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Abstract

Alzheime rdsease (AD) is a complemultifactorial, and rapidly neurodegenerative disorder
characterized by cognitive impairment and progressive dementia. Its pathology was first
characterized by Al ois Al zhei mer as fa pecul i :
tau and chohergic hypotheses are at the forefront of AD research. The currently available
treatments that follow the traditional approa
AD and with the growing number of patients and an aging population developiegderivatives
as potential treatment for AD is critical. We believe that aminoadamantane derivatives can be used
as suitable scaffold for developing treat ment
favorable lipophilicity, safety profiland ease offemical modifications. The goaf this project
was to develop library of novel eminoadamantane derivatives with suitable pharmacasitat
e x h i b aggrega&idn inhibition propertied\ total of 48 derivatives were synthesized and
biologically evaluatedh vitro for their potentialA bantiaggregatioractivity and structur@ctivity
relationship (SAR) data wasalyzed Themolecular docking studies tfie lead candidates were
investigated to gain insight into their mode of action. Tlesnt pot ent AR#M@ i nhib
amino-N-(3,5-dimethyladamantaf-yl)benzamide(A b 410@s0= 0 . ¥, clasdW)followed byl (N-
(4-bromobenzyl)3,5-dimethyladamantat-amine;( A b 44%= 11C. Band3ml(N-(1-(adamantaril-

yl)ethyl)-3-aminobenzamiddA b 41@s0= 1 . & In eoNtjusion, this project provides a new class

of novel aminoadamantane derivatives as potential treatments for AD.
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Chapter 1: Introduction

11 Al zhei mer 6s Disease

Al have | os tAugosfedDetdr fo Or. Alos plzheiraed when she was askedite
her name! November3®1 9 0 6 , more than a century ago, ma |
diseas€AD). AD is a multifactorial neurodegenerative disordath a complex pathghysiology,
rapidly growing number of patientand substantial socioeconomic burden on healthcare systems
across the world®* In Canadaestimated 747,000 patients exhibitedaas degrees of dementia
with 550,000 , almost 70%f casesbeingattributed to AD.With acombineddirect medicaland
indirect costs of 24 billiordollars in Canada an#36 billion dollars inthe USin 2015,i t 6 s no
surprise that AD is the most costly disease in North Ameficac or di ng t o Al zhei me
by 2050 the cosif treating AD patientsvill rise toastaggering 1 trillion dollagin North America
dueto an aging population and increase life span of individtflsAD pathophysiology mainly
affects elderly population; however, gencmiele associated studies have ideatiihPP, PSENL1,

PSEN2 and APOEdenesas genetic risk faors associated with eastynsetof AD (EOAD).2

The neuropathology of AD is mainly characterizgdthe abnormal deposits ektracellular
amyt oi d b et atrafedrdndhyparphdsphorylated tau Up)oteins.Although substantial
effort was focused on these two proteins, various hypotheses have been put forward to describe the
complex pathophysiologyof AD. AmMong t hose, ¢ h cahdi oxidativg isttess ADb ,
hypotheses were on the center of AD research fgigare1.1).>° Howeverover the past decade
a number of new mechanisms have emerged expanding the complexiD ofuch as
neuroinflanmation, diabetesN-methytD-aspartate NMDA) excitotoxicity and receptor for

advanced glycation end produ¢RAGESs) 112



A

A} Monomers

Tau monomers

Tau Fibrills

Figure 1.1: Schematic otline of AD pathophysiologwi t h r espect to,tauaj or

Ap Fibrils

and cholinergic dysfunction

Currently available pharmacotherapptions forAD is only limited to three cholinesterase
inhibitors,donepezil galantamine andvastigmine and one NMDA antagonistemantingFigure
1.2).13 The aforementioned pharmacotheramialy provide modest symptomatic relief fashort
period of time with no disasemodifying effect (DME) except fogalantamind? Al ar mi ngl y,
been more than two decades since any potential treatments have passed the clinical trials and

approvedn the AD pharmacotheragy
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Figure 1.2: Currently goproved treatments for AD.

This shortcoming is due to an aglel approachip har mac e ut i comeltargetong@ u st r y
drug, onedisease, which begs the question of will this approach eventually lead to the development
of a cure for AD? The short answer is NO! With such an intricate disorder and many layers of
complexity, growig list of genetics and environmental risk factarsl lack of early detection,
developing multitargeting treatments seems to be the only logical approach in tackling AD as

evident in the recent focus of scientific community on developing such treattfents.

1.2 Amyloid hypothesis

A Db pde pads first identifiedin 1984 s t he maj or comhy&Glemaearandof ACEL
Wong who de monst-kDaipeptite prifaaili40 tdo 42 Grsinoacidd in Rngth!®
Its role in pathophysiology of AD eluded the scientists until 1992, when Hardy and Higgins

postulated thatthe aggregation oh b p eipn ti @plagudsis the causative agent in AD?°



Although more than two decades of research have added more layers of complexity to the
pathophysiology of the disease, the main body of the hypothesis is still accepted within the scientific
communi ty. I't i s noteworthy t hlakedto rmaay nfedicalmat i o
complicati ons sliseash (PR)type P diabeternaas mmb@rsof cancefd?? AD

is not an all or nothing phenomena, its pathophysiology takes, yaaseme cases decades

develop Interestingly, upt@at 0 % of el derly individuals show s
signs of cognitive impairment. Thsbservationn s i n  di r e c t hypothasi$ &and ®t  wi t
address this conundrum it is essential to examine various sib@é€s as summarized in Figure

13.

Abnormal A

Biomarker abnormality

AB Neuronal Brain
Normal injury structure

Normal cognitive function ' MCI " Dementia

Clinical disease stage

Figure 1.3: Various clinical stages of AlAnd its progressioMild cognitive impairment (MCI).

As Hgure1l3 i ndi cat es, dafsewhila bhe patenhtd expeoegcog a long

asymptomatic phase with nornm@gnitive functionsvhile AD pathology is well underway arad

4



symptomatic phase where patients exhibit rapid decline in global cognitive functions, changes in
personality mode, behavior, motor apraxia and eventual d&afk® The pathologyoAb by it s el
isincapabletoleh t o t he devel opment of AD by patients

tauopathy thialeads to the diagnosis of AD.

1.3 Amyloid Precursor Protein (APP)

A b o r sfgm Amayloid Precursor Proteim family oftype 1 transmembrane proteitiet
is mainly expressed in synapses of neurdihe primary function of AP#s not fully understood
however, varioa studies have linked APP withelt health and growth, signaling, metal
homeostasis, neuronal plasticity asyhapse formatioff?’ The APP gene is locatexh the long
arm of chromosome 2Icontaining 18 exons and spanning approximately 240 kwvough
alternative splicing eighisoforms are generated ranging from 365 to 770 amina atikkngth,
three of which, 695, 751 and 770 isoforms awere ubiquitously expressedhe biological
incorporation of APP in the synapse and neuronal cellular membrane consists of atzmgen
extracellular domain, ~600 amino acids, and a short hydrophetgen@nal intracellular domain
(Figure 1.4).282% A number of point mutations and duplications of APP have been identified to
impact the metabolic pathway of ARIRd leadtd a mi | i al Al zhei BrEOVDIs di s ¢
AD cases, which cgegregate with autosomal dominant inhegtaof APP, presenilin 1 (PSEN
and presenilin 2 (PSEN2) hese mut ations | ead to over produ

development of AF:2931



APP

a-Secretase
B-Secretase

y—Secretase

Figure 1.4: Schematic representation of APP and three secretases.

