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ABSTRACT

A series of quinazoline-2,4,6-triamine were synitex$ and evaluated in vitro against
Leishmania mexicanaAmong them,N°-(ferrocenmethyl)quinazolin-2,4,6-triaminéiZ)
showed activity on promastigotes and intracellal@astigotes, as well as low cytotoxicity
in mammalian cells. Docking and electrochemicadigtsi showed the importance of both
the ferrocene and the heterocyclic nucleus to tis=iwved activityH2 is readily oxidized
electrochemically, indicating that the mechanism aafion probably involves redox

reactions.

Keyboard:Leishmania mexicanauinazoline; antiprotozoan activity
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1. Introduction

The search for antiparasitic molecules has receodigome important because of the
emergence of drug resistant strains, the toxidithe known molecules, increased poverty
and the percentage of the affected populationHatasitic tropical diseases affect hundreds
of millions of people worldwide, however, it hasebeneglected to develop drugs against
these diseases because they primarily affect peoplgoor regions of the world [1].
Leishmaniasis, African trypanosomiasis, and Chadjasase are vector-borne diseases
caused by parasites of the kinetoplastida orderl@ishmaniasis is a set of devastating
diseases caused by the obligate intracellular poatgarasites of thieeishmaniagenus,
which are transmitted by a group of 50 species suftbpecies of phebotomine insects.
About 1.5 million of new cases of cutaneous leishiamsis and 500 000 new cases of
visceral disease occur each year. Cutaneous lersasi® is endemic in more than 70
countries worldwide [3]. A major emerging probles do-infection ofLeishmaniawith
human immunodeficiency virus, especially becauseetlis no effective treatment for these
patients [3]. Conventional chemotherapy relies antiple parenteral administrations of
pentavalent antimonials that are considerably taid induce resistance. Second-line
drugs, such as amphotericin B and its lipid forrtiates, are either too toxic or too
expensive for routine use in developing countried. [Recently, miltefosine, a
phosphocholine analogue originally developed aarditancer agent, was introduced as a
drug against visceral leishmaniasis, but its eiffeciess has still not been conclusively
determined and there have already been reporteds cab resistance [5]. Because
chemotherapy for leishmaniasis is still inefficienhere is an urgent need for the

development of new efficient and safe drugs.



76

77

78

79

80

81

82

83

84

85

86

87

88

89

90

91

92

93

94

95

96

97

98

99

In order to find new drugs against leishmaniasie,domputational design of new drugs
against parasites has been based on the knowledgavailability of new information
from molecular targets [7,8]. With the goal of fmlling this strategy, we chose
pteridine reductase (PTR) as the target of theystutich is a protein that appears to be
important to the resistance mechanism L&ishmania This enzyme is NADPH-
dependent with oxide reductase activity, and pserme its natural substrate [7].
However, under conditions of cellular stress or mlelate metabolism is brought
down by molecules that inhibit dihydrofolate redasst (DHFR), PTR may reduce
folate, therefore allowing the production of DNArdhgh the salvage route, causing
parasite resistance [9-11]. New approaches in ¢ésgyd of antifolates should consider
the importance of PTR to discover new moleculesbbgpof inhibiting DHFR and/or
PTR through rational design [7].

The isoform PTR1 oteishmania majowas co-crystallized with quinazoline-2,4,6-
triamine TAQ) [12]. By analyzing the interactions GIAQ with the active site of
PTR1, the chemical modification GAQ at position 6 was considered because the
reception site near this position is large and @ssss both polar and non-polar regions
(Figure 1). Berman and co-workers, showed the itapoe of the lipophilic
substituents at position 6 of the quinazoline ridgcreasing the Bfpagainst.. major.

In addition, they have shown that, by increasing size of the substituent, the &D
increased [13]. In this case, the selection ofdhemical substituent at position 6 was
based on its potential to function as an anti-po#b scaffold. With this in mind,
nitrobenzene, ferrocene, benzimidazole, anisole @rahol moieties were selected as
the substituents iK1, H2, H3, H4 andH5, respectively (Table 1). Ferrocene is present

in ferroquine, an anti-malarial drug that is cutherunder clinical evaluation and has
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got a great potential [14]. A number of studieséhakiown that the introduction of the
ferrocene core may significantly enhance the mdéesu (desirable) bioactive
properties. The ferrocene wunit might act as a lgobic spacer and/or
lipophilicity/bioavailability enhancer (enabling aasier way through cell membranes)
[15]. It is also known that ferrocene B €' redox chemistry might contribute to the
bioactivity of ferrocene derivatives [16]. Benziraible is a privileged structure in
antiparasitic molecules [17]; particularly, in angoound prepared in our group, 5,6-
dicloro-2-(trifluoromethyl)-H-benzimidazole, denoted in this work &52 [18].
Nitrobenzene, anisole and phenol groups are préseetveral anti-parasitic drugs [19,
20].

With the aim of exploring PTR1 binding site surfaoaf the protein, we employed
docking studies usingAQ as ligand and attempted to reproduce this ligania ithe
previously reported crystal structure [12]. Nexg performed a molecular coupling of
the proposed moleculeBl{-H5) into active site ot.eishmaniaPTR1 and DHFR. The
affinity of all the target compounds to both enzgnveas higher than the affinity of
TAQ. Subsequently, the proposed compounds were syrgkdesnd once their structure
was elucidated by x-ray crystallographic, they weéested in vitro against the
promastigote form oE. mexicanaThe most active wad2. For this reason, chemical
modifications were carried out to thHd2 structure (Figure 2) in order to explore
changes in biological responses that could catesetktructural modifications. Finally,
the reduction potential for this group of compoumgss carried out using DMSO as
aprotic solvent. The data in aprotic solvent did ooly describe the situation in that

way but it also allowed us to obtain biologicalrsfggance of interpretation.

2. Results and discussion
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2.1.Chemistry

CompoundsH4 and H5 were first synthesized and evaluated as anticihagasd
antiplasmodial agents by Davoll, and co-workers].[Zince they were not evaluated
againstLeishmaniathese molecules were synthesized in this wokkder to explore their
biological activity against. mexicana

All the TAQ derivatives were synthesized according to theeroutlined in Scheme 1. The
antiprotozoal compoundG2 (5,6-dicloro-2-(trifluoromethyl)-H-benzimidazole) was
prepared in our laboratory using known procedurg8].[As shown in Scheme 1,
nucleophilic substitution of the bromine atom inb@mo-1,1-diethoxyethane b2
afforded 5,6-dichloro-1-(2,2-diethoxyethyl)-2-(ttubromethyl)-H-benzimidazole X).
Treatment ofl with boron tribromide (BBy) followed by hydrolysis gave [5,6-dichloro-2-
(trifluoromethyl)-1H-benzimidazole-1-yllacetaldehyd@)( Preliminary attempts to obtain
the aldehyde group with hydrochloric acid [22}/atetone [23] and Fef£l[24] were
unsuccessful. The cyclocondensation of commerciailhgilable 5-nitroanthranilonitrile
with guanidine hydrochloride yielded 6-nitroquinbze-2,4-diamine §), which was
treated with acetic anhydride followed by hydrogera under a hydrogen atmosphere
using palladium on charcoal to yiel,N'-(6-nitroquinazoline-2,4-diyl)diacetamidet)(
Subsequent condensationdith the corresponding aldehyde gave the iminévdgves.
The imine group was reduced with sodium borohydfidaBH,) to yield the proposed
molecules K1-H5).

Of all the compounds synthesized ollf gave crystals adequate to carry out an single-
crystal X-ray analysis. These studies revealedhi2ain ethanol crystallizes in the triclinic
space group P-1. A view 12 is presented in Figure 3, and selected bond dietaand

torsion angles are listed in Table 2. The asymmetnit of theH2 compound consists of
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N°-(ferrocenylmethyl)quinazolin-2,4,6-triamine andre@ ethanol solvate molecules in
general positions. The quinazolin-2,4,6-triamineves planarity with ams deviation of
the fitted atoms of 0.0265. The C2-C1-C19-N1 (106.4and C5-C1-C19-N1 (70.20°)
torsion angles show a nearly perpendicular arraegénbetween the ferrocenyl and
guinazoline groups.

In the crystal lattice, the neutral ferrocenyl céexpand the ethanol solvate molecules
participate in multiple hydrogen bonding interan8p such as N-H---O, N-H---N and O-
H---O (Figure 4). The majority of the hydrogen balistances range from 1.87-2.25 A
(Table 3). The interaction between the nitrogenadaxtom (N4) and the acceptor atom
(N2) forms theR?,(8) motif, whereas the N1-H1F---O1C hydrogen bond sttbeD3;(17)
motif. All of these interactions are present in theee crystalline axes and favor three-
dimensional growth.

In order to determine the part of the molecule gravides the anti-eishmaniaeffect when
guinazoline or ferrocene are used, a series adderre derivativedHO2, HO4, H2A,

FBC) were synthesized via reductive amination withyirag reagents (Scheme 2).

