15] and stimulateG¥Esecretion [16] via activation of ,AAdoR.
A.sAdoR antagonists, therefore, can potentially beduse therapeutic agents for the treatment of
asthma and chronic obstructive pulmonary diseas&q419] type |l diabetes [15], cystic fibrosis [12
inflammatory bowel disease [13] and cancer [20].

Adenosine induces bronchoconstriction in asthmgadittents but not in normal people [21, 22]. In
addition, adenosine levels are elevated in the dhroalveolar lavage fluid and exhaled breath
condensates of asthmatic patients [23, 24] andasile®n deaminase deficient mice show evidence of
bronchioli remodelling and emphysema-like lesidzs, 26]. The mechanism of this adenosine-mediated
damage lies with the activation of;doR on human mast cells, which in turn leads tstnzell
degranulation and release of inflammatory cytokihes, IL-8 and IL-13 [27]. AsAdOR activation also
increases the expression and release of IL-6 anB-a'Nh bronchial epithelial cells [28] and this
indicates that AsAdoR play a key role in the pathogenesis of inflaatory lung disease. There is also

evidence that AsAdoR is the predominant AdoR expressed in broncnaboth muscle cells, and its
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activation increases the expression and releaske-®fand monocytic chemotactic peptide-1(MCP-1)
[29] and is implicated in airway remodeling. In haimlung fibroblasts, activation of,8AdoR induces
the release of IL-6 and differentiation of fibroktig to myofibroblasts [30].

On account of all the evidence that implicategA&loR activation in inflammatory lung diseases such
as asthma, COPD and fibrosis, a lot of researclbbas carried out with the goal of identifying puate
and selective AsAdoR antagonists to provide a novel approach tontla@agement and treatment of
asthma and COPD.

The alkylxanthines theophylliné and enprofylline2 (Figure 1), are weak, non-selective AdoR
antagonists used therapeutically for the treatrobasthma [31, 32]. The bronchodilating effectiatind
2 has been attributed to a selective antagonismgAdoR, which prompted several groups to design
and test a large number of xanthine derivativethensearch for new, more potent and selectivie A
AdoR antagonists. During the past decade, sevatattgre-activity relationship studies of,#AdoR
antagonists have been published [33-37]. Thoughrakpotent and selective#AdoR antagonists like
MRS-1754 8), MRE2029-F20 4 have been reported, these compounds were highbpHipc,
possessing very low solubility and poor oral bioklity [38, 39].

A potent and selective .AAdoR antagonist CVT-68835) [36, 40] entered into clinics and later
discontinued from Phase | clinical trials. It hd®wn inhibition of airway inflammation and airway
reactivity induced by allergen or AMP in mouse maafeallergic asthma [41]. In addition, compoufd
attenuated pulmonary inflammation, fibrosis, andealar airspace enlargement and reduced elevations
of pro-inflammatory cytokines and chemokines, all agemediators of fibrosis [42].

In our earlier communication we had reported a series of xanthine derivatives [43]. The objective
of present study was to identify and develop nopetent and selective,AAdoR antagonists combined
with good aqueous solubility and improviimgvivo half life. As we were interested in synthesizimgl a
testing novel xanthine derivatives, first we exptbdifferent propargylated aryl and heteroaryl g=oat
C8 position of xanthine and identified 8-(1-progs®/-1H-pyrazol-4-yl)-xanthine as a potential core

for SAR studies. Herein, we discuss the structetedsy relationship (SAR) studies carried out oif13
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prop-2-ynyl-H-pyrazol-4-yl)-xanthine towards identification obvel, potent and selective,AAdOR

antagonists with good oral bioavailability.
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Figure 1. Representative Structures of Xanthine BasgghdoR Antagonists

2. Results and discussion

2.1. Chemistry

The key intermediates 8-phenyl-, 8-isoxazolyl-,18Hpyrazol-3-yl)- and 8-(H-pyrazol-4-yl)-1,3-
dipropyl xanthines were prepared by classical nektsiarting from 1,3-dipropyl-5,6-diaminouradil
(Scheme 1) [36]. The diamino ura6ilvas coupled with phenyl carboxylic adld, isoxazole carboxylic

acid 7b, pyrazole-3- or pyrazole-4-carboxylic acids or 7d using N-(3-dimethylaminopropyl)-N-

ethylcarbodiimide hydrochloride (EDCI) in metharei room temperature to obtain corresponding

carboxamide derivative®a-d. Subsequent ring closure of these derivativespeaformed by refluxing
8a-d with 10% sodium hydroxide in methanol to afford@astituted xanthine derivativesa-d. The N-

7 position of9a-d was protected with 2-(trimethylsilyl)ethoxymethiyloride (SEM-CI) using potassium
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carbonate in dimethylformamide to furnidi®a-d which on debenzylation using hydrogen and 10%
Pd/C provided the key intermediatéda-c with “O” and 11d with “N” as a handle for further
derivatization [36]. These compounds were alkylatgith various substituted (3-bromo-prop-1-ynyl)-
benzene derivatives using potassium carbonate atoae at reflux temperature to provide the silyl
protected xanthine derivatives which on silyl dépetion with 2N HCI furnished the final compounds
12- 40in good yields (28-99%) Scheme 1.