1.4 APP metabolism and processing

APP metabolic routes lead to two pathwayspamyloidogenicpathwaywhich refers tahe
formati on o incapate opaggrendtindyeasd amyloidogenic patht¥32° APP is
processed via alpha s¢écl) asbetahébd ahd -gmqman (|
o-secretases lead to nanmy | oi dogeni c rout e, howevamd the s

secretases give rise to amyloidogenic rdqétguresl.5 andl1.7).

The noramyloidogenic pathway is mediated bysecretase within the extracellular domain
very close to the cell membrane, cleaving APP between higaed leucinel 7 ( based on t
peptide numberingyesults in the sheddinof a large soluble APP fragmeni:APPs and a
membraneethered intracellar Gterminal fragment, CT83.34® It is noteworthy, that there is no

s i n gskcreetasBrathera large family ofproteolytic proteins referred to as ADAM (a disintegrin



and metalloproteaseyith ADAM 9, ADAM 10 and ADAM 17 are of greater importance in AD

pathology%3’

Intracellular

o-Secretase #

o—APPs

7-Secretase #

AICD
P3

Figure 1.5: Schematic of APP processing viarramyloidogenic pathway.

Extracellular
APP

.

The CTF83 is further processed bysecretase producing an amyloid intracellular domain
(AICD) fragment and a8 Da pepti de r ef el7A048, althaugh ahe expcB o r
biological impacts of these fragments rensanigmatic,recent studies sugges A b40/4R2 tan

also deposit in brains of AD and Down Syndrome patights.

The biological function® f -ARPsis extensivelyresearched and well understood and
broadlyspeaking/JAPPs exhibits neurotrophic and neuroprotecéffects®*4° -APPs is present
early in brain development and stimulates the nepm@genitor proliferationand has potent

neuroprotective effect against gintate neurotoxicity. It can also modulate the APP processing by



directly insecaetansng wnth dbsr up-tesretasehamd APR,t er a «
| owering t he pr odlbecneuroprotectvd effektb of ARP hds ibekre abserved
vitro studies andttributed to the @erminal segment of the fragment, residues-692, which is

absent irb-APPs#142

Extracellular Intracellular
a—APPs
—
B—-APPs

A —
S

APP (695 amino-acids)

Neuroprotective domain (591-612)

Figure 1.6: Schematic representation of various domains of APPs

In the amyloidogenic pathway APPfisst processed bfp-secretase al s o Isileown a ¢
APP cleaving enzyme 1 (BACEL), generatinmmembrandetheredntracellularC-terminal APP
fragment (OF99) and a largsoluble Nterminal fragmenb-APPs It is worth mentioning that
devel opi ng -secrdtasedid considesed adesirdble therapeutic option f6f Ab. e b
APPsfragment isnot subjected to further processing and shares the same amino acid sequence as

U-APPsapart from the last 16 -@rminal amino acids, known for its neuroprotective properties.

Al t h o-ARP$exhibits some degreesnfe ur opr ot ect i v e -fadfldsepoténs , it
t h a#PP$Sf or hi ppocampal neur onal eXci tinducemlx i ci t
toxicity.*44°



The CTF99 cont ai ns Aifilarfy tkae@QTR@ 8t i s ndr eseceemaseed by
and cleavebetween Valine 711 and Isoleucine 712 or Alanine 713 and Tryptophamléasing
afulllength4.2kDaA b 4 0 aeaspkctively alongside with AICD fragmefit’ It is noteworthy
that both amyloidogenic and n@myloidogenic pathways apart of normal physiology in brain
although the nommyloidogenic pathway isiore dominant and there are mechanisms in place in
healthy brain to handle the various fragments mentioned b&ftmeAD patients the delicate
balance between these two pathways is disrupted resulting in a shift towards amyloidogenic

pathway, leadingtdte hi gher rate of production of Ab40

Extracellular Intracellular

B-Secretase

B—APPS
y—Secretase )‘
AICD
Amyloid Beta

Figure 1.7: Schematic of APP processing via amyloidogenic pathway



1.5 A bStructure, Function, Aggregation and Clearance
Al 't hough AbB40 and 42 are the most vayinmmon f
length from36 to 43 aminoacidas APP pr osecectasee Ay Rdpdes are
among the most commonnations of the peptide withA B0beingthe most common product of
APP cl| easeaeasa by Ab42 bei ng t hmeresnscepibletoaggiegatef or m

into plaquesiue to itsgreatetydrophobicity(Figure1.8).49%°

APP (695 amino-acids)

- X

ABA0 DAEFRHDSGYEVHHQKLVFFAEDVGSNKGAIIGLMVGGVVIA
Ap42 = >

Figure 1.8: A bpeptidesequence

Nati ve ADb nmoeomeric dia@es areanbntoxic and presumably unfolded with
unordered structurg&igure1.9).>! The main driving forcesithea g gr egat i onsintf AD |
higher ordered assembliesich as dimers, trimers, oligomers and fibrils are only partially
understood, howeveracentration othe peptide, temperature arnle pH can drastically impact
the rate of aggregatiqmrocess of A as presented in Figufe9.5>%2 The transition from unordered
stuctures into misf ol eleds ipeepthei aggeegatioe process.irbisd i n
transition step isnainlyas soci at ed with the exposure of hydr
domain (amino acid residues of 16 to ,2igweveracetylcholinestrase (AChE) andcertainmetal
ions can also facilitateahe misfoldingand aggregation proce¥sThe misfolded monomers

aggregatao each othevia hydrophobic interactions and hydrogen bonding in order to faogirer
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order structures ranging from dimers hegamers, eventusi grow into soluble oligomers

Protofibrils are assembled from oligomeasnd through elongation mechanism fomatureA b

fibrils. In the elongation phasé& bmonomerdnteract with the N e r mi n a | of AD pro
hydrogen bondingresulting in thef or mat i on -bdrpintstueturebweioht evebtually
associ at es °pP°mterestinglf thd severityi of tlse .disease and syndmii correlates

more closely with the AD ol i g@igueesl® andld@.d r at he

AP Monomers Soluble AP Oligomers Ap Filaments Ap Fibrils

Figure 1.9: lllustration of selfi n d u c AggregAtion pathwa
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Figure 1.10: Schematic representationabngationphasa nd t he i n tmenomeevithi on o f

Ab aggregates
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Al t hough the aggregation of ADb poseofa vari
mechani sms i n place to deRdceptmineé ¢hi d theed ptorsd n pp «
across BBB and enzymatic degradation are the

at its physiological concentratiGh®® However, recent studies point to the presence of endogenous

autoanti bodies against Ab in AD pat atemTthse and
interstitial fluid (ISF) bulk flow is responsible foher e mo v a | of solubl e ADb a
bloodstream while receptone di at ed cl earance is the primary

bulk flow transport accounts for up to 15% remawdl A b

'@,@ Enzymatic

€ degradation

N Microglia .
phagocytosis , Microglia

E@

A3 monomers AP aggregates

Brain extracellular space
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Figure 1.11: Sc hemat i ¢ r e p reegval/degradatioroin bodiRP ahd RAGE are
i mplicated infl ux tohfe Alba jaocrr odsesg rBaBiBa twhoinl eof AD

and ECE.

