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Abstract:

The development of new chemical entities against the major diseases caused by parasites is high
desired. A library of thirty diamines analogs following a minimalist approach and supported by
chemoinformatics tools have been prepared and evaluated against apicomplexan parasites. Differe
member of the series of N,N’-disubstituted aliphatic diamines shiwivitro activities at
submicromolar concentrations and high levels of selectivity agdingbplasma gondiiand in
chloroquine-sensitive and resistant-strainsPtdsmodium falciparumin order to demonstrate the
importance of the secondary amines, ten N,N,N',N'-tetrasubstituted aliphatic diamines derivatives were
synthesized being considerably less active than their disubstituted counterpart. Theoretical studie
were performed to establish the electronic factors that govern the activity of the compounds.
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1. Introduction

The phylumApicomplexancludes intracellular protozoan pathogens resptm$or many diseases
with huge global significance in the medical andevieary field.Plasmodium spjs an apicomplexa
parasitic alveolate and is the cause of malaridiffierent parts of the world. Malaria afflicts mihs
of individuals in the tropical zones, causing sesionorbidity and mortalityToxoplasma gondis the
etiological agent of toxoplasmosis. This opporttiaipathogen has worldwide distribution, may cause
cerebral pathology in immunocompromised individualsd can produce several congenital anomalies
including induction of miscarriage and neurologidiorders-? T. gondiiis one of the leading causes
of focal central nervous system (CNS) disease iDSApatients. Other apicomplexan organisms such
as Cryptosporidium parvunand Cyclospora sppalso cause opportunistic infections in humans and

have relevance in developing countries by causiagtibea outbreaks?

Other members of this phylum includingheileria, Sarcocystisand Babesiaspp. are important
pathogens of animals. The limited arsenal of dawgslable against these organisms is insufficiemst d
to the rapid emergence of resistance, as is theefoa®lasmodiunmor incomplete activity, as the case
for chronicToxoplasmosisThus, there is a continuous need develop new ctierapies in order to

combat these diseases in a unique mode of attion.

Significant efforts have been undertaken in thedasades to eradicate malari@etween 2000 and
2015 there was a registered reduction in malate &stimated cases of more than 14% in 43 out of
the 99 countries with transmission. Due to the tgmaent of resistance, antimalarial drugs which
have been used to date since the advent of chlmeghave lost effectiveness around the World.
Currently, artemisinin-based combination therapyCTA is the mainstay of malaria treatment.
Unfortunately, there are an increasing number ohtries (mostly in East Asia) in which resistange t
artemisinin has been reportetf. Additionally, there is an alarming emergence oftiresistant strains
in distinct parts of the globe. Furthermore, th&@gtnce in the mosquito vector to pyrethroidsdiss
been reported: This scenario has led governmental and non-govemthorganizations to focus their
efforts to finding new compounds that serve to cantbe diseas¥.

Polyamines are essential metabolites that are @adeldl in many physiological functions including
DNA replication and repair, being essential for mat cell growth and viability* The apparent
universal distribution of polyamines, and the coemgilly of compensatory mechanisms that are

involved to maintain polyamine homeostasis, sugtedtthese molecules are critical for cell surkiva



The biosynthesis of polyamines typically startshvttie conversion of arginine to putrescine which
occurs through one of two distinct pathways: arggneoupled with ornithine decarboxylase (ODC), or
arginine decarboxylase (ADC) coupled with agmatimenohydrolase. Putrescine can be further
converted into spermidine and spermine by spermidind spermine synthases, respectively. When
polyamines are available, spermine or spermidine ba retro-converted into spermidine and
putrescine by the consecutive action of spermimersigine N-acetyltransferase (SSAT) and

polyamine oxidase (PACY’

The phylum Apicomplexahas a polyamine metabolism that involves a contisinaof several
sensitive feedback systems regulating their syighetegradation, and transpdtt’ Regulation of
polyamine biosynthesis is complex and the key litdsstic enzyme, ODC is one of the most highly
regulated enzymes. It is presenPinfalciparum but extracts off. gondiihad no detectable ODC and
ADC activity. Thus,T. gondiilacks a forward-directed polyamine biosynthetithpeay and elucidate

the need to discover an alternate mechanism tdetéwi pathogenicity of this organisrth.

Previously reported studies from Bitoeti al shown a series that bis-(benzyl)-polyamines arsalog
with antimalarial activity against both, a chloramgrsensitive and -resistant straindPoffalciparum?°
A selected analog of the series, MDL-2769big(@re 1) was markedly active and presented a
synergistic effect with D,L-alpha-difluoromethylatinine (DFMO), being able to curB. berghei
infected mice. Initially, MDL-27695 was proposed target the polyamines biosynthesis.
Nevertheless, the mechanism of action of these oangs looks likely to be more complex. On one
hand, Bitontiet al observed that DNA/RNA synthesis was depleted fasgtih MDL-27695 than upon
DFMO treatment, on the other polyamines biosynthess possibly repressed but might not be the
only cause of the cytotoxic evefit.

[FIGURE 1]

In previous work, we have synthesized N,N’-disubstd aliphatic diamines and determined their
activity against parasites of the kinestoplasticug? Many analogs were active agaifstcruzj T.
bruceiandL. donovanishowing low cytotoxicity. Here, we wanted to exgdhe analysis of the initial
collection to determine activity againsbxoplasmandPlasmodiumlooking to link the activity with

the pathophysiological differences between thesepgarasites. Moreover, we intended to understand



their mechanism of action linking their phenotypiciferences with their metabolic differences.
Finally, we were eager to determine the relatigndbetween the physicochemical properties and

activity of the relevant compounds.

2. Results and discussion
2.1. Chemistry

The molecular scaffold of our library was basedlmassumption that MDL-27695 interacts with a
molecular target anchored by two nitrogens reqgidarbulky hydrophobic substituent in both terminal
nitrogens Figure 1). Following that hypothesis, a minimal versiontbéat scaffold should be a bis-
substituted benzyl N,N’-disubstituted diamine. Tlaatalog should fulfil the steric and polar
requirements and at the same time be considerabpftes. The library has two sources of diversity: 1
the carbon size chain, which brings flexibility amidbre grades of freedom and 2) the substituent on
the aromatic ring. The library was prepared inrgylei step by a double reductive amination between
the diamines and the benzaldehydes using the puoedsly Abdel-Magidet al 2 with minimal
modifications Scheme L The library was built with all the possible comditions of commercial
aliphatic diamines with a 3, 4, 6, 8, 10 and 12boarchain length and five aromatic aldehydes
(benzaldehyde, 4-methoxy-benzaldehyde, 4-methoxynzdidehyde, 3-hydroxy-4-benzyloxy
benzaldehyde and 3-methoxy-4-benzyloxy benzaldehyfee library of thirty N,N’ disubstituted
diamines was prepared in solution, including théedyldiamine analogs that were not previously
reported™

The synthesis produced all the desired products gabd yield Table 1, average 77%, ranging 30

to 99%). The yield was similar across each sedassufid 80 %).

[SCHEME 1]

2.2. Biological evaluation

The polyamines pathway iRlasmosdium spphas been studied during the last 25 years with
different grades of success. Target-oriented dasigth directed to enzymes in the polyamine pathway

provided promising hits, without showing considéeaprogress towards becoming lead compounds.



Therefore, having in mind all the successful exasaplia phenotypic screening, and looking to a wide
spectrum candidate, we decided to assay our doltenpt only againsP. falciparumstrains but also
againstT. gondii. Also, cytotoxicity was evaluated in two differecell lines, African green monkey
kidney epithelial (VERO) cells and human fibrobsast

2.2.1. Antiplasmodium activity

All the analogs were assayed against the chloreqaensitive Sierra Leona clone (D6) and the
chloroquine resistant, Indochina clone (W2) straih®. falciparum.To our satisfaction, most of the
compounds were active against both the straireblé 1). Ninety percent of the collection has ardC
below 5uM, with 73% of the library being more potent tharbM27695. In general, there are no
substantial variations in the potency between #msiive and resistant strain, suggesting that the
mechanism that confer chloroquine resistance t&Bestrain does not affect sensitivity to this fgmi

of compounds.

[TABLE 1]

When comparing activities based on the benzyl gubsit some clear tendencies emerge. First,
there is a narrow difference between the more hedess potent member of each series, which ranges
from 7.61 for R=4-BnO to 1.02 for R=3-MeO,4-BnEidure 2).

[FIGURE 2]

These slight differences in antiplasmodium efficaythe analogs indicate that the diamine chain
length does not have a strong effect the activitithe same time, comparing the activity by the sam

diamine linker it seems that it does not considigraffect the potency.

The analysis of the unsubstituted benzyl derivatiflego 6) reveal that compounds with large chains
(compound#4, 5 and6) are very potent (below itM against both strains). A comparison with our
template compound MDL-27695 reveal that these gsadoe 3 to 8 times more active being shorter in

length and having only two nitrogen atoms. The R4€l® series exhibited a similar activity profile,



but in this case, compouridl with a C10 diamine was the most active withol©f 0.60 uM. A
different activity profile was noticed in case ebénzyloxy analogsl@to 18). The tendency changes,
with 15 was the most active (n=8, 460.39 for D6 and 0.29M for W2) and18 was the least active
(n=12, 1Gx=8.00uM for both D6 and W2 strains).

Isovanillin analogued49, 20and21 did not show activity up to the maximum concentnattested
(8.00 uM). That anomaly could be related to the presericea 8 OH group, which by substantially
increasing hydrophilicity would alter membrane peatility. Compound27 was the most active
analog of the whole library with an dgof 260 nM against the. falciparumD6 strain and SI >31.7,
only 3-fold less active than chloroquine and arsemin and 12-fold more active than MDL-27695.

However, compound showed an 163 of 370 nM but presents an even higher Sl (>39.7).

As for the resistant strain analogbiewhich is 1.5-fold more active than chloroquine, tomes the
best activity and selectivity, with an 46£280 nM. Finally, the 3-methoxy-4-benzyloxy benaylalogs
are the most active series, with an average of (M2with compound27 (=6, 1G,=0.26 uM) the
most active and0 the less activdn=12, 1Gy=1.28 uM). Interestingly, there is slight difference
activity among the compounds in this series, suggg$hat increasing the chain has minimal effett o

activity.

Having completed the analysis of the chain lengithi the aromatic ring substitution influence on
the antiplamodial activity, it was important to adish the impact of the nitrogen substitution. rEhe
are many literature reports of monosubstituted thas) but surprisingly, no precedents of bioactive
tetrasubstituted aliphatic diamine analogs as arafitic agent® With that idea in mind, ten
tetrasubstituted analogs were prepared. Only thelest aromatic substituents (R=H and 4-OMe) and
five diamines (n=3,4,6,8 and 10) were selectedifmpto comply with Lipinsky’s rules (MW<500 Da
and logP<5), additionally dodecylamine analogs weseconsidered because they were, on average,
less active. In this opportunity, a different meatblogy for the synthesis was required. A one-pot
procedure was selected, where two consecutive tigduaminations occurred using sodium triacetoxy
borohydride, acetic acid in DCM art room temperafdr® Ten new products were prepared (Scheme
2) with 22% global yield (Table 1). The main drawbka&f the reaction was the aldehyde reduction that
forced using at least 4.5 equivalents of that camepb Unfortunately, when more equivalents were
used, the amount of the benzyl alcohol increasegeding a clean separation of the product by

column chromatography.