In a similar fashion, various N-1, N-3 differenljasubstituted xanthine derivatives were prepangd b
starting from 1-ethyl-3-propyl-5,6-diaminouradila or 1H-3-propyl-5,6-diaminourac#1b [44]. The
key intermediates, 3-ethyl-1-propyl-8HIpyrazol-4-yl)-xanthined2a or 1-propyl-8-(H-pyrazol-4-yl)-
xanthine42b were prepared (Scheme 2) by following the synth&tiquence as described in Scheme 1.
The alkylation of42aor b with various phenyl substituted propargyl bromidssg standard alkylation
conditions followed by N-7 silyl deprotection wigtN HCI furnished43-56in good yields (11-85%).

Propargyl and 2-butyne substituted 84{fryrazol-4-yl)-xanthine derivativesO and60 were prepared
(Scheme 3) by alkylation of intermediatéd with corresponding bromo compounds using potassium
carbonate in acetone at reflux condition, followsdN-7 deprotection of the resulting silyl protette
compoundsb7 and58 with 2N HCI in ethanol at reflux condition. Compuals substituted with basic
amino moiety on terminal acetyleb&-66 were prepared (Scheme 4) by treating the 1,3-gyt®-(1-
prop-2-ynyl-H-pyrazol-4-yl)-xanthine57 with formaldehyde solution and acyclic or hetecy
amines in presence of Cul in dimethylsulfoxideam temperature followed by N-7 silyl deprotection.
The compounds, 8-{1-[3-(1-Hydroxy-cycloalkyl)-pr@ynyl]-1H-pyrazol-4-yl}-xanthine derivatives,
67 and68 were also obtained in a similar fashion. The lieacdf intermediaté7 with cyclopentanone
or cyclohexanone in the presence of lithiumhexagielisilazide in tetrahydrofuran at low temperature

followed by N-7 silyl deprotection furnished thengpounds67 and68, Scheme 4.



Scheme 1Synthesis of compound2-40?
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Scheme 2Synthesis of compounds3-49and50-56*
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®Reagents and conditions: (a)®0s, acetone, 50 °C; (b) 2N HCI, ethanol, 80 °C

Scheme 4Synthesis of compoundil -68?
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®Reagents and conditions: (a) 37% HCHO solution, nemiCul, DMSO, r.t.; (b) LHMDS,
cyclopentanone or cyclohexanone, THF, -78 to 20(€C2N HCI, ethanol, 80 °C

2.2. Biological activity

As we were interested in synthesizing and testimgghderivatives of xanthine with propargylatedlary
and heteroaryl groups at C8 position, we first ergadl different aryl and heteroaryl groups at the C8
position of xanthine. Herein, we discuss the stmghctivity relationship (SAR) of compounti2-25
with phenyl, isoxazolyl, 3-pyrazolyl andH4-pyrazolyl substitution at the C8 position (Taldlg
Compoundsl12-16 having phenyl, pyridyl (structure not shown), acmimpounds22, 23 having 3-
pyrazolyl substitutions at C8 position were foummdbte inactive or showed low binding affinity for
A2sAdoR, indicating that phenyl, pyridyl and 3-pyzolyare not suitable at C8 of xanthine. These
compounds also showed poor solubility. When isokéxeas placed at C8 of xanthine, compoudds
and 18 with small substitution likem-F and p-F on terminal phenyl ring showed moderate binding

affinity of 55 and 15 nM, respectively, fon,AAdoR. Compound49-21with larger substituents such as



trifluoroalkyl or trifluoroalkoxy substitution onetminal phenyl ring were inactive or showed low
affinity for A,gAdoR. 4-Pyrazolyl, between C8 of xanthine and= andp-F (24 and25) substituted
terminal phenyl ring had high binding affinity of/6and 5.9 nM, respectively, for,/AdoR (Table 1).
Based on the binding affinity of compount2-25for A,gAdoR, it was concluded that 4-pyrazolyl ring
is the best structural requirement group at thep@Sition. Hence, 8-(1-propargyl-4-pyrazolyl)-1,3-
disubstituted xanthine derivative was selectedddher SAR studies to identify a potent, selectwel
soluble AgAdoR antagonist.

