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ABSTRACT

The LIBRA compound library is a collection of 52@mcommercial molecules contributed
by various Italian academic laboratories. These pmmmds have been designed and
synthesized during different medicinal chemistrpgrams and are hosted by the Italian
Institute of Technology. We report the screeningtted LIBRA compound library against
Trypanosoma bruceand Leishmania majorpteridine reductase ITbPTR1 andLmPTRL1.
Nine compounds were active against parasitic PTiRllveere selected for cell-based parasite
screening, as single agents and in combination wigthotrexate (MTX). The most
interestingTbPTR1 inhibitor identified wast-(benzyloxy)pyrimidine-2,6-diamine.[B_66).
Subsequently, six neiB_66 derivatives were synthesized to explore its StmgczActivity-
Relationship (SAR) and absorption, distribution, tabelism, excretion and toxicity
(ADMET) properties. The results indicate that PTRds a preference to bind inhibitors,
which resemble its biopterin/folic acid substratesich as the 2,4-diaminopyrimidine
derivatives.



1. Introduction

Screening in drug discovery allows the rapid tgsthcompound libraries against biological
targets implicated in disease processes to idemifycompounds for further medicinal
chemistry optimization in the drug discovery valcteain [1]. Several drugs currently in
clinical trials originate from hits identified dwg high throughput screening (HTS)
campaigns [2,3]. HTS using target-based assaysbbas extensively used in the drug
discovery process for neglected tropical diseab8D] [3]. These diseases mainly affect
marginalized and economically disadvantaged comtiesniin addition, they are the major
causes of morbidity and mortality in tropical arngbsopical regions [4]. Parasites of the
Trypanosomatidaefamily are the agents of human and animal vectond diseases,
including human African trypanosomiasis (HAT), wihits caused byrypanosoma brucei
and Leishmaniasis, which is caused by seveehmaniaspp. [5]. Currently, NTD control
relies extensively on chemotherapy and prophylakie available drugs for these diseases
were discovered many decades ago and they suffier fnany drawbacks, such as toxicity,
poor efficacy, and drug resistance [6-8]. Recenthge combination of nifurtimox and
eflornithine [9] as well as the introduction of feixlazole [10,11], the first oral drug for the
treatment of HAT, represent a step forward to dicadious and safe treatment for this
disease. However, drug resistance may still oamnud,the existence of animals that represent
a reservoir for this infection [12] further jusé8 research in this area. Amongst the validated
parasitic targets, the folate metabolism enzymegseeent interesting candidates against
trypanosomatidic infections [3]. Trypanosomatidae auxotrophic for pterins and folates,
therefore, inhibiting the enzymes involved in tlodate pathways could represent a valuable
strategy for the treatment of these trypanosonwatndections [13,14].

However, although methotrexate (MTX), pyrimetham{R&R) and trimethoprim (TMP) are
nanomolar inhibitors of parasitic dihydrofolate wethse (DHFR) [15], these drugs have
reduced activity againgteishmaniaandTrypanosomanfectionsand one of the reasons is the
pteridine reductase 1 (PTR1l) enzymBTR1l is a NADPH-dependent short-chain
dehydrogenase/reductase (SDR) mainly involved ia tkduction of conjugated and
unconjugated pterins, such as biopterin, and inr tealvage in the parasitic cells. In
Leishmania salvage of extracellular biopterin involves ugabredominantly through the
biopterin transporter 1 (BT1) and the fully oxidizeterin is then reduced sequentially to
dihydrobiopterin (HB) and tetrahydrobiopterin ¢B) by PTR1 (Figure 1). B is essential
for growth of the promastigote stagelofmajor and it is mainly involved in the biosynthesis
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of tyrosine promoted by phenylalanine hydroxylaB&K) enzyme. PAH enzyme convert
H4B to tetrahydrobiopterine-4a-carbinolamine. Theeregation of EHB in L. major is
ensured by two other enzymes: PCD (pteridine caldmine dehydrogenase) that convert
tetrahydrobiopterine-4a-carbinolamine into quinoidéydrobiopterin (gkB), and gDPR
(quinoide dihydropteridine reductase) which finatlgduces gbB to HsB (Figure 1). In
support of the importance of;B for Leishmaniavitality, there is the evidence that PTR1-null
mutants are unable to grow in culture unless supghted with HB or HyB [14]. In contrast

to the leishmania parasites, knockdown of PTR1l¢eweT. bruceiby RNA interference is
lethal in vitro and cannot be rescued by suppleatamt with either HB or HsB [16], unlike

L. major PTR1-null mutants [17]. In addition, PTR1 knockdoabolishes infectivity of.
bruceito mice [16]. These results provide convincingdevice that PTR1 is an essential drug
target for the treatment df. bruceiinfections. Moreover, although PTR1 is mainly iwen

in the reduction of biopterin to4B, it is constitutively involved in the reductiori the 10%

of folic acid to tetrahydrofolate required by thargsitic cell, overlapping with the activity of
DHFR [14,16]. Thus, when parasitic DHFR is inhglitoy antifolate drugs, the expression of
PTR1 is increased providingn toto the reduced folate necessary for parasite sugvival
providing a metabolic bypass to alleviate DHFR Imition and contributing to treatment
failure with antifolate drugs [18-21]. Thereforargeting PTR1, in combination with a
classical antifolate drug, is considered a promgistrategy for the development of improved
therapies [22,23]. Indeed, the combination of PTiRAibitors with MTX resulted in a
synergic antiparasitic efficacy [24—-28]. PTRL1 isfumctional homo-tetramer having the
NADPH cofactor bound in each subunit, stabilizedabyght network of conserved H-bonds
[18,29]. The substrate pterin moiety binds in auiac t-sandwich between the nicotinamide
ring of NADPH and the aromatic side chain of Phe8iggesting an ordered sequential

reaction mechanism relying on the substrate accahatian preceded by the cofactor [18,29].
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Figure 1. Enzymatic and metabolic pathway of bioptand folic acid inT. bruceiandL.
major.

Almost all PTR1 inhibitors developed to date weesigned as competitive inhibitors of
biopterin or folic acid, although few non-compefgiinhibitors have been recently identified.
A wide variety of scaffolds have been explored. ldoar, these possess a substrate-like
structure ascribable to the pyrimidine class [180332] or to its bioisosteres [25,28,33,34].
Representative chemical scaffolds are reporteéigare 2. In order to expand the chemical
space and the molecular diversity of the PTR1 ibdnib, several HTS campaigns have been
published in the field of trypanosomatidic infectsp resulting in a promising array of newly
identified hits [35,36]. With this in mind, in theresent work, we investigated the utility of
the LIBRA compound library (composed of 522 non-ooencial molecules contributed by
various Italian academic laboratories which havenbeesigned and synthesized during

various medicinal chemistry programs) to identigmwnchemical scaffolds targeting PTR1 as
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potential antifrypanosomar antiLeishmaniaagents. The compound library was screened in
HTS campaigns again3trypanosoma brucePTR1 TbPTR1) andLeishmania majoPTR1
(LmPTR1). The hits identified were assessed for thetiparasitic activity in cell-based
parasite assays, both alone and in combination MIEX. The prioritization of compounds
was based on their potency in the HTS target-bassdys, structural features of each
chemotype and physicochemical properties. In alditive carried out docking studies on the
hits identified in the primary screening in orderselect only the ones able to bind within the
PTR1 binding site and to elucidate their bindingdexguiding the design of new derivatives.
We ascertained that PTR1 has a preference to hmhibitors, which resemble its

biopterin/folic acid substrates, such as the 2agvranopyrimidine derivatives.
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Figure 2. Chemical scaffolds based on the pyrimidine ringtsrbioisosteres used for the
development of parasitic PTR1 inhibitors.