Low-density lipoprotein (LRP) and RAGE are the primary receptors involved in the flux of

Ab and a number of Jd%®'Whie LRPmed @i @és Altr et &1 BBB:
interestingly, RAGE has been implicated in in
suppressed in Ab rich environment while RAGE
completing a positivdeedback cycle, evnt ual |y di mi ni shing the AbD
receptors. It is noteworthy that Ab cl earance
status of individual s. Ab degr albant peptidases,i a er
neprilysn (NEP), insulindegrading enzyme (IDE) and endothedimnverting enzyme (ECE)

(Figure1.11) 526364

16 Ab Pathol ogy and physiol ogy

The tissue degeneration in AD i s-l@msnsnoci at €
diameter, the A b toxicity is mediated via several mechanisam€luding oxidative stress,
mitochondrial dysfunction, inflammation, synaptic dysfunction, excitotoxicity and alteration in

membrane permeability are among such mecharfisins.

The neurodegendrae effects of oxidative stress a majocontributor to neuronal loss is
not limitedtoADand i s observed in a number of other d
Huntingtonds disease (HD) a rfdd Oxidativestressosgdused | at

by the imbalance in the production and elimination of reactive oxygen species (ROS), afgroup

13



oxygencontaining free radicals such &gdrogen peroxide (#D2) and superoxide (). ROS is

mainly generated by mitochondria, organelle responsible for providing the energy for ¢leds in

form of adenosine triphosphate (ATP) during oxidative phosphoryl&tie@S also links amyloid
hypothesis to mitochondrial dysfunction, wher
electron transport chain enzym®gscausing defi@ncy in both complex 1 (NADH dehydrogenase)

and complex 4 (cytochrome c oxidasgding to ROS overproduction and ATP depletiBigure

1_12)_67,69,70

Complex IV

AP aggregates

Complex I

Figure 1.12. Mitochondrial dysfunctiorin AD. A baggregation causes to oxidative stress, ATP

depletion and MPTP aperture leading to mitochondrial dysfunction.

ATP depletim disrupts neurotransmissia@iters axonal transpahdmetal ionhomeostasis
especiallycalcium (C&") and sodium (N in neurons which is essential to maintain the membrane
potential.The other negative impact of ROS upuitochondria is by stimulating an opening of the
mitochondrial permeability transition pore (MPTP), a protein channel that passes through both inner

14



and outer mitochondrial membranes resulting in influx of*Cand oxidative stres$.’%72
Mitochondrial dysfunction also trigger apoptosis of neataells, the process of programmed cell

death, although the mechanism Imetthisis still open to debate.

Copper and irometalions have the abilitytb or m c o mp | e x e sandaactsds ADb
catalyst to generatROS Theability o f  té\reduce Ctf and Fé* to Cu'* and Fé* respectively
via Fenton cyclas mediated bysulfur atom of methionine amino acid (M35) which can easily
donate electron§™*Thi s ability is further f atalbihding at ed
domain at the Merminal segment. The thistidines (H6, H13, and H14) and aspartic acid (D1)
domain chel ate to copper pligomergeiongatetde lag phase andst a b

prolong the ROS generation cydeecifically BO..

The physiological inflammatory response is a-petitection secondary response of body to
an initial harmful event, like infections. However inflammation has béeked to a number of
diseasesither as the initiation mechanism or progression mecimesush as cancer, heart disease
and not surprisingly neurodegenerative disord&fsWith respect to AD, neuroinflammation is
viewed as a doubledged blade, where it is beneficialdre gr adi ng Ab, however
can eventuallylead to neuronal death. t mai nly associated as a sec
deposition,however there are few studisaggesting that neuroinflammatios an eveipresent
driving force in AD pathologyl n AD patients, soluble AD ol igo
to microglia, a highly motile phagocytic macrophage in the CNS, triggering an immune response in
body by producing prinflammatory cytokines and chemokin€$8The i mpaired ADb ¢
due to higher concentauset hen ig toiremdirs peasistéadd pat i e

developing into tk chronic inflammatory response, leading to neuronal dalfrégere1.13).
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Microglia

Cytokines,

chemokines Initial immune response

Ap aggregates

Chronic inflammation

Neurodegeneration

Neuronal death

Figure 1.13: Schematic representation of neuroinflammatiesponse o0 ADb a.gritiele gat e s

response helps with the clearance of Ab howev

to chronic neuroinflammation.

Synaptic plasticity, the ability to strengthand weaken in response to neurotransmitiers,
vital in global cognitive function. The loss of synaptic plasticity and {@mg potentiation (LTP),

enhanced level of neuronal transmission, are frequently observed in late stagé®8tlAD.6 s b e e n

16



postul ated that synapti c dy oligomed #ahility to bindito AD p
neuronal receptors on the synaptic cleft and hindering their function. Glutamate (GluR), NMDA,
A MP A -afnifb3-hydroxy-5-methyt4-isoxazolepropionic ac)dd a n-micotihi receptors are

among such receptofs.

A b aissknown to interact with the cellular membranefeeom channels irthe neuronal
membrane leading to abnormal flow of metal ions inside and outside thtellsd s been post
that the mechanism behind the formation of these channels are similar to that observed in

antibacterial agents killing loteria.

Finally, there is growing evidence that telomet®rtening a hexanucleotide (TTAGGG)
repats located at the 3° end of DNA strandsn play an important part in pathology of A4
Telomeres play a vital role in maintaining the stability of genes and during DNAaegpticafter
every cell division this ggment become shorter and senassa marker to the history of cell
replicgion.l n gener al , the shorter the telomere sei
aggregates inhibit the activity of telomerase, a ribonucleoprotein enzyme that adds the TTAGGG
segment to the DNARecentin vivoandinvitro st udi e s s u dggpraesstintetadt @ith AD

DNA-telomerase complex, blocking the elongation of telomere sedFignte1.14).858687
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Figure114The summary of ADbD toxicity mec hoaidaivens: ( a

stress, (ctell membrane disruptioifg) synaptic dysfunction/toxicitye) telomerase dysfunction

Af ter di scussing the Ab toxicity in great
physi ol ogi cal functi ons cenfral narbousisysterm@ N®&aingi ni ng
neurogenesis, synaptic plasticity, antioxidant activity, memory formation, calcium homeostasis and
metal chelatiof®® Although @t he first gl ance, Ab pathologic
appeas to be at odds with each other,t s cr uci al to keep in mind t
basal level serveshysiological purpose, howevandercertain circumstances this balarges
t o wa r pathologypFigurel.15). The fateof this balance is mainly decided by the concentration

of Ab peptide, where atAbpiexdmbdlidrs (PEPpM)si ®d mge It
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nanomolar (nM) to micromofa(uM) coupled with agingeffects,it shifts towards pathological

roles

Physiological roles of AR

A

- Neurotrophic effects
- Neurogenesis

- Antioxidant activity
- Metal scavenging

-

Low concentration of A

Pathological roles of Af

A

- Neurotoxic effects

- ROS generation

- Synaptic dysfunction
- Neuroinflammation

-

High concentration of A}

Figure115The bal ance between pathological atmd phy
of Ab is observed at I|iomw ADncehnevatedncddmpdMgnth

KM) the balance shifts to pathological effects.