The binding selectivity of 8-(1-propargyl-4-pyragipixanthine analog24 and?25 over other AdoR
subtypes AAdoR and AsAdoR is shown in Table 2. These compounds werevaot selective for
A.sAdoR. Therefore, to increase the selectivity, welebed various substitutions on the terminal
phenyl ring, including electron donating groupshsas methyl and methoxy, electron withdrawing
groups such as trifluoromethyl, trifluoromethyloxand cyano and polar carboxylic acids and hydroxyl
groups with the intention to improve solubility. §ldata for these compounds is tabulated in Table 2.
The binding affinity of compound24-40 clearly indicates that substituted phenyl groups aell
tolerated on the acetylene moiety, majority of commls showing high binding affinitg; of <10 nM
for A,gAdOR, irrespective of the nature of substitutiorg(eslectron donating or withdrawing group),
and irrespective of the position of substitutiortifo, meta or para on phenyl ring), as outlinedable
2. Compound6, with ortho substitution of trifluoromethyl, wasud to be relatively less poten; (=
29 nM), and in general, not much difference wa®oled between meta and para substitutions in terms
of binding affinity for A.gAdoR. However, majority of compounds with para ditbson showed
modest selectivity over AAdoR with low or no selectivity over AdoR (except compound3? and
37). Compound®5, 28, 30, and40 exhibited similar binding affinity for A and AAdoR. Majority of
compounds with meta substitutions were selectiveAiggAdoR over both A and AsAdoRs with
Majority of the compounds exhibited highl selectoxeer AsSAdoR (<30% inhibition at JuM) except for
compound38. Among these compound29, 36, and39 were identified as the best compounds with

high affinity and selectivity for AgAdoOR. It is interesting to note that polar sushsitin like carboxylic
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acid and ester grouB5s-40were well tolerated in terms of potency fosgsAdoR and selectivity over
other AdoRs. Also, compoun86 with m-carboxylic acid substitution endowed with bettguaous
solubility of 529uM at pH 7.4.

To further improve the selectivity over other Adetbtypes, we have explored different substitutions
at N-3 position [44]. Table 3 shows follow-up SAReave the 4-pyrazolyl at C8 and propyl at N-1 side
chain was fixed and the N-3 side chain was variéth wthyl @3-49) or H (60-56). Unexpectedly,
compounds48, 49 and 56 having carboxylic acid substitution showed lowending affinity for
A,sAdoR compared to the corresponding 1,3-dipropylvagéive 36 and 40. Consistent with dipropyl
derivatives, even in the case of 1-propyl-3-etrathine derivatives, all para substituted compounds
44, 45, 47, 51, 5and55 exhibited modest selectivity overMAdoR and low selectivity over AdoR,
whereas all the meta substituted compout@l52,and54 had better selectivity over both the receptors.
An exception was observed forfluoro substituted compounds8 and50. Poor selectivity observed in
the case of compounds and50 could be due to the presence of a smaller grapfliuoro. All these
compoundg43-56)retained high selectivity oversAdoR 30% inhibition at JuM).

Compared to meta trifluoromethoxy phenyl substdudgropyl xanthine derivative9, corresponding
1-propyl-3-ethyl-xanthine derivative46 had improved selectivity as shown in Table 3. NI1-
monopropylated xanthine derivative2 and 54 had better binding affinity as well as selectiviban
corresponding 1,3-dipropyl or 1-propyl-3-ethyl xaine derivatives. However these compounds
suffered from poor solubility issues.

In parallel, we pay attention towards replacemdnhighly lipophilic terminal aryl ring with the
intension to achieve better solubility for the indie xanthine derivatives in combination with puote
and selectivity. We replaced terminal aryl ringthwsmall lipophilic group like H or methyl and
explored polar substitutions, e.g., alcohol or dbdsnctions on the terminal acetylene moiety as in
compound$1-68 First, we evaluated 8-(1-prop-2-ynyHipyrazol-4-yl)-1,3-dipropyl xanthin9 and
8-(1-But-2-ynyl-H-pyrazol-4-yl)-1,3-dipropyl xanthiné0, where terminal phenyl was replaced by “H”

and methyl respectively for binding affinity andesivity for A,gAdoR. These compounds had modest
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affinity of K; = 62 and 23 nM, respectively for,#AdoR but were poorly selective (Table 4). This
indicated clear need of optimization of terminalbstituent for potency as well as selectivity.
Compounds61-65 with substitutions like diethylamine, pyrrolidingjperidine, morpholine and\-
methyl piperazine showed low affinity for,#AdoR and were non-selective over other AdoR sulstype
(Table 4). However, compoun@6 substituted with 4-(3-trifluoromethyl-phenyl)-pieeine showed
high affinity (K = 12 nM) for AgAdoR, although it had only modest selectivity ovefAdoR.
Compound$7 and68 with tertiary alcohol function also were of lowfiafty towards AgAdoR.

In terms of affinity and selectivity, clear SAR wdemonstrated with focused optimization of 8-(1-
prop-2-ynyl-H-pyrazol-4-yl)-1,3-dipropyl xanthine analogs. Compds with substituted phenyl on
terminal propyne group showed high affinity complate other non-aryl substitutions. Low or no
selectivity over A and Aa AdoRs, as observed with most of thara-substituted compounds and
compounds with smaller groups like fluoro (irregpex of substitution at N-3 position), could be
attributed to the presence of rigid propargyl griaepween C8-pyrazolyl ring and terminal phenyl ring
which makes the right hand side of these compoulud® to linear structures in these cases. Bringing
bulkier substitution at the meta position on themf ring improved the selectivity for,AAdoR over
other AdoR subtypes.