2. Results and discussion

2.1. LIBRA compound library characterization

The LIBRA compound library consists of 522 non-coenamal small molecules synthesized
for drug discovery projects in various therapeatieas i(e. central nervous system [37-39],
antitrypanosomal activity [40] and oncology [41pdadonated to the Italian Institute of

Technology (IIT) by several Italian academic reskagroups. Additional details regarding
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the main contributors and providers of the compsufmming the LIBRA library are
reported in Supporting Information. IIT provided the assembly and characterization of the
library within the LIBRA project. The chemical sttures of all the compounds are available
as .sdf file which can be downloaded from the LIBR#oject website (https://libra-
molecules.eu/). The synthesis and characterizadiothe molecules are reported in the
respective publications, which are accessible hyckéng the chemical structure in SciFinder,
the most comprehensive database for chemicaltliteraThe identity of each compound was
confirmed using NMR and UPLC-MS and their purity svdetermined by LC-UV-MS.
Compounds that were not detectable in the UV trg&E5 nm) or did not ionize by
electrospray ionization were analyzed dpNMR. In total, 83% (434 out of 522) and 97%
(506 out of 522) of the compounds showed a purdy% and >85%, respectivelydble 1).

The identity and purity analyses confirmed theatglity of the tested molecules.

Table 1.Purity of the LIBRA compound library.

Purity (%) >95% >90% >85% <85%

Number of compounds 434 480 506 16

2.2. Physicochemical properties and chemical space @adry the LIBRA compound
library

The chemical space covered by the LIBRA compouhdhty was explored and the most
representative chemical scaffolds were identifi€cr each compound, the extended-
connectivity fingerprint 4 (ECFP4) was calculatetfie atoms were distinguished by
functional type and whether terminal or belongiagtchain or to an aliphatic/aromatic ring;
the bonds were distinguished by bond order. A sintyl matrix based on the fingerprint was
also calculated. When setting the Tanimoto coeffitivalue at 0.85, a total of 54 chemical
clusters were generated. For the molecules of easker, the common chemical scaffold was
determined and the clusters with the same coréoddatere grouped together. The similarity
matrix was also used as an input for the iTOL se(hép://itol.embl.de/) [42] to visually
represent, as a dendrogram, the chemical simdaritietween moleculegigure 3). Ten
representative chemical clusters were identifiesbxazolines (cl), 1,3-dioxolanes (c4),
triazaspiro derivatives (c5), tryptamines (c6),ptemnyls (c8), dibenzoannulene (c9), and
phenylaminoacetamides (c10). In particular, attléheee branches contain a pyrimidine-



based structure, namely c2a (pyrimidines), c2biges), and c7 (pyrrolopyrimidones) over
the 17 cited core scaffolds.

NH
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€7,

Qyrro o[Z,—d]pyrimidone

Figure 3. Dendrogram of the LIBRA compound library. Clusteriof the library compounds
was based on the chemical similarity. Ten clusteese identified; the common chemical
scaffold of the compounds of the cluster is rebrte

For all 522 LIBRA compounds, the important physiectical properties and drug-likeness
were determineth silico and shown to be in accordance with Lipinski’s éroff five (RO5)”

[43]. The molecular weight (MW), clé&g number of H-bond acceptors (HBA), number of H-
bond donors (HBD), total polar surface area (TPS¥G number of rotatable bonds were



calculated using QikProp [44] under the assumptidnstandard protonation states at
physiological pH conditions. These results are sanwad inTable 2

Table 2. Physicochemical parameters of the 522 LIBRA conmgaidibrary.

Parameter Minimum Maximum Average Drug-likeness % of compounds
value value criteria satisfying the RO5

MW [g/mol] 115 1081 358 <500 89
clog P -5.62 9.90 2.31 <5 91
H-bond acceptors 1 10 5 <10 100
H-bond donors 0 5 1.2 <5 100
Total polar surface area {A 12 171 60.5 <140 99
Rotatable bonds 0 27 5.1 <10 93
% of compounds passing the RO5 (assuming no moneotha violation per compound) 94.4

The MW of the compounds ranged between 115 g/mol1&81 g/mol, with an average of
358 g/mol and a median of 331 g/mol. The calculéifamphilicity (clogP) ranged from -5.62
to 9.90, with a mean value of 2.31. The number plirdgen Bond Acceptor (HBA) was 1-
10, with an average of 5; whereas the number ofréty@eh Bond Donor (HBD) varied from
0-5, with an average of 1.2. Extending the RO5w@at&dn to include properties associated to
favourable bioavailability of small molecules [38)e library showed a Total Polar Surface
Area (TPSA) ranged 1224171 A%, with a mean value of 60.5°Aand between 0-27 rotatable
bonds, with a mean of 5.1. Assuming no more thanalation of the rule [39], 94.4% of
the compounds were in accordance with the RO5.eSime current therapy for HAT is based
on drugs administered parentally, except for feamade, all these treatments require a
minimum health infrastructure and personnel, natlilg available in the remote areas where
this pathology is endemic. Therefore, an oral mesit regimen for the disease could
potentially allow quicker and wider access to tmett because distribution and
administration of tablets is easier. In additioecéuse over time the disease invades the
central nervous system, the candidate drug for I$Aduld be able to cross the Blood-Brain
Barrier (BBB) in order to be effective against the secomdges of the disease3he
predictions for human gastrointestinal absorptinod BBB permeations are represented in an
intuitive graphical classification model viz. BOIDEEgg diagram as shown Kigure 4. The
95% of the compounds of the library is predictedoto absorbed per os and the 70% is
predicted to be able to cross the BBB, indicatingpeerall good drug-likeness of the library’s

components.
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Figure 4. Boiled-egg diagram for the 522 LIBRA compounddity. The white region is the
physicochemical space of molecules with highestbabdity of being absorbed by the
gastrointestinal tract, and the yellow region (egdk) is the physicochemical space of
molecules with highest probability to permeatehe brain. The compounds are color-coded
by molecular weight (MW) ranging from 115 Da (reats) to 1081 Da (blue dots).

2.3. HTS campaigns against TbPTR1 and LmPTR1 and hitifaation

All 522 compounds of the LIBRA library were initigltested for their inhibitory activity
againstTbPTR1 andLmPTR1 at 50 uM. The results were reported as a p&ge of
enzymatic inhibition at 50uM and igwhen appropriateHgure 5 and Table SI-1). The
HTS was performed in duplicate, and the resultddga Z' > 0.9 for all of the assays
indicating their high quality. A total of ten compwds ([IB_66, LIB_ 133, LIB_ 135,
LIB_136, LIB_138, LIB_143, LIB_146, LIB_162, LIB_190, and LIB_352, Table SI-1)
yielded >85% inhibition at 50uM again§bPTR1 Figure 4, red and green squares). Two
compounds were also able to inhibinPTR1 >85% Figure 4, green squares), giving an
overall hit rate of 1.92% againSbPTR1.
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% Inhibition of LmPTR1
at 50 uM compound concentration

% Inhibition of TOPTR1
at 50 uM compound concentration

Figure 5. Percentage (%) of inhibition @bPTR1 and.mPTR1 at 50 pM. The hits selected
for the dose-response studies are colored in @agounds yielding >85% inhibition against
TbPTR1) and in green (compounds vyielding >85% intuohitagainst bothLmPTR1 and
TbPTR1).