The structures of all the compounds synthesizea wharacterized by spectroscopic and
spectrometric data. In tHel NMR spectra of the title compounds, the doubiethie range
4.5-3.9 ppm, integrating for two protons, confirnted presence of methylene linking the
substituent to quinazoline nucleus; whereas itiBeNMR spectra, the same signal of the
secondary carbon of the methylene was seénvatue of 46 ppm. For the same group of
compounds, the signal of proton of the NH exocyatiposition 6 was recorded as triplet at
0 values in the region 6-5 ppm. Fde, HO4, HO2, H2A andFBC, typical ferrocene

signals were showed in the region of 4.3— 4.0 ppihé'H NMR spectra, and 60-90 ppm
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in the®*C NMR spectra. For those compounds having exocyetimes groups at position
2 and 4 of quinazoline nucleus, the signal derifredch two protons was observed at
values 5.6 and 7.0 ppm, respectively. Regarditd\MR spectra oHO2 andHO4, the
exocyclic amine group, at position 4 and 2, presgtrd signal to 7.73 and 5.91 ppm,
respectively. Finally, in the downfield region dktsame spectrum, the signal of one proton
at 10.44 HO2) and 10.78 KIO4) ppm revealed the presence of endocyclic NH of
qguinazoline moiety, suggesting the presence of argibgroup at position 2 and 4,
respectively. This suggestion was supported by pBRctsa of both compounds, which
exhibited stretch carbonyl characteristic band 6241 and 1644 cih respectively.
Additionally, energetic stability studies confirmégat the most stable tautomers (Gibbs
energy of 0 Kcal) for both molecules are those hguthe carbonyl groupAll these data
indicate that inHO2 andHO4 the C-O bond is present as carbonyl group andribst
stable tautomeric form should be as proposed (Eigur

2.2.Modeling studies

With the purpose of estimating the interactiongha synthesized compounds with PTR
and DHFR, the affinity to both enzymes was analyired theoretical docking study. The
crystal structure of tcDHFRT(ypanosoma cruzlihydrofolate reductase ID-PBD: 2H2Q)
was used to construct a homologous enzymemajor was used as a model fdr.
mexicana The DHFR sequence In mexica@a is unknown; however, the three speciks (
cruz, L. majorandL. mexicana are evolutionarily very close. The molecular dymnzs
protocol was applied to relax the built proteind @ansnapshot at 10 ns was obtained for the
docking of all the molecules. The root media squdeeiation (RMSD) and the radius of

gyration (RGyr) indicated that the protein reactlwedvergence (Figure 6). The crystal
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structure ofL. major pteridin reductase (1 ID-PBD: 1WOC) was obtaineanf the Protein
Data Bank, and molecular docking was performed thiih protein.

The free energy analysis of the molecular inteoachetween th& AQ derivatives and the
DHFR and PTR1 enzymes showed that all of the comg®uind more strongly to the
receptor site thamAQ, and the mode of binding was very similar (Figéyeln the case of
the ferrocene derivative$1i02, HO4 andH2A), the differences in the interaction energies
were a result of the substituents at positions®4i(Table 5). For this study, the stability
of the different tautomers $102 andHO4 was analyzed (Figure 5) with the intention of
using only the most stable.

2.3. Biological activity

Obtained compounds were tested in vitro againsmpstigotes form oL. mexicana
Initially, the compounds were incorporated into thedia at 10QuM and their ability to
inhibit growth of the parasite was evaluated in parnson to the control (no drug added to
the media). Glucantime was used as the leishmaiofdreference; pyrimethamine and
trimetoprim were used as DHFR inhibitors modeldsaguently, the 16 (50% inhibitory
growth concentration) concentration was determin®dh exception ofH2 and H4, all
compounds resulted with poor or null activity (Tabl). Compounéi2 was the most active
(ICs0 = 0.93 uM); the second place wentHd (ICso = 14.59 uM). The components ldR
(ferrocene andrAQ) had a poor antileishmanial activity individuallinterestingly,H2
showed antiparasitic activity from the first hodrb@ing in contact with the parasites. This
behavior may be due to the ferrocene moiety camies with its lipophilicity and redox
properties. On the other hand, with exceptionddf FBC showed slightly higher activity

than the quinazoline derivatives, despite havindy amne phenyl group attached to
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ferrocene unit. IrH2, the TAQ portion was necessary for leishmanicidal actibigcause
when the 2- and 4-positions were modified by aegityh (H2A) or substitution of the Ni
group HO2, HO4), the activity was lost (Table 6). In the light thfese results, onli#2
was selected for the following studies in ordelgtn an understanding of its biological
activity.

There is no obvious correlation with the solubjlitspwever, the solubility dfi2 is greater
than ferrocene alone and less than triaminquinaolrhis, of course, could be a cause of
antileishmanial activity shown because ferrocerdigsolved in greater amounts. However,
H2A is much more soluble than most derivatives (ex€&@, which is extremely soluble)
but this is not enough to improve the activity, @t interaction of the amines BAQ are
important.

2.3.1.Activity ofH2 against intracellular amastigotes

The study on intracellular amastigotes revealed i maintains strong leishmanicidal
activity. This compound is able to kill intracebul parasites inside the macrophages;
therefore, it may be useful fon vivo treatment of the disease. Note that although the
antileishmanial activity observed is for intrac&luamastigoted12 eliminates 97% of the
parasites at 12 uM (Figure 8 B). After exposuréehefinfected macrophages 2 for 72

h, removal of this compound and reculturing theaptes in fresh media, parasite survival
was observed at 3 and B8V, whereas concentrations of 12, 25, and B0 effectively
killed the intracellular parasite and survival wex observed (Figure 8 C).

2.3.2. DHFR inhibition

As a second approach, the inhibition of DHFR wagsl@ed, as shown by the theoretical

studies (Table 7). For experimental studies, thragies were exposed to abovesp 6f H2
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(a concentration that shows an effect but doeskitioall of the parasites) after they had
been previously exposed to folic acid, folinic aait ferulic acid. Folic acid competes for
the active site of DHFR, as it is the natural skaist Folinic acid does not need to undergo
metabolism to contribute to DNA synthesis, and lferacid has an antioxidant effect.
Although the effect anti-leishmanial d12 was decreased, differences were observed
among folic acid, folinic acid and ferulic acid. &hgreatest inhibitor of thedH2
antileishmanial effect was folic acid, which showed®0% increase in parasite survival
compared with the control. Trimethoprim is a drhgttinhibits DHFR and was used as a
positive control. Parasite survival increased t0%0w~hen the parasites were treated with
folic acid before trimethoprim, demonstrating tiiatmechanism of action involved DHFR
inhibition. An excess of folic acid was added ihadses to ensure reversibility of DHFR
inhibition from the tested compounds. This completeersibility of the antileishmanial
effect with trimethoprim was not observed in theseafH2, in which parasite survival
only reached 20% (Table 7). Therefore, we assumatdthe mechanism of action of the
antileishmanial effect oH2 partially occurs via DHFR, but other mechanismghsas a
redox mechanism, could be occurring simultaneoaslyesult of the presence of ferrocene
in the molecule.

When the activity oH2A (acetylatedH2) was evaluated in the docking study, improved
biological activity compared tbl2 was expected due to its better affinity for theABRHand
PTR receptors. However, the results were not ctamiswith this hypothesis. This
inconsistency can be explained by the alternatehareésm of the antileishmanial effect of
H2 and its derivatives, which is a redox mechanissulting from ferrocene, that endows

the molecule with remarkable performance agalresshmania as demonstrated by its



263  good biological activity. The compound®Q and4 (TAQ acetylated) behaved in accord
264  with the theoretical docking prediction.

265  2.3.3. Effect oH2 on oxygen consumption by the parasite

266  When the parasite is exposedHa, it quickly becomes quiescent, it loses its atgias
267 their shape wraps around, and it is finally lysBlake inhibition of parasite replication due to
268 DHFR or PTR should take several hours to affectpdmasite, but instead, the parasite dies
269 in the presence dfi2 as soon as 20 min after it is added; thus, amnaltee mechanism
270 must be occurring. Because of this result, we ingated the inhibition of oxygen
271 consumption, which could indicate whether the coaomgb is able to modify the
272 mitochondrial activity of the parasite. Thus, pratigotes ofLeishmaniaparasites were
273  treated with different concentrations HR2 during 1 and 2 hours. If the viability of the
274  parasite is immediately affected, then a decraasa@ygen consumption will be detected by
275  the increase in fluorescence. THE treatment reduced the fluorescence score to 4 leve
276  similar to that of PBS without thieeishmaniacontrols, indicating that this drug somehow
277  affects the mitochondria, the organelles that comswxygen (Figure 9). Whether this
278  effect is due to the respiratory chain remainsgalétermined.

279  Dithionite was used as a positive control for thelgion of oxygen concentration in the
280 medium. For a mitochondrial damage positive conaaroup of parasites was treated with
281  sodium cyanide during two hours. In the caséd@f the decreased oxygen consumption,
282 fall the fluorescence. In the case of treatmenhwitanide, a similar effect was observed
283 (Table 8).

284  Effect of H2 on thelLeishmaniamitochondria. Mitotracker green is a fluorochrothat
285 joins the mitochondria independent of their powntiMitochondria are stained at

286 nanomolar concentrations of Mitotracker Green ®EMFluorescence results from the
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accumulation of lipids in the mitochondria and pates if the cells have active
mitochondria. If no fluorescence is observed, thi@echondria and cells are not viable, i.e.,
the cells are undergoing cell death.

Propidium iodide is a fluorescent molecule thatioalates between DNA and RNA bases
and is commonly used in quantitative tests of DN#tent. Propidium iodide cannot
permeate the cell membrane of healthy cells.

L. mexicanapromastigotes that were untreated showed intemsengfluorescence, as
expected, and practically no parasite red stain atserved, indicating that the cells were
viable and the mitochondria were fully functional.

When the promastigotes were subjected to diffecententrations of thel2, the intense
Mitotracker green FM fluorescence was not obsema®dheH2 concentration increased,
and the propidium iodide fluorescence was obseinveli;ating parasite death (Figure 10).
2.3.4. Cytotoxic effect &2 on eukaryotic cells

The cytotoxicity ofH2 was analyzed and compared with others antiparasiinpounds
(nifurtimox and pyrimethamine). At a concentrati@nl00uM, H2 was slightly cytotoxic
compared with the solution without the compoundy@Fé 11). The cytotoxicity observed
in the vehicle solution should be due to DMSO. Tested concentration (100M) is
higher than the I§ againstL. mexicana.Furthermore, evaluations were conducted to
determine the influence of compounds on the mei@lagtivation of cells. In Figure 12, it
can be seen that the pyrimethamine not affect te@lolic activity of cells, similar to
control. Compound42 had an activity of 82%, slightly more toxic thagrimethamine.
Moreover, cells exposed to nifurtimox presented2864metabolic activity, indicating

toxicity of this compound.
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The cytotoxicity was also evaluated in macrophages)g the Alamar Blue indicator. In
this evaluation the cells remained viable afterh?2dt all concentrations compared to the
control. This reinforces the hypothesis that thengoundH2, is not cytotoxic (Figure 12).
These results hold the interest to continue studthe compounti2 as anti-protozoan.
Electrochemical studies

Electrochemical studies were carried out to evaltia importance of the redox process on
the biological activity, particularly with compousndontaining the ferrocene moiety. We
found that the half-wave potential of ferrocene clzinged in the molecules.