Recent studi es h algemerstd newagenésig, the procéss af geAebation
and differentiation of neurons and glial cells from neuronal stem(céISCs ) . ADb40 pr o mc
proliferation and neurogenesis whereas®np42 |
Growing interest irthe use of NSCm cell therapyopens the possibilitto combat the effects of
neurodegenerative disorddrg replacing the damadeor deacheuronsRecent efforts to identify

the Ab induced neurogenesis indicates that Ab
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activation of PI3KAkt pathway,an intracellular signaling pathway critical in regulating diverse

cellular functions such as growtproliferation and surviva®

Neurogenes1s
[ Metal chelation ] . Synaptlc plastlcnri
Antioxidant Memory
activity function
Figure 1.16. Schematic representation of physiological effeotd Ab, synaptic

neurogenesis, memory function, metal chelation and antioxidant activity.

As discussed before, transition metals espec@diyper and irorplay a vital rolein the
production ofROS Amongthe many mechanisms ithe body to kee the concentration of these
ion metalsn balancemount i ng evi dence suggest that Ab ac
concentration&3%* The tri-histidines (H6, H13, and H14) and aspartic acid (D1) domain chelates to
metal ions and prevesmtthem from participating in redox cycle, actingaasetal chelator and
antioxidantin healthy neurons and a number of other cells such as neuroblastoma and hepatoma
celsl n this context, It appears that t he ADb r ¢
neuroprotection response against oxidasve r ess af ter whi ch the ADb i
However, the insufficient Ab clearance in AD
of Ab compl exes with the meantioxidanhdef@gnsensgsteardi i 0 N S
body, indirectly leading to the overproduction of ROS and oxidative damage that fqlfogise

1.16).95’96’97
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1.7 A bTherapy

At this pointherearemangbvViages st odt co mminaedx iAtby t
plays a prominent role in pathophysiology of Aidwever thisomplexity affordais many insights
into a diverse potential interventiotargets P eventing the, fblkmakinong
aggregation process or even accelerating the
targetst®9899190 Several therapeutic options are currently being developed mainly focused on the
reduction of Ab | oad in the brain. These opt

approaches:

1. Prevmt i on or reduction of Ab production
2. Modul ate the ADb aggregation process
3. Enhancing Ab degradation or clearance from

4. Tackl e the Ab neurotoxicity

Recalling from APP processing, BACE 1 has emerged as a viable plodogieal target to
reduce the producton of Ab by devel op frgumall7y The BMCEE 1 i n
inhibition has been identified as a potential therapeutic option in the recent years and led to the
development of a number of promising candid&t&¥? The early designed BACE 1 inhibitors
proved to be inefficient due to their inability to cross blebichin barrier (BBB) However recently
developed treatments managed to overcome this challenge. The majority of these treatments
however dopped out of the clinical trials due to toxicity although a few were well tolerated in
patientsConsidering that BACE has two isoforms, BACE 1 and BACE 2, the possibility exists that
selectiveBACE 1 inhibitorscancause side effectiue to weak or lackf@ACE 2 inhibition The
hope is to design BACE 1 inhibitors that balance safety and effit@dkis regardsomein vivo

studies suggest at least 50% efficacy is necessary to circunivémvel sufficiently 102 |t is
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noteworthy that BACE 1 also cleaves a number other substrate proteins, which means inhibition of
the enzyme can lead to unforeseen side effébest said, BACEL inhibitors still hold a substantial

promise in developing a treatment for Af3.

The other approach i n | o wegulationgf nordmgloidadgenico r o d u
p at h wa-yecretases competes with BACE 1 in APP processing pathway. The benefit to this
approach apart from the obvi ouastage & deurgptoieative i n /
properties of}APPs released ithe non-amyloidogenic pathwal*1% The upregulation of non
amyloidogenic pathway caneb achi eved bsyecpredmestei nagctl wi t vy,

secretase transduction or by modulation of hormones, statins and other neurotransmitters.

APP

CIIIIIIN Inflammation

U Neronal loss
B-Secretase

A8

I Tau pathology

Ap Fibrils

Figure 1.17: BACE 1 inhibitors and their impact on downstream pathology of AD.

Al t hough halting or reducing the production

the timethe majority ofAD patients diagnosed with the diseaseh er e i s a consi de
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already present in their brains. So what is the best therapeutic approach for these patients? Arguably
modul ati on o fisth& bestamian foetlgedréatment of these patemtscan provide
beneficial DMEThe surge in the discovery of smal/l mo
recent years is a testament to the popularity of this appréachstrategy can be categorized into

two groups, antaggregationandpraggr egat i on of A-bBggrpogatpn apptoach wi t |
still at its infancy compared to the weludied antiaggregation approacfl®®1’|t is important to

keep in mind that neither of these approaches are perfectatamel strategy and they should be

used in cetherapy with other treatments to maximize the efficacy of the treatrrerant
aggregation approach the main purposeistoimmi ze t he conversion of
oligomers by stabilizing the early formed intermediates, reducing the exposure time of neurons to

Ab oligomers and also reduce the rate of AD p

Great number ofnatural and synthetic compoundhave been knowrt o modul at e
aggregatiort®® The antiaggregation approach is basedon abi | i zi ng Ab monom
formed intermediates to halt or slow down the aggieggirocessCurcumin, congo red and orange
Gareknowntohaveariggr egati on pr o merelild. Eangotred imtdbitsdtle A b (
formation of Ab fibrils by binding and stabil
and as a resulteduces the concentration of toxic, soluble oligoM&€urcumin, a naturally
occurring compound, inhibitstteg gr egat i on of Ab bpyotethmteraciobs | i z i

while stabili%2%hg Ab monomers.
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Figure 1.18 Compounds with andkggregation properties.

Orange G inhibitsthaggr egati on of Ab pr ot eidpi)sbgmenst abi I
Hydrophobic interactions between aromatic rings of orange G and KLVFFA, ionic interactions
between negatively charged sulfonic groups of orange G and positively charged lysine aaifsino ac
l eads to furthsesheeast abt I t%zAong natarad &l gyifithetic small
molec ul es capabl e of modul at i-baged Ahibiteaschasrstartgedto i o n
thrive in recent years. A 5 to 15 amino acids in length designed to interact with the KLVFFA
segment have shown to inhibit the aggregation process with high adégeectivityhowever the

poor bioavailability of these peptides pose a major challenge in their use as therapeutic agents.