[SCHEME 2]

The new analogs were evaluated against the D6 ahdtvllins of P. falciparum and did not show
activity at the maximum concentration testedi8). A more detailed analysis revealed that the most
active member of each series of the disubstitutedogs were at least 40 times (CompodnéR=H,
ICs50 P.f. D6 = 0.37uM) and 19 times (compountll, R=4-MeO, 1Go P.f. D6 = 0.60uM) more active
than the tetrasubstituted anal@sand40 (bothP.f. D6 > 8.0uM), respectively.

The antimalarial activity of N,N-disubstituted pedgcine and trimethylenediamine had been
previously reported’ Comparing the activity of the reported N,N-disitioséd with the corresponding
N,N’-disubstituted analogs has shown that the dasts were always more active (between 1.5 to 7
times more potent). These results clearly demaestifsat the secondary amine is an important
structural feature required for the antimalariai\aty, being the N,N"-disubstitution the pattetmat
provided the best results.

2.2.2. Anti-Toxoplasma gondii activity.

To test activity of our library of diamines agaifistgondiiwe cultured parasites on human foreskin
fibroblasts in the presence of drug at 1uM or of ®Mas solvent control for 5 days, at which time
point cells were fixed and stained to monitor pieagrowth. The results, presentedTiable 1, show
that in general the molecules in our library aré aw effective in inhibitingl. gondiigrowth as they
are with P. falciparum Compoundsb, 12, 13, 17 and 25 (20 % of the collection) were the most
effective againsfT. gondii and exhibited at least 75% of inhibition compaseith the untreated
parasites. Interestingly, compouBdvas also the most active member of the benzyksergainsP.
falciparum (IC5¢=0.48uM). Compound.2 is the most active of. gondii of the 4-methoxy benzyl
series, and is just two carbons larger than théognat that family with best antiplasmodial actyit
The 4-benzyloxy benzyl containing compounti3 and 17, which have 3 and 10 carbon chain
respectively, show 75 % d@f. gondiigrowth inhibition. Compound5, which did not affecil. gondii
growth was the member of that series (4-benzyloggzil) with the bestantiplasmodial. The 3-
methoxy-4hydroxy benzyl and the 3-methoxy 4-bengylbenzyl series contains a second oxygen on



the benzyl ring. For the isovanillin analogues,rslehains derivatives2Q, 21) were the most active,
behaving differently o?. falciparumwere the longer analogs were the most potent.

Finally, the 1Go of most active analogs was determined, revealiagdompound43 and25 has an
ICs0= 2.97 uM an®5, the most active member of the series has ggIC53 M. Interestingly, none
of these compounds displayed cytotoxicity on fikagbat 1QuM, providing an Sl as anfi- gondiiof
3.37 and 6.54 fod3 and 25, respectively. In summary, the overall library aelor was different
between the two parasite species, showing that/zadies were not affected in the same way that
Plasmodium erythrocytic stage (trophozoites) suggesting dedsht action mechanism in both

parasites.
2.2.3. Cytotoxicity.

Vero cells are an excellent model for test cytatiyiin vitro because is an aneuploid and a
continuous cell linage. The library was tested fbeir effect on Vero cells to a maximum
concentration of M. Only five compounds 9 13, 14, 25 and28), which corresponds tb6 % of our
library, were cytotoxic with a range of J¢between 4 to M. These five diamines analogues have a
short carbon chain length, and all, with the exeompdf compound®, have benzyloxy substituents on
position 4 of the aromatic ring. Nonetheless, thigge compounds, particularl25 and 28 exhibit
excellent activities against apicomplexa parasitérefore, even being cytotoxic at low micromolar

they are 10-fold higher as antimalarial providirapd Sl (15.9 and 14.6, respectively).
2.3. Cheminformatics and clusters analysis.

The rationale used to design this targeted librafysymmetrical N,N’-disubstituted diamines
allowed only two entries for scaffold modificatiopsoviding a collection that has low chemical
diversity. However, using the ChemMineTools onlipltform?® it was possible to cluster the
collection based on their structural matrixes. Tihif®rmation was useful to establish a structural-
activity relationship correlating the activity amopological parametersFigure 3). The outcome of
this calculation revealed the precedence of thraenmolusters (marked in green, red and blue in

Figure 3) and ten secondary clusters (labelled from AitoTable 1).

The main cluster (green) contains the most actiadogs in both parasites. This cluster has two sets
of subclusters: one is represented for compoi3d$4, 25 and26 (clusters G and H) and the second
is represented by5, 16, 17, 18, 27, 28, 29 and30 (clusters | and J). When activities are considered,



the first subcluster includes analogs with the bgjhpotency towards both parasites. The second
subcluster is more active agaifstfalciparum.The percentage of growth inhibition ©dxoplasmas

low with the exception of compourid.

[FIGURE 3]

2.3.1. Physicochemical characteristics and ADME-Tox

Addressing pharmacokinetic properties at the estdges of drug development reduces the chances
of failure on clinical trials. To characterize theofile of our analogs, we performed computational
studies of all compounds to predict their adsorptiistribution, metabolism and excretion (ADME)
properties, Lipinski's rule of five, toxicity lidities and drug likeness. The silico toxicology
calculated by the OSIRIS property explorer platforindicates that none of the products prepared are
potentially mutagenic, irritant, teratogenic, oxitofor sexual reproduction. The only exceptiorihe
isovanillin subfamily derivatives, which are potaily mutagenic. Likewise, this subset demonstrated
to possess the lowest levels of biological aceegititherefore they are not good candidates fordutu

optimizing steps.

On the other hand, the most relevant parameterseumar weight, polar surface area, volume,
logBB and logP) of the collection allow us to pmdihe potential of the compounds as leaders,
possible administration routes and to enrich SAR. fhat purpose the Molinspiratidhand
ChemAxori* platforms were used to calculate these physicot@nparameters including the
predominant molecular form at physiological pFable 2).

According to Lipinski's rule of five, a potentiakuty candidate should be orally active if the
molecular weight is 500 Da, lo@ < 5, the number of hydrogen bond acceptod® and the number
of hydrogen bond donorsb. The analysis of the collection revealed tha6®6. of the collection has
MW<500 (256 to 654 Da) and 83.3 % has logP < 5.410 7.79). Figure 4)

According to Hammett and Hansch's principle, ati@tship between lipophilicity descriptors like
logP and biological activity most commonly produaeparabolic correlation. In the case of our
collection, the logP values of the 30 compoundsttlate between -1.14 and 7.79. A correlation is
clearly observed foP. falciparum(Figure 4), where most active analogs have logP betweenghd7



4.95. By contrast, the correlation for gondiiis not clear Figure 5). However, we could constrain the
logP range values between 2.66 to 3.75 for thedsighalues of activity against gondii

However, our library contains ionizable groups the¢ charged at physiological pH, which make
logD a better descriptor of the lipophilicity ofethe molecules. The calculated logD at physiological
pH (7.4) of the collection is presentedTiable 2, with 90 % of the collection being5 (-1.09 to 5.92).
Given the chemical nature of the amine groups endésigned structures, the lipophilicity decreases
markedly as the pH drops. This fact would sugdest the molecule could have a better interaction in
the acidic environment of some organelles, in tmesway as ethambutol does within lysosomes and
autophagosome$.In summary, this analysis reveals that most ofctirapounds has good potential to
be orally active drug candidates.

The distribution of the compounds between blood larain is a very important consideration for
new candidate drug molecules. In casgondii,which effectively infects neurons and causes deseas
in the brain, good drug candidates must be abtedss the blood brain barrier (BBB). To predictttha
properly we calculated the logBB using COSMOQqUitkhis calculation shows that 75% of our
compounds have logBB > 0.3. It has been shown rtt@écules with logBB > 0.3 cross the BBB
readily while molecules with logBB < -1 are poodjstributed to the braif:>® thus our library

includes numerous compounds that would be expéatedter the brain.

[FIGURE 4]

[FIGURE 5]

[TABLE 2]

2.4. Analysis of the molecular electrostatic poterdl of the aromatic portion.

Molecular electrostatic potentials (MEPs) were us$ed analyzing drug-receptor and enzyme-
substrate interaction and other recognition pragsbased on the assumption that those potentials
described how different molecular regions will natet with other approaching chemical species.



In order to determine how the electronic potertialhe aromatic portion of the analogs affects the
activity, a tridimensional molecular electrostatimtential map of the aromatic portion of the prepar
N,N’"-dibenzyl aliphatic diamines derivatives weexfprmed at the van der Waals contact surface. To
simplify the calculations, only substituted N-mdthgnzyl were usedF{gure 6a R=H; R=4-OMe;
R=4-OBn; R=3-OH,4-OMe; R=3-MeO,4-Bn0O). The geone=trof the groups were optimized using
B3LYP functional along with 6-311++G(d,p)Figure 6b) The electrostatic potentials, superimposed

onto a surface of constant electron charge densitg calculated (0.001 efatrigure 6¢).

It is well known that electrostatic potential haseb defined as the energy of interaction of a
positively charge point with the nuclei and thectlens of a molecule. ORigure 6C the coloring area
represents the electrostatic potential, V(r), plong a measurement of the molecular charge
distribution. The calculated MEP maps for the farelogs that go from —0.1408 au in deepest red for
the strongest attraction, to +0.1152 au in deepks for the strongest repulsion. Negative regions
V(r) are usually associated with a lone pair ofcelenegative atoms and the electrons of the
unsaturated hydrocarbons. In this case, the ME®Pditierent for each of the five analogs studied,an
as expected, is affected by the aromatic ring sudsiis. The negative potentials are localized at th
oxygens of the phenols and methoxy groups. On ther side, the positive potential is localized on

the nitrogen amine and is significantly affectedivg substituent on the aromatic ring.

When the activity of each series was correlateth e electrotactic potential, two clear tendencies
emerged. On one side, the activity of the analogk benzyloxy group seems governed by steric
effects. On the other side, the activity of theiesers clearly associated to the negative electiost

potential, being detrimental to the antiplasmoddalvity.