It is important mentioning that of all of the comymals,H2 is oxidized most easilyH2 has
an oxidation potential of -0.086 V (IA), and thegnaude of the current intensity observed
in this process is three times higher than thos&A®® and the other compounds. That
could be very important for the biological activifffigure 13). We propose that the
nitrogen in position 1 of quinazoline nucleus isdized because this is the location of the
highest electron density (Figure 14).

The presence of the ferrocene group is importanttie biological activity, which is
demonstrated by the parasite growth inhibition edusy ferrocene anldBC. However, for
ferrocene derivatives, the oxidation potential lné tFc/FC couple does not substantially
change (Table 9); therefore, the difference invégtibetween them results from the
modification of the quinazoline nucleus.

3. Conclusions

Leishmaniasis has become a health issue due tdigis incidence, especially in
underdeveloped countries. There is an urgent neetkevelop molecules that can better
treat the disease because existing molecules rena@rie inefficient. In this study, we have

two new antileishmanial agentsl{ and H4). The first presented the most pronounced



334

335

336

337

338

339

340

341

342

343

344

345

346

347

348

349

350

351

352

353

354

355

356

potency and activity against promastigotes and agwss stages of parasite. The results
demonstrated that leishmanicidal activityk2 is due to multiple mechanisms of action,
which are the most significant advantage of thidemwae, because they could reduce the
likelihood of the parasite developing resistance.isl interesting to note that this
antiparasitic effect is largely due to the presentdhe ferrocene group. This moiety
affords distinct characteristics to the moleculemarily as result of the readily oxidized
iron atom. Previous studies have shown that theodene group can produce ROS,
principally hydroxyl radicals, to exert its effe&tdditionally, the quinazoline-2,4-diamine
scaffoldis required for biological activity, as demonstchat®y the poor biological activities
of HO2, HO4, H2A andFBC. In this sense, the exocyclic amino groups mustkebened
because they are to contribute to receptor int@ractt is worth mentioning that?2 is
electrochemically oxidized more easily with respesther quinazoline derivatives,
indicating that the mechanism of action involvey@e of redox reaction. Regarding the
inhibition of DHFR or PTR is still involved, but is not the primary mechanism of action
of this compound because the consequences of éheymatic inhibition would require
several hours for their displaij2 initiates its biological action from the first hoafter
being applied to parasites.

Other possibility is that the mitochondria are \aelly affected during the action bf2. The
decrease in oxygen consumption (similar to thaeoksd with cyanide) clearly indicates
the relationship of the mechanism to inhibitiontleé respiratory chain, which results in
apoptosis of the parasite. However, more studieseqquired to identify the extent of this
influence on mitochondrial function. Furthermoree tfact that the promastigotes become

permeable to propidium iodide is an indicator & tell membrane damage causedzy



357  We are currently clarifying these hypotheses. Auralast, in cytotoxicity studies$i2 did

358 not showed severe toxicity in eukaryotic cells.

359 In regard toH4, which also presented an interesting activity, aeeld indicate that
360 likely it has a good interaction with its receptmwing to the substituent lipoid that
361 constitutes. Its mechanism of action may be diffefeom H2 because it does not
362 present in its structure the ferrocene entity, idntiparasitic effect is manifested after
363 24 h of exposure. We will focus on studying in deealetail the mechanism of activity
364 and optimization of this compounds in the future.

365 Finally, we emphasize that there are new opporasmio develop novel drugs that are
366 more active against intracellular parasites, sl eshmania, and that present only
367 low toxicity to the host. The results presentedhis study advance the fight against
368 orphan parasitic diseases, which often cause death.

369 4. Experimental section

370 3.1Chemistry

371  Melting points were determined in open capillaries with a Blichi B-540 melting point
372 apparatus and are uncorrected. Reactions were onexhiby TLC on 0.2 mm precoated
373 silica gel 60 F254 plates (E. Merck) and were Jiged by irradiation with a UV lamp.
374  Silica gel 60 (70-230 mesh) was used for columromiatography. IR spectra were
375  recorded with a FT Perkin Elmer 16 PC spectromenekBr disks."H NMR spectra were
376 measured with a Varian EM-390 (300 MHz) spectromeBhemical shifts are given in
377  ppm relative to tetramethylsilane (M8, 6 = 0), andJ values are given in Hz. Splitting
378 patterns have been designated as follows: s, sirgjleloublet; g, quartet; dd, doublet of
379  doublet; t, triplet; m, multiplet; br. s, broad giet. MS data were recorded on a JEOL JMS-

380 SX102A spectrometer by FAB [(FAB(+)]. Elemental bsa&s (C, H, N) for the new
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compounds were performed on a Fisons EA 1108 im&tnt and were within +0.4% of the
theoretical values of the proposed structures. ddtalytic hydrogenation reactions were
carried out in a Parr shaker hydrogenation appsrafthe starting materials 5-
nitroanthranilonitrile, guanidine hydrochloride, daraniline are commercially available
(Sigma Aldrich).

The percent purity for compoundsl, H2, H3, H4, H5, H2A, HO2, HO4 andFBC was
calculated by chromatographic analysis. Standalatisos of all of the compounds were
dissolved in methanol grade HPLC, and the volummjettion was 20 pL. The methanol
and acetonitrile used for the mobile phase werehwbmatographic grade (J.T. Baker,
Phillipsburg, NJ, U.S.A). Water was deionized arsiosed using a Milli-& system
(Millipore, Bedford, MA, U.S.A). The phosphates weof analytical grade. The HPLC
system consisted of a Waters Alliance 2695 sdparatodule autosampler and a 2489
dual A absorbance UV/Visible detector coupled with Empdwé software (Waters,
Milford, MA, U.S.A). The analytical column was arcénti§’ RP-Amide column (150 mm
X 4.6 mm ID, particle size 5 um) (Supelco, Sigma#h, U.S.A) protected by a
compatible guard column. The mobile phase consistelD mM phosphate buffer at pH
3.3 and acetonitrile (60:40 v/v). The assay ruretwas 8 min with a flow rate of 1.00
mL/min, and it was carried out at 30 °C. Absorbawes measured at 240 and 272 nm.
4.1.1. 5,6-dicloro-1-(2,2-dietoxiethyl)-2-(trifluomethyl)-1H-benzimidazolé&)(
CompoundG2 (1.43 g, 3.8 mmol) was reacted with 2-bromo-1dtithxyethane (5.7 mol)
and sodium carbonate (1.19 g, 11.23 mmolNjh-dimethylformamide (1 mL) at 110 °C
for 10 h. Then, the reaction mixture was pouredald water, and the solid was filtered and

dried. Recrystallization of the powder from &b yielded cream-colored crystalg)(
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(2.93 g, 92%, Mp: 76.8-77.6 °C), TLC (hexane/Cki&hyl acetate = 50/35/1%} = 0.65.
IR (KBr): 3437 (C-H), 1133 (C-0), 1121 (C-F), 10{&-Cl). 'H NMR (DMSO-dg): 1.09 (t,
J=7,6H, CH), 3.41 (mJ,=9,J, = 7, 2H, OCH), 3.74 (m,J, = 9, J, = 7, 2H, OCH),
4.33 (d,J = 5, 2H, NCH), 4.66 (t,J = 5, 1H, OCHO), 7.79 (s, 1H, CH, aromatic), 7.89 (s,
1H, CH, aromatic)*C NMR (DMSO4d): 15.20, 48.77, 64.65, 101.72, 114.27, 120.20,
122.34, 128.21, 129.79, 135.53, 140.11, 142.09].Atecd for G,H13Ns0,: C, 46.61; H,
2.93; N, 27.18. MS (+FAB) m/z = 371 (M+1).

4.1.2. [5,6-dichloro-2-(trifluoromethyl)-1H-benzidazole-1-yl]acetaldehyde 2
Compoundl (1 g, 2.7 mmol) was dissolved en &, (4 mL) and reacted with a solution 1
M of BBr3 in CHCl, (10.77 mL, 10.77 mmol). Then, the reaction mixtweas transferred
into cold water, and the solution was extractedhwihyl acetate (three portions of 50 mL).
The organic layer was concentrated and yieldedrla @l which was immediately used in
the next reaction (1.93 g, 99%) (TLC, hexane/Cifithyl acetate = 50/35/18 = 0.51).
4.1.3. 6-nitroquinazoline-2,4-diamir{8)

Sodium hydroxide (3.4 g, 85 mmol) was added to latism of guanidine hydrochloride
(3.65 g, 38 mmol) in ethanol, and the reaction stased for 20 min at room temperature.
The solution was then stirred under reflux for @vith 5-nitroanthranilonitrile (5 g, 31
mmol) in 1-propanol (40 mL). Then, the reaction taie was cooled to &C. The solid was
filtered off, washed with cold water, washed withiccethanol and dried. An orange solid
product was obtained (5.4 g, 86%, Mp: 360 °C), T{ZXbutanol/acetic acid/water =
80/20/5)R: = 0.4. IR (KBr): 3464 and 3440 (N-H), 1614 (C-Hpamatic), 1325 (N@). H
NMR (DMSO-dg): 6.77 (s, 2H, NH), 7.22 (d,J = 9, 1H, aromatic), 7.86 (s, 2H, N}18.21

(dd, J; = 3, J, = 9, 1H, aromatic), 9.08 (dl = 3, 1H, aromatic)}*C NMR (DMSO+):
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108.84, 121.92, 124.87, 126.63, 139.12, 157.28,.0063163.025. Anal. Calcd for
Ci12H13NsO2: C, 46.83; H, 3.44; N, 34.13.