Among all compounds, compoung8, 36 and46 were identified as the best in terms of bindirfghay,
selectivity and hence were taken forward for dethprofiling. Functional potency of these compounds
was determined in hAHEK-293 cells using cAMP assay and in NIH-3T3 calsng IL-6 assay.
Compounds?29, 36 and 46 were found to be potent ,4AdoR antagonists and inhibited-S-
ethylcarboxamidoadenosine (NECA)-induced increasecAMP with K; of 8.8, 1.8 and 8 nM,
respectively, in hAgHEK-293 cells. The compound®9, 36 and46 also inhibited NECA induced IL-6

release in NIH-3T3 cells with Kg of 90, 2000 and 107 nM, respectively.
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Table 1.Binding Affinity of Xanthine Derivatives with C8ariation for AgAdoR

}ASN&:»_@_ O%QR OJ’SN&NWO\(}

H
N N, =N
\\ O N | N/>_<\:|ll\/©

\I\ o
H
s
N N /N\N
A = A
07 N N o)
H R H 24-25

22-23

Compd R hAzs Ki (nM)?
12 m-F >1uM
13 p-F NR
14 p-CFs NR®
15 m-OCF; NR
16 p-OCF;s >600
17 mF 55
18 p-F 15
19 m-CFs >600
20 p-CFs NR
21 m-OCFR; >600
22 m-CFs NR
23 p-OCFs NR
24 m-F 6.7
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25 p-F 5.9

NR- no responsé.Binding affinity for hAsAdoR was determined by using HEKzAcells with [*H]-
MRS-1754 as the radioligand, All data points wewal@ated in triplicates. Each compound was

evaluated at 8 concentrations with each data joitniplicates forK; determination.

Table 2. Binding Affinity of Xanthine Derivatives with Di#frent Substitution on Terminal Pheffigt

24-40

Aog, A1, Asa and AAdORS

. ——— = - —
Compd R Ki ("M) % Inhibition at % Inhibition at

hA* 0.1 pM 1 pM
hA?®  hA.? hA;®

24 m-F 6.7 87 64 0
25 p-F 5.9 105 66 19
26 0-CFs 29 52 29 25
27 m-CF; 4.9 43 64 32
28 p-CF; 1.5 84 30 12
29 m-OCF; 3.6 39 27 6
30 p-OCF; 5.5 92 51 37
31 m-CN 3.7 52 g 0
32 p-CN 14 14 29 14
33 m-CHs 5 57 55 9
34 p-CHs 6.5 70 33 0
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35

36

37

38

39

40

mM-OCH;
m-COH

p-COH
0-COMe
m-CO,Et

p-COEt

6.3

5.3

17.6

12

7.8

3.5

57

20

19

37

29

80

74

32

44

41

29

19

21

25

43

27

®Binding affinities were determined by using memlerapreparations from HEK-293 cells

overexpressing the relevant human AdoR isoform.dalla points were evaluated in triplicates. Each

compound was evaluated at 8 concentrations with data point in triplicates foK; determination

[45].

Table 3. Binding Affinity of N-1, N-3 Differentially Substuted Xanthine Derivatives for A, A,

Aza and AAdoRs
O R
H
N I N>_<iril
N
(o) [i] N =
R1
43-49, R1=Et
50-56, R1=H
Compod K (nM % Inhibition at % Inhibition
P R h'la\(na ) 0.1 pM atl uM
°® hA®  hAx AL
43 m-F 7.4 73 58 23
44 p-F 7.3 92 56 33
45 p-Ch 12 66 21 14
46 m-OCF; 13 17 37 0
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47 p-OCHk 9.9 84 49 32

48 m-COH 190 NT NT NT
49 p-COH 130 NT NT NT
50 m-F 3 53 60 0
51 p-F 1.6 77 55 0
52 m-CF; 2.2 26 39 0
53 p-Ck 1.3 89 39 15
54 m-OCRK 2.8 14 33 0
55 p-OCHk 1.6 88 46 17
56 m-COH 48 NT NT NT

NT- not tested®Binding affinities were determined by using memlergmeparations from HEK-293
cells overexpressing the relevant human AdoR isofdkll data points were evaluated in triplicates.
Each compound was evaluated at 8 concentrationk egéch data point in triplicates fd«;

determination[45].

Table 4. Binding Affinity of Xanthine Derivatives with Diérent Substitution on Acetylene fon#

A4, Aop and AAdORS

59-68
Compd K. (NM % Inhibition % Inhibition
P R h/lo\(na ) at0.1 pM atl uM
® ThA?  hAR hAS

16



59 H 62 56 69 32

60 -CH3 23 42 60 NT
61 N 200 71 59 69
\_
62 'l 120 66 67 59
63 4QT::] 140 64 74 73
64 41T::7 330 28 39 51
(]
65 4fN/\j 83 55 73 79
k/N\
t
66 k“ﬂﬁ[;] 12 69 10 31
CF,
67 79 NT NT NT

HO
68 éﬁ[:j 100 NT  NT NT

NT- not tested?Binding affinities were determined by using memieraveparations from HEK-293
cells overexpressing the relevant human AdoR isofdkll data points were evaluated in triplicates.
Each compound was evaluated at 8 concentrationk egétch data point in triplicates fd«;
determination [45].