The screening hits were tested in nine-point despanse experiments ranging from 0.5 uM
to 100 uM, in order to confirm and determine thmatencies (IG). The IGo values were
calculated for each compound, which yielded 100%ibition at the highest compound
concentration. Considering the kinetic experimeesuilts and the x-ray crystal structure of
AX5 with TbPTR1, we may conclude that the pyrimidingalags show a competitive
inhibition pattern with respect to the dihydrobiemhe substrate. A similar conclusion was
drawn about MTX inhibition pattern. MTX binds intbe biopterin binding site preventing
the substrate binding and acting as PTR1 competiubitor [22]. Compound&IB_136 and
LIB_162 (againstTOPTR1) andLIB_66, LIB_135, LIB_136, LIB_146, and LIB_190
(againstLmPTR1) did not yield 100% inhibition at the highesimpound concentration,
therefore accurate lgvalues were not calculated and are referred t€&s>100 uM {Table
SI-2). The Ki for each compound were subsequently ¢atled assuming a competitive
inhibition model [22, 22a] and all data are repdri@ Table 3. In the dose-response
experimentsLIB_136 yielded no inhibition of PTR1 at a concentratiotD8 pM, therefore
was considered to be a false positive.
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Table 3. Compound identifier, chemical structure, and Kiues towardsTbPTR1 and

LmPTR1 of the nine hits resulting from the HTS cargpai

Compound provider and BusyEaite)

Compound Chemical Structure ; & Ki TbPTR1 Ki LmPTR1
rimary reference
primary (uM) (M)
NH,
LIB_66 SN University of Milan
©/\o L, Roth, B. et al. [45] g >100
o}
H
LIB 133 KNH&NAPh University of Bologna, FaBit
— s G X = Bolognesi, M.L. et al. [46] 1.6 19.2
N._Ph Rosini, M. et al. [47]
y 9 Pn
LB 135 N(\%LN) University of Bologna, FaBit
— X (CH)g  X= i‘@‘i Bolognesi, M.L. et al. [46] 1.7 >100
LNHEYNW Rosini, M. et al. [47]
H 5 e
0 Ph
H
LB 138 (NH%N) University of Bologna, FaBit
— xL (CHy)g X= Bolognesi, M.L. et al. [46] 2.7 14.8
N Rosini, M. et al. [47
0, "

LiB_143 O N University of Bologna, FaBit
C&NVGAH%% Rosini, M. et al. [47] 0.2 37.2
2
(@)

University of Bologna, FaBit

LIB_146 o< Rosini, M. et al. [48] 16 >100
N
HZNHS\/
OH
LIB_162 O University of Bologna, FaBit
O OH Pizzirani, D. et al. [41] >100 57
HO ‘ ‘
F
LIB_190 © University of Bologna, FaBit
H-cl Cavall, A. et al. [49] 22 >100
©/\/\N/\/N\©\
H
F
NH,
LIB_352 Nl)\/[N\> University of Urbino “Carlo Bo” 49 120
N7 N Minetti, P. et al. [50] ’ ’
CH,

®Bibliographicreference where the synthesis of the compound eyEsted.
®Standard deviation is within +10% of the value.
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Among the nine identified hits from primary screemieight compounds confirmed the low
micromolar activity againstbPTR1 withK; values ranging from 0.2 to 4.9 uM. In contrast,
only five compounds showed measural§jeagainsttmPTR1 with values in the 5.7 to 37.2
MM range (Table 3). Basically, the compounds reduftem 2.4 to 167-fold more active
againsfTbPTR1 tharLmPTR1, with soleIB_352 (TOPTR1K; = 4.9uM andLmPTR1K; =

12 uM) showing a comparable activity against both engymThe only exception was
LIB_162 that resulted inactive againBhPTR1 but with arK; = 5.7uM against LmPTR1.

At this stage, the compounds were solely seleatetth® basis of their potency, rather than the
quality/structural features of each chemotype. Thusvoid general promiscuity and toxicity
issues associated with a high MW and lipophilicdgmpounds with a MW >500 g/mol or
cLogP >5 were removed [51]. Moreover, the nine compourassilting from the screening
were assessed for pan-assay interference as wielkiagy properties using thia silico tool
FAFdrugs4 [52,53]. Accordingly, compountt8 133, LIB_135, LIB_138, LIB_143, and
LIB_146 were discarded due to their high MW, cLogP, numdfengid bonds and ring size.
In particular, for compound.IB_146 the software predicted a high risk associatedh&o t
presence of consecutive alkyl chains [94B_162 andLIB_190 presented only low-risk
structural alerts due to the presence of a polyplieenmoiety (for LIB_162) or
polyhalogenated rings (fdrIB_190) and therefore they were deprioritized. Ohl3_66 (a
diaminopyrimidine, cluster C-2&igure 3) andLIB_352 (a purine, cluster C-2liigure 3)
passed the selection criteria. Finally, the twavachits were subjected to a substructure
search in literature to identify known chemotypescwring in approved antiparasitic
therapeutics and other published PTR1 inhibitors. the best of our knowledge, only
compoundLIB_66 was chemically close to somMi®PTR1 inhibitors reported by Tulloakt

al. [23] and to a lesser extent to some hewhagasiPTR1 inhibitors discovered by Teixeira
et al. [31], both based on the 2,4-diaminopyrimidinesffetd When compared to the
previously published compound 4-(benzylthio)-2,&rdinopyrimidine AX5, Figure 6A),
LIB_66 differs from AX5 by an oxygen atom in place of the sulfur atom he tinker
between the pyrimidine and the side benzyl ring].[2he existence of the active PTR1
inhibitor AX5 showing a chemical structure similarlttB_66 confirmed the accuracy of our
processes and suggests that PTR1 has a prefenpgrimidine scaffolds resembling the

substrates.

2.4. Docking model of hit compounds with TbOPTR1
13



The availability of a crystallographic structure 8iX5 complexed withTbPTR1 and
NADP(H) (PDB ID: 3BMQ) provided the template for structure-based analysis of the
binding of LIB_66 and LIB_352 within the catalytic cavity Rigure 6B). The 2,6-
diaminopyrimidine scaffold ofAX5 binds within theTBPTR1 catalytic pocket forming
interactions comparable to those observed betwbenpteridine moiety of MTX and
TbPTR1, in contrast with the canonical pose assunyethé pterin scaffold of the natural
PTR1 substrates.€., biopterin or folic acid) [23]. The pyrimidine grisn-n stacked between
Phe97 and the nicotinamide ring of NADP(H). The raangroup in position 6 is engaged in
H-bonding with Tyrl74, whereas the second aminagra position 2 establishes a second
H-bond with Ser95, anchoring the molecule in thepast part of the catalytidPTR1 active
site. The benzylthio side chain in position 4 oe gyrimidine ring ofAX5 is instead located
in the hydrophobic pocket of thg6-a6 loop, delimitated by Phe97, Pro210, Trp221, and
Met213 (Figure 5B). The binding mode bfB_66 andLIB_352 to the catalytic site of
TbPTR1 was investigated by docking studies using &Ji&b] and carried out as reported
previously on the crystal structure ®PTR1 (PDB ID: 3JQ7) [21,23]. Docking output
revealed that the predicted binding modé&l®& 66 is in accordance with the crystallographic
pose observed fokX5 (PDB ID: 3BMQ) Figure 6C) [23]. The pyrimidine ring oL.IB_66
stacks in the active site inmsandwich between the nicotinamide of NAD&d Phe97,
whereas the phenyl ring establishes a face-to-stg&ing interaction with the aromatic side
chain of Trp221 Figure 6C). The H-bonding pattern observed in thelPTR1-NADP(H)-
AX5 complex was conserved in the predicted binding enofl LIB_66 (Figure 6C).
Similarly, the purine ring ofIB_352 stacks in the active site inmasandwich between the
nicotinamide of NADP and Phe97, with the amino group in position 6 Hded to the
Tyrl74 hydroxyl group Kigure 6D). Moreover, the phenyl side chain establishescae-fa-
edge stacking interaction with the aromatic sideirctof Phe97. Howevel,IB_352 was 8-
times less active thahlB_66 (Ki = 4.9 and 0.6uM, respectively). The slightly reduced
activity could be due to the lack of a second angnoup to reinforce the binding with
NADP" or Ser95, which is only partially compensated hg strongern-n interactions
established by the extended aromatic system gsuhiee ring Figure 6D).
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Figure 6. (A) Chemical structures oAX5, its bioisostereLIB_66, and LIB_352. The
chemical differences betwedriB_66 and AX5 are highlighted in red(B) X-ray ternary
complex of TOPTR1-NADPHAXS (PDB ID: 3BMQ, AX5 and protein in teal sticks and
cartoon) [23].(C) Docking poses of compoundB_66 (sticks, green carbons) ifbPTR1
(D) Docking poses of compoundB_352 (sticks, yellow carbons) imbPTR1. The reference
crystal structure used for the docking calculafiP®B ID: 2X9G) of TOPTR1 is shown in
gray cartoon; important interacting residues arstick representation with grey carbons, and
NADP" is stick representation in black carbons). Modehes except for carbons are color-
coded with protein carbons (teal or gray), oxygeed), nitrogen (blue), phosphorous
(orange), and sulfur (yellow). H-bonds are représgas dotted lines.