4.1.4. N-[2-(acetylamino)-6-aminoquinazolin-4-yliamide(4)

Compound3 (1 g, 4.87 mmol) and acetic anhydride (1 mL) wesated at 100C for 12 h.
Then, the reaction mixture was poured into coldewaand the solid was filtered off,
washed with cold water at pH 7 and dried. A yellenlid (3a) was obtained (0.89 g, 65%,
Mp: 278 °C), TLC (CHGIMeOH = 60/40)R:= 0.8. Anal. Calcd for GH11NsO4: C, 49.83;
H, 3.83; N, 24.21. Found: C, 49.99; H, 3.11; N343.

The catalytic reduction dda (0.5 g, 1.73 mmol) with hydrogen and Pd/C (10%pP%0g)
was carried out on a Parr assembly at 60 psi a temperature for 1 h. The catalyst was
then removed by filtration, and the filtrate wasicentrated on a rotavapor under reduced
pressure to yield (0.34 g, 76%, Mp = 238 °C), TLC (CH{MeOH = 60/40)R:= 0.67. IR
(KBr): 3353 and 3230 (N-H):‘H NMR (DMSO-<s): 2.2 (s,3H, CHy), 2.34 (s, 3H, CHh),
5.61 (br. s, 2H, Nb), 7.04 (d,J = 3, 1H, aromatic), 7.28 (dd; = 8, J, = 3, 1H, aromatic),
7.5 (d,J = 8, 1H, aromatic), 10.46 (br. s, 1H, NH amide),20(br. s, 1H, NH amide}’C
NMR (DMSO-dg): 24.51, 102.37, 116.82, 126.02, 127.48, 145.46,35, 150.08, 156.08,
169.18, 170.73. Anal. Calcd fori£113NsO.: C, 55.59; H, 5.05; N, 27.01. Found:C, 57.0;
H, 4.52; N, 25.20.

4.1.5. 2-amino-6-nitroquinazolin-4(3H)-oi(®)

Compound3 (2 g, 9.7 mmol) was refluxed in 75 mL of HCI (6 fdy 2 weeks. The solution
was then cooled and adjusted to pH 7 with a sadrablution of NgCOs. The solid was
filtered and washed repeatedly with water. A yelleolid was obtained (1.5 g, 75%, Mp:
351.5-352.5 °C), TLC (CH@MeOH = 80/20)R; = 0.53. IR (KBr): 3572 and 3437 (N-H),

1704 (C=0), 1330 (N§). ‘*H NMR (DMSO-ds): 7.06 (br. s, 2H, Nk), 7.28 (dJ= 9, 1H,
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aromatic), 8.30 (dd}; = 3,J,=9, 1H, aromatic), 8.61 (d,= 3, 1H, aromatic), 11.74 (br. s,
1H, NH); ®C NMR (DMSO4dg): 116.71, 123.13, 125.23, 127.76, 141.05, 154188,84,
162.04. Anal. Calcd for sH1aNsOz: C, 46.61; H, 2.93;N, 27.18. Found:C, 47.0; H,12.7
N, 28.12.

4.1.6. 4-amino-6-nitroquinazolin-2(1H)-o1é)

Urea and 5-nitroantranilonitrile (2 g) were heas¢d 60 ° C for 2 hours with agitation. The
mixture was then transferred into cold water. Tokdswas filtered and washed repeatedly
with water. A yellow compound was obtained (0.347¢%, Mp: 351.7- 354.4 °C), TLC
(CHCl/MeOH = 80/20)R; = 0.82. IR (KBr): 3444 and 3333 (N-H), 1703 (C=Qg17
(NO,). *H NMR (DMSO<g): 7.24 (d,J= 9, 1H, aromatic), 8.09 (br. s, 2H, MH8.37 (dd,
Ji= 2,3, =9, 1H, aromatic), 9.07 (d,= 2, 1H, aromatic), 11.29 (br. s, 1H, NHCGjC
NMR (DMSO-dg): 108.22, 116.29, 122.19, 128.96, 131.89, 141124,67, 156.09, 163.73.
Anal. Calcd for G;H13NsOy: C, 46.61; H, 2.93; N, 27.18. Found: C, 45.64;244; N,
28.01.

4.1.7. Synthesis of compourtdis, H2, H3, H4 andH5

A solution of the appropriate aldehyde (1.6 mmaijl @ompoundt (0.4144 g, 1.6 mmol)
in methanol (80 mL) was stirred at 60 °C for 2 daysen, the reaction mixture was cooled
to 0 °C, and NaBHK (0.09 g, 2.37 mmol) was added. Subsequently, ¢hetion mixture
was stirred at room temperature for 12 h. Next réaetion mixture was concentrated on a
rotavapor apparatus under reduced pressure, addwatker was added. The solid was
filtered off, washed with cold water and dried.

4.1.8. N-(4-nitrobenzyl)quinazoline-2,4,6-triamink {)

Red powder (0.41 g, 82%, Mp: 215-218 °C). TLC (2dowol/acetic acid/water = 80/20/5)

R = 0.54. IR (KBr): 3369 (N-H), 1517 (-N@ *H NMR (DMSO-ds): 4.45 (d,J = 6, 2H,
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CHy), 5.71 ( br. s, 2H, N§J, 6.25 (t,J = 6, 1H, NH), 7.03 (m, 5H, NHC-H quinazoline),
7.67 (d,J = 8,2H, p-nitrobenzyl), 8.21 (d] = 8, 2H, p-nitrobenzyl);*C NMR (DMSO-ds):
46.16 (CH), 100.66 (CH, quinazoline), 110.93 (C, quinazg|jri3.17 (CH, quinazoline),
123.32 (CH, p-nitrobenzyl), 128.44 (CH, p-nitrobghz 142.35 (C-NH, quinazoline),
144.44 (C, quinazoline), 146.36 (C, p-nitrobenzyi}8.91 (C-NG@), 158.18 (C-NH,
guinazoline), 161.435 (C-NH quinazoline); Anal. Calcd for 6H14NsO2: C, 58.06; H,
4.55; N, 27.08. Found: C, 57.0; H, 4.52; N, 25RABLC purity of 99.9% (retention time =
3.841 min).

4.1.9. N-(ferrocenmethyl)quinazolin-2,4,6-triamini Z)

Dark yellow powder (62%, Mp: 210.6-211 °C). TLC-K@tanol/acetic acid/water =
80/20/5)R; = 0.53. IR (KBr): 3393 (N-H), 1613 (C-N), 823 (C-tdrrocene).'H NMR
(DMSO-tg): 3.98 (t,J = 6,2H, CH,), 4.12 (s, 2H, ferrocene), 4.20 (s, 5H, ferroceded2
(s, 2H, ferrocene), 5.68 (§, = 6, 2H, NH), 6.23 (s, 2H, Nk), 7.03 (m, 3H, aromatic
quinazoline), 11.24 (br. s, 1H, NH}*C NMR (DMSOds): 43.01 (CH), 67.33 (CH,
ferrocene), 68.40 (CH, ferrocene), 86.10 (C, feerm), 100.25 (CH, quinazoline), 110.73
(C, quinazoline), 123.52 (CH, quinazoline), 124 @%H, quinazoline), 142.84 (C-NH,
quinazoline), 145.11 (C-NH, quinazoline), 158.34N#,, quinazoline), 161.48 (C-NH
guinazoline) Anal. Calcd for GoHi9FeNs: C, 61.14; H, 5.13; N, 18.76. Found: C, 61.14; H,
4.92; N, 18.03. HPLC purity of 99.9% (retention &im 3.947 min). The X-ray structure
was determined.

4.1.10. N-{2-[5,6-dichloro-2-(trifluoromethyl)-1H-benzimidak1-yl]ethyl}quinazoline-
2,4,6-triamine A 3)

Brown powder (0.62 g, 85%, Mp: 133-136 °C), TLC b@&anol/acetic acid/water =

80/20/5)Rs = 0.59. IR (KBr): 3350 (N-H), 1273 (C-N), 742 (Q:FH NMR (DMSO-d):
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3.53 (br. s2H, CHy), 4.55 (br. s, 2H, Ch), 5.61 (s, 1H, NH), 5.65 (s, 2H, NH 6.84 (s,
1H, quinazoline), 7.07 (m, 4H, NHCH quinazoline), 7.92 (br. s, 1H, benzimidazo&),3
(s, 1H, benzimidazole)**C NMR (DMSOds): 42.89 (CH), 44.21 (CH), 100.21 (CH,
quinazoline), 110.67 (C, quinazoline), 114.29 (CHenzimidazole), 117.29 (C,
benzimidazole), 121.91 (C-H, benzimidazole), 123(ZH, quinazoline), 124.89 (CH,
quinazoline), 126.31 (C-Cl, benzimidazole), 127 @&3Cl, benzimidazole), 135.31 (C,
benzimidazole), 139.76 (C-G) 140.00 (Ck), 141.80 (C-NH, quinazoline), 144.45 (C,
guinazoline), 156.66 (C-Nilquinazoline), 161.98 (C-Niquinazoline). MS (+FAB) m/z
= 456 (M+1); HRMS (+FAB) calcd for fgH1sCloF3N7. 456.07. Found: 456.07. HPLC
purity of 99.9% (retention time = 3.188 min).