The preaggregation approach as the name suggests is based on facilitating the conversion of
Ab ol i gomer s t gnaittus el efdpurdlil@)Xrhednah goal imthis approach
is to minimize the exposud@n eur ons t o AD ol i go me-bodiestomeduceu si ng

the Ab Il oad by triggeritHYy i mmune response fro
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Toxicity

Ap size

Figure 119 Schemati c representation of Ab toxicity

process.

FacilitatingAb cl earance i s another approach i n AE
compared to the previous approaches. That said, a number of inmedn@ed mechanisms have
been ésted to induce active passive immuneesponse to reducde bload in the test subjects with
relative succes8®®| n i mmun ot h e r-anfbpdie$ ara raisadwith high selectivity
t oward var i oRPuass sfiovremsi nonfiu nAibzati on via i mmunogl o
successful withBapineuzumab and Solanezumab ré&aghphase Il with good tolerability

Howeveti n nei t her cases no significant cognitive

load 1’

As discussed in previous section, certain metal ions have the ability to form complexes with

Ab ol igomers and fibrils facilitati Depigtahde agg!
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development of small molecules capable of scavenging these metal ions and therefore disrupting

t he f or manetal caomplexds inArder to minimize the neurotoxicity and restore the metal

ion homeostasihave gained tremendous populari§mall molecules with metal scavenging
properties have been used for decades to deplete overloaded tissues and facilitate their excretion in
di seases such as Wil s on8¥In thecenter sfeAD, disruptive sho ¢ h r o
metal homeostasis is a consequence of the disease rath#reftansand simply removing them

from brain can lead to undesirable side effé&t#és such development of multitarget compounds

wi th Ab i nhi bivermgingyproperiies mayehave potestial ®ME, widloquinol
derivatives, a small hydrophobic family of molecules, exhmpitmoderate affinity for metal ions

and i nhibiti onFigaréel2®.b aggregati on
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Figure 1.20: Schematic representation wvérioust her apeuti ¢ t arBgGR 1s i

inhibitors (BSIS.

1.8 Other Factors in AD pathology

Although theA bhypothesis is the main focus of this project, it is essential to address other
major hypotheses to paint a better picture of AD patholGgwlinergic hypothesis, the oldestd
most studiedhypothesis with respect to AD, has been the star player in dementia and
neurodegenerative disordefsr many decade$'’* The hypothesis suggests that the loss of
cholinergic function and the subsequent decline in the concentrati@acedyicholine (ACh)

contributesto the deterioration of cognitive functionsbserved in AD.Cholinergic function is
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mainly ress upon ACh, a neurotransmitter in brain, acetylcholinesterase (AChE) and
butyrylcholinesterase (BuChE), enzymes in charge of degrading A@G&. importance of
cholinergic function in learning and memory functionas provided a rationale for therapeutic
interventions that increase the concentration of ACimhibit the activity of AChE and BuCht?
Although the main body of the hypothesis is still valid, the poor efficacy of available treatments for
moderate to severe cases of ADn®to the fact that merely targeting cholinergic hypothesis is not
sufficient and any potential treatment shoblel a part of miltitargeting platform to efficiently

combat the pathology of AEF?

The tauopathy is ajreat interest in AD research as growing evidence stronglyitimik th
neurodegenerative disordéfé. The tu hypothesis is centered around the aggregation of
hyperphosphorylated tau protein into neurofibrillary tangles (NFTs) and the subsequent neuronal
damagédeath Tau protein binds to and promotes the assembly of microtubules which isovital
maintain the gtoskeletal structure and integrity oburons:?3126 The activity of tau protein is
regulated through phosphorylation sites present on the protein via various phosphatases and kinases
such as glycogen synthase kinase 3 (&pKcyclindependent kinase 5 (CDEK) and mitogen
activated protein kinase (MAPK$! In healthy individuals, there is a delicate balance between
phosphorylated and ngvhosphorylated species of the protétoweveti n Al zhei mer 6 s |
this balance idlisrupted. This disruption leads to formation of abnormally hyperphosphorylated tau
species which results in the protein losing its structural integrity, hence its function. The
hyperphosphorylated tau then becomes insoluble due to the conformation&scaadglissociates
from the microtubules, leading to impairment of axonal transport and formation of paired helical

filaments (PHF) which aggregatesN&Ts asshownin Figure1.21.128129
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Figure 1.21: Schematic representation of tau cascade hypothesis aagdtegation process of tau

protein.

The therapeutic intervention strategies for tauopathy closely mirror those from amyloid
hypothesisThe inhibition of GSK3 andCDK-5 to redue the phosphorylation of tau, modulation
of tau aggregatioand immunotherapoptions to remove tau aggregates from CRF&3! Among
these approaches, tau aggregation modulatertesslesirable due to high degree of neurotoxicity
at this stage of the disease. Microtubsiiabilizingstrategyis a new approach in tau therapy where
microtubulestabilizing agents counteract the functional loss of hyperphosphorylated or aggregated

tau 132133

The impact of NMDA excitotoxicity in pathophysiology of AD is well established. NMDA
receptor is carried by neurons and is essentitharoptimal physiological function of brain and
overall cognitive function$34*>* NMDA receptors are highly concentrated in hippocampus where
activation of the receptor induces LTP and neuronal plasticity as the result. Elevated level of
glutamate, an amino acid and neurotransmitter in CNS, results in chronic activation of NMDA
recepto causing excessive amount of2Canflux into neuron and ultimabg neurodegeneration

known as excitotoxicity. Under physiological condition, glutamate is responsible for 70% of
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excitatory synapses ithe CNS where largely postsynaptic AMPA receptors bithvery fast
activation/deactivation kinetics. In contrast, NMDA receptors are normally synaptic activated and
permeable to Cawith slow ligand gated kinetic$%'3’ Normally, NMDA receptor is blocked by

Mg?* allowing small influx of C&" into neurons foabrief period of time when activatedowever

in AD, due to impaired glutamate uptake/recycling mechanisms, this barrier is removed causing

excessive amount of &4dnflux leading to synaptic dysfunction anttimate neuronal death.

Memantine O Na'/Ca®?* O Glycine/D-serine

Mgt @ O @ @ Glutamate/NMDA

Nf

WOW
W&C peceeece

K+

Figure 1.222 NR1 and NR2 are the two major subunits of NMDA receptor. The activation of
receptor is triggered when glycineA2rine and glutamate/NMDA bind to NR1 and NR2
respectively. Memantine,naNMDA receptor antagonist, caolock the receptor and inhibit the

influx of C&* into the neurons.
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1.9 Adamantane Derivatives

Organic polycyclic cage compounds such as adamantane derivdigase 1.23)have
attracted the interested of medicinal chemists in the past 50 yearthiitlapplications ranging
from anttviral agents such as human immunodeficiency virus (HIV) and influenza to symptomatic
treatment of neurodegenerative diseases such as AD ati IRrestingly, unlike many common
scaffolds such as indole, quinazoline and quinolone, aminoadamantanes are synthetic in nature with
a very few naturetources.