Based on the binding modes observed T®PTR1, we evaluated possible binding
orientations of the selected hits intonPTR1 by docking calculation that were performed
with the same protocol as famPTR1. Our results indicated a comparable bindingleno
between the diaminopyrimidine ring (iiB_66) and the purine ring (ihIB_352) with the
catalytic pocket of both proteineEmPTR1 possesses an active site larger @ TrR1 and
with a polar entrance exposed to the solvent (leigiirl) [27]. The predicted binding mode
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of LIB_66 indicated that the benzyl is oriented towardshyerophilic entrance ihmPTR1,
therefore it is not able to form-n stacking or additional hydrophobic contacts (as in
TbPTR1). The missing-nt stacking interaction may explain the observed loaivity of
LIB_66 againstmPTR1 K; >100uM) compared witiTbPTR1 K; : 0.6uM ).

2.5. LIB_66 hit confirmation, synthesis, and initial structuaetivity relationship (SAR)
studies
Among the two selected hits from the screeniri§, 66 was the most interesting because of
its promisingTbPTR1 inhibition (TOBPTR1K; : 0.6 uM) and its synthetic accessibility that
allows rapid structure modification. Therefore, sewLIB_66 derivatives were prepared and
testedin-vitro (Table 4). These compounds were designed based on visdhon of the
predicted binding mode &flB_66 within TOPTRL1. First, some substituents were introduced
exclusively in thepara position on the distal benzyl ring in order to capt additional
interactions within the two side hydrophobic poskemique to theTbPTR1 active site
(GC_57,FDS_1,FDS_2,andFDS_3. Second, we replaced the oxygen atom in posiioh
the pyrimidine ring of LIB_66 with a nitrogen toviestigate the effect of a hydrogen bond
acceptor/donor group at this position. Third, witle aim to confirm the ability of the two
amino groups in positions 2 and 6 on the pyrimiding to form H-bond contacts with key
amino acid residues, the amino group at positiowa8 capped with a bulky substituent
(GC_67).

2.6. Synthesis df|B_66 derivatives

The synthetic approaches for the new compoundseperted inScheme 1 Compounds
GC_57, GC_59 GC_67, andFDS_1-3were prepared by aromatic nucleophilic substitutio
of the appropriate benzyl alcohol or benzyl amimedechloro-2,6-diaminopyrimidine. The
reaction conditions were adjusted and optimizedefach derivative, allowing the desired
compounds to be prepared in >70% vyidltB 66 was prepared by reacting commercially
available sodium benzyloxide with 4-chloro-2,6-diaapyrimidine in benzyl alcohol at 150
°C for 5 h. In contrast, for the synthesis of thalagueGC_57, the nucleophile was directly
generatedn situ by reactingp-methoxybenzyl alcohol with sodium hydride in DMS&hich
was to react with 4-chloro-2,6-diaminopyrimidineaatower temperature (100 °C) for 16 h.
The synthesis of the triaminopyrimidine derivativ€C 67 and FDS_1-3 required

microwave irradiation to afford high yields. Theeusf one equivalent of the appropriate
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benzylamine allowed the mono-benzyl derivative ¢osklectively obtained, whereas the use
of 2.5 equivalents of amine and a longer reactime (12 h) led to the dibenzyl pyrimidine
GC_67.

2
NH, R<

NH
r)N\ aorborcord ﬁN
— 1
CI” "N~ "NH, Rx N/)\NHz

Scheme 1. Reagents and conditions: a) PhOmMa, PhCHOH, 150 °C, 5 h; bp-MeO-
PhCHOH, NaH, DMSO, 100 °C, 16 h; c¢) R-NH1 equiv.), EtOH, 150 °C, microwave
irradiation, 7 h; d) R-NKI(2.5 equiv.), EtOH, 150 °C, microwave irradiatids, h.

2.7. PTR1 inhibition and structure-activity relationsh{®AR) of the newly synthesized
compounds

All six newly synthesized compounds were assessedtie inhibitory activity against
TbPTR1. Compound§&C_57, GC_59 andFDS_1-3yielded low micromolar inhibition of
TbPTR1 K : 0.2 — 3.4uM) when compared to that &flB_66 (TbPTR1K; = 0.6 uM),
FDS_3being the most potent derivative with of 0.2 uM againstTbPTR1 (Table 4). Only

compoundGC_67was completely inactive.

Table 4. Chemical structure, synthetic procedure, angy Malues towardsTbPTR1 and
LmPTR1 of select compounds.

R2
NH
6

5 \N1
coall o
Rex N/)\NHZ
3

Compound . ChemicaIZStructure : _ Enzymatic Activity
X R R Synthetic Conditions Kj TOPTR1 (uM) Ki LmPTR1 (uM)
LIB_66 o) Bn- H- a 0.6+0.1 >100
GC_57 O  (4-MeO)-Bn-  H- b 0.8t0.1 >100
GC_59 NH Bn- H- c 3.4+1.0 >100
GC_67 NH Bn- Bn- d NI >100
FDs_1 | NH @FyBn- H- c 1.140.1 >100
FDS_2 NH  (4-MeO)-Bn-  H- ¢ 0.3t0.1 41.82.1
FDS_3 NH  (4-Ph)-Bn- H- c 0.240.1 15.31.0
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¢ For synthetic procedure and conditions refer toefwe 1.
b Standard deviation is within +10% of the valueassl otherwise specified.
N.I. No inhibition