4.1.11. N-(4-methoxybenzyl)quinazoline-2,4,6-triamikid)

Yellow powder(0.19 g, 40%, Mp: 204.1-205.2 °C). TLC (CHM®IeOH = 80/20)R; =
0.73. IR (KBr): 3450 and 3328 (N-H), 1639 (C-N),684and 1563 (C=C Ar), 1243 (C-O-
C); 'H NMR (DMSO-ds) ppm: 3.72 (s, 3H, C¥), 4.20 (d.J = 6, 2H, CH), 5.53 (br. s, 2H,
NH,), 5.81 (t,J = 6, 1H, NH), 6.89 (dJ = 9, 2H, p-methoxybenzyl), 6.96 (br. s, 3H, NH
CH quinazoline), 7.03 (m, 2H, CH quinazoline), 7(85J = 9, 2H, p-methoxybenzyl}>C
NMR (DMSO-ds): 46.69 (CH), 55.45 (CH-O), 100.89 (CH, quinazoline), 111.15 (C,
quinazoline), 114.02 (CH, p-methoxybenzyl), 123.@&IH, quinazoline), 125.35 (CH,
quinazoline), 129.42 (CH, p-methoxybenzyl), 132(&€1 p-methoxybenzyl), 143.26 (C-
NH, quinazoline), 145.37 (C, quinazoline), 158.57@, p-methoxybenzyl), 158.70 (C-
NH,, quinazoline), 161.85 (C-Ni quinazoline). MS (+FAB) m/z = 296 (M+1); HRMS
(+FAB) calcd for GeH1gNs0: 296.15. Found: 296.1%PLC purity of 99.9% (retention
time = 3.597 min).

4.1.12. 4-{[(2,4-diaminoquinazolin-6-yl)amino]metjphenol H5)



523  Yellow powder (0.36 g, 79%, Mp: 192.1-193.7 °C).A(CHCk/MeOH = 70/30)R; =
524  0.65. IR (KBr): 3355 (OH), 3206 (NH), 1626 (CN),68tand 1568 (C=C Ar)}H NMR
525 (DMSO-dg): 4.14 (d,J = 3, 2H, CH), 5.51 (br. s, 2H, Nb}, 5.70 (t,J = 3, 1H, NH), 6.73
526 (d, J = 8, 2H, p-hydroxybenzyl), 6.96 (br. s, 3H, NHCH quinazoline), 7.03 (m, 2H,
527  quinazoline), 7.22 (dJ = 8, 2H, p-hydroxybenzyl), 9.23 (br. s, 1H, OHJC NMR
528 (DMSO-dg): 47.01 (CH), 101.79 (CH, quinazoline), 110.78 (C, quinazo)jrie5.45 (CH,
529  p-hydroxybenzyl), 124.31 (CH, quinazoline), 126.(H, quinazoline), 129.48 (CH, p-
530 hydroxybenzyl), 130.10 (C, p-hydroxybenzyl), 144(ZtNH, quinazoline), 156.79 (C-O,
531  p-hydroxybenzyl), 159.71 (C-NH 162.49 (C-NH, quinazoline); MS (+FAB) m/z = 282
532 (M+1); HRMS (+FAB) calcd for @GH1gNsO: 282.13. Found: 282.13. HPLC purity of 92 %
533 (retention time = 3.081 min).

534  4.1.13. N-{2-(acetylamino)-6-[(ferrocenmethyl)anta]nazolin-4-yl}acetamide{2A)

535 A solution of ferrocencarboxaldehyde (0.5317 g82wmol), compound (0.5850 g, 2.25
536 mmol), and acetic acid (one drop) MiN-dimethylformamide (1 mL) was stirred at 85 °C
537  for 1 h. Then, the reaction mixture was cooled t&€pand NaBH (0.09 g, 2.43 mmol) was
538 added. Subsequently, the reaction mixture wasedtiat room temperature for 12 h. Then,
539 the reaction mixture was concentrated on a rotavapparatus under reduced pressure, and
540 cold water was added. The solid was filtered ofislaed with cold water and dried. Yellow
541  powder (0.495 g, 48%, Mp: 218.3-220.9 °C). TLC (GKaeOH = 80/20)R: = 0.76. IR
542 (KBr): 3369 and 3244 (N-H), 1693 y 1668 (C=0), §Z5H ferroceno)’H NMR (DMSO-
543  dg): 2.2 (s, 3H, CH), 2.49 (s, 3H, Ch), 4.1 (d,J = 6, 2H, CH), 4.13 (t,J = 2, 2H,
544  ferrocene), 4.22 (§H, ferrocene), 4.34 (] = 2, 2H, ferrocene), 6.17 @,= 6, 1H, NH),
545  7.10 (d,J= 2, 1H, quinazoline), 7.4 (dd,= 9,J= 2.4, 1H, quinazoline), 7.47 (d= 9, 1H,

546  quinazoline), 10.52 (br. s, 1H, NH amide), 10.2 &rlH, NH amide)**C NMR (DMSO-
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ds): 24.38 and 25.31 (Ciamide), 42.40 (Ch), 67.43 (CH, ferrocene), 68.43 (CH,
ferrocene), 85.55 (C, ferrocene), 97.99 (CH, quiae), 115.45 (C, quinazoline), 125.86
(CH, quinazoline), 127.13 (CH, quinazoline), 145.(0-NH, quinazoline), 146.13 (C,
quinazoline), 149.87 (C-amide, quinazoline), 15568NHCO, quinazoline), 169 (C=0,
amide), 171.75 (C=0, amide). EM-[FAB(+)] m/z=457.RMS (+FAB) calcd for
CasH24FeNsO,: 457.1196. Found: 457.1170. HPLC purity of 99.9%gntion time = 3.435
min).

4.1.14. 2-amino-6-[(4-ferrocenylmethyl)amino]quinéz-4(3H)-one HO4)

The catalytic reduction of (1 g, 4.85 mmol) with hydrogen and Pd/C (10%) (§)was
performed on a Parr assembly at 60 psi at room eestyre for 1 h. The catalyst was
filtered off, and the filtrate was concentrated arrotavapor apparatus under reduced
pressure. A light brown compound (0.6 g) was olet@diéda, yield= 70%), and it rapidly
darkened; therefore, it was used immediately. Aitsmh of ferrocencarboxaldehyde (0.21
g, 0.9813 mmol) and the compound obtained fromattw/e reductiond@) (0.15 g, 0.8514
mmol) in methanol (80 mL) was stirred at 60 °C2atays. Then, the reaction mixture was
cooled to 0 °C, and NaBHO0.064 g, 1.69 mmol) was added. Subsequentlyyehetion
mixture was stirred at room temperature for 12 ke, the reaction mixture was
concentrated on a rotavapor apparatus under requesdure, and cold water was added.
The solid was filtered off, washed with cold waded dried. Brown powder (0.030 g, 10%,
Mp: 171.2-173.1), TLC (CHGIMeOH = 80/20)R = 0.6. IR (KBr): 3410 (N-H), 1644
(C=0), 825 (C-H ferrocenefH NMR (DMSO-dg): 3.99 (d,J = 6, 2H, CH,), 4.12 (br. s,
2H, ferrocene), 4.18 (s, 5H, ferrocene), 4.26 ghr2H, ferrocene), 5.64 @,= 6, 1H, NH),
5.9 (br. s,2H, NH,), 7.02 (m, 3H, CH quinazoline), 10.78 (br. s, H#HCO). **C NMR

(DMSO-tg): 42.77 (CH), 67.26 (CH, ferrocene), 68.26 (CH, ferrocene),188(CH,



571  ferrocene), 86.28 (C, ferrocene), 104.28 (CH, cgoihiee), 117.62 (CH, quinazoline),
572  122.33 (CH, quinazoline), 133.40 (C, quinazoline}3.99 (C, quinazoline), 151.62 (C-
573 NHj), 166.48 (C=0). EM-[FAB(+)] m/z=375. HRMS (+FABalcd for GoHigFeN,O:
574  375.0903. Found: 375.0865. HPLC purity of 98 %sd(néibn time = 4.364 min).

575  4.1.15. 4-amino-6-[(4-ferrocenylmethyl)amino]quinaa-2(1H)-one HO2)

576  The catalytic reduction d (1 g, 4.85 mmol) with hydrogen and Pd/C (10%) @) was
577 performed on a Parr assembly at 60 psi at roomeestyre for 1 h. The catalyst was then
578 filtered, and the filtrate was concentrated ontavapor apparatus under reduced pressure.
579 A light brown compound (0.3 g) was obtaineBa,( 35%), and it rapidly darkened;
580 therefore, it was used immediately. A solution tué aippropriate aldehyde (0.21 g, 0.9813
581  mmol) and the compound obtained from the aboveaténiu 5a) (0.15 g, 0.8514 mmol) in
582 methanol (80 mL) was stirred at 60 °C for 2 day®er, the reaction mixture was cooled to
583 0 °C, and NaBH (0.09 g, 1.5 eq.) was added. Subsequently, thetioeamixture was
584  stirred at room temperature for 12 h. Then, thetiea mixture was concentrated on a
585 rotavapor apparatus under reduced pressure, addwaiker was added. The solid was
586 filtered off, washed with cold water and dried. 8ropowder (0.040 g, 13%, Mp: 186.3-
587  187.7 °C), TLC (CHGIMeOH = 80/20)R; = 0.27. IR (KBr): 3366 and 3366 (N-H), 1628
588 (C=0), 826 (C-H ferrocenefH NMR (DMSO-dg): 3.97 (d,J = 5, 2H, CH,), 4.13 (br. s,
589  2H, ferrocene), 4.23 (s, 5H, ferrocene), 4.34 §b2H, ferrocene), 5.47 d,= 5, 1H, NH),
590 6.94 (d,J =7, 1H, CH, quinazoline), 7.01 (d,= 7, 1H, CH, quinazoline), 7.07 (s, 1H, CH,
501  quinazoline), 7.73 (br. s, 2H, N4 10.44 (br. s, 1H, NHCO}3C NMR (DMSO«ds): 43.28
592 (CH,), 67.85 (CH, ferrocene), 68.88 (CH, ferrocene),669(CH, ferrocene), 86.37 (C,
503 ferrocene), 103.02 (CH, quinazoline), 116.08 (Ctingzoline), 123.18 (CH, quinazoline),

504  144.06 (C, quinazoline), 156.37 (C=0), 160.89 (C:,NHEM-[FAB(+)] m/z=375. HRMS
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(+FAB) calcd for GoHioFeN,O: 375.0903. Found: 375.0865. HPLC purity of 99.9%
(retention time = 3.604 min).