[FIGURE 6]

3. Conclusions

Enzymes are usually arranged into symmetrical hamext or tetramers, with the consequent
active site organization in a highly symmetricastfeon. Thus, symmetrical inhibitors or biological
actuators will correspond generally to their bimgsite>® Numerous examples of symmetrical active

compounds have been reported including anticaticBgntiparasitic”*° antituberculdf* and enzyme



inhibitors***® between others. The compounds designed and pceparthis work were inspired on
the symmetrical compound MDL-27695. We were lookingsimplify that compound’s structure,
removing nitrogens from the carbon chain and inggithe effect of oxygenated substituents of the
aromatic ring on the activity. Therefore, we seattfor a fast and easy way to explore the chemical
space of the proposed disubstituted N,N"- aliphdi@mines. A major advantage of the proposed
scaffold lies in the fact that the synthesis of Byetrical derivatives is extremely straightforwarta
only required commercially available starting matist The synthesis did not need additional
protection/deprotection steps, minimizing the sgsth to a single-step, being a clear example ohato

economy and green chemisffy/>

It has been suggested that symmetry and planastyation is a valuable strategy to improve
aqueous solubilitf® The synthesized compounds are very flexible prévgra good packing that
facilitates the dissolution process. Also, the wtsogen atoms on the aliphatic chain provide the
required polarity to improve the water solubilitpdabioavailability. Therefore, from the solubility
point of view, the symmetrical scaffold prepared dot represent a disadvantage.

The one-pot synthetic procedure provided 30 symmderivatives in good yieldsn vitro studies
have demonstrated that most of the analogs (2® @ pounds) are active agaifstfalciparumat
micromolar level or below (9 compounds at submiastam level). On the other hand, the related
parasitel. gondiidoes not seem as sensitive to these type of comdpqénof 30 compounds shows at
least 75% of activity at uM). The differences on the sensitivity betwéergondiiandP. falciparum
could be attributedo a favoured incorporation to the red bloods cetl$he interaction with different

molecular targets due to their metabolic divergence

A series of tetrasubstituted N,N"-aliphatic diansingere prepared being considerable less active
against bottP. falciparumstrains than the bis-substituted counterpart detnatmng the importance of

the secondary amine on the activity.

A summary of the structure-activity analysis is ailed on Figure 7. As can be seen, the
antimalarial activity of the compounds is fairlysponsive to the structural variations in most @& th
series, with certain substituents increasing agtidike R=H, or R=3-MeO,4-BnO. MEPs results
clearly shown that the aromatic subtituents aftbet electrostatic potential of the nitrogen and the

aromatic ring and that, together with the steratdes, can be correlated with the activity. Chaingth



appears to slightly influence potency, being thectebnic and the steric the most critical factors
modulating the activity.

The selection of the best drug candidate as ardmahaland antif. gondii should combine a low
ICso values with Lipinski’s rules compliance, low cyeicity (high SI) and ideal range of logBB
(only for T. gondi). Following that premise, analodgs 5, 15,26 and 27 are the most promising
antimalarial candidates, having submicromolag,l@nd SI>20. Filtering out the selection by the
ADME parameters points to compou#das the best candidate. In the cas&.gfondii, analogsl3 and
25 based on the activity are the most promising,dfuthese onlyl3 is predicted to cross the BBB,
which would make it the best candidate for futureges Figure 5). It is likely that the mechanism of
action of these compounds differs between these pamsites. Additionally, the targets and
mechanisms of action in each parasite might beerdifft across the different series. Future studies
with the best candidates will focus on elucidatingde of action. The fact that similar compounds act
by different mechanisms in trypanosomatfdd and the pathogenic fungi@neumocystis carirfft
support this hypothesis. Polyamine oxidase hava beelied as a possible target of MDL-276930n
falciparum*® The oxidation of that compound by purified ratefivoxidase release benzaldehyde and
the N-monosubstituted analog, then goes to anottidation cycle releasing the free polyamine. Also,
polyamine concentration increases insklefalciparuminfected red blood cells by newly recruited
transporters.

Similar degradation products have been studiedPlasmodium falciparur®’ displaying similar
potency to the bis-benzyl disubstituted analogshiolding a bulky antracene ring. Having in mindttha
monosubstituted diamines have been described gamiie transport inhibitors;>* a possible action

mechanism could involve oxidation to activate tbenpound that then inhibit the polyamine transport.

In conclusion, the structural simplification of ME#7695 provided potent antimalarial analogs
validating our initial hypothesis. The fact thatq@mounds4 and5, which has strong similarities to
MDL-27695 but only have 2 nitrogens, supports theaithat the bis-N-benzyl moiety could be acting
as the pharmacophore within those structures. {,ast N,N"-disubstituted aliphatic diamine analogs
provides unique tools to develop new antiparasitients and to study biological processes related t
polyamines metabolism. A possible multitarget actieechanism should be validated by non-directed

metabolomics and proteomics study.



[FIGURE 7]

4. Material and Methods
4.1. General Information

'H and’*C NMR spectra were acquired on a Bruker Avancé@ BIHz (75.13 MHz) using CDGI
as solvent. Chemical shift8)(were reported in ppm downfield from tetrametHgise (TMS) at O ppm
as internal standard and coupling constaditsafe in hertz (Hz). Chemical shifts for carbon leac
magnetic resonancé®C NMR) spectra are reported in parts per milliokatiee to the center line of
the CDC4} triplet at 76.9 ppm. The following abbreviationse aused to indicate NMR signal
multiplicities: s = singlet, d = doublet, t = trgt] g = quartet, m = multiplet, p = pentet, br odu
signal. High-resolution mass spectra (HRMS) weoemed on a Bruker MicroTOF 1l with lock spray
source. IR spectra were obtained using an FTIR &dfimon spectrometer and only partial spectral data
are listed. Chemical reagents were purchased fromnercial suppliers and used without further
purification, unless otherwise noted. Solvents wanalytical grade or were purified by standard
procedures prior to use. Yields were calculated rfaterial judged homogeneous by thin layer
chromatography (TLC) and nuclear magnetic reson&t&MR). All reactions were monitored by
thin layer chromatography performed on silica g&lFss4 pre-coated aluminium sheets, visualized by
a 254 nm UV lamp, and stained with an ethanolicutsmh of 4-anisaldehyde. Column flash

chromatography was performed using silica gel @D{200 mesh).

4.2.1n vitro activity against P. falciparum (I1C o).

Antimalarial activity was determineith vitro on the chloroquine sensitive (D6, Sierra Leond) an
resistant (W2, Indo China) strains Bf falciparum The 96-well microplate assay was based on the
evaluation of the effect of compounds on the growthasynchronous cultures &f. falciparum
determined by the assay of parasite lactate deggdase (pLDH) activity. The appropriate dilutions
of the compounds were prepared in DMSO or RPMI-16%@lium and added to the culturesRof
falciparum (2% hematocrit, 2% parasitemia) setup in clear laitomed 96-well plates. The plates
were placed into the humidified chamber and flusivétd a gas mixture of 90% IN5% CQ and 5%

O,. The cultures were incubated at 37 °C for 48 lowdn of the parasite in each well was determined
by pLDH assay using Malstat reagent. The mediumraddlood cells (RBC) controls were also setup



in each plate. The standard antimalarial agentrafjlone and artemisinin were used as the positive

controls.
4.31n vitro activity against T. gondii.

Toxoplasmaparasites (RH strain parasites expressing thengfi@erescent protein, GFP) were
maintained in human foreskin fibroblast (HFF) ma@yealrs in Dulbecco’s medium supplemented with
10% heat-inactivated fetal bovine serum (FBS), WMl penicillin, and 100 g/ml streptomycin.
Uninfected and infected HFFs cells were maintainea humidified incubator at 37 °C with 5% €O
For primary screen, f(parasites were allowed to infect a confluent HF#hatayer. At 8 hours post-
infection, the medium was replaced with medium ammtg 1 or 10 uM of each compound. Three
days later cultures were monitored by fluorescentgeroscopy to monitor parasite growth. To
determine IGy HFFs were infected with 80 parasites and after feurs extracellular parasites were
washed off and media with drug at a range of camnagons was added. At 5 days post-infection,
cultures were fixed with methanol for 2 minutes at@ined with crystal violet to visualized plaques
which were enumerated. Percentage survival wasllesdd by dividing the number of plaques in drug
over that in equivalent amount of DMSO. Experimewtsre performed in three experimental and

biological replicates.

4.4. Cytotoxicity assay on Vero cells.

The in vitro cytotoxicity was determined againstmmaalian kidney fibroblasts (VERO). The assay
was performed in 96-well tissue culture-treatedgdas described earlier. Briefly, cells were sddde
the wells of the plate (25,000 cells/well) and inated for 24 h. Samples were added and plates were

again incubated for 48 h. The number of viablescaths counted and the plot for @erformed.

4.5. ADME/toxicity predictions.

Computational modeling to estimate the bioavaiighilaqueous solubility, blood brain barrier
potential, human intestinal absorption, mutagepicaind toxicity for the compounds was performed

using the ChemMineTools and Osiris Property.

4.6. General procedure for N,N-diamines disubstitigd synthesis

Aldehyde (3 eq dissolved in the same mixture ofesals) was added to a solution of diamine (1 eq)
in an anhydrous mixture of DCM:methanol (3:1). Thixture was refluxed overnight, the solvent was
evaporated and the crude di-imine was dissolvedniranhydrous mixture of DCM:methanol (1:1).



The solution was cooled at°C, and sodium borohydride (3 eq) was added powtise. The reaction
was allowed to warm to room temperature and stifordadditional 12 hours. Excess of sodium
borohydride was quenched acidifying with 10% HClithwsubsequent addition of ammonium
hydroxide to reach a basic pH. Phases were sedaatethe aqueous phase extracted with DCM (3 x
20 mL). Combined organic extracts were dried witkdism sulphate and evaporated. Products were
purified by flash chromatography.

4.6.1 Synthesis of N1,N3-dibenzylpropane-1,3-dianen(1).

Following the general reaction conditions for theutistituted diamines synthesis, the reaction was
worked up and purified to afford 97 mg of whiteiddisolated yield: 79 %)*H NMR (CDCk) & 7.31
(m, 10H, aromatics); 3.78 (s, 4H, Ar-G¥2.72 (t, 4H,J = 6.6 Hz, N-CH); 1.74 (m, 2H, C2-H)**C
NMR (CDCL) 6 140.3 (C); 128.4 (CH); 128.2 (CH); 126.9 (CH); B4CH,); 48.0 (CH); 30.0 (CH).
IR v 3296 (R-NH-R1); 3026 (Ar-H); 1119 (C-N-C); 697 (nusubstituted aromatic) ¢m ESI-
HRMS: calculated mass for,&,3N, (M+H™) 255.1861; found 255.1853.

4.6.2. Synthesis of N1,N4-dibenzylbutane-1,4-dianen(2).

Following the general reaction conditions for theutistituted diamines synthesis, the reaction was
worked up and purified to afford 88 mg of whiteiddisolated yield: 73 %)'H NMR (CDCk) & 7.28
(m, 10H, aromatics); 3.78 (s, 4H, Ar-@H2.64 (t, 4HJ=6.6 Hz, N-CH); 1.57 (m, 4H, C2-H and C3-
H). **C NMR (CDC}) § 139.6 (C); 128.4 (CH); 128.2 (CH); 127.1 (CH); ®BCH,); 48.9 (CH); 27.6
(CHy). IR v 3311 (R-NH-R1); 1120 (C-N-C); 697 (monosubstitu@dmatic) crit. ESI-HRMS:
calculated mass forsgH»sN> (M+HY) 269.2018; found 269.2011.