2.3.Drug Metabolism and Pharmacokinetic Studies
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Based on affinity, potency and selectivity compo@8¢d36 and46 were progressed for drug metabolism
and pharmacokinetics (DMPK) evaluation and sumnedrim Table 5 [43]. All the three compounds
were metabolically stable in mouse, rat and hunngr Imicrosomes and improved solubility. When
dosed orally to mice at 10 mg/Kg, compoudd showed better pharmacokinetics compared to
compound29, with Cnayx of 13 pM, systemic exposure AUgL of 60 pM.h, ti», of 6 h and oral
bioavailability of 76%, Compoun@6 displayed poor systemic exposure with high cleagain mice
when dosed orally at 10 mg/Kg dose, and was founde a substrate for Pgp (B-A/A-B = 12).

Furthermore, compournd did not show any CYP liabilityiCso >10 uM), cytotoxicity in MDCK and

HepG2 cells (I6Go>100uM), or any significant hERG inhibition (Kg> 25uM).

Table 5. Oral Pharmacokinetic Profile of Compourg$s 36and46in C57BL/6J Mice at 10mg/Kgy

Compd o (M) o0t wE ST
29 6.6 67 5 42 <6
36 1.9 2.2 1.8 10 529
46 13 60 6.1 76 21

®PO formulation for29 and46: DMAC(10%), CrEL(10%), PEG300(10%), MQ water (gsi{ ~9; for
36: DMSO(10%), CrEL(10%), PEG300(10%), MQ water (g, ~7;°Aqueous solubility at pH 7.4

2.4.Molecular Docking analysis

As compound46 showed good binding affinity, selectivity and guiadle pharmacokinetic properties,
we were interested to understand the binding médeiocompound46) in conjunction with reference
compound5S. Molecular docking analysis revealed that bothabmpounds had similar binding mode
with good overlay and forming same intermoleculatetiactions with the A&AdoR binding pocket
residues formed by trasnsmembrane region TM3, TM86 and TM7 and extracellular loop ECL2
(Figure 2a). Moreover, both the compounds showedpeawable docking score (Gold Chemscore DG

was -26.03 and -26.88 for compouritland46, respectively). It was identified that compoutfilis an
18



extended analog & where acetylene linker of the former is mimickihg northern phenyl ring of the
later (Figure 2a). Both the compounds xanthine shgwed hydrogen bonding with a key residue
Asn254 (TM6) and <pi>-<pi> interaction with Phel{BCL2). N-1 ethyl and N-3 propyl of the
compounds accommodate well in the hydrophobic pgodkerthern phenyl ring of the compounds
formed hydrophobic interaction with the ECL2 residieul72, whereas Ggroup exposed in the bulk
solvent. 2D interaction diagram of compoudflis illustrated in Figure 2b. This analysis demaosists
the important  molecular  recognition interactions quieed for the  AgAdoR

activity.

(a) I (b)

G174
—
Q Alhe2 A
ASN{Sft / - 7\
"3 1\?A2L-250||
HIS:251 \ \, vahan
nswdge™ §  LEU-86
«i :‘*,’ \
TRPR47 /o

Figure 2. (a) Overlay of docking poses of the reference compobin@inagenta) and the
synthesized novel active compou#él(yellow) in the homology modeledAAdoR binding site
(cyan cartoon representatior(p) 2D interaction diagram of compoudé (hydrophobic residues

are shown in green color and polar residues in)pink

2.5.1nvivo efficacy study
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Compound 46, when evaluated foin vivo efficacy (Figure 3), showed reduction of increased
inflammatory cells in ovalbumin-induced allergy nebdn mice, and significantly inhibited NECA-

induced airway hyper-responsiveness [43].

A) Effect on NECA Induced Airway Hyper-  |B) Effect of Total Cell Number in BALf
responsiveness
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Figure3: Effect of Compoundl6 on A) NECA-induced airway hyper-responsiveness Bntbtal cell count
in BALf (bronchoalveolar lavage fluid) in Ovalbumineated mice. Data is presented as meg®EM.

*significantly different compared to Vehicle tredtgroup.

3. Conclusion

A focused SAR study on 8-(1-prop-2-ynyHipyrazol-4-yl)-xanthine derivatives led to the
identification of novel, potent and selectivegAdoR antagonists. Compounib, 3-ethyl-1-propyl-8-
{1-[3-(3-trifluoromethoxy-phenyl)-prop-2-ynyl|-H-pyrazol-4-yl}-xanthine  emerged as the best
compound in terms of affinity and selectivity owther subtypes for AAdoR, solubility and PK. SAR

study also led to identification of potent,gAdoR antagonist36 with good aqueous solubility.
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Compound46 showed high binding affinityk; = 13 nM) and great selectivity over other AdoR
subtypes. It was also potent with of 8 nM in cAMP assay and 107 nM in the IL-6 assay, and
showed good PK profile. Furthermore, compoudl showed significanin vivo efficacy in the
ovalbumin-induced allergic asthma model in micetlirer development around this series is in progress

and will be reported in a due course of time.