4.1.16. N-ferrocenylmethylanilin€BC)

A solution of ferrocencarboxaldehyde (0.15 g, Omiat) and aniline (0.072 g, 0.77 mmol)
in methanol(30 mL) was stirred at 60 °C during ¥sdal'hen, the reaction mixture was
cooled to 0 °C, and NaBHO0.080 g, 2.11 mmol) was added. Subsequentlyyehetion
mixture was stirred at room temperature for 12 kher, the reaction mixture was
concentrated on a rotavapor apparatus under reguesdure, and cold water was added.
The solid was filtered off, washed with cold waded dried Brown powder (0.089 g, 40%,
Mp: 84.9-85.3 °C). TLC (hexane/ethyl acetate = 8DR = 0.67. IR (KBr): 3369 and 3244
(N-H), 1693 and 1668 (C=0), 825 (C-H ferrocerié).NMR (DMSO-s): 3.95 (d,J = 3,
2H, CH,), 4.09 (br. s, 2H, ferrocene), 4.18 %], ferrocene), 4.26 (br. s, 2H, ferrocene),
5.60 (br. s, 1H, NH), 6.51 (§,= 6, 1H, aromatic), 6.64 (d,= 9, 2H, aromatic), 7.47 (§,=

6, 2H, aromatic)>*C NMR (DMSO«): 42.23 (CH), 67.24 (CH, ferrocene), 68.40 (CH,
ferrocene), 86.47 (C, ferrocene), 112.12 (CH, neeiifine), 115.59 (CH, para-aniline),
128.77 (ortho-aniline), 148.68 (C-NH, aniline). HMAB(+)] m/z=291. HRMS (+FAB)
calcd for G/HigFeN 291.0705. Found: 291.0690.

4.2. X-ray crystallographic

TheH2 crystal obtained from ethanol was mounted on ssglider and was studied with an
Oxford Diffraction Gemini "A" diffractometer with &CD area detectotfokq = 0.71073
A, monochromator: graphite) source equipped witealed tube X-ray source at 130 K.
The unit cell constants were determined with acfet5/3 narrow frame/run (1° i)

scans. A data set consisted of 303 frames of iitjedata collected with a frame width of
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1° in w, a counting time of 25 s/frame, and a crystal-dtedtor distance of 55.00 mm. The
double pass method of scanning was used to exelug@oise. The collected frames were
integrated using an orientation matrix determineaimf the narrow frame scan3he
CrysAlisPro and CrysAlis RED software packages wesed for data collection and data
integration [25].Analysis of the integrated data did not show angagle The final cell
constants were determined by a global refinemer@l196 reflections§ < 26.06 °). The
collected data were corrected for absorbance uamgnalytical numerical absorption
correction, which employs a multifaceted crystaldelobased on expressions of the Laue
symmetry using equivalent reflections [2@tructure solution and refinement were
performed with the following programs: the SHELXL®rogram for molecular graphics,
the ORTEP-3 program for Windowand the WinGX software for the preparation of
materials for publication [27,28,29].

The full-matrix least-squares refinement was cotetliby minimizing(Fo? - F¢?)% All of
the non-hydrogen atoms were refined anisotropicalie H atoms of the methanol solvent
(H-O) and the amine group (H-N) were located in ifecence map and refined
isotropically with aUiso(H) value of 1.5 and 1.PJ¢q for (O) and (N), respectively. The H
atoms attached to C atoms were placed in geomlgtridaalized positions and refined as
riding on their parent atoms, with C—H = 0.95 —DA with Uis, (H) = 1.2Je(C) for
methylene and aromatic groups, g (H) = 1.5Ue(C) for the methyl group. The crystal
data and experimental details of the structurerdetations are listed in Table 5.

4.3. Modeling studies

To construct DHFR_eishmania majqgrthe Trypanosoma cruzénzyme (ID-PDB: 2H2Q

Key) was used as the template. First, the amindsasiere corrected with the Modeler
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program [30].Classical MD simulations were performed using th&MD2.6 program
using the CHARMMZ27 force field, and water moleculssre added using the VMD
program [31,32]The structure was neutralized with 4 sodium iotsrdfeing immersed in
a TIP3P water box containing 9249 water moleculég. equilibration protocol began with
1500 minimization steps followed by 30 ps of MDBAD K with fixed protein atoms. Then,
the entire system was minimized for 1500 step$® (&} and then heated gradually from 10
to 310 K by temperature reassignment during thet 0 ps of 100 ps equilibration
dynamics without restraints. The final step wasOap8 NTP dynamics using the Nose-
Hoover Langevin piston pressure control 28 at 318nK 1.01325 bar for density (volume)
fitting. From this point, the simulation was contéd in the NTV ensemble during 5 ns.
The periodic boundary conditions and the particeesinEwald method were applied for a
complete electrostatics calculation. The dielectniater constant was used, and the
temperature was maintained at 310 K using Langeéyiramics. The structure was allowed
to converge, which was reached at 10 ns. A snapshsetobtained at this time for the
computational docking.

The docking was also performed for PTR from thacitire for this enzyme obtained after
crystallization with triaminoquinazoline (ID-PDBWOC), which also validated the study.
The program AutoDock4 was used [38jor the docking of both proteins, the water
molecules were removed, and the active site wareatkas all of the residues within a grid
of 60 A° x 60 A° x 60 A° centered in the activeesitvith an initial population of 100
randomly placed individuals and a maximum numbet.6fX 10energy evaluationghe
compounds for docking were drawn in Gauss view B&fore docking, the compounds
were subjected to energy minimization using theridybunctional B3LYP with a 6, 31

G(d,p) basis set. The crystallographic structures iaken as the starting point for
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construction of the compounds. These construct® wenimized using the Gaussian 03
program. The most stable tautomers were chdoaenassumed that ferrocene has aromatic
character. The values ofylandAG were taken from the conformation with the minimum
energy, and a large jkvalue has been reported elsewhere. This studyvaidated by
comparing the conformation of triaminoquinazolimenf the crystalline structure and the
docking result, which achieved a satisfactory restihe graphics were prepared with
OriginLab, and the figures were prepared with ACB#@Sketch for the structures
(ACD/Structure Elucidator, version 12.01, Advancé&hemistry Development, Inc.,
Toronto, ON, Canada, www.acdlabs.com, 2013) and ®yNbr the proteins and ligands
(The PyMOL Molecular Graphics System, Version 1p2€3 Schrodinger, LLC).

4.4. Biological studies

4.4.1.Antiprotozal activity

The antileishmanial activity was tested in an vitro culture of promastigotes the
Leishmania mexicanstrain MHOM/BZ/61/M379 growing in Dulbecco’s moiifl Eagle’s
medium (DMEM) containing L-glutamine and glucos¢s@D mg per liter), without sodium
bicarbonate (GIBCO, Grand Island, NY), supplementeith 10% fetal calf serum
(GIBCO). The experiments were performed in 24-vpédites for tissue culture by adding
0.5 mL of one of the serial dilutions of the compdsolubilized in a specified solvent (in a
ratio of 1:10 of compound:media) to each well alevith 0.5 mL 2x 16 parasites/mL. The
plates were stored at 26 °C for 72 h. The parad#esity was counted with a
hemacytometer in triplicate.

The effect of the compounds was tested on intmaleellmacrophages as previously
described [34]Briefly, the intracellular parasites were prepatsdthe addition of 10

parasites, with growth at 32 °C to a monocyte mayl in a 24-well plate of peritoneal
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resident macrophages harvested from BALB/c maldtadice. The culture plates were
incubated at 32 °C under an atmosphere of 5% f648 h to allow internalization of the
parasites by the macrophages. The cultures werbedam triplicate with prewarmed
sterile phosphate-buffered saline (PBS) to remoxteaeellular parasites, and 1 mL of
media containing the various concentrations ofctvapound was added to each well. The
plates were returned to 32 °C under an atmospHes&0oCQ, for an additional 24, 48 or
72 h incubation. Then, the compound was removed, faesh medium was added.
Subsequently, the plates were cooled to 26 °C dampte the transformation of the living
parasites to the motile form and to cause thegasg from the macrophages. The parasites
were counted with a hematocytometer 24 h after comg removal.

The results for promastigotes and intracellular stigates were expressed as percentage of
growth inhibition relative to the control. It issal possible to calculate the percent survival
subtracting from 100 the percentage of growth iitiaib.

4.4.2. DHFR inhibition

This experimental study was carried out onitheitro growth assay for promastigotes. The
concentrations evaluated BHR and trimetoprim on the leishmania parasites wér2 oM
and 100uM, respectively. To test DHFR inhibition by folinexcid, ferulic acid and folic
acid, the compounds were incubated with 20 or 100 with 10° leishmania at the
logarithmic phase of growth, washed and resuspemdgdPBS and incubated for 1 h at
room temperature [35].hen, the parasites were centrifuged, the mediaalasnated, and
the parasites were resuspended in the culture naadialistributed in a 24-well platel2,

or trimetoprim, were then added at the desired eotnation, and the plates were incubated

for 48 h. The percentage of living parasites wadsutated using the formula: % AP = 100 x
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(Tc — Tp)/Tecwhere % AP is the percentage of growth inhibiioneach period, and each
compound concentratiofic, is the number of parasites/mL in the control wedisdTp is
the average number of moving parasites/mL.