4.6.3. Synthesis of N1,N6-dibenzylhexane-1,6-dianeiti3).

Following the general reaction conditions for theutistituted diamines synthesis, the reaction was
worked up and purified to afford 47 mg of whiteiddisolated yield: 46 %)'H NMR (CDCk) & 7.28
(m, 10H, aromatics); 3.78 (s, 4H, Ar-@H2.61 (t, 4H,J= 7.2 Hz, N-CH); 1.49 (m, 4H, C2-H and
C5-H); 1.34 (m, 4H, C3-H and C4-H)YC NMR (CDC}) & 140.3 (C); 128.4 (CH); 128.2 (CH); 126.9
(CH); 54.0 (CH); 49.3 (CH); 29.9 (CH); 27.3 (CH). IRv 3312 (R-NH-R1); 3026 (Ar-H); 1119 (C-
N-C); 697 (monosubstituted aromatic) ¢mESI-HRMS: calculated mass for,dN, (M+HY)
297.2331; found 297.2328.

4.6.4. Synthesis of N1,N8-dibenzyloctane-1,8-dianar{4).



Following the general reaction conditions for theutistituted diamines synthesis, the reaction was
worked up and purified to afford 85 mg of whiteiddisolated yield: 94 %)H NMR (CDCk) & 7.30
(m, 10H, aromatics); 3.82 (s, 4H, Ar-@H2.67 (t, 4HJ= 7.2 Hz, NCH); 1.52 (m, 4H, C2-H and C7-
H); 1.30 (s, 8H, C3-H to C6-H}>*C NMR (CDCE) & 140.2 (C); 128.4 (CH); 128.2 (CH); 126.9 (CH);
53.9 (CH); 49.3 (CH); 29.9 (CH); 29.5 (CH); 27.5 (CH). IR v 3307 (R-NH-R1); 3026 (Ar-H);
1121 (C-N-C); 697 (monosubstituted aromatic) 'cnESI-HRMS: calculated mass foryEssN»
(M+H™") 325.2644; found 325.2660.

4.6.5. Synthesis of N1,N10-dibenzyldecane-1,10-dia@ (5).

Following the general reaction conditions for theutistituted diamines synthesis, the reaction was
worked up and purified to afford 73 mg of whiteiddisolated yield: 89%)*H NMR (CDCk) & 7.31
(m, 10H, Ar-H); 3.84 (s, 4H, Ar-CH); 2.65 (t, 4H,J= 7.20 Hz, N-CH); 1.55 (m, 4H, C2-H and C9-
H); 1.25 (m, 12H, C3-H to C8-H)}*C NMR (CDCE) & 136.7 (C); 128.9 (CH); 128.6 (CH); 127.7
(CH); 52.4 (CH); 47.9 (CH); 29.3 (CH); 29.2 (CH); 28.2 (CH); 27.0 (CH). IRv 3307 (R-NH-R1);
3026 (Ar-H); 1121 (C-N-C); 697 (monosubstituted ragtic) cm'. ESI-HRMS: calculated mass for
Ca4H37N2 (M+H™) 353.2957; found 353.2966.

4.6.6. Synthesis of N1,N12-dibenzyldodecane-1,12uatline (6).

Following the general reaction conditions for theutistituted diamines synthesis, the reaction was
worked up and purified to afford 97 mg of whiteiddisolated yield: 79 %)*H NMR (CDCk) & 7.31
(m, 10H, Ar-H); 3.84 (s, 4H, Ar-Ch); 2.65 (t, 4HJ= 7.20 Hz, N-CH); 1.55 (m, 4H, C2-H and C11-
H); 1.25 (m, 16H, C3-H to C10-H}3C NMR (CDCE) & 136.7 (C); 128.9 (CH); 128.6 (CH); 127.7
(CH); 52.4 (CH); 47.9 (CH); 29.3 (CH); 29.2 (CH); 28.2 (CH); 27.0 (CH). IRv 3307 (R-NH-R1);
3026 (Ar-H); 1121 (C-N-C); 697 (monosubstituted ragtic) cm'. ESI-HRMS: calculated mass for
CaeHa1N2 (M+H™) 381.3255; found 381.3264.

4.6.7. Synthesis of N1,N3-bis(4-methoxybenzyl)propa-1,3-diamine (7).

Following the general reaction conditions for theutstituted diamines synthesis, the reaction was
worked up and purified to afford 132 mg of colosseil (isolated yield: 78 %JH NMR (CDCLk) &
7.21 (d, 4HJ= 8.7 Hz, C2'-H); 6.85 (d, 4HJ= 8.7 Hz, C3™-H); 3.79 (s, 6H, O-Gjjf 3.71 (s, 4H, Ar-
CH,); 2.68 (t, 4HJ= 6.6 Hz, N-CH); 1.71 (m, 2H, C2-H)**C NMR (CDCE) & 158.6 (C); 132.7 (C);
129.3 (CH); 113.7 (CH); 55.2 (G} 53.5(CH); 47.9 (CH); 30.2 (CH). IR v 3301 (R-NH-R1); 3062



(Ar-H); 1176 (C-N-C); 1243 and 1036 (Ar-O-C); 818iqubstituted aromatic) ¢ ESI-HRMS:
calculated mass forsgH»7;N>O, (M+H") 315.2073; found 315.2087.

4.6.8. Synthesis of N1,N4-bis(4-methoxybenzyl)butarl,4-diamine (8).

Following the general reaction conditions for theutistituted diamines synthesis, the reaction was
worked up and purified to afford 115 mg of whitdiddisolated yield: 77 %)'H NMR (CDCk) &
7.19 (d, 4HJ= 8.7 Hz, C2'-H); 6.83 (d, 4H]= 8.7 Hz, C3'-H); 3.75 (s, 6H, O-G}j 3.68 (s, 4H, Ar-
CH,); 2.58 (t, 4HJ= 6.6 Hz, N-CH); 1.51 (m, 4H, C2-H and C3-H)’C NMR (CDCk) & 158.6 (C);
132.4 (C); 129.3 (CH); 113.8 (CH); 55.2 (§H53.3 (Ch); 49.1 (CHy); 27.8 (CH). IR v 3314(R-NH-
R1); 2997 (Ar-H); 1246 and 1036 (Ar-O-C); 1174 (Gay; 818(disubstituted aromatic) ¢mESI-
HRMS: calculated mass forg20N-0, (M+H") 329.229; found 329.2233.

4.6.9. Synthesis of N1,N6-bis(4-methoxybenzyl)hexa ,6-diamine (9).

Following the general reaction conditions for theutistituted diamines synthesis, the reaction was

worked up and purified to afford 37 mg of whiteiddisolated yield: 30 %)'H NMR (CDCk) & 7.23

(d, 4H,J= 8.7 Hz, C2'-H); 6.86 (d, 4H]= 8.7 Hz, C3'-H); 3.79 (s, 6H, -G}t 3.71 (s, 4H, Ar-Ch);
2.59 (t, 4H,J= 6.9 Hz, N-CH); 1.48 (m, 4H, C2-H and C5-H); 1.33 (m, 4H, C3-hdaC4-H).**C
NMR (CDCL) & 158.6 (C); 132.5 (C); 129.3 (CH); 113.8 (CH); 55CH:); 53.4(CH); 49.2 (CH);
29.9 (CH); 27.3 (CH). IR v 3296(R-NH-R1); 2957 (Ar-H); 1252 and 1033 (Ar-O-Q@}103 (C-N-C);
818 (disubstituted aromatic) €mESI-HRMS: calculated mass for,&833N,0, (M+H") 357.2542;
found 357.2531.

4.6.10. Synthesis of N1,N8-bis(4-methoxybenzyl)oot1,8-diamine (10).

Following the general reaction conditions for thsubistituted diamines synthesis, the reaction was
worked up and purified to afford 95 mg of whiteiddisolated yield: 59 %)*H NMR (CDCk) & 7.23
(d, 4H,J= 8.7 Hz, C2'-H); 6.85 (d, 4HJ= 8.7 Hz, C3'-H); 3.78 (s, 6H, O-Gji 3.71 (s, 4H, Ar-Ch);
2.59 (t, 4HJ= 6.9 Hz, N-CH); 1.48 (m, 4H, C2-H and C7-H); 1.28 (m, 8H, C3e¢Hd6-H).*C NMR
(CDCl) 6 158.6 (C); 132.4 (C); 129.3 (CH); 113.8 (CH); 55CHs); 53.4 (CH); 49.3 (CH); 29.9
(CHp); 29.5 (CH); 27.3 (CH). IR v 3307 (R-NH-R1); 3026 (Ar-H);1121 (C-N-C); 697
(monosubstituted aromatic) €mESI-HRMS: calculated mass for,E3N,0, (M+H") 385.2855;
found: 385.2857.

4.6.11. Synthesis of N1,N10-bis(4-methoxybenzyl)@dee-1,10-diamine (11).



Following the general reaction conditions for theutistituted diamines synthesis, the reaction was

worked up and purified to afford 63 mg of whiteiddisolated yield: 66 %)*H NMR (CDCk) & 7.26

(d, 4H,J= 8.7 Hz, C2’-H); 6.86 (d, 4H]= 8.7 Hz, C3'-H); 3.79 (s, 6H, O-Gjj| 3.75 (s, 4H, Ar-Chj);

2.62 (t, 4H,J= 7.2 Hz, NH-CH); 1.52 (m, 4H, C2-H and C9-H); 1.26 (m, 12H, C3dHC8-H).*C
NMR (CDCk) § 158.9 (C); 130.2 (C); 129.8 (CH); 113.9 (CH); 585CHs); 52.4 (CH); 48.9 (CH);
29.4 (CH); 29.3 (CH); 28.9 (CH); 27.2 (CH). IR v 3392(R-NH-R1); 1253 and 1033 (Ar-O-C); 1177
(C-N-C); 818 (disubstituted aromatic) emESI-HRMS: calculated mass ford8sN,0, (M+H™)
413.3168. found 413.3172.

4.6.12. Synthesis of N1,N12-bis(4-methoxybenzyl)dachne-1,12-diamine (12).

Following the general reaction conditions for theutistituted diamines synthesis, the reaction was
worked up and purified to afford 109 mg of whitdiddisolated yield: 99 %)'H NMR (CDCk) 5
7.26 (d, 4HJ= 8.7 Hz, C2'-H); 6.86 (d, 4H]= 8.7 Hz, C3'-H); 3.79 (s, 6H, O-G} 3.75 (s, 4H, Ar-
CHy); 2.62 (t, 4H,J= 7.2 Hz, N-CH); 1.52 (m, 4H, C2-H and C11-H); 1.26 (m, 16H, C3eHC10-
H).**C NMR (CDC}) & 158.9 (C); 130.2 (C); 129.8 (CH); 113.9 (CH); 58CHs); 52.4 (CH); 48.9
(CHy); 29.4 (CH); 29.3 (CH); 28.9 (CH); 27.2 (CH). IR v 3392(R-NH-R1); 1253 and 1033 (Ar-O-
C); 1177 (C-N-C); 818 (disubstituted aromatic) tnESI-HRMS: calculated mass fordBsN-0,
(M+H") 441.3475; found 441.3462.