Discovery of antviral activity of amantadine sparked an interest in adamantane derivatives
in 1960s where amantadine, marketed under trade name of Symmetrel, exhibited strong activity
against Influenza A**°Amant adi ne has been used asintke tr eat
past three decadés.Amantadine increses the extracellular dopamine levels which results in anti
Parkinson activity although not all patients exhibit positive response to the treatment and a number
of patients develop tolerance to its effects

Further modification of adamantane and subsegugmthesis of closely related
rimantadine, marketed under trade name of Flumadine, which displayed even stronger antiviral
activity and fewer side effects comparison to amantadifi&.Food and drug administration (FDA)
approved both these treatments as-boflienza agents, however neither one of them are the
common choice in treatment of Infinza. Sincéhen, a wide range afrugs have been introduced

to the market incorporating adamantane magetyllustrated in Figure 23
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Figure 1.23: Examples of drugs and drug candidatedrporatingadamantane moiety.

Memantinewas designed and synthesized by Eli Lilly and Companyently marketed
under name of Namenda, is approved by FDA as a
to severe dementfd843 It is a NMDA-receptor antagonist that blocks the influx of excessive
calcium induced by overstimulation of the NMDA receptithough it has been approved as a
treatment for ADpverstimulation of NMDA receptor is a commpathway to neuronal damage in
a number of other diseases such as PD,-&H%0bciated demenfia Hunt i ngt ondés di
multiple sclerosis and amyotrophic lateral sclerosis (Abh8king memantine a potential treatment

candidate for the mentioned disesse

Adamantane derivatives as an exaenpf polycyclic cage compounds, present a viable
scaffold to design and develop treatments for a wide range of disorders not only asadostand

treatments but also as an aalito improve the stability and lipophilicity ekisting treatments.
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Chapter 2: Hypothesis and Design Rationale

2.1 Hypothesis

Amyloid aggregation inhibition

NHR
ClogP =3.03 CLogP = 1.99 \_/

Adamantane Aminoadamantane ]
Amyloid tether

NH,

Anti-amyloid
Figure 2.1: Aminoadamantane derivatives as aartiyloid aggregation agents.

The polycyclic cage structure adamantane (tricyclo[3.3.1.1]decane) has a chemical formula
CioH16 (Figure 21). The carbon atomsf the three cyclohexane rings in the saturated hydrocarbon
adamantane are arranged in a diamond lattice structure. This tetrahedral gespiety the
carbon framework provides a very stable conformation. Adamantane derivatives are known to
exhibit a umber of biological activities listed in Chapter 1 (section 1.9). The ring itself can be
considered as a pharmacophore that can be incorporated in the design of potential therapeutic agents
aimed towardiral disease, AD and diabetes

The lipophilic natue of the adamantane ring provides excellent blo@in barrier (BBB)
permeability as exemplified by the aminoadamantanefahtiz hei mer 6 s agent me m
1.23, Chapter 1). This evidence suggests that the aminoadamantane ring can be explorgd to desi
and devel op potenti al agents to treat CNS di s
at the School of Pharmacy is aiming to develop novel AD therapeutics by targeting the amyloid
cascade hypothesis of A41% Devel oping therapeutic inter
aggregation and as a result prevent the for m;
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appears to be a favorable approach in target:.
early stages of Ab aggregation, by stabilizin

formation of toxic Ab oligomers and fibrils.

With this backgound, the objective of this MSc proposal was to design and develop

ami noadamant ane based compound | i bWeaconductads p o't
preliminary computational st ud-direesasseidblyt(Rigere a mi n
2.2) which suggested the potential of aminoadamantane derivatives to bind and stabilize the
aggregation prone KLVFFA region of Ab. This ir
() the polycyclic cage compound aminoadamantane itself could govidve a k i nhi bi t i ¢
aggregation due to its smaller size and (ii) chemical modification of the primary amine to

incorporate larger substituents would enhance thefabti act i vi t y.

Figure 2.2 Computational modeling of aminoadamantane (A) Mr{ddamantati-yl)benzamide
(B) in the di mer assembly of Ab (PDB id: 2LMN)

Some polar and nonpolar interactions are shown.
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2.2 Design Rationale
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Figure 2.3 Design template of noveminoadamantanederivatives.
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Based on computational studieg hypothesizeéthat the caged adamantane can act as an
amyloid tether by undergoing nonpolar interactions at the €r mi n a | of Ab wh
modification of amine functionality (Figur@.2) can increase thel e gr ee of Ab agg
inhibition properties. In order to study our hypothesis we aim to synthesize a library of benzamide,
benzyl or phenylethafi-one substituted derivatives of amantadine or memantine ontaciae
respectively (Figur@.3). Furthermoe, the benzamide, benzyl or phenyletiiaone rings will be
substituted at either-®r 4-position with either a Br or N£or Nz substituent. This walsased on
the previous evidence which has shown that the presence of a bromobenzene substituent generally
provi des @aggegatioh mmbition Aue to additional nonpolar contacts whereas polar
substituents such as a nitro or an azide can pronextg@dtatic interactions with polar amino acids
(eg: lysine) in the amyloid aggregates and prevent further aggregatio higher order
structures*414® The proposed compound library has CLogP ealtanging from 3i%.3 which
wasexpected to provide a diverse range of strueaatévity data. The aminoadamantane library
will be screened for potentialashib aggr egati on activity by usincg
kinetics assays, transmission electron microscogM)land by computational studies.

N-substitution of aminoadamantanes with acetophenone, benzyeandylgroups modulates
antraggregation properties for Ab duaeggtegatiovar i at
property is sensitive to substituents aB@nd G4 position of eitheN-acetophenoneé\N-benzyl or
N-benzoyl group. Key functional groups (NONHz, N3 and Br) as substituents were identified as

suitableA bbinding pharmacophoreshi ch can prevent Ab aggregat.
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2.3 Conclusion

The proposal aims to synthesize a library of amantadine, memantine and rimantadine based
derivatives that possess agegpolycyclic adamantane ring system and evaluate theiaanyioid
aggregation properties. It is anticipated that the structatigity relationship (SAR) studies
obtained will provide a clear understanding on the ability of aminoadamantane derivatives

prevent ADb aggregation and their mechanism of
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Chapter 3: Methodology
3.1 Synthetic Chemistry
The overall synthetic rouseas highlighted in the following figuresere routine and
relatively efficient. The majority of synthetic routes were adapted from previously published

literaturewith various changes to optimize thgnthesis andyields.