4.4.3. Measurement of oxygen consumption of thehh®inia parasites

The effects of théd2 treatment on leishmania oxygen consumption weterchined using

a BD™ Oxygen Biosensor System that incorporates an oxggesitive fluorophore into
the wells of an automation-friendly BD Falcon miglate (BD Biosciences, Bedford, MA,
USA). The leishmania promastigotes were depositedth® plate with the indicated
concentration oH2 or the control for 1 or 2 h, and oxygen consumpti@s measured in a
Synergy 2 Microplate Reader (Bio Tek Instruments, IWinooski, VT, USA). Sodium
cyanide was used a positive control for mitochamdddiamage, and dithionite alone was
considered a positive control for the abolition @fygen content in the medium. The
experiments were performed in triplicate. The prstigates ofL. mexicanawere treated
with different concentrations ¢2 for 1 and 2 h. Dithionite was used as a positivetiol
for the abolition of oxygen concentration in thedien; for the mitochondrial damage
positive control, a group of parasites were treatgld sodium cyanide.

4.4.4. Mitochondrial functionality of Leishmaniagomnastigotes in the presencetti

The mitochondrial function of the. mexicanastrain M379 in the presence B2 was
tested using a MitoTracker probe (Invitrogen, Ewge®R, USA) according to the
manufacturer’s instructions. Briefly, the parasitesre washed three times with PBS -
0.1% glucose to prevent cell lysis due to lack wifients. This step maintains the parasites
under optimal conditions before treatment WHR. The parasites were counted with a
hematocytometer chamber and adjusted to 5 Xpa®asites/mL. Serial concentrations of

H2 were added to each well, and after 2 h of treatjiiea parasites were stained with 50
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pg/mL propidium iodide and 200 nM MitoTracker® GreEBM. The preparations were
observed using an epifluorescence microscope. dnctintrol withoutH2, the parasites
showed high fluorescence, which indicates the fanat respiratory process. The parasites
without H2, H2 without Leishmania, sodium cyanide with Leishmaaia H2 alone were
observed for fluorescence, and no fluorescenceolyssrved (data not shown).

4.4.5. Cytotoxicity studies

Method 1. The agar diffusion method (USP <87> opumity test) was used to this
evaluation [36]. The cell line used for testing &9, fibroblast cell from subcutaneous,
adipose and areolar mouse tissues. The L929 cdle werived from ATCC catalog
number CCL-1. Cells were grown in MEM medium suppated with 10% FBS and
incubated at 37 °C under 5% ¢Qas shown in the data sheet ATCC, and until a
monolayer, with greater 80%, confluence, was obthihe agar layer was tin enough to
permit diffusion of test compound solution. Themmpounds were placed on the agar
surface on the cells. Cells cultures were inculfate24 h at 37 °C. Each culture was
examined under microscopic. Positive control wasPU8gh density polyethylene RS.
After 48 hours incubation proceeded to remove dsé ¢compound and the agar layer with
the purpose of determining the metabolic abilitycefis. This capacity was quantified by
the metabolic dye Alamar Blue ®. The cells weraulvated for 6 hours with this dye at 37
° C and 5% C@ and were then quantified in a plate reader by oréas fluorescence
emission of 535 nm and excitation of 595 nm. Akenxations were in triplicate.

Method 2. H2 toxicity on peritoneal macrophages from BALB/c micPeritoneal
macrophages were obtained from healthy BALB/c miegshed twice with PBS,

suspended in DMEM at 105/mL, dispensed in 96 weldge at volume of 10QL. H2,
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solvent, or meglumine antimoniate were added tomblés, as was previously described for
efficacy experiment. Macrophages were incubate®4yh with the test compounds and
then washed. Fresh media was used for additional A8amar blue was added to measure
cell viability. The change in fluorescence were swrad using fluorescence
spectrophotometry. In this case, the reduction h&f tlye comes from macrophages.
Experiments were carried out in triplicate and eg¢pd at least twice.

4.5. Solubility studies.

The solubility was calculated according to Lipipsit al [37]. Compound was dissolved
in DMSO at a concentration of 1@/uL. One microlitre of this solution was added at a
time to a non-chloride solution containing pH 7 gbloate buffer, at room temperature. The
additions of solutions are spaced a minute apatbt& of 14 additions were made. This
correspond to solubility increments of 5 pg/mL ttop value of 65ug/mL when the buffer
volume is 2.5 mL (as in a UV cuvette). If it is atehat precipitation was occurring early in
the addition sequence, the addition was stoppethaowe had two consecutive readings
after the precipitate was detected. Precipitatimm loe detected by an absorbance increase
due to light scattering by precipitated particulataterial in a UV spectrophotometer. In its
simplest implementation, the precipitation pointsvealculated from a bilinear curve fit to
the absorbance versus concentration plot and @texpin mg/mL [37]. Experiments were
carried out in triplicate and repeated at leastéwi

4.6. Electrochemical studies

Electrochemical measurements were performed on tanpostat-galvanostat Autolab
model PAR263A device with a three-electrode systema 0.1 M solution of

tetrabutylammonium hexafluorophosphate f®0F) in DMSO as the supporting
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electrolyte. A carbon glass disc (0.071%mwas used as the working electrode, a Pt wire
was used as the auxiliary electrode, and 0.1 M;NBBI/AgBr(s)/Ag was used as the
reference electrode. The working electrode (C) maisshed with alumina to ensure the
absence of residues on the surface. All of theamothograms were initiated from the open
circuit potential (E0), and the scan was initiated in both the pasitand negative
potential directions. To report the potentials uaedording to the IUPAC convention, the
voltammograms were obtained for approximately’ M solutions of ferrocene (Fc) in a
supporting electrolyte. For the working conditiotise electroactive domain was between -
2.70 and 1.60 V/FeFc. The halfwave potentials were estimated from £ (Eap + Ecp)/2,
where Epand E, are the anodic and cathodic peak potentials, ctispéy.
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Legends

Figure 1. Interaction ofTAQ with PTR1 (ID-PDB: 1WOC).

Figure 2. H2derivatives

Figure 3. ORTEP diagram dfi2 with displacement ellipsoids at 50% probabilitydefor
non-H atoms.

Figure 4. The hydrogen bonds N-HeeeO, N-HeeeN and O-Hee€@dl to an infinite three-
dimensional irH2.

Figure 5. Stable tautomers {02 andHO4 considered for molecular modeling.
Figure 6. RMSD (a) and R-gyration (b) calculations by amaly the stability of DHFR
over time.

Figure 7. Interaction of ferrocene derivatives with DHFR) @nd PTR1 (B).

Figure 8. Effect ofH2 on the promastigotes and intracellular amastigotes

Figure 9. L. mexicanatreated with different concentrations2.

Figure 10. The promastigotes &f mexicanaxposed td12.

Figure 11 Fibroblast exposed to the various compoundsdext24 hours of exposure.
Figure 12 Inhibition of metabolic activation by compoundsA8thours of exposure.
Figure 13 Electrochemical studies fét2 andTAQ in DMSO (A) and culture medium
(B).

Figure 14. Electrostatic potential mapped on the electraeigsity fromH2, a level
B3LYP 6-31G**.

Schemes

Scheme 1Reagents and conditions: (a) 2-bromo-1,1-dietbthane, N2CO;, DMF, 110
°C, 92%; (b) i-BBs, CHyCly; ii-H 20, 99%:; (c) guanidine hydrochloride, NaOH, EtOH-
PrOH, reflux, 86%; (d) acetic anhydride, 110 °C¥®%%e) H, 10% Pd/C, MeOH, r.t. 76%;
(f) MeOH, CHCOOH (a drop), 50 °C, 2 days; (g) 0 °C, NaBtden r.t. for 24 h, 40-90%.
Scheme 2Reagents and conditions: (a) guanidine hydroactdpNaOH, EtOH-PrOH,
reflux, 86%; (b) HCI (2 M), 90 °C, 24 h, 75%; (c)é4, 160 °C, 77% (d) 5110% Pd/C,
MeOH, r.t, 30-70%; (e) MeOH, 60 °C, 1 h; (f) 0 }&BH,, then 24 h r.t. 10-15%; (Q)
DMF, 85 °C, 1 h; (h) 0 °C, NaBjithen 24 h at r.t. under,;dtmosphere, 48%.

Tables

Table 1 Derivatives ofTAQ with antiparasitic moieties.
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Table 2 Selected bond lengths [A] and torsion anglesdfH2.

Table 3. Hydrogen bonds for H2 [A and °].

Table 4. Crystal data and structure refinementHia.

Table 5. Docking results by DHFR and PTR frdmmajor.

Table 6. Activity against the promastigoteslofmexicanaat 24 hours.

Table 7. In vitro evaluation for the inhibition of DHFR pressed as percentage of survival.
Table 8 Percent oxygen consumption for the treatment®fromastigotes before 2
hours.

Table 9.0xidation potential of the ferrocene derivatives.



R _NH Zay
s A
N NH,
Compound R

H1
HZCONOZ
H2 H,C <§ \
e

N Cl
e
N cl
-/

H4

H2C@OCH3
H5

HZC@OH




Fe(1)-C(2)
Fe(1)-C(2)
Fe(1)-C(3)
Fe(1)-C(4)
Fe(1)-C(5)
N(1)-C(11)
N(1)-C(19)
C(1)-C(19)

C(19)-N(1)-C(11)-C(12)
N(1)-C(11)-C(16)-C(15)
C(18)-N(2)-C(17)-N(4)
C(14)-N(3)-C(18)-N(2)
C(14)-N(3)-C(18)-N(5)
C(11)-N(1)-C(19)-C(2)
C(2)-C(1)-C(19)-N(2)
C(5)-C(1)-C(19)-N(1)

2.035(2)
2.044(2)
2.051(2)
2.042(2)
2.045(2)
1.402(3)
1.465(3)
1.498(3)

20.8(3)
-176.1(2)
-179.79(19)
-0.6(3)
179.9(2)
165.1(2)
-106.5(3)
70.2(3)




D-H..A d(D-H) d(H...A) d(D...A) <(DHA)
N(4)-H(@4G)..N(2Q#1 0881(17)  2073(18)  2.953(2) 178(3)
N(1)-H(1F)..O(1C)#2 0.890(18) 2.15(2) 2.984(3) 155(3)
N(5)-H(5F)..O(1A)#1 0.894(17)  2.252(19)  3.126(3) 166(3)
O(1B)-H(1E)..N(3)#3 0.827(18)  1.878(19)  2.701(2) 173(3)

Symmetry transformations used to generate equivalent atoms:

#H1 -x+2,-y,-z  #2 -x+1,-y,-z+1 #3x,y+1,z



Identification code h2-etoh

Empirical formula C25 H37 Fe N5 O3
Formula weight 511.45
Temperature 130(2) K
Wavelength 0.71073 A

Crystal system Triclinic

Space group P-1

Unit cell dimensions a=9.9983(3) A

b =10.8761(4) A
c = 12.9003(5) A
o = 101.074(3)°.
B =101.357(3)".
v = 103.365(3)°.