4.6.13. Synthesis of N1,N3-bis(4-(benzyloxy)benzgyippane-1,3-diamine (13).

Following the general reaction conditions for theutistituted diamines synthesis, the reaction was

worked up and purified to afford 170 mg of whitdidgisolated yield: 67 %)*H NMR (CDCk) 57.41

(m, 10H, aromatics 4’-benzyloxy) 7.21 (d, 48% 8.7 Hz, C2’-H); 6.93 (d, 4H)= 8.7 Hz, C3'-H);
5.05 (s, 4H, Ar-CHH0); 3.71 (s, 4H, Ar-ChN);2.69 (t, 4H,J= 6.9 Hz, N-CH); 1.72 (m, 2H, C2).
3¢ NMR (CDCE) & 157.9 (C); 137.1 (C); 132.7 (C); 129.4 (CH); 1280H); 128.0 (CH); 127.5
(CH); 114.8 (CH); 70.1 (CB; 53.4 (CH); 47.9 (CH); 29.9 (CH). IR v 3289 (R-NH-R1); 3032 (Ar-
H); 1106 (C-N-C); 1239 and 1026 (Ar-O-C) ¢nESI-HRMS: calculated mass forsElssN,O,
(M+H™") 467.2699; found 467.2678.

4.6.14. Synthesis of N1,N4-bis(4-(benzyloxy)benzaylitane-1,4-diamine (14).

Following the general reaction conditions for theutstituted diamines synthesis, the reaction was
worked up and purified to afford 168 mg of whitdidgisolated yield: 77 %)*H NMR (CDCk) 57.42
(m, 10H, aromatics 4’-benzyloxy); 7.22 (d, 48+ 8.7 Hz, C2’-H); 6.93 (d, 4HJ)= 8.7 Hz, C3'-H);



5.05 (s, 4H, Ar-CH0); 3.71 (s, 4H, Ar-ChN); 2.62 (t, 4H,J= 6.6 Hz, N-CH); 1.53 (m, 4H, C2-H
and C4-H)**C NMR (CDCE) & 157.8 (C); 137.1 (C); 132.9 (C); 129.3 (CH); 126081); 127.9 (CH);
127.5 (CH); 114.8 (CH); 70.1 (GM 53.4 (CH); 49.2 (CH); 27.9 (CH). IR v 3294 (R-NH-R1); 3035
(Ar-H); 1167 (C-N-C); 1247 and 1015 (Ar-O-C); 81diqubstituted aromatic) ¢ ESI-HRMS:

calculated mass forsgHz;N>O, (M+H") 481.2855; found 481.2849.

4.6.15. Synthesis of N1,N6-bis(4-(benzyloxy)benzydxane-1,6-diamine (15).

Following the general reaction conditions for thsubistituted diamines synthesis, the reaction was
worked up and purified to afford 155 mg of whitdidgisolated yield: 86 %)*H NMR (CDCL) §7.38
(m, 10H, aromatics 4’-benzyloxy); 7.23 (d, 4#; 8.7 Hz, C2'-H); 6.93 (d, 4H])= 8.7 Hz, C3’-H);
5.05 (s, 4H, Ar-CH0); 3.72 (s, 4H, Ar-ChiN);2.61 ( t, 4HJ= 6.9 Hz, N-CH); 1.51 (m, 4H, C2-H
and C5-H); 1.32 (m, 4H, C3-H and C4-HC NMR (CDCk) § 157.9 (C); 137.1 (C); 132.3 (C); 129.5
(CH); 128.6 (CH); 127.9 (CH); 127.5 (CH); 114.8 (CHO0.0 (CH); 53.2 (CH); 49.1 (CH); 29.7
(CHy); 27.2 (CH). IR v 3293 (R-NH-R1); 3048 (Ar-H); 1104 (C-N-C); 1251cai016 (Ar-O-C);
815(disubstituted aromatic) ¢m ESI-HRMS: calculated mass forsf4:N.O, (M+H") 509.3168:;
found 509.3146.

4.6.16. Synthesis of N1,N8-bis(4-(benzyloxy)benzayttane-1,8-diamine (16).

Following the general reaction conditions for theutistituted diamines synthesis, the reaction was
worked up and purified to afford 147 mg of whitdidgisolated yield: 99 %)*H NMR (CDCk) 57.42
(m, 10H, aromatics 4’-benzyloxy); 7.23 (d, 4#; 8.7 Hz, C2'-H); 6.93 (d, 4H])= 8.7 Hz, C3'-H);
5.05 (s, 4H, Ar-CH0); 3.72 (s, 4H, Ar-ChN); 2.60 ( t, 4HJ= 7.2 Hz, N-CH); 1.49 (m, 4H, C2-H
and C7-H); 1.29 (m, 8H, CHC3-H to C6-H).**C NMR (CDC}) & 157.8 (C); 137.1 (C); 133.0 (C);
129.3 (CH), 128.6 (CH), 127.9 (CH), 127.5 (CH); BL4CH); 70.0 (CH); 53.5 (CH); 49.4 (CH);
30.1 (CH); 29.5 (CH); 27.3 (CH). IR v 3246 (R-NH-R1); 3035 (Ar-H); 1104 (C-N-C); 1249dan
1015 (Ar-O-C); 813 (disubstituted aromatic) ¢mESI-HRMS: calculated mass forsd8sN,0;
(M+H™") 537.3481; found 537.3477.

4.6.17. Synthesis of N1,N10-bis(4-(benzyloxy)benmécane-1,10-diamine (17).

Following the general reaction conditions for theutistituted diamines synthesis, the reaction was
worked up and purified to afford 79 mg of whiteiddisolated yield: 60 %)*H NMR (CDCk) 57.42
(m, 10H, aromatics 4’-benzyloxy); 7.24 (d, 48 8.7 Hz,C2-H); 6.93 (d, 4HJ= 8.7 Hz, C3'-H);
5.05 (s, 4H, Ar-CH0); 3.72 (s, 4H, Ar-ChN):2.61 ( t, 4HJ= 6.9 Hz, N-CH); 1.49 (m, 4H, C2-H



and C9-H); 1.27 (m, 12H, C3-H to C8-HJC NMR (CDCE) & 157.9 (C); 137.1 (C); 132.7 (C); 129.4
(CH), 128.6 (CH), 128.0 (CH), 127.5 (CH); 114.8 (CHO0.0 (CH); 53.4 (CH); 49.4 (CH); 30.0
(CHy); 29.5 (CH); 27.6 (CH). IR v 3311 (R-NH-R1); 3049 (Ar-H); 1105 (C-N-C); 1250dah016
(Ar-O-C); 814(disubstituted aromatic) @mESI-HRMS: calculated mass forsgBlagN,0, (M+H")
565.3794; found 565.3802.

4.6.18. Synthesis of N1,N12-bis(4-(benzyloxy)benmddecane-1,12-diamine (18).

Following the general reaction conditions for theutistituted diamines synthesis, the reaction was

worked up and purified to afford 143 mg of whitdidgisolated yield: 99 %)*H NMR (CDCk) 67.42

(m, 10H, aromatics 4’-benzyloxy); 7.24 (d, 4#; 8.7 Hz, C2'-H); 6.93 (d, 4H])= 8.7 Hz, C3'-H);
5.05 (s, 4H, Ar-CHO0); 3.72 (s, 4H, Ar-ChiN); 2.61 (t, 4HJ= 6.9 Hz, N-CH2); 1.49 (m, 4H, C2-H
and C11-H ); 1.27 (m, 16H, C3-H to C10-H)*C NMR (CDCk) 6 157.9 (C); 137.1 (C); 132.7 (C);
129.4 (CH); 128.6 (CH); 128.0 (CH); 127.5 (CH); 184CH); 70.0 (CH); 53.4 (CH); 49.4 (CH);
30.0 (CH); 29.5 (CH); 27.6 (CH). IR v 3311 (R-NH-R1); 3049 (Ar-H); 1105 (C-N-C); 1250dan
1016 (Ar-O-C); 814 (disubstituted aromatic) tmESI-HRMS: calculated mass forsgBioN,O,
(M+H™") 565.3794; found 565.3802.

4.6.19. Synthesis of 5,5'-((propane-1,3-diylbis(azadiyl)) bis(methylene))bis(2-
methoxyphenol) (19).

Following the general reaction conditions for theutstituted diamines synthesis, the reaction was
worked up and purified to afford 180 mg of whitdigdisolated yield: 96 %)*H NMR (CDCh) 5
6.79 (m, 6H, aromatics); 3.87(s, 6H, O-§H3.69 (s, 4H, Ar- CH); 2.73 (t, 4H,J=6.6 Hz, N-CH);
1.74 (m, 2H, C2-H)}*C NMR (CDCk) & 146.8 (C); 146.7 (C); 134.1 (C); 118.9 (CH); 116CH);
112.4 (CH); 56.1 (Ch); 53.1 (CH); 47.5 (CH); 30.0 (CH). IR (KBr) v 3449 (R-NH-R1); 3029 (Ar-
H); 2464 (Ar-O-H); 1280 and 1028 (Ar-O-C); 1132 K&€) cmi'. ESI-HRMS: calculated mass for
Ci1gH27N»04 (M+H™) 347.1971; found 347.1969.

4.6.20. Synthesis of 5,5'-((butane-1,4-diylbis(azadiyl)) bis(methylene))bis(2-methoxyphenol)
(20).

Following the general reaction conditions for theutistituted diamines synthesis, the reaction was
worked up and purified to afford 131 mg of whitdiddisolated yield: 80 %)'H NMR (CDCk) &
6.77 (m, 6H, aromatics); 3.87(s, 6H, O-g}H3.69 (s, 4H, Ar- Ch); 2.62 (t, 4H,J= 6.6 Hz, N-CH);



1.56 (m, 4H, C2-H and C3-H}*C NMR (CDC}E) & 146.7 (C); 146.7 (C); 134.1 (C); 118.9 (CH);
115.8 (CH); 112.4 (CH); 56.1 (G} 53.0 (CH); 49.0 (CH); 27.8 (CH). IR (KBr) v 3441(R-NH-R1);
3040 (Ar-H); 2319 (Ar-O-H); 1255 and 1026 (Ar-O-C)138(C-N-C); 866 cih. ESI-HRMS:
calculated mass fordgH,9N>04 (M+H") 361.2127; found 361.2121.