Filteration
b
Column
chromatography
1.'"HNMR
Characterization || Purification @
2.HPLC or LCMS : = : —_— <:I
3.Melting point

Crude product

Pure product

Figure 3.1: Schematic representation @ferall setup to synthesize, purify and identify the tatdgary.
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Figure 3.1 illustrates the overall setup wolved in the syntheses purification and
characterizationof adamantanederivatives. Thereactions were carried out usirappropriate
solventsbased on the nature of reactipsaslubility of reagentsandheated orefluxed for certain
period of time based on theactivity. Then the solvent was evaporated in vai@liowed by three
extractions with the appropriate organic solvent (EtOAc, DChktloer) to isolate the crude product.
The organic layer wadriedusing MgSQ as drying agent and filtered to remove MgSTLC was
performed to establish the solvent system suitableghempurification of the target derivatige

followed by column chromagraphy to afford thénal compounds

The characterization of purified derivatives were carried ouproyon nuclear magnetic
resonancelHNMR) spectroscopyo establish and confirm the identity of derivativébe purity

(95% orgreater)of thesynthesizedlerivatives vasconfirmed byusing LCMS or HPLC.

3.1.1 Synthesis ofbenzamide, N-benzyl and phenylethanl-one substituted derivatives of

amantadine, memantine and rimantadinglal, 2a-| and 3&l)

The benzamide-benzyl and phenylethalrone substitutedderivatives were synthesized
via alkylation of primary aminestarting from eitheemantadie or memantineor rimantadine by
using various substrates (unsubstituted benzoyl chloride 3-or 4-nitrobenzoyl chloride
unsubstitutedbenzyl bromide, 3 or 4-bromobenzyl bromide, -8r 4-nitrobenzyl chloride,
acetophenonandl1-(4-nitrophenyl)etharl-ong to obtainlal, 2al and3al. Figure3.2 provides
the chemical structures of the synthesized derivatiMes.chemistryprocedureso synthesizehe

derivativesare provided irthe experimental section (Chapter 6).

39



R-group =

R. NH,
NH i R
NH, |
1 R 2 3
Br

o35, 3
o i S

NO,

Benzoyl series

>0 QL@
a
Benzyl series %—Q 7/‘—@
b
2\\

Acetophenone series

%65

Figure 3.2: The synthesizethenzamideN-benzyl and phengthanl-one substitutedderivative

library.

Figure3.3outlines the underlying mechanismtbéalkylation of amantadinevith benzoyl
chloride. Primary amines can react as nucleophiles wwé&hzoyl chloridesvia nucleophilic
substitution (&2) to produce the target derivativfgenzamides)The reaction is also known as
benzoylation or SchotteBaumann reactiorlhe lone paiof electrors on the nitrogen (N) atom of
amine attacks the electron deficient carbon (Q)esfzoyl chlorideas shown in Figure 3.3n 2
reactions, the formation dhe bond between N and C and the breaking of Gond occur
simultaneusly. These reactions generally use a base to quench the acid formed. Esilysis
copper iodide (Cul) can enhance the reactivity of benzoyl chlorigigsire 3.4 provides the
1HNMR spectra for amantading)(andla. The addition of 5 aromatjerotons(6-8 ppm) confirms

theformationof the desired derivativiéa
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Benzoyl chloride

o — B
)

Figure 3.3: An example of mechanism used to couple various R groups @nimadamantane

scaffold(benzoylchloride and amantadine respectively in this example)

s @
A 1
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/ ]
NH,
1
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.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5
f1 (ppm)

Figure 3.4: SamplelHNMR spectra for amine alkylation of amantadidglfy benzoyl chloride to

obtainla(in DMSO-ds).
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3.1.2 Synthesis of aminobenzamide and aminobenzyl derivatives of amantadine, memantine

and rimantadine

The desired aminobenzamide andminobenzyl derivatives were synthesized thg
reduction ofld, f, g; 2d, e, f and3d, e, f to generatdm, n, p; 2m, n, oand3m, n, 0. Figure 35
provides the chemical structures of the synthesized derivatives. The chemistry procedures to

synthesize the derivatives are provide€hapter 6.

R.
NH
2
R-group = H,
NH,

NH,
1 R
N
0) 0)

Benzoyl series h2—<j>—N H,

m n
Benzyl series %_C} %_Q_NHZ

Y p

Figure 3.5: The synthesizedminobenzamide and aminobendgrivativeof adamantane

To obtain the desired final products carryither anaminobenzamide or aminobenzyl
substituentsthe reduction of nitro functional group to amine was carried out using hydrazine
hydrate (NH..H20) as reducing agent..N4.HO can formhydrogen (H) and nitrogen gas @\in
presence of palladium (Pd/C) to facilitate the reduction process. Pd acts as the source of electron
and NH4.H20 is the source of Hwhere in the first step nitro group is reduced to nitgosap.
Hydroxylamine isgenerated in the second step via reductive addition of fivatdins to nitroso.

In final step amine isformedfrom hydroxylamine(Figure 3.6).Figure 3.7 shows thelHNMR
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spectra of desired amine compoubdfrom its precursor nitro compourid. The addition of 2

hydrogens at 5.5 ppm along with the shift in aromatic region costliaformationof 1n.

@ N,H, N, + 4H @
Pd/C

HN o
0 o 0 X

O (8]
1f Nitroso
2¢°+2HT
H,0 2¢ +2H"
o} N - < 1 N
(0) H (0} OH
1n Hydroxylamine

Figure 3.6: Mechanisminvolved in theredudion of nitro functional groupn 1f to amineln.

43



N
-]
=)}

.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5

f1 (‘Lgm)
Figure 3.7: IHNMR spectra fothereduction of nitro functional group dif to amineto obtainln

(in DMSO-ds).

3.1.3 Synthesis of azidobenzamide derivatives of amantadine, memantine and rimantadine

The desired azidobenzamide derivatives were synthesized by nucleophilic substitution of
bromide onli, k; 2i, k and3i, k to azide to productq, s; 2q, sand3q, s. Figure 38 provides the
chemical structures of the synthesized derivatives. The chemistry procedures to synthesize the

derivatives are provided i@hapter 6.
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R. NH,
NH i R
NH_ ‘
1 R 2 3
R-group =

N3
Benzoyl series ‘2_@
N3
q S

Figure 3.8: The synthesized azidobenzamide derivatives.

Synthess of desired azide compounds from their precursor bromide compounds is a classic
example of nucleophilic substitution where azide iNg) @cts as a nucleophile teplacebromide
substituent orthe aromatic ringSodium azide is the source afide ion in the reaction where
sodium scavenge the bromide ionjBo form sodium bromide (NaBrT.he reaction proceeds in a
single step where azide ion attacks the electron deficabbn next to the bromine ato(figure
3.9). The'HNMR spectra ofhedesired azide compouritsfrom its precursor bromide compound
2k is shown in Figure 3.10The significant shift inthe aromatic regions alongvith mass

spectroscopy confirstheformationof 2s

©
? \A—\ K e) N//N o
HN > e o M Br HN
N=N=N
—— e
2k 2s

Figure 3.9: SamplelHNMR spectra of nucleophilic substitution of bromide by azide to produce

the desired derivativesfrom 2k.
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Figure 3.10: IHNMR spectra of nucleophilic substitution of bromide by azide to produce the

desired derivativ@sfrom 2k (2k in DMSO-de and2sin CDCl).