Volume 1295.92(8) &

z 2

Density (calculated) 1.311 Mghn

Absorption coefficient 0.617 mrh

F(000) 544

Crystal size 0.2994 0.2592 0.2057 fim
Theta range for data collection 3.42 to 26.06°.

Index ranges -12<=h<=9, -10<=k<=13, -15<=I<=15
Reflections collected 9490

Independent reflections 5110 [R(int) = 0.0207]
Completeness to theta = 26.06° 99.7 %

Refinement method Full-matrix least-squares énF
Data / restraints / parameters 5110/8/334
Goodness-of-fit on & 1.069

Final R indices [I>2sigma(l)] R1 =0.0427, wR2 41069

R indices (all data) R1 =0.0528, wR2 = 0.1215

Largest diff. peak and hole 0.790 and -0.6963.A




DHFR PTR

Compound Kd (uM)  AG (Kcal) Kd (uM)  AG (Kcal)
H1 0.241 -9.03 1.430 -7.98
H2 0.379 -8.76 1.460 -7.96
H3 0.752 -8.35 0.093 -9.59
H4 1.580 -7.91 2.850 -71.57
H5 1.020 -8.17 2.400 -7.67
HO2 (most stable tautomer) 3.650 -7.42 1.350 -8.01
HO4 (most stable tautomer) 1.700 -7.87 0.223 -9.08
H2A 0.087 -9.63 0.008 -13.45
TAQ 83.98 -5.56 58.75 -5.77
3 15.81 -6.55 0.2615 -8.98




% inhibition growth of

Solubility (mg/mL)

Compound parasite (100 M)(£SD) ICs0 (M) Phosph_ate buffer
pH=7.4
Control 0 ND ND
H1 20+3.3 >100 0.13 +£0.05
H2 100 0.93+0.1 0.63 +£0.03
H3 0 ND 0.51 +£0.08
H4 100 1459 +1.3 0.25 £ 0.05
H5 0 ND 0.38£0.01
HO2 60 +£3.2 93.1+25 0.15+0.08
HO4 44 +2.8 >100 0.06 +0.06
H2A 24+5.2 >100 1.51 +£0.02
FBC 70+14 ND 0.10 £ 0.05
Ferrocene 73+£2.7 ND 0.03+0.01
TAQ 0 ND >9.00
Glucantime 100 182.7 +0.19 ND
Trimetoprim 30+3.8 >100 ND
Pyrimethamine 50+£1.9 100+1.9 ND

ND: not determinated



Treatment % Oxigen consumption

Leishmania 100
PBS 20.4%=+ 1.2
L. mexicana treated with sodium 20.5%=+ 1

cyanide (0.0q:M)
L. mexicana treatedwith H2 (100 puM)  22.5%=* 1

Sodium dithionite (5.74 mM) 175.9%+ 5.8




N-Oxidation Ferrocene’ N-Oxidation
DMSO DMSO Culture DMSO Culture
medium medium
Compound 1A IB I [l ]
(EJJZFerr/Ferr+)

H2 -0.086 0.037 0.134 0.21 0.681 0.31
HO2 0.020 0.105 0.46 0.21
HOA4 0.021 0.126 0.267 0.86 0.39
H2A 0.047 0.127 0.619 0.33
TAQ -0.026 0.668 0.383
3 0.665 0.652
FBC 0.011 0.136 0.614 0.68

Electrochemical studiesin DM SO and culture medium
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Scheme 1

a N cl
a b
G2 ——> \>70F3 —_— \>—CF3
cl N al N
EtO.
)
1 2
(0]
N NH, HN)k
/
O,N
oaN - c 2 XN de HaN XN
T
/)\ |
NH, N NH, N/
5-Nitroanthranilonitrile
HsC
3 4

H1: R=4-O,NCH,

rR—cHo | f
H2: R = Ferrocene = @
@ £

Cl N
H3: R= j@[ Ncr, H1, H2, H3, H4, H5
cl N

CH,

H4: R=4-HOC,H,
HS: R = 4-H,COCH,

o



NH

NH

HO4

HO2

i
NH/L\CHg

7~

FBC



Scheme 2
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The ethanol solvent molecules were omitted for clarity.



ACCEPTED MANUSCRIPT




l|2 0
HN
N
J\
N NH
H
AG= 5.34 Kcal
F|< NH,
HN
2~ “NH
R
N X0
AG=12.28 Kcal

HO4

OH
XN
/)\
N NH,
AG= 4 .48 Kcal

HO2

NH,

HN XN

A

N OH

AG= 2.45 Kcal

T 0
HN
NH
/)\
N NH,
AG= 0 Kcal
Flz NH,
HN XN
/&
N (0]
H
AG= 0 Kcal

AG value calculated tautomer with the B3LY P 6-31G basis set**
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A B

Leul88 S
&

Compound H2 (green color) interacts similarly to the other compounds.



A B

Leul88 S
&

Compound H2 (green color) interacts similarly to the other compounds.



ACCEPTED MANUSCRIPT

g ™ —4—H2 (Promastigotes)
sS40 -
= —8—H2 (intracellular amastigotes)

T T T T T T T T T T T
0 1 2 3 4 5 6 7 8 9 10 11 12
H2 concentration (nM)

(A) Mortality of promastigotes and amastigotesH® (B) Microscopic view of the re-
cultivation of the macrophages in which the prongasés are observed outside the
macrophages; (C) macrophages infected treatedHdtat 25 pM. The arrows indicate
the macrophages.



A B

120 120

100 I * * * 100 - L
Q Q
Z g0 g 0
(5] * [+
2 2
2 60 g e
g 5]
= ’3 ¥
Sl ol * *
(=] =) *
=] =]
o - __-_._-l
0 . . 0
0 10 20 40 100 0 10 20 40 100
H2 concentration (uM) H2 concentration (uM)

L. mexicana (5 X10 ) treated with different concentrations I8 (0-100 uM) during 1h
(A) and 2h (B) before the determinations. The datpresent the percentage of
fluorescence; the control was considered 100%e#dtl four independent experiments were
performed. * p<0.05 vs control without the druguk&y Test). A. U.



A B C
D E

(A) 10 uM, (B) 20 pM, (C) 40 uM, and (D) 100 uM.tAbugh an intense fluorescence
with the parasites continued to be observed, sdrtteem had little movement; note that
some of the promastigotes were completely immobite promastigotes that were less
fluorescent and also tested positive for propidiadide (E).




Control (Rank 0)

Positive control USP (Rank 4) Water: DMSO 99:1 (Rank 1)

Pyrimethamine-100 uM H2-100 pM Nifurtimox-100 uM

(Rank 1)

Rank  Reactivity

Description of reactivity

0 none

1 slight
2 mild

3 moderate
4 severe

No detectable zone around or under specimen.

Some malformed or degenerated cells under specimen.
Zone limited to area under specimen
Zone extend 0.5 to 1.0 cm beyond specimen.

Zone extend greater than 1.0 cm beyond specimen,.




120

100

e @ =]
o o =

% metabolic activation

n
[=]

100 -

80

40

% metabolic activation

20

nin

Control Positive control Pyr Nfr
100 M 100 uM 100 um
Control (0)

HZ concentration (uM)

A. Toxicity on was L929, fibroblast cell; B. Toxicity on peritoneal macrophages
from BALB/c mice. Experiments were carried out in triplicate and repeated at |east
twice.



ACCEPTED MANUSCRIPT

30 25 20 45 -0 05 00 05 1.0
ENIE - (Ferr/Ferr+)]
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w ’
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30 e /A\n
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20 4 B
H2
10 4
04
NHy
-10 4
HyN Sy
=20 4 | ’;LN
N Hy
-30 1 TAQ
"0 T T T T L4 T T L
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B




The arrows indicate the position in which there is the greatest electron density



A quinazoline derivative (H2) as antileishmanial agent with low citotxicity was find.
H2 is active against promastigote and amastigote form of Leishmania mexicana.
H2 begins its antiparasitic action in less than 1 h, probably by oxidative mechanism.

H2 probably has a dual mechanism: oxidative stress inductor and DHFR inhibitors.
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0.015- NH,
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| N NH,
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0.00 - 2.|00 - 4.}30 | | 6.|00 - 8.|00 | | ‘l2|.00I 14?00
Minutes
PeakName| RT Area | % Area|Height] % Height] Units
1| H1 3.8411237271]100.00| 17897 100.00 | pg/mL
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Peak Name RT Area | % Area | Height| % Height
1|[H2 (80 g/mL)|3.947 | 873732 | 100.00 | 72681 100.00
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PeakName| RT Area | % Area|Height]| % Height] Units
1|H3 3.188141127| 100.00| 4131 100.00 | pg/mL
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H5
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HO2

3.604

18412

100.00

1560

100.00

HMg/mL
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Minutes
PeakName | RT Area | % Area|Height]| % Height| Units
1|[HO4 4.364 1234967 | 97.23|18175 97.79 | ug/mL
2 | Impureza 7.674 6685 2.77 411 2.21