The inhibition caused by the synthesized compouwarats the binding mode predicted by
docking calculation allowed to draw a preliminarARS around thein-vitro activity of
LIB_66. Substitution of the oxygen in position 4 biB_66 with a nitrogen atom, as in
GC_59, led to a three-fold reduction of inhibitory activi In contrast, no significative
differences in the inhibitor activity were obserwegtien the replacement of the oxygen atom
with a nitrogen was applied on the four compounalssstuted in position 4 on the side
benzyl ring GC_57 and FDS_1-3. This may be explained by a slightly differennding
mode for these four derivatives with respect todhe observed fdcIB_66, as suggested by
computational docking analysis. The introductionaofubstituent on the benzyl moiety in
GC_57andFDS_1-3prevents the face-to-edgeinteraction between the aromatic ring and
Trp221, as observed ftiB_66, GC_59,andAX5 (Figure 6) [23]. In order to accommodate
these substituents, the 2,4-diaminopyrimidine risg)l stacking between Phe97 and
nicotinamide, is slightly rotated with respectliB_66. This torsion allows the phenyl ring
of the side chain to establish a face-to-face stgdkteraction with the aromatic side chain of
Trp221 and a face-to-edge interaction with Phedgu@@ 6). In addition, for compounds
GC 57 andFDS_2 the methoxy group in thpara position on the distal ring accepts an
additional H-bond from Cys168, justifying the sligh higher activity of these two
compounds compared with the two analogues withauthstituent on the rind_[B_66 and
GC_59 respectively). CompounBDS_3 bearing a 4-phenylbenzylamine moiety linked to
the 4-position of the pyrimidine scaffold, was tmest active compoundlpPTR1K; = 0.2
K1M). Notably, the biphenyl adopts a substrate-bkientation with the proximal phenyl ring
mimicking thep-aminobenzoic acid moiety of folic acid and the aligthenyl locking the
compound in this orientation by spatial restraams a face-to-edge interaction with Phel71.
Only compoundGC_67 was completely inactive: the introduction of a bgrgroup on the
nitrogen in position 4 completely prevents the roole from being accommodated within the
TbPTR1 catalytic pocket and blocks the amino groupasition 4 to engage an H-bond with
Tyrl74. In contrast, all the newly synthesized comqls were less active agaihshPTR1
than TOPTR1, and the data are in line with the resultdeaeld for the initial hitLIB_66.
Only compound$-DS_2andFDS_3showed measurablenPTR1K; of 41.6 and 15.3/M,

respectively .
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2.8. Antiparasitic activity towards T. brucei in-vitro

The hits from the screening and thi8_66 derivatives, which were active against TOPTR1,
were assessed for their antiparasitic activity mgjaihe bloodstream form @t brucei As the
compounds yielded modest inhibition lolPTR1, they were not tested agaihsishmania
spp The compounds were tested at 10 uM agalnsbruceiin a phenotypic screening
campaign with the antiparasitic activity expresasdhe percentage of parasitic cell growth
inhibition at the defined compound concentratiomnpounds with antiparasitic activity
>85% at 10 uM were followed up in dose-responsdissuand six compound&IB_ 133,
LIB_135, LIB_136, LIB_138, LIB_143, andLIB_190) yielded EGy againstT. bruceiin the
low/sub micromolar range (0.27-6.1 uM). In contrasto TOPTR1 inhibitors IB_66 and
LIB_352) and the derivatives ofIB_66 were inactive against. brucei Only FDS_3

showed significant anfirypanosomanctivity as a single agent, with E£3.7 uM {Table 5).

Table 5. Antiparasitic activity of the hits from the screegiandLIB_66 derivatives against
T. brucei.ECsg of the single compound, antiparasitic activity leé tompound in combination

with 4 uM MTX and the potentiation index (P.l.) aeported.

Antiparasitic activity against T. brucei

CompemE =) % Inhibition + 4 M MTX Pl
LIB_66 N.I. 36 + 3% 1.9+0.1
" LIB_133  0.56 +0.04 41 + 5% 1.2+0.2
= LIB 135  0.61+0.05 43 + 204 1.4+0.2
§’ LIB_138  0.58 +0.06 42 + 2% 1.1+0.1
§ LIB_143  0.27+0.03 46 + 3% 1.1+0.1
» LIB_146 NLI. 51 + 204" 13401
LIB_190  2.45+0.16 46 + 4%% 1.1+0.2
LIB_352 N.I. 56 + 69%” 1.7+0.2
GC_57 NLI. 42 + 0 22+06
zgé GC_59 NLI. 24 + 30 1.3+05
zog3 FDS_1 N.I. 37 + 694” 1.8 £0.0
= f;, E FDS_2 N.I. 41 + 694" 2.2+0.6
FDS_3 3.7+0.8 49 + 799 23+0.1

N.1.: No inhibition. P.1.: Potentiation IndeXCompound screened at 0.1 pMCompound screened at 10 pM.
Compound tested at 1 p¥MTX yielded 19 + 6 % cell growth inhibition as angie agent at 4 pM.

The effective inhibition of parasite growth was egfd when both the PTR1 and DHFR
enzymes are inhibited [25,28]. On this basis, welisd the effect of the PTRL1 inhibitors in
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combination with MTX againsT. bruceito observe the potentiation effect that the PTR1
inhibitors have on MTX parasite growth inhibitiomhus, eight hits resulting from the
screening I(IB_66, LIB 133, LIB_135, LIB_138, LIB 143, LIB_146, LIB_190 and
LIB_352) and thelLIB_66 derivatives were combined withpdM MTX (corresponding to the
ECso of the DHFR inhibitor against. bruce) [56]. The compounds were assessed in
combination at different concentrations, accordiagtheir EGy values as a single agent.
LIB_133, LIB_135, LIB_138, LIB_143, and LIB_190 were tested at O.uM. LIB_66,
LIB_146, GC_57 GC 59 FDS_1 andFDS_2were assessed at i because they were
inactive as single agent. Only compouRDS_3 was tested at UM since it showed an
antiparasitic activity >80% at 10M, which is an inhibition potency too high to allcany
potentiation effects in combination to be observidte antiparasitic activity was expressed as
the percentage of cell growth inhibition and isared inTable 5andFigure 7. The potency

in the combination studies was estimated througaraenation of a potentiating index (P.l.),

given byeq. 1

P % inhibition of the combination L
Jd.= eqg.
(% inhibition of compound + % inhibition at 4 uM MTX) a

A P.l. greater than 1.2 reflects the capacity & tdompounds to increase the antiparasitic
activity of MTX beyond what would be expected by teimple addition of the individual
effects. Except foLIB_66 and LIB_352, the combination of each of the eight compounds
from the screening with 4 uM MTX resulted in an iigld or partial potentiation activity of
MTX (P.l. 1.1-1.4). In contrast,IB_352, LIB_66 and its derivatives (except f@C_59 in
combination with 4 uM MTX potentiated the antipatiasactivity of MTX againstT. brucej
showing P.l. values 1.8-2.34ble 5andFigure 7). This outcome supported the concept that
inhibition of bothTbPTR1 andTbDHFR is necessary to exert antiparasitic activigy the

folate pathway.
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Figure 7. Antiparasitic activity against. bruceiof the hits compounds resulting from the
screening I(IB_66, LIB_133, LIB_135, LIB_138, LIB 143, LIB_146, LIB_190 and
LIB_352) and theLIB_66 derivatives GC_57, GC_59 FDS 1 FDS_2andFDS_3 tested
as a single agent (in cerulean) and in combinatiim 4 uM of MTX (dark blue). Compound
LIB_66, LIB_146, LIB_352, GC_57 GC_59 FDS_1andFDS_2 were tested at 1QM.
Compoundd.IB_133, LIB_135, LIB_138, LIB_143 andLIB_190 were tested at 0.1M.
Compound=DS_3was tested at iM. The antiparasitic activity of MTX as a singlgemt at

4 uM is reported in stripped cerulean bar. As a quatite measure of potentiation, a P.l. of
the combination was determined (yellow bar).