4. Experimental section

4.1. General

Commercial chemicals and solvents were of reageategand were used without further purification.
Anhydrous solvents were used without further dryifilge following abbreviations are used for reagent
and solvents: DCM-dichloromethane; DMF-dimethylni@mide; DMSO-dimethyl sulfoxide; EtOAc-
ethyl acetate; EtOH-Ethanol; and MeOH-methanol.b8lohemie silica gel (100-200 or 230-400 mesh)
was used for column chromatography. Analtech thiyed chromatography plates (20 x 20 cm, 2000
microns) were used for preparative thin layer ctatmgraphy. Proton NMR'l NMR) spectra were
recorded on a Varian 400 spectrometer (400 MHz)ut®ms were typically prepared in either
deuterated dimethyl sulfoxide (DMS@}, deuterated methanol (GOD) or deuterated chloroform
(CDCl,). Chemical shifts are reporteddrunits (parts per million) downfield from tetramelilane and
are assigned as singlet (s), doublet (d), doulbldboblet (dd), triplet (t), quartet (q) and muléfs (m),
and broad (br). Coupling constan® ére reported in Hertz (Hz). Mass spectra (MS)ewercorded on
Agilent 6110. HPLC were recorded on Agilent RRLAngsEclipse XOB-C18 (250x4.6) mm Su
column and 0.05 % fumaric acid (ag.) and acetdaiers mobile phase with flow rate of 1ml/min at 30

°C for run time of 17 minutes and the HPLC purg95% unless otherwise stated.

4.2. Synthesis

21



Preparation of 1,3-Dipropyl-8-{1-[3-(3-trifluoromethoxy-phenyl)-prop-2-ynyl]-1H-pyrazol-4-yl}-3,7-
dihydro-purine-2,6-dione (29).

Preparation of 3-(3-Trifluoromethoxy-phenyl)-prop-2-yn-1-ol: A mixture of propargyl alcohol (1.0g,
18mmol), 1-lodo-3-trifluoromethoxy-benzene (5.148mmol), copper iodide (0.342g, 1.8mmol),
dichlorobis (triphenylphosphine) palladium (Il) §32g, 0.9 mmol), diethylamine (30ml) was degassed
for 10min. and stirred for 20h at 25-25 °C. Excekdiethyl amine was distilled off under vacuumeTh
residue was diluted with water (50ml) and extracigith ethyl acetate (3 X 50ml). The organic layer
was washed with brine solution and dried ovep9@. The solvent was evaporated and the crude
product was purified by column chromatography (1B®%yl acetate in hexane) to obtain pure 3-(3-
Trifluoromethoxy-phenyl)-prop-2-yn-1-ol (3.8g, 106). '"HNMR (CDCLk): 5 1.71 (t,J= 6Hz, 1H); 4.52
(d, J= 6Hz, 2H); 7.20 (dJ=7.2Hz, 1H); 7.28-7.39 (m, 3H).

Preparation of 1-(3-Bromo-prop-1-ynyl)-3-trifluoromethoxy-benzene: 3-(3-Trifluoromethoxy-phenyl)-
prop-2-yn-1-ol (3.9g, 18mmol) was taken in DCM (80nfhe reaction mixture was then cooled to -5-0
°C. Tribromo phosphine (1ml, 11mmol) was added Blat/-5-0 °C and stirred at the same temperature
for 3h. The reaction mixture was quenched with redtidl NaHCQ solution and the organic layer was
separated. The aqueous layer was extracted with DZM 40ml). The combined organic layer was
washed with saturated brine solution, dried ovesS{a, and evaporated under vacuum to get 1-(3-
Bromo-prop-1-ynyl)-3-trifluoromethoxy-benzene (209%0%).'"HNMR (CDCk): & 4.12 (s, 2H); 7.20
(d,J=6.8Hz, 1H); 7.30 (s, 1H); 7.34-7.39 (m, 2H); M8Z) (M*+1): 279.3.

Preparation of 1, 3-Dipropyl-8-{1-[ 3-(3-trifluoromethoxy-phenyl)-prop-2-ynyl] -1H-pyrazol-4-yi}-7-
(2-trimethylsilanyl-ethoxymethyl)-3, 7-dihydro-purine-2, 6-dione: A mixture of 1, 3-Dipropyl-8-(1H-
pyrazol-4-yl)-7-(2-trimethylsilanyl-ethoxymethyl);B-dihydro-purine-2,6-diond 1 (1.0g, 2.3mmol),
1-(3-Bromo-prop-1-ynyl)-3-trifluoromethoxy-benze@.829g, 3.0mmol), BCO; (0.731mg, 5.3mmol)
and acetone (50ml) were refluxed at°80for 5h. The reaction mixture was cooled to roemperature
and the solid KCO; was filtered off and evaporated the organic sdlwerder vacuum. The residue

obtained was purified by column chromatography (@%thanol in dichloromethane) to get pure 1,3-
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Dipropyl-8-{1-[3-(3-trifluoromethoxy-phenyl)-prop-2nyl]-1H-pyrazol-4-yl}-7-(2-trimethylsilanyl-
ethoxymethyl)-3,7-dihydro-purine-2,6-dione (1.5§0%). '"HNMR (DMSO d6): & -0.01 (s, 9H); 0.94-
1.03 (m, 8H); 1.68-1.73 (m, 2H); 1.80-1.87 (m, 2B)B3 (t,J= 8Hz, 2H); 4.01 (tJ= 7.6Hz, 2H); 4.13
(t, J= 7.2Hz, 2H); 5.26 (s, 2H); 5.81 (s, 2H); 7.35-7(A2, 4H); 8.19 (s, 1H); 8.40 (s, 1H); MS (m/z )
(M*+1): 631.4