4.6.21. Synthesis of 5,5'-((hexane-1,6-diylbis(azztyl)) bis(methylene))bis(2-methoxyphenol)
(22).

Following the general reaction conditions for theutistituted diamines synthesis, the reaction was
worked up and purified to afford 110 mg of whitdigdisolated yield: 82 %)*H NMR (CDCk) 5
6.80 (m, 6H, aromatics); 3.86 (s, 6H, O-4HB.68 (s, 4H, Ar-CH); 2.59 (t, 4HJ= 7.2 Hz, N-CH);
1.47 (m, 4H, C2-H and C5-H); 1.30(m, 4H, C3-H andid). *C NMR (CDCk) & 146.7 (C); 146.7
(C); 134.1 (C); 118.9 (CH); 115.8 (CH); 112.4 (CHB.1 (CH); 53.1 (CH); 49.0 (CH); 29.9 (CH);
27.4 (CH). IR (KBr) v 3465(R-NH-R1); 3031 (Ar-H); 2441 (Ar-O-H); 1286035 (Ar-O-C); 1131
(C-N-C) cm*. ESI-HRMS: calculated mass fop£E33N-04 (M+H") 389.2440; found 389.2442.

4.6.22. Synthesis of 5,5'-((octane-1,8-diylbis(azaahyl)) bis(methylene))bis(2-methoxyphenol)
(22).

Following the general reaction conditions for theutistituted diamines synthesis, the reaction was
worked up and purified to afford 135 mg of whitdiddisolated yield: 72 %)'H NMR (CDCk) 5
6.80 (m, 6H, aromatics); 3.86 (s, 6H, O4HB.69 (s, 4H, Ar-ChH); 2.58 (t, 4H,J= 7.2 Hz, N-CH);
1.47 (m, 4H, C2-H and C7-H); 1.25 (m, 8H, C3-H t6-8). **C NMR (CDCE) & 146.8 (C); 146.7
(C); 134.0 (C); 119.0 (CH); 115.9 (CH); 112.4 (CHB.1 (CH); 53.1 (CH); 49.0 (CH); 29.9 (CH);
29.5 (CH); 27.3 (CH). IR (KBr) v 3447(R-NH-R1); 2991 (Ar-H); 2445 (Ar-O-H); 12821033
(Ar-O-C); 1131(C-N-C); 855 (trisubstituted aromaticm®. ESI-HRMS: calculated mass for
Co4H37N0,4 (M+HY) 417.2753; found 417.2740.

4.6.23. Synthesis of 5,5'-((decane-1,10-diylbis(azaliyl)) bis(methylene)) bis(2-
methoxyphenol) (23).

Following the general reaction conditions for theutstituted diamines synthesis, the reaction was
worked up and purified to afford 74 mg of whiteiddisolated yield: 72 %)*H NMR (CDCk) & 6.82
(m, 6H, aromatics); 3.86 (s, 6H, O-@H3.70 (s, 4H, Ar- CH); 2.60 (t, 4HJ= 7.2 Hz, N-CH); 1.48
(m, 4H, C2-H and C9-H); 1.25 (m, 12H, €B3- H to C8-H).**C NMR (CDCk) 5 146.7 (C); 146.7



(C); 134.1 (C); 118.9 (CH); 115.8 (CH); 112.4 (CHB.1 (CH); 53.1 (CH); 49.0 (CH); 29.9 (CH);
29.5 (CH); 27.6 (CH). IR (KBr) v 3418 (R-NH-R1); 3033 (Ar-H); 2444 (Ar-O-H); 1282¢ 1033
(Ar-O-C); 1131(C-N-C); 873 (trisubstituted aromaticm®. ESI-HRMS: calculated mass for
C24H41N204 (M+H™) 445.3066; found 445.3050.

4.6.24. Synthesis of 5,5'-((dodecane-1,12-diylbigéaediyl)) bis(methylene))bis(2-
methoxyphenol) (24).

Following the general reaction conditions for theutistituted diamines synthesis, the reaction was
worked up and purified to afford 86 mg of whiteiddisolated yield: 46 %)H NMR (CDCk) 5 6.82
(m, 6H, aromatics); 3.86 (s, 6H, O-gH3.70 (s, 4H, Ar- CH); 2.60 (t, 4H,J= 7.2 Hz, N-CH); 1.48
(m, 4H, C2-H and C11-H); 1.25 (m, 16H, €83- H to C12-H)**C NMR (CDCb) & 146.7 (C); 146.7
(C); 134.1 (C); 118.9 (CH); 115.8 (CH); 112.4 (CHB.1 (CH); 53.1 (CH); 49.0 (CH); 29.9 (CH);
29.5 (CH); 27.6 (CH). IR (KBr) v 3418(R-NH-R1); 3033 (Ar-H); 2444 (Ar-O-H); 1282 chri033
(Ar-O-C); 1131(C-N-C); 873 (trisubstituted aromatieri>.

4.6.25. Synthesis of N1,N3-bis(4-(benzyloxy)-3-metkybenzyl)propane-1,3-diamine (25).

Following the general reaction conditions for theutistituted diamines synthesis, the reaction was
worked up and purified to afford 133 mg of whitdidgisolated yield: 50 %)*H NMR (CDCk) 57.37
(m, 10H, aromatics 4’-benzyloxy); 6.82 (m, 6H, aaiis); 5.13 (s, 4H, Ar-CHO); 3.87 (s, 6H, O-
CHs); 3.70 (s, 4H, Ar-CHN); 2.69 (t,4H,J= 6.6 Hz, N-CH-); 1.72 (m, 2H, C2-H)?*C NMR
(CDClg) 6 149.7 (C); 147.2 (C); 137.3 (C); 133.8 (C); 1283); 127.8 (CH); 127.3 (CH); 120.2
(CH); 114.1 (CH); 112.0 (CH); 71.1 (G)456.0 (CH); 53.9 (CH); 48.0 (CH); 30.2 (CH). IRv 3302
(R-NH-R1); 3063 (Ar-H); 1264 and 1026 (Ar-O-C); BLE-N-C) cn*. ESI-HRMS: calculated mass
for CaaHsgN204 (M+H™) 527.2910; found 527.2886.

4.6.26. Synthesis of N1,N4-bis(4-(benzyloxy)-3-metkybenzyl)butane-1,4-diamine (26).

Following the general reaction conditions for theutistituted diamines synthesis, the reaction was
worked up and purified to afford 205 mg of whitdidgisolated yield: 84 %)*H NMR (CDClk) §7.39
(m, 10H, aromatics 4’-benzyloxy); 6.82 (m, 6H, aadivs); 5.13 (s, 4H, Ar-CHO); 3.89 (s, 6H, O-
CHs); 3.70 (s, 4H, Ar-CHN); 2.64 (t,4H,J= 6.6 Hz, N-CH); 1.56 (m, 4H, C2-H and C3-H}*C
NMR (CDCk) & 149.7 (C); 147.2 (C); 137.3 (C); 133.2 (C); 1283H), 127.8 (CH),127.3 (CH);
120.3 (CH); 114.0 (CH); 112.0 (CH); 71.1 (9H56.0 (CH); 53.6 (CH); 49.1 (CH); 27.7 (CH). IR



v 3299 (R-NH-R1); 3066 (Ar-H); 1261 and 1032 (Ar-Q:-C1131 (C-N-C) crit ESI-HRMS:
calculated mass forsgH41N>O, (M+H") 541.3066; found 541.3045.

4.6.27. Synthesis of N1,N6-bis(4-(benzyloxy)-3-metkybenzyl)hexane-1,6-diamine (27).

Following the general reaction conditions for theutistituted diamines synthesis, the reaction was
worked up and purified to afford 159 mg of whitdidgisolated yield: 81 %)*H NMR (CDCk) 57.40
(m, 10H, aromatics 4’-benzyloxy); 6.84 (m, 6H, aaiios); 5.13 (s, 4H, Ar-CHO); 3.89 (s, 6H, O-
CHa); 3.71 (s, 4H, Ar-CiN); 2.61 (t,4HJ= 7.2 Hz, N-CH); 1.51 (m, 4H, C2-H and C5-H); 1.33 (m,
4H, C3-H and C4-H)*C NMR (CDCE) & 149.7 (C); 147.6 (C); 137.3 (C); 133.4 (C); 1283);
127.8 (CH); 127.3 (CH); 120.3 (CH); 114.0 (CH); 112CH); 71.1 (CH); 56.0 (CH); 53.7 (CH);
49.3 (CH); 29.8 (CH); 27.3 (CH). IR v 3409 (R-NH-R1); 1264 and 1004 (Ar-O-C); 1145 (G-
cm®. ESI-HRMS: calculated mass fogdBl4sN»0s (M+H") 569.3379; found 569.3380.

4.6.28. Synthesis of N1,N8-bis(4-(benzyloxy)-3-metkybenzyl)octane-1,8-diamine (28).

Following the general reaction conditions for theutistituted diamines synthesis, the reaction was
worked up and purified to afford 155 mg of whitéidgisolated yield: 88 %)*H NMR (CDClk) §7.39
(m, 10H, aromatics 4’-benzyloxy); 6.84 (m, 6H, aatdivs); 5.14 (s, 4H, Ar-CHO); 3.89 (s, 6H, O-
CHy); 3.71 (s, 4H, Ar-CHN); 2.61 (t, 4H,J= 7.2 Hz, N-CH); 1.46 (m, 4H, C2-H and C7-H); 1.29
(m, 8H, C3-H to C6-H)**C NMR (CDCE) & 149.7 (C); 147.2 (C); 137.3 (C); 133.2 (C); 1263%);
127.8 (CH); 127.3 (CH); 120.3 (CH); 114.0 (CH); 102CH); 71.1 (CH); 56.0 (CH); 53.7 (CH);
49.3 (CH); 29.8 (CH); 29.4 (CH); 27.2 (CH). IR v 3410 (R-NH-R1); 3006 (Ar-H); 1259 and 1029
(Ar-O-C); 1162 (C-N-C) cnl. ESI-HRMS: calculated mass fogdEgN,0, (M+H") 597.3692; found
597.3717.

4.6.29. Synthesis of N1,N10-bis(4-(benzyloxy)-3-rhekybenzyl)decane-1,10-diamine (29).

Following the general reaction conditions for theutdstituted diamines synthesis, the reaction was
worked up and purified to afford 130 mg of whitéidgisolated yield: 89 %)*H NMR (CDCk) 57.40
(m, 10H, aromatics 4’-benzyloxy); 6.81 (m, 6H, aadivs); 5.14 (s, 4H, Ar-CHO); 3.89 (s, 6H, O-
CHs); 3.71 (s, 4H, Ar-CHN); 2.61 (t,4H, N-CH); 1.51 (m, 4H, C2-H and C9-H); 1.27 (m, 12H, C3-
H to C8-H).*C NMR (CDCE) & 149.7 (C); 147.2 (C); 137.3 (C); 133.6(C); 1283}; 127.8 (CH);
127.3 (CH); 120.3 (CH); 114.0 (CH); 112.0 (CH); T1CH,); 56.0 (CH); 53.8 (CH); 49.4 (CH);



30.0 (CH); 29.5 (CH); 27.4 (CH2). IRv 3422 (R-NH-R1); 1263 and 1029 (Ar-O-C); 1140 (G-
cm™*. ESI-HRMS: calculated mass fordEssN-Os (M+H") 625.4005; found 625.4030.