2.9. Invitro early ADMET and selectivity studies agaihuman THP-1 cell lines

Potential early toxicity-related issues for th8_66 derivatives were determined using early
absorption, distribution, metabolism, excretion ardxicity (ADMET) screening
technologies. These studies included inhibition iERG and CYP2D6 as well as
mitochondrial toxicity at compound concentration I§f uM. In addition, the cytotoxicity
against two human cell lines, A549 (human lung adarcinoma epithelial cells) and THP-1
(human monocytes) were determined. Pentamidinefitsieline drug for the treatment of
HAT, was used as reference compound.[57] The dunbfbition for each compound tested
in the five assays was established for the assessha safety profile of the compounds. The
results are reported ifable SI-3 and are organized using a traffic light systemrégnid and
intuitive visualization Figure 8) The cut-off for acceptable mitochondrial toxicignd
inhibition of hERG and CYP2D6 were set at <30% inhibition at M) whereas for G and
CGCsp in the A549 and THP-1 cell-lines, the cut-off vt at >60 uM. With the exception of
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the initial hit, namelyLIB_66 which was associated with a safe profile agaihst five
ADMET targets, all six derivatives showed liab@éi againshERG (>50% inhibition in the
case ofGC_59 GC 67 FDS 1, FDS 2 andFDS_3 and CYP2D6 (30-60% inhibition for
GC 59 FDS 1, and FDS_2 and low mitochondrial toxicity was observed. Camupd
FDS_3 besides its promising anfi- bruceiactivity (EGo of 3.7 uM), showed significant
cytotoxicity, with CGp<25 uM against THP-1 cells and{gbdf 28.6 uM against A549 cells.
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Figure 8. Heat-map data from tha-vitro early ADMET assays. Compounds were tested at
10 uM for the hERG, CYP2D6, and mitochondrial toxicity assays. tfer THP-1 and A549
cell assays, C& (<25 pM) and G (28.6 uM) were determined for compound FDS_3.
Pentamidine was used as reference drug. Red iedieasignificant liability, yellow indicates
moderate liability and green indicate the abseridalaility.

3.  Conclusion

In this paper we report the screening of the unigiBRA compound library against

TbPTR1 andLmPTR1 and identified novel compounds, which offee thotential to be

progressed as African trypanosomiasis and Leishasandrugs. From the initial screen,
LIB_66, characterized by a 4-benzyloxy-2,6-diaminopyriméd structure, was the most
interesting hit targetingTbPTR1 ; = 0.6 uM). Docking studies indicated that this
compound could bind to PTR1 in a similar manneritasnatural substrates; the 2,6-

diaminopyrimidine scaffold ofIB_66 displays a binding mode comparable to that of the
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pteridine scaffold of MTX, with the benzyloxy sidlain in position4 directed towards the
hydrophobic pocket, where usually theaminobenzoic acid ring of folic acid or MTX is
located. Hit validation and SAR studies fdB_66 were performed by synthesizing a series
of 4-(para-substituted)benzylamino-2,6-diaminopyrimidine #atives, in which the
pyrimidine scaffold was decorated to explore thepterin and folic acid binding site. The
six compounds showed similar and in some casesowegractivity relative to the parent
compound, with the SAR rationalized by docking sgadThe introduction of a substituent
on the benzyl ring induces a slight rotation of th&-diaminopyrimidine ring compared to
the reported binding mode &iX5. This torsion allows the phenyl ring of the sidain to
establish a face-to-face stacking interaction wiite aromatic side chain of Trp221 and a
face-to-edge interaction with Phe97, whereas thmstguents on the benzylic side chain
come into contact with the residues forming theadliportion of theTbPTR1 binding
pocket, reinforcing binding with the enzyme. Moregvthis different binding mode,
induced by the presence of a substituent on ttaldsomatic ring, allows the replacement
of an H-bond acceptor atom in positioni£.( oxygen or sulfur) with an H-bond donare(,
nitrogen), without affecting the activity; thesesuéis are in contrast with the preliminary
findings observed by Tullocét al on the smallest 2,4-diaminopyrimidine derivatiy23].
Furthermore, the compounds designed in this stumydcpotentiateT. brucei growth
inhibition in combination with MTX. These resultuuggest that the 4-benzyloxy/4-
benzylamino-2,6-diaminopyrimidine scaffold can bmnsidered as an interesting starting
point for optimization in the drug discovery valcigain to search for anfi- bruceiagents.
The pyrimidine scaffold shows an acceptable ADMEx-Toofile as illustrated by IB_66
and is suitable for further progression. Amongst ®22 compounds of the LIBRA
compound library, which contains at least 17 défdr chemical scaffolds, PTR1 was
inhibited by pyrimidine and purine derivatives, shgonfirming the view that PTR1
enzymes prefer substrate-like compounds over atbaffolds. Considering the high need
for new and well-characterized chemical entitied &r new candidates to be included in

the NID pipeline, this work discovered a new oppoity in the field.

4. Materials and Methods
4.1. LIBRA compound library
The compounds are available at the PharmaChentisigy Istituto Italiano di Tecnologia,

Via Morego 30, I-16163 Genova, Italy. Requests &hdue addressed to F. Bertozzi:
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Fabio.bertozzi@iit.it. Details about LIBRA are refmul at the address: https://libra-

molecules.eu/.

4.1.1 Characterization of the LIBRA compound library

Compounds (solid or oil) were provided in 1.4 mLrdmled MATRIX microtubes. A
weighed aliquot of each compound, enough to maketab mL of a 10 mM stock solution,
was transferred into another microtube and dissbWwigh the addition of the proper volume
of DMSO-d6. Vigorous shaking ensured dissolutiod Anmogeneity within the microtube.
The entire process was automated with a dedicataedhiltbn Robotics Microlab Star
workstation that also performed transfer of micbatuplates in and out of the storage
refrigerator, Hamilton Robotics Active Sample Maeggvhere pure compounds and frozen
solutions were stored under nitrogen at 4 °C. Thekstation was also capable of detecting
partial solubilization; in this case, the solutimas manually filtered, and the concentration

was determined by quantitativid-NMR as described below.

4.1.2 UPLC-MS characterization of the LIBRA compounddityr

Each compound was submitted to characterizationdimtity and purity by means of LC-
UV-MS. A Waters Acquity instrument equipped withdddiode Array detector and single
qguadrupole ESI, equipped with 21100 mm UPLC columns (1.7 pum), was used to this
purpose. Chromatographic methods and dilution medige adapted to compound polarity,
as estimated by cL&yas follows. The most polar compounds (cBogl) were diluted with
water/acetonitrile (95/5) and chromatographed diaders HSS T3 column with a gradient
from 100% to 50% water. Compounds with intermediptdarity (<1 cLod® <5) were
dissolved in water/acetonitrile (1/1) and chromaaphed on a Waters BEH column with a
gradient from 90% to 10% water. Less polar compsu@.od® >5) were dissolved in
acetonitrile and chromatographed on a Waters BHthoo with a gradient from 50% to 0%
water. The mobile phase was buffered with 10 mM amom acetate, pH 5, and acetonitrile
was always used as strong solvent. Flow (0.5 mL/mgradient duration and column re-
equilibration were adapted to UPLC requirements faidnethod execution did not exceed
10 min per compound. Both positive and negativetranes were collected and identity was
verified for the main chromatographic peak by iseM+H] or [M+Na] ions in the

positive trace, or [M-H]in the negative one. Purity was assessed fromelhéve main peak
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area of the UV trace at 215 nm. Compounds tha¢ wet detectable in the 215 nm UV trace
or did not ionize in ESI were analyzed by quaritiatH-NMR.