Preparation of 1,3-Dipropyl-8-{1-[ 3-(3-trifluoromethoxy-phenyl)-prop-2-ynyl] - 1H-pyrazol-4-yi}-3,7-
dihydro-purine-2,6-dione: 1,3-Dipropyl-8-{1-[3-(3-trifluoromethoxy-phenyl)-pp-2-ynyl]-1H-pyrazol-
4-yl}-7-(2-trimethylsilanyl-ethoxymethyl)-3,7-dihyd-purine-2,6-dione  (1.4g, 2.2mmol) in EtOH
(40mL) was treated with 2N HCI (20mL) and heated8@t °C for 2h. The reaction mixture was
concentrated in vacuo, and the residue was trédratith diethyl ether to afford 1,3-Dipropyl-8-{B]
(3-trifluoromethoxy-phenyl)-prop-2-ynyl]-1H-pyrazdtyl}-3,7-dihydro-purine-2,6-dione (0.915q¢,
80%) as a white solid. M.P. 199-260; 'HNMR (DMSO d6): & 0.85-0.91 (m, 6H); 1.54-1.60 (m, 2H);
1.69-1.75 (m, 2H); 3.85 (8= 7.2Hz, 2H); 3.98 (t)= 7.2Hz, 2H); 5.42 (s, 2H); 7.45-7.50 (m, 2H); %.54
7.56 (m, 2H); 8.12 (s, 1H); 8.53 (s, 1H); 13.591(d); **C NMR (DMSO-¢ 100MHZ):5 153.8, 150.6,
148.4, 148.2, 145.0, 138.3, 131.0, 130.9, 129.4,0,2123.4, 122.1, 118.7, 112.7, 106.3, 85.3, 83.2,

44.3,42.1,41.7, 20.8, 11.2, 11.0, M8Z) (M*+1): 501.2; HPLC purity 100%.

4.2.1. Radioligand Binding for Adenosine Receptors A1, Aza, Azg and As.

Human adenosine receptori(Aza, Azs and A;) cDNA was stably transfected into HEK-293 cells
(referred to as HEK-A HEK-Aza, HEK-Azg, HEK-A3 cells). The HEK-293 cell was obtained from
ATCC. The cells monolayer was washed with PBS @amzkharvested in a buffer containing 150 mM
NaCl, 1 mM EDTA, 50 mM Tris, pH 7.4 (10 mM EDTA, @M HEPES, pH 7.4 for HEK-A3) at
1500 rpm for 5 min at room temperature. The cdlepgvas incubated in sonication buffer containing
1 mM EDTA, 5 mM Tris, pH 7.4 (1 mM EDTA, 10 mM HEBEpH-7.4 for HEK-A3) for 10 mins at

4 oC followed by sonication on ice for 6 min. Tlysdte was centrifuged at 1000 x g for 10 min at 4

oC and the pellet was discarded. The supernatasitcesatrifuged at 49,000 x g for 45 min at 4 oC.
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The resultant protein pellet was resuspended iitabon buffer supplemented with 1 U/ml adenosine
deaminase (ADA, Roche) and incubated for 30 miroam temperature with constant mixing. The
protein was washed twice with same buffer at 490@0for 45 min at 4 oC and the final protein was
stored in 50 mM Tris, pH 7.4 supplemented with mU/ADA and 10 % sucrose (1 mM EDTA, 5
mM Tris, pH 7.4, 1 U/ml ADA and 10% sucrose for H&8). The protein concentration was
estimated by Bradford assay and aliquots were ¢tatre80 oC.

The binding affinity and selectivity of test compuais was determined using radioligand binding
assays. DPCPX (8-Cyclopentyl-1,3-dipropylxanthioe A;AdoR), Preladenant [2-(2-furanyl)-7-(2-
(4-(4-(2-methoxyethoxy)phenyl)-1-piperazinyl)ethyll-pyrazolo(4,3-e)(1,2,4)triazolo(1,5-
c)pyrimidine-5-amine, for AAAdoR], 3-Ethyl-3,9-dihydro-1-propyl-8-[1-[[3-
(trifluoromethyl)phenyl]methyl]-1H-pyrazol-4-yl]-1Hburine-2,6-dione (CVT-6883, AAdoR) and 3-
Ethyl-5-benzyl-2-methyl-4-phenylethynyl-6-pheny#i(t)-dihydropyridine-3,5-dicarboxylate (MRS-
119, AsAdoR) were used as internal standards. Competitidioligand binding assays were started by
mixing 1 nM [3H]-DPCPX (Al), 1 nM [2-3H]-4-(2-[7-amo-2-{2-furyl}{1,2,4}triazolo{2,3-
a}{1,3,5,}triazin-5-yl amino]ethyl)phenol ([3H]ZM24385) (A2A),35 1.6 nM radiolabelled N-(4-
Cyanophenyl)-2-[4-(2,3,6,7-tetrahydro-2,6-dioxo-iljBropyl-1H-purin-8-yl)phenoxy]acetamide
([BH]-MRS-1754) (A2B)36 or 2 nM [3H]-HEMADO (A3) wh various concentrations of test
compounds (and the respective membranes in asffay bontaining 50 mM Tris pH 7.4, 1 mM