4.6.30. Synthesis of N1,N12-bis(4-(benzyloxy)-3-rhekybenzyl) dodecane-1,12-diamine (30).

Following the general reaction conditions for theutistituted diamines synthesis, the reaction was

worked up and purified to afford 135 mg of whitdidgisolated yield: 90 %)*H NMR (CDCk) 57.40

(m, 10H, aromatics 4’-benzyloxy); 6.81 (m, 6H, aaiis); 5.14 (s, 4H, Ar-CHO); 3.89 (s, 6H, O-
CHa); 3.71 (s, 4H, Ar-CHN); 2.61 (t, 4H, N-CH); 1.51 (m, 4H, C2-H and C11-H); 1.27 (m, 16H,
C3-H to C10-H).**C NMR (CDCk) & 149.7 (C); 147.2 (C); 137.3 (C); 133.6 (C); 1263%); 127.8
(CH); 127.3 (CH); 120.3 (CH); 114.0 (CH); 112.0 (CH1.1 (CH); 56.0 (CH); 53.8 (CH); 49.4
(CH,); 30.0 (CH); 29.5 (CH); 27.4 (CH). IR v 3422 (R-NH-R1); 1263 and 1029 (Ar-O-C); 1140 (C-
N-C) cm’. ESI-HRMS: calculated mass forEls/N,Os (M+H") 653.4313; found 653.4313.

4.7. General procedure for N,N,N’,N’-diamines tetrgubstituted synthesis

To a solution of aldehyde (4.5 eq.) and diamined} in anhydrous DCM, NaBH(Ac®])7.2 eq.)
and acetic acid (6.4 eq.) were added at room temtyrer The reaction was stirred under inert
atmosphere for 24 hours and then was quenchedavli@® NaHC@ Solution. Phases were separated
and the aqueous phase extracted with DCM (3 x 2P @ambined organic extracts were dried with

sodium sulphate and evaporated. Products werdaquub flash chromatography.
4.7.1 Synthesis of N1,N1,N3,N3-tetrabenzyl-proparie3-diamine (31).

Following the general reaction conditions for te¢rasubstituted diamines synthesis, the reaction
was worked up and purified to afford 29 mg of wihtdid (isolated yield: 17 %}H NMR (CDCk) &
7.28 (m, 20H, aromatics); 3.51 (s, 8H, Ar-gH2.42 (t, 4H,J= 6.9 Hz, N-CH); 1.73 (m, 2H, C2-H).
13C NMR (CDCb) & 139.7 (C); 128.9 (CH); 128.2 (CH); 126.8 (CH); £8CH,); 51.6 (CH); 24.5
(CH,). IR v 3026 (Ar-H); 1127 (C-N); 697 (monosubstituted aatic) cni*. ESI-HRMS: calculated
mass for GHzsN, (M+H™) 435.2800; found 435.2781.

4.7.2 Synthesis of N1,N1,N4,N4-tetrabenzylbutanedtdiamine (32)

Following the general reaction conditions for teé&rasubstituted diamines synthesis, the reaction
was worked up and purified to afford 42 mg of whitdid (isolated yield: 26 %}H NMR (CDCLk) &
7.31 (m, 20H, aromatics); 3.50 (s, 8H, Ar-gH2.35 (t, 4H,J= 4.8 Hz, N-CH); 1.49 (m, 4H, C2-H
and C3-H)."*C NMR (CDCE) & 140.0 (C); 128.8 (CH); 128.2 (CH); 126.07 (CH);%8CH,); 53.4



(CHy); 24.8 (CH). IR v 3028 (Ar-H); 1123 (C-N); 693 (monosubstituted aatic) cm'. ESI-HRMS:
mass calculated foragHz/N, (M+H") 449.2957; found 449.2964.

4.7.3 Synthesis of N1,N1,N6,N6-tetrabenzylhexanesidiamine (33)

Following the general reaction conditions for teérasubstituted diamines synthesis, the reaction
was worked up and purified to afford 27 mg of whitdid (isolated yield: 17 %}H NMR (CDCk) &
7.31 (m, 20H, aromatics); 3.53 (s, 8H, Ar-gH2.36 (t, 4H,J=6.9 Hz, N-CH); 1.45 (m, 4H, C2-H
and C5-H); 1.17 (m, 4H, C3-H and C4-HJC NMR (CDCE) § 140.1 (C); 128.8 (CH); 128.1 (CH);
126.7 (CH); 58.3 (Ch); 53.4 (CH); 27.1 (CH); 27.0 (CH). IR v 3026 (Ar-H); 1120 (C-N); 698
(monosubstituted aromatic) EmESI-HRMS: mass calculated fogE:N, (M+H") 477.3270; found
477.3273.

4.7.4 Synthesis of N1,N1,N8,N8-tetrabenzyloctaneBidiamine (34)

Following the general reaction conditions for teé&rasubstituted diamines synthesis, the reaction
was worked up and purified to afford 28 mg of witdid (isolated yield: 27 %}H NMR (CDCLk) &
7.32 (m, 20H, aromatics); 3.54 (s, 8H, Ar-gH2.39 (t, 4H,J= 6.9, N-CH); 1.47 (m, 4H, C2-H and
C7-H); 1.22 (m, 8H, C3-H to C6-H J3C NMR (CDCE) 5140.1 (C); 128.8 (CH); 128.1 (CH); 126.7
(CH); 58.3 (CH2); 53.4 (Ch); 29.5 (CH); 27.3 (CH); 270 (CH,). IR v 3026 (Ar-H); 1126 (C-N);
697 (monosubstituted aromatic) ¢m

4.7.5 Synthesis of N1,N1,N10,N10-tetrabenzyldecahgtO-diamine (35)

Following the general reaction conditions for teé&rasubstituted diamines synthesis, the reaction
was worked up and purified to afford 26 mg of whitdid (isolated yield: 28 %YH NMR (CDCk) &
7.32 (m, 20H, aromatics); 3.54 (s, 8H, Ar-gH2.39 (t, 4H,J=7.2 Hz, N-CH); 1.48 (m, 4H, C2-H
and C9-H); 1.17 (s, 12H, C3-H to C8-HJC NMR (CDCE) & 140.1 (C); 128.8 (CH); 128.1 (CH);
126.7 (CH); 58.3 (Ch); 53.4 (CH); 29.6 (CH); 29.5 (CH); 27.3 (CH); 27.0 (CH). ESI-HRMS:
calculated mass for4HsoN> (M+H™) 533.3892, found 533.3896.

4.7.6 Synthesis of N1,N1,N3,N3-tetrakis(4-methoxybeyl)propane-1,3-diamine (36)

Following the general reaction conditions for tle&dsubstituted diamines synthesis, the reaction
was worked up and purified to afford 194 mg of gedish oil (isolated yield: 30%)fH NMR (CDCk)
6 7.16 (d, 8H,J=8.7 Hz, aromatics); 6.81(d, 8d= 8.7 Hz, aromatics); 3.79 (s, 12H, O-§18.40 (s,
8H, Ar-CH,); 2.36 (t, 4H,J= 6,9 Hz, N-CH); 1.67 (m, 2H, C2)**C NMR (CDCE) 6 158.5 (C); 132.0



(C); 130.0 (CH); 113.5 (CH); 57.5 (G)155.2 (CH); 51.3 (CH); 24.5 (CH). IRv 2997 (Ar-H); 1247
and 1034 (Ar-O-C); 1179 (C-N) cmESI-HRMS: calculated mass foggEl4aN,04 (M+H") 555.3223;
found 555.3235.

4.7.7 Synthesis of N1,N1,N4,N4-tetrakis(4-methoxybeyl)butane-1,4-diamine (37)

Following the general reaction conditions for tle&adsubstituted diamines synthesis, the reaction
was worked up and purified to afford 45 mg of whitdid (isolated yield: 25%)YH NMR (CDCL) &
7.22 (d, 8HJ= 8.7 Hz, aromatics); 6.83(d, 881= 8.7 Hz, aromatics); 3.79 (s, 12H, -O-gHB.42 (s,
8H, Ar-CHy); 2.31 (t, 4H, N-CH); 1.44 (m, 4H, C2-H and C3-H}*C NMR (CDCE) §158.5 (C);
132.1 (C); 129.9 (CH); 113.5 (CH); 57.4 (H55.3 (CH); 51.3 (ChH); 24.8 (CH). IR v 2998 (Ar-

H); 1247 and 1037 (Ar-O-C); 1178 (C-N) ¢mESI-HRMS: mass calculated fogdBsN,Os (M+H™)
569.3379; found 569.3385.

4.7.8 Synthesis of N1,N1,N6,N6-tetrakis(4-methoxybeyl)hexane-1,6-diamine (38)

Following the general reaction conditions for tle&dsubstituted diamines synthesis, the reaction
was worked up and purified to afford 21 mg of whitdid (isolated yield: 10%)YH NMR (CDCL) &
7.24 (d, 8H,J=8.7 Hz, aromatics); 6.83(d, 8k 8.7 Hz, aromatics); 3.79 (s, 12H, O-gH3.45 (s,
8H, Ar-CH); 2.33 (t, 4HJ= 7.2 Hz, N-CH); 1.46 (m, 4H, C2-H and C5-H); 1.16 (m, 4H, C34htla
C4-H). *C NMR (CDC}) § 158.4 (C); 132.0 (C); 129.8 (CH); 113.5 (CH); 5{CH,); 55.2 (CH);
51.1 (CH); 27.2 (CH); 27.0 (CH). IR v 3032 (Ar-H); 1247 and 1036 (Ar-O-C); 1170 (C-N)tm
ESI-HRMS: mass calculated foggEl4oN.04 (M+H") 597.3692; found 597.3718.

4.7.9 Synthesis of N1,N1,N8,N8-tetrakis(4-methoxybeyl)octane-1,8-diamine (39)

Following the general reaction conditions for tleé&rdasubstitutes diamines synthesis, the reaction
was worked up and purified to afford 20 mg of whitdid (isolated yield: 16%)YH NMR (CDCL) &
7.25 (d, 8HJ= 8.7 Hz, aromatics); 6.84 (d, 8Bk 8.7 Hz, aromatics); 3.79 (s, 12H, O-gH3.46 (s,
8H, Ar-CH,); 2.37 (t, 4HJ= 7.2 Hz, N-CH); 1.46 (m, 4H, C2-H and C7-H); 1.16 (s, 8H, C3eH16-

H). **C NMR (CDCE) & 158.4 (C); 132.1 (C); 129.9 (CH); 113.5 (CH); 5{CH,); 55.2 (CH); 53.1
(CH,); 29.6 (CH); 27.3 (CH); 27.3 (CH). ESI-HRMS: mass calculated fors@s3N,04 (M+H")
625.4005; found 625.4036.