4.1.3NMR characterization of the LIBRA compound library

Stock solutions of the compounds in 10 mM DMSO-d&ravsubmitted to quantitativéd
NMR (g-NMR) experiments, which were performed using tHéLE0ON (PUlse Length
Based CONcentration Determination) procedure [38jis procedure does not require the
addition of an internal standard as it relies otemal standard calibration (performed only
once in several months), thus allowing the sampleetused for further analyses (e.g., UPLC-
MS) and for biological assays. This method returath the measured concentration of the
compound of interest in solution and its absolutety by comparison with its theoretical
concentration. Structure identities were confirmeyg ‘*H-'‘H COSY and'H-*C HSQC
experiments. Among the analyzed compounds, thertegpstructure was confirmed in 81%
(138) of cases. Moreover, structure elucidation pagormed in more than half of the cases
in which the NMR spectra were not in accordancehwihe reported structure (14
compounds). All the NMR spectra were acquired & @& on a Bruker Avance 11l 400 MHz
spectrometer equipped with a Broad Band Inversd)(B®be. For each compound, 150 pL
of 10 mM DMSO-d6 stock solution was transferrediat3 mm disposable tube (Bruker),
which was inserted in the NMR probe using the Sandet automatic sampler. Before each
acquisition, an automatic matching and tuning were and the homogeneity automatically
adjusted. In the quantitativel-NMR (g-NMR) experiments, using the PULCON method, the
'H 90° pulse was optimized on each sample tube bguaomatic pulse calculation routine
[59]. Then, 16 transients were accumulated ovepectsal width of 20.55 ppm (with a
transmitter frequency offset at 6.175 ppm), atxadireceiver gain (64), using 30s of inter-
pulses delay and no steady state scans. Spectea mamnually phased and automatically
baseline corrected. The integrated peaks intensitye compound under analysis, normalized
with respect to proton numbers, was compared taritegrated peak intensity of a 10 mM
DMSO-d6 solution of a reference material (maleid a8igma Aldrich NMR standard) whose
spectrum was acquired under the same experimeataimeters. The PULCON formula
returns the measured concentration of the compauntbr analysis in solution. Absolute
(percent) NMR purity was calculated by the ratiaween the concentration measured by
PULCON and the theoretical concentration (10 mMyltiplied by 100. This is a direct

measurement, independent from the detectabilitythef impurities. 2D experiments for
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structure identity or structure elucidation werguited as follows*H-'H COSY (COrrelation
SpectroscopY): 4 transients, 2048 data points, ib2Bments, with an automatic spectral
width and transmitter frequency offset optimizatidi-*C HSQC (muiltiplicity edited
Heteronuclear Single Quantum Coherence): 8 tratssidi024 data points, 256 increments,
with an automatic spectral width and transmitterqtrency offset optimization for proton
dimension, and with a spectral with of 165.6 pprd &ansmitter frequency offsets at 74.6

ppm for carbon dimension.

4.1.4Determination of kinetic solubility of the LIBRAnaspound library

The agueous kinetic solubility { was determined from a 10 mM DMSO stock solutién o
test compound in Phosphate Buffered Saline (PB®Ha7.4. The study was performed by
incubation of an aliquot of 10 mM DMSO stock sabatiin PBS (pH 7.4) at a target
concentration of 250 puM resulting in a final conttation of 2.5% DMSO (v/v). The
incubation was carried out under shaking at 25°C2# h followed by centrifugation at
14.800 rpm (21100 g) for 30 min. The supernatans waalyzed by UPLC-MS for the
quantification of dissolved compound (in uM) by W a specific wavelength (215 nm).
Compounds were grouped into low{S10uM), medium/moderate (<10:$<100uM), and
high solubility (Sin >100uM).

4.2. Synthesis

Solvents and chemicals purchased from commerciatese were of analytical grade or better
and used without further purificatiohtd NMR and**C NMR spectra were recorded on a
Varian Mercury 300 (300 MHz) spectrometer and oBraker Avance 400 (400 MHz)
spectrometer. Chemical shiftg) (are expressed in ppm and coupling constaditsafe
expressed in Hz. TLC analyses were performed omuencial silica gel 60 F254 aluminum
sheets; spots were further evidenced by sprayinth va dilute alkaline potassium
permanganate solution. Melting points were deteashion a model B 540 Bichi apparatus
and are uncorrected. MS analyses were performed warian 320-MS triple quadrupole
mass spectrometer with ESI source. HRMS was olttanmea 6520 Accurate-Mass Q-TOF
LC/MS. Compound purity was determined by means BLO-MS as described for LIBRA
compounds library. All the compounds showed a lefglurity above 95%. The compounds
passed the check for PAINS performed withithsilico tool FAFdrugs4 [52,53].
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4.2.14-Benzyloxy-2,6-diaminopyrimidinelB_66)
The synthetic procedure, the spectroscopic data @ngicochemical properties are in

accordance with literature [60].

4.2.2 9-Methyl-2-phenethyl-9H-purin-6-aminklB_352)

CRSGOsH (0.37 mL, 3.3 mmol) was added dropwise to a smhuodf dibenzyl-(9-methyl-2-
phenethyl-9H-purin-6-yl)amine (143 mg, 0.33 mmatl) anhydrous CKCl, (3 mL), under
nitrogen at 0 °C. The mixture was refluxed for 6tlen cooled and diluted with water,
basified to pH 10 with 30% NaOH and extracted v@t,Cl,. The organic phase was dried
over anhydrous N&O, and concentrated. The residue was purified by fidsomatography
(cyclohexane-ethyl acetate 3:7) to give a yellowdsthat was crystallized from ethanol.
Yellow solid (33% yield). M.p.= 140-141 °CH NMR (CDCk, 400 MHz)3: 7.73 (s, 1H),
7.29-7.19 (m, 5H), 5.84 (br s, 2H), 3.82 (s, 3H)}53(t, 4H, J = 7.0 Hz):*C NMR (DMSO,
100 MHz) 6: 158.1, 150.9, 144.8, 140.7, 128.9, 128.8, 1261K.8, 36.8, 33.1, 30.5. ESI-
HRMS calcd. for G4H16Ns [M+H]" 254.1406, found 254.1413.

4.2.34-(4-Methoxy-benzyloxy-)2,6-diamino methoxybengplrnmidine GC-57)

72 mg of NaH (60% on mineral oil, 1.3 eq.) werewdlo added to a solution of (4-
methoxyphenyl)methanol (171 pL, 1.0 eq.) and 4+chh6-diaminopyrimidine (200 mg,
1.38 mmol) in DMSO (1.0 mL). The reaction mixturasvheated at 100 °C for 16 h. After
cooling at room temperature, @, (20 mL) was added and the mixture was washed with
water (2 x 10 mL). The organic layer was dried ogehydrous N#&5O, and concentrated.
The crude was purified by flash chromatographyyleticetate 100%) to affor@C_57 as a
yellow solid (70% vyield). R 0.37 (ethyl acetate 100%). M.p.= 166.2-167.0 ¥ &NMR
(DMSO-d;, 300 MHz)s: 7.30 (d,J= 8.7 Hz, 2H), 6.89 (dJ= 8.7 Hz, 2H), 5.98 (s, 2H), 5.86
(s, 2H), 5.10 (s, 2H), 5.03 (s, 1H), 3.72 (s, 3HL-NMR (DMSO-d;, 75 MHz) §: 170.3,
166.5, 163.3, 159.3, 130.1, 129.9, 114.1, 76.71,665.5. MS (ESI):m/z calcd. for
C1oH14aN405: 246.1; found: 246.9 [M+H]

4.2.4General procedure for the synthesis of 4-benzylafig-diaminopyrimidine
derivatives
The appropriate amine (0.5 mmol) was added towisal of 4-chloro-2,6-diaminopyrimidine

(0.5 mmol) in EtOH (1 mL) in a sealed vial and leglblby microwave irradiation at 150 °C for
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7 h. After cooling at room temperature, the solweat evaporated under vacuum the crude
material was purified by flash chromatography (CHMeOH 9:1) to afford the desired

compound.

4.24.1. 4-Benzylamino-2,6-diaminopyrimidin€C-59)

The spectroscopic data and physicochemical pr@seatie in accordance with literature [61].