EDTA (A1), 50 mM Tris, pH 7.4, 10 mM MgCI2, 1 mM HR, 1 U/ml ADA (A2A, A3) or 50 mM

Tris pH 6.5, 5 mM MgCI2, 1 mM EDTA (A2B) supplemendtwith 1 U/ml ADA. The assays were
incubated at room temperature for 90 min with geagitation, stopped by filtration using a Harveste
(Molecular Devices), and washed four times withaodd 50 mM Tris (pH 7.4). Nonspecific binding
was determined in the presence of 100 uM NECA.dfheities of compounds (i.e., Ki values) were

calculated using GraphPad software.
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CAMP Assays: The functional activity of compounds was determinmdevaluating the changes in
CAMP levels post agonist treatment in HEK-293 cel®r-expressing human,fdoR. A 24 hour
culture of cells was treated with 1 U/mL of ADA DMEM supplemented with 10% FBS for 90
minutes at 37C and 5% C@ Cells were harvested using cell dissociation buf8gma), washed with
incomplete DMEM and incubated with increasing caoriions of test compound for 15 minutes in
DMEM supplemented with 1U/ml ADA at room temperauihe cAMP levels were induced using
A,sAdoR agonist NECA for 15 minutes. The levels of cRMvere detected and estimated as per
manufacturer’s instruction using the Cisbio HTRAWAkit. The FRET between d2-labeled cAMP and
cryptate labeled anti-cAMP antibody was read in lTRode in a Flex Station Il (Molecular Devices)
using an excitation maximum of 313 nm and emissitaxima of 620 nm and 665 nm. Data was

analyzed using GraphPad Prism software to deteri@sn@nd K values.

4.2.2. Molecular Modeling

Homol ogy model development

In the absence of any experimentally (X-ray or NMigjermined three dimensional (3d) structure of
human AgAdoR, homology model of this receptor was built ngsiMOE program [46] by
implementing the standard protocol. On the basidowfest E value, good Z score and highest
percentage identity (61%) with the query proteiDBRD: 4EIY (X-ray crystal structure of AAdoR
with small molecule antagonist ZM241385) [47] wamirfd to be the most suitable template for
building the homology model of human,gAdoR. Among the several other crystal structures of
A.pAdoOR in the Protein Data Bank (PDB), this structwas particularly selected due to its high
resolution and better overall B-factor. Initial#D0 models were generated and the best model was
selected on the basis of Generalized Born/Volunteghal (GB/VI) score, &€ RMSD with the
template protein, contact energy and packing scditee best model was checked for its
stereochemistry using Ramachandran plot. Modehegafent and minimization was done using
Amber99 (R-Field) force field. The template ligaBi241385 coordinates were transferred in the

homology modeled structure obgAdoR in order to define the binding site.
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Molecular Docking

Ligands were built in MOE, hydrogens were addedtigdacharges were assigned and minimized
using MMF94X force field. Molecular docking was fiemed by GOLD 5.2.2. (Genetic Optimization
for Ligand Docking) program from Cambridge Crystghlaphic Data Centre (CCDC), UK [47] using
standard protocol as mentioned elsewhere. Thermrslte of modeled A2BAdoR for the purpose of
docking was defined by selecting the bound ligatidZ41385). All the atoms within 6 A range from
the centre of bound ligand were selected in ordeover all the residues of active site. Subsedyent
all the H-bond donors/acceptors were forced torbatéd as solvent accessible. A maximum of 10
docking GA runs per molecule were performed, alitapall the poses to generate and sorted by using
ChemScore fitness scoring function. All other pazters were kept at their default values for the
docking. Most plausible docking poses for the coomuis were selected by visual inspection on the

basis of binding orientation, key interactions &ad Chemscore DG.

Appendix A. Supplementary data

The contents of supporting information include tlelowing: (1) experimental procedures and

characterization (3) 1H NMR/13C NMR spectra okst&dd compounds
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Highlights

* Toidentify novel, potent and selective A,gAdoR antagonists with in vivo efficacy

* Identified A,sAdoR antagonists with very good functional potency and with improved
pharmacokinetic properties

* Identified compound 36 with very good solubility

* Identified compound 46 with good pharmacokinetics properties and found to be efficacious

in ovalbumin-induced allergic asthma model in mice