4.7.10 Synthesis of N1,N1,N10,N10-tetrakis(4-methgbenzyl)decane-1,10 diamina (40)



Following the general reaction conditions for tle&rdasubstitutes diamines synthesis, the reaction
was worked up and purified to afford 21 mg of whstdid (isolated yield: 28%)H NMR (CDCk)
67.25 (d, 8HJ= 8.7 Hz, aromatics); 6.84 (d, 8Bi= 8.7 Hz, aromatics); 3.79 (s, 12H, O-g}18.46 (s,
8H, Ar-CH,); 2.36 (t, 4HJ= 7.5 Hz, N-CH); 1.47 (m, 4H, C2-H and C9-H); 1.18 (s, 12H, £B83-H
to C8-H).**C NMR (CDCE) § 158.4 (C); 132.0 (C); 129.9 (CH); 113.5 (CH); 5{CH,); 55.2 (CH);

53.0 (CH); 29.8 (CH); 29.5 (CH); 27.3 (CH); 26.9 (CH). ESI-HRMS: mass calculated for
C42Hs57/N204 (M+H™) 653.4318; found 653.4340.

4.8 Computational methods

The geometries of the products were optimized uSB4YP functional*>®

together with 6-
311++G(d,p) basis set. The B3LYP has shown to Ipeogpiate to obtain reliable geometries and for
describing electronic density surfaces. All caltolas were performed with the Gaussian 09

package’
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Table 1.Anti-apicomplexan activity, cytotoxicity and clusteamily of N, N’-substituted diamines.

T. gondii

_ P. falciparum P. falciparum Growth Cytotoxicity
Compound n R Yield*(%) D6 Sk W2 SP inhibition at Vero cells Cluster
ICs0 (M) ICs0 (M) 1 uMb ICs0 (M) ©
1 3 H 79 2.35 >7.9 2.63 >7.1 + NC A
2 4 H 73 2.98 >59 2.49 >7.1 + NC A
3 6 H 46 2.09 >7.7 2.09 >7.7 + NC B
4 8 H 94 0.37 >39.7 0.37 >39.7 + NC B
5 10 H 89 0.48 >28.0 0.28 >47.6 +++ NC B
6 12 H 79 0.97 >12.9 1.02 >12.2 + NC B
7 3 4-OMe 78 3.18 >4.8 541 >2.8 ++ NC C
8 4 4-OMe 77 4.57 >3.2 6.69 >2.2 + NC D
9 6 4-OMe 30 3.08 2.4 3.36 2.5 + 8.32 E
10 8 4-OMe 59 1.48 >8.4 1.69 >7.3 + NC F
11 10 4-OMe 66 0.60 >19.0 0.67 >17.0 ++ NC F
12 12 4-OMe 99 1.58 >6.8 1.86 >5.8 +++ NC F
13 3 4-OBn 67 1.22 4.9 1.43 4.2 +++ 6.00 G
14 4 4-OBn 77 2.08 2.8 3.12 1.9 ++ 5.83 H
15 6 4-OBn 86 0.39 >24.0 0.29 >32.2 + NC |
16 8 4-OBn 99 3.72 >2.4 4.09 >2.2 + NC J
17 10 4-0OBn 60 2.47 >3.4 3.50 >2.4 +++ NC J
18 12 4-0OBn 99 8.00 >1.2 8.00 >1.2 ND NC J
19 3 3-OH, 4-OMe 96 >8.00 - >8.00 - ND NC C
20 4 3-OH, 4-OMe 80 >8.00 - >8.00 - +++ NC D
21 6 3-OH, 4-OMe 82 >8.00 - >8.00 - ++ NC E
22 8 3-OH, 4-OMe 78 4.80 >2.38 5.52 >2.1 + NC F
23 10 3-OH, 4-OMe 72 1.97 >5.41 1.88 >5.7 + NC F
24 12 3-OH, 4-OMe 46 1.97 >5.10 2.88 >3.5 + NC F
25 3 3-OMe, 4-OBn 50 0.42 15.9 0.47 14.1 +4+++ 6.65 G
26 4  3-OMe, 4-OBn 84 0.33 >27.4 0.49 >18.4 ++ NC H
27 6 3-OMe, 4-OBn 81 0.26 >31.7 0.44 >19.0 + NC |
28 8 3-OMe, 4-OBn 88 0.31 14.6 0.43 10.5 - 452 J
29 10 3-OMe, 4-OBn 89 1.12 >6.8 1.05 >7.2 + NC J
30 12 3-OMe, 4-OBn 99 1.28 >5.67 1.37 >5.3 + NC J
31 3 Htetrasubstituted 17 >8.00 - >8.00 - ND NC K
32 4 H tetrasubstituted 26 >8.00 - >8.00 - ND NC K
33 6  H tetrasubstituted 17 >8.00 - >8.00 - ND NC L
34 8  Htetrasubstituted 27 >8.00 - >8.00 - ND NC L
35 10 H tetrasubstituted 28 >8.00 - >8.00 - ND NC L
36 3  4-OMe Tetrasubt. 30 >8.00 - >8.00 - ND NC K
37 4 4-OMe Tetrasubt. 25 >8.00 - >8.00 - ND NC K
38 6 4-OMe Tetrasubt. 10 >8.00 - >8.00 - ND NC L
39 8 4-OMe Tetrasubt. 16 >8.00 - >8.00 - ND NC L
40 10 4-OMe Tetrasubt. 28 >8.00 - >8.00 - ND NC L
CQ 0.083 0.422
Art 0.094 0.094
Pyr -

NC= not cytotoxic at the maximum concentration tested (4.46 ug/mL) CQ= Chloroquine Art= Arteminsin

Pyr=pyremethamine.
a-Sl (Selectivity Index: ICs, Vero Cells / IC5, Parasites)

b Scale: ++++ total growth inhibition of parasite with fibroblast integrity, +++ Some tachizoite growth but approximately

at 75 % of control with fibroblast integrity, ++ correspond at 50% of parasite growth, + at 25% and - no growth inhibition.
c-Tested a t a maximum concentration of 8 UM
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Table 2.Physicochemical properties of N, N’-substituteddizes.

Compound n R MW LogP LogD LogBB TPSA Volume
1 3 H 254.377 2.538 0,46 0.373 24.06 264.27
2 4 H 268.404 2.994 -0,88 0.436 24.06 281.07
3 6 H 296.458 3.906 -0,01 0.584 24.06 314.67
4 8 H 324.512 4.818 0,88 0.735 24.06 348.27
5 10 H 352.566 5.730 1,77 0.851 24.06 381.88
6 12 H 380.620 6.642 2,66 1.005 24.06 415.48
7 3 4-OMe 314.429 2.807 0,26 0.119 42.52 315.36
8 4 4-OMe 328.456 3.261 -1,09 0.193 42.52 332.16
9 6 4-OMe 356.510 4.095 -0,16 0.670 42.52 365.76
10 8 4-OMe 384.564 4.930 0,73 0.747 42.52 399.37
11 10 4-OMe 412.618 5.764 1,62 0.929 42.52 432.97
12 12 4-OMe 440.672 6.599 2,51 1.082 42.52 466.57
13 3 4-OBn 466.625 6.272 3,64 0.300 42.52 458.66
14 4 4-OBn 480.652 6.726 2,35 0.370 42.52 475.46
15 6 4-OBn 508.706 7.560 3,23 0.812 42.52 509.06
16 8 4-OBn 536.760 8.395 4,12 0.944 42.52 542.66
17 10 4-OBn 564.814 9.230 5,01 1.098 42.52 576.27
18 12 4-OBn 592.868 10.064 5,89 1.252 42.52 609.87
19 3 3-OH, 4-OMe 346.427 2.028 0,23 -0.308 82.98 331.39
20 4 3-OH, 4-OMe 360.454 2.482 -0,83 -0.294 82.98 348.19
21 6 3-OH, 4-OMe 388.508 3.316 0,05 0.142 82.98 381.80
22 8 3-OH, 4-OMe 416.562 4.151 0,94 0.297 82.98 415.40
23 10 3-OH, 4-OMe 444,616 4.985 1,83 0.448 82.98 449.01
24 12 3-OH, 4-OMe 472.670 5.820 2,71 0.604 82.98 482.61
25 3 3-OMe, 4-OBn 526.680 6.030 3,48 0.116 60.98 509.75
26 4 3-OMe, 4-OBn 540.704 6.473 2,26 0.130 60.98 526.55
27 6 3-OMe, 4-OBn 568.758 7.308 3,12 0.593 60.98 560.15
28 8 3-OMe, 4-OBn 596.812 8.142 4,02 0.776 60.98 593.76
29 10 3-OMe, 4-OBn 624.866 8.977 4,95 0.942 60.98 627.36
30 12 3-OMe, 4-OBn 652.920 8.977 5,92 1.057 60.98 660.96
31 3 H TetraSubst. 434.63 6.24 4.84 NC 6.48 441.45
32 4 H TetraSubst. 448.65 6.51 3.32 NC 6.48 458.25
33 6 H TetraSubst. 476.71 7.52 4.20 NC 6.48 491.86
34 8 H TetraSubst. 504.76 8.42 5.09 NC 6.48 525.46
35 10 H TetraSubst. 532.82 8.93 5.97 NC 6.48 559.06
36 3 4-OMe TetraS. 498.62 4.32 3.95 NC 87.39 473.52
37 4 4-OMe TetraS. 512.65 4.59 2.61 NC 87.39 490.32
38 6 4-OMe TetraS. 540.70 5.60 3.49 NC 87.39 523.93
39 8 4-OMe TetraS. 568.76 6.61 4.38 NC 87.39 557.53
40 12 4-OMe TetraS. 596.81 7.62 5.27 NC 87.39 591.13

NC= not calculated
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4 n=8 R=H 0.37 >40
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15 n=6 R=4-OBn 0.39 >24

25 n=3 R=3-Me0,4-BnO 1.53 4.3
26 n=4 R=3-Me0,4-BnO 0.33 >27
27 n=6 R=3-Me0,4-BnO 0.26  >31

Figure 7. Structure-activity relationship of our library agsi apicomplexan and selected analogs.
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Highlights

A series of N,N’-disubstituted aliphatic diaminesdaN,N,N",N"-tetrasubstituted aliphatic
diamines were designed and synthesized as potervalchemical entitites for malaria and
toxoplasmosis drug development.

All compounds were tested ifoxoplasma gondiand in chloroquine-sensitive and resistant-
strains ofPlasmodium falciparum

Most of the synthesized compounds showed potentitgan P. falciparum and can be used
as a starting point for the development of newnaalarial drugs. On the other hand, none of
the tetrasubstituted analogues were active.

The collection did not show the same potencylogondiiand was different when compared
with the malaria parasite.

Theoretical studies were carried out to show tleetsbdnic differences between the synthesized

compounds. A possible multitarget action mecharhiawe been proposed.