4.2.4.2. 4-(4-Fluoro-benzylamino-)2,6-diaminopyrimidineldS_1)

White solid (78% yield). R 0.20 (CHCl/MeOH 9:1). M.p.= 125.2-127.5 °CH-NMR

(DMSO-ds, 300 MHz)8: 7.32-7.24 (m, 2H), 7.14-7.04 (m, 2H), 6.56J¢,6.1 Hz, 1H), 5.50
(s, 2H), 5.33 (s, 2H), 4.82 (s, 1H), 4.30 4d,6.1 Hz, 2H)*C-NMR (DMSO-d, 75 MHz)5:

164.8, 164.3, 163.3, 161.4 (&= 240.4 Hz), 137.5 (dJc-= 2.9 Hz), 129.2 (dJc~ 8.0
Hz), 115.2 (dJc.= 20.5 Hz), 74.7, 43.3. MS (ES/z calcd for GiH1,FNs: 233.1; found:
234.1 [M+HT.

4.2.4.3. 4-(4-Methoxy-benzylamino-)2,6-diaminopyrimidif®E_2

Yellow solid (83% yield). R 0.28 (CHCl/MeOH 9:1). M.p.= dec > 128 °CH-NMR
(DMSO-d;, 300 MHz)s: 7.17 (d,J= 8.4 Hz, 2H), 6.84 (dJ= 8.4 Hz, 2H), 6.58 (t)J= 5.7 Hz,
1H), 5.60 (s, 2H), 5.45 (s, 2H), 4.82 (s, 1H), 4@5)= 5.7 Hz, 2H), 3.70 (s, 3H}*C-NMR
(DMSO-a;, 75 MHz)8: 164.3, 164.2, 162.8, 158.4, 133.0, 128.6, 114X, 55.5, 43.5. MS
(ESI): m/zcalcd for GoH1sNsO: 245.1; found: 246.2 [M+H]

4.2.4.4. 4-(4-Phenyl-benzylamino-)2,6-diaminopyrimidif®S_3

Yellow solid (75% vyield). R 0.30 (CHCl/MeOH 9:1). M.p.= dec. > 141 °CH-NMR
(DMSO-a;, 300 MHz)é: 7.65-7.54 (m, 4H), 7.42 (8= 7.7 Hz, 2H), 7.37-7.30 (m, 3H), 6.61
(t, J= 6.3 Hz, 1H), 5.52 (s, 2H), 5.35 (s, 2H), 4.841(d), 4.37 (dJ= 6.3 Hz, 2H)*C-NMR
(DMSO-d;, 75 MHz)6: 164.8, 164.3, 163.3, 140.6, 140.5, 138.8, 12823,9, 127.7, 127.0,
126.9, 74.6, 43.7. MS (ESkn/zcalcd for G7H1/Ns: 291.1; found: 292.1 [M+H]

4.245. 4,6-Benzylamino-2-aminopyrimidin@C_67)
4- Benzyl amine (2.5 eq. 1.73 mmol) was added tosadution of 4-chloro-2,6-
diaminopyrimidine (0.69 mmol) in EtOH (1 mL) in aaded vial and heated by microwave

irradiation at 150 °C for 12 h. After cooling abra temperature, the solvent was evaporated,
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and the crude purified by flash chromatography {CikiMeOH 9:1) to affordGC_67 as a
yellow solid (73% yield). R 0.23 (CHCl,/MeOH 95:5). M.p.= dec. > 129 °CH-NMR
(DMSO-a;, 300 MHz)4: 7.31-7.15 (m, 10H), 6.60 (3= 5.7 Hz, 2H), 5.43 (s, 2H), 4.83 (s,
1H), 4.31 (dJ= 5.7 Hz, 4H).**C-NMR (DMSO-d, 75 MHz)&: 164.1, 163.1, 141.3, 128.6,
127.4, 126.8, 74.0, 44.1. MS (ESW/zcalcd for GgH19Ns: 305.2; found: 306.0 [M+H]

4.3. Molecular modelling

Docking was performed using Glide and carried auipeeviously reported [25,27]. X-ray
structures were downloaded from the Protein DatakBattp://www.rcsb.og) and prepared
using prepWizard to assig bond orders and add lygir@atoms. The 3D structures of the
compounds were created from SMILE string and otadiwith the OPLS_2005 force field
using Maestro [62]. lonization states and tautormesse generated at pH 7.0+0.5 using Epik
[63]. Up to eight stereocisomers and one low-enaigy conformation were generated per
compound. ForTbPTR1 important structural water sites were previoudentified and
considered conserved [27]. Refinement was carnigovith Prime for residues within 5 A of

the ligand. Up to 20 final docking solutions weeparted.

4.4. In-vitro biological assays

4.4.1. TbPTR1 and LmPTR1 protein purification, kinetic r&werization purification,
screening and |6 determination

The TOPTR1 andLmPTR1 proteins were purified as reported previoy2B]. The in-vitro
coupled enzyme assays for each enzyme have alsorbperted in the literature and have
independently been shown to be suitable for scngepurposes [25,27,36,57,64—67]. For
each compound Kg, plCso values and Hill Slope were determined using a répater
logistic fit in the XE module of ActivityBase (IDBS The K; for each compound were
calculated using a competitive inhibition mode€l € I1Cso/((SKm)+1)) [22a].

4.4.2 Evaluation of activity against T. brucei

The antiparasitic activity of compounds agaifisbruceibloodstream forms were evaluated
using a modified resazurin-based assay previouskcribed in the literature [68]. The
antitrypanosomatid effect was evaluated by the rdetation of the Eg value
(concentration required to inhibit growth by 50%j)dacalculated by nonlinear regression
analysis using GraphPad Prism, Version 5.00 fordalvs, GraphPad Software, San Diego

California USA (www.graphpad.com). For potentiatiexperiments, the synergy index was
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calculated as the ratio between the activity of tdmnbination (activity of the tested
compound in the presence of 4 uM MTX) and the adatsdity of the components of the
combination alone (activity of the compounds +attiof 4 uM MTX).

4.5. In-vitro early ADMET assays

4.5.1 hERG inhibition, CYP2D6 inhibition and mitochondriaxicity

These assays made use of Invitrogen’s PredidERRG fluorescence polarization assay,
Promega P450-Glo assay platform and MitoTracker Radoromethyl-X-rosamine
(CMXRos) uptake and high content imaging to montompound-mediated mitochondrial
toxicity in the 786-O (renal carcinoma) cell-lirespectively as previously described [29].
4.5.2 Cytotoxicity against A549 cell line

The assays were performed using the Cell Titerd3ay from Promega. The assay detects
cellular ATP content with the amount of ATP beingedtly proportional to the number of
cells present. The A549 cell-line was obtained frasMZ (German Collection of
Microorganisms and Cell Cultures, Braunschweig,n@ery) and was grown in DMEM with
FCS (10% v/v), streptomycin (100 pg/mL), and pdincG (100 U/mL) [27].

4.5.3 Cytotoxicity against THP-1 macrophages

The cytotoxicity of THP-1-derived macrophages waseased by the colorimetric (3-(4,5-
dimethylthiazol-2-yl)-2,5-diphenyl tetrazolium braae) assay [27].
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Highlights

LIBRA is a 522 compounds library, highly characterized.

Compound LB_66 has a 2,4-pyrimidine scaffold emerging as preferred selected
HIT with selective inhibition against 7ThPTRI1.

6 new compounds bearing 2,4-pyrimidine scaffold are confirmed HITS with 1.3-
2.3 potentiation index (P.I.) in combination with methotrexate against
Trypanosoma brucei.

PTR1 has a preference to bind inhibitors with 2,4-diaminopyrimidine scaffolds

that resemble its biopterin/folic acid substrates.
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