3.2 Biological Assays
3.2.1 Amyloid Aggregation Kinetics
The biological activities of synthesized c:
antraggregati on assays.(ThRasadkiseticfluorescenae ntethad wHich a v i r
is runat pH 7.4at 37 °C. The fluorescene@xcitationand emissiorof ThT is monitored and the
change irexcitationemission due to conformational change of ThT, is detected upon interaction
of ThTwi t-bhé&et f or mlmemers and fibfil$*’ Ale interactions between ThT and
ADb f irebuttinallirearfluoresence shift fron885446nm to450-490 nm allowing to quantify

t he aggregation of Mlgurendtlh Gampaursls with antggraghtiont i me
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properties promote free ThT which is indicated by the loweéative fluorescence uniflkRFU)
values whereas empounds with praggregation properties result in higher RFU values in

comparison with Ab control

Free to rotate

Excitation-emission: 385-446

ThT

AP Monomers AB Oligomers

Figure 3.11: ThT-Ab ol i gomer s i nteraction in

a7

ADb
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Figure 3.12: A typical ThT monitoredd) A B0 aggregatiorplot, B) A B2 aggregation plot. The
|l ag phase only observed in Ab40 aggr emgatedu on at

phase is observed in both AD40/ 42 aggregation

The following set of aggregation kinetics and imaging experiments were carried out on the

synthesize@damantanderivatives

1

Selfi nduced Ab40 aggregation kinetic assay f

2

Selfi nduced Ab42 aggregati on k with entraggregatisns ay f
properties toward Ab40

3TEM i maging to study the mor pholagggegatiomf ADb
properties toward both Ab 40/ 42

4- Structureactivity relationship (SAR)study on the lead derivatives
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3.2.2 Transmission Electron Microscopy (TEM)

Transmission electron microscopy (TEM) is a common technique used in various fields o obtai

high resolution images from a sample. In context of this resegareh, mor phol ogy of Ab
attheconclusiond 24 hour incubation period of the | et
i nhibitory properties against Ab 40 decrease
also provides a quantitative method to further confirm the SAR data gatfienedbiological

assays. The experimental setup is provided in chapter 6.

Figure 3.13: TEM i maging of : A) ADb 40 fibrils, B) AC

3.3 Conclusion
The alkylation of primary of amantadine, memantine and rimantadine by benzoyl and benzyl
series (Figure 28) were straightforward with relatively decent yields in general, however coupling

the acetophenone series with the start materials (1, 2, 3) provss dballenging with limited
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success and low yields. The aminobenzamide and aminobenzyl derivatives (Figure 31) were
synthesized with relative ease and high yields in general. Finally, the nucleophilic substitution of
bromide by azide proved to be more ltdraging than initially anticipated with low yields and
stability of the azidesubstituted derivatives hindering the synthesis of the entire library. A total of

48 derivatives were synthesized, i1identified,

Chapter 4: Results and Discussion

4.1 Structure-Activity Relationship (SAR) studies

The anttaggregation potential of the synthesized derivatives were measured by the ThT based
kinetic assay explained in the previousipter (section 3.2). Tesbmpoundsvere evaluated at 1,
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5, 25 &M conicpelnitaattd onisn 4thhd 2pi( &s e M§ esovdldese Alb b t
were compared with the standard controls, orange G and resveratrol, and the adamantane scaffolds,
1, 2 and 3. The obtained SARlata is divided into three sections based the three adamantane
scaffolds. This chapter describes the SAR data acquired and discusses the abyjtithedized

derivatives to prevent AD aggregation

4.1.1 Amantadine (1) based derivatives SAR

Table 4.1: Inhibition data for amantadind based derivatives on selfn d u c49/d2 A D

aggregation.
NH_
1 R
Compound R Ab IESB(HM)a 42 ClogP’
Amantadine - N.A N.A 2.00
la Benzoyl P.A - 3.52
1b Benzyl N.A - 4.17
1c Acetophenone 4.3 >50 3.54
1d 3-Nitrobenzoyl P.A - 3.70
le 3-Nitrobenzyl P.A - 3.91
1f 4-Nitrobenzoyl P.A - 3.70
19 4-Nitrobenzyl P.A - 3.91
1i 3-Bromobenzoyl P.A - 4.58
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1j 3-Bromobenzyl P.A - 5.03
1k 4-Bromobenzoyl P.A - 4.58
1l 4-Bromobenzyl P.A - 5.03
1m 3-Aminobenzoyl N.A >50 2.61
1n 4-Aminobenzoyl 2.9 >50 2.61
1p 4-Aminobenzyl N.A N.A 2.94
1q 3-Azidobenzoyl P.A - 4.22
1s 4-Azidobenzoyl P.A - 4.22
Orange G - 3.2 8.8 -0.63
Resveratrol - 2.8 4.1 2.83

aThe calculated 165 values are the mean values of triplicate readings for two independent
experiments. The values are based on the-@dsked fluorescence asséiyA = Not Active (less
than 10% inhibition), P.A = Promotesgéregation.’The ClogP values were determined using

ChemBioDraw Ultra 14.0CambridgeSoft Company.
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2 compounds,
12%

4 compounds,
23%

EN.A
mP.A
mA mibitor

11 compounds,
65%

Figure 4.1: Summary of inhibition data for 17 amantadidgljased derivatives on seaffduced

A B0 aggregationN.A = Not Active, P.A = Pomotes Aygregation.

Surprisingly most of theamantathe basedierivatives exhibitegro-aggregatioractivity
toward AD40 TBabledp. Meesursubstiritétiadenvative promoted the aggregation
of ADb40 by 36% atilbdcivatwevdidntmowrfaebi t hanyl0.i nhi b
Interestinglyonly canpoundslcandlnexhibitedanta ggr egati on acti victy to
exhibited an IGov al ue of 4. 30 vatiMsintlas poeemcy compared to the reference
agentsorange G(32 e M) and r e sHoeava it wasbte { Re 8t W2 agai n
(ICs0>5 0 )zdvhpared to the reference agentsorange G3(8 ¢ M) and r eslheer at r ¢
addition of electron withdrawindEWG) nitro functional group atneta (3) position onld
promotl t he aggregat i on3foldscomfmared tdld A simmiar pagternt wasa n
observed forle Interestingly, moving the nitro group fmara- (4) positionin 1f exhibited pre
aggregation aotity at lower concentratonsdf ¢ M ( 6 0 %) a nAt 52vbi Whs ( 3 1 %)
i nef f ect i %0eMosiggdhe nitsotgroud bpara- position onlg yielded similar results

comparedto 1e The addition ofEWG bromo was detrimental to ardggregation activity of

53



derivativesli, 1j, 1k andll regardless ofeta or para- positioning where the derivaggpromoted
t he agagr e4dpaptto5dolus atllftestddiconcentriains as illustrated in Figure 4.2 (kinetic

data is provided foti as an example)

A | 20000 B | 70000
18000
L6000 60000
14000 50000
12000 — 40000
L 10000 L
X g000 @ 30000
6000 20000 3
4000 DN
2000 7 ﬁ: 10000 ;'
0 0
0 4 8 12 16 20 24 0 4 8 12 16 20 24
Time (h) Time (h)
—e—ThT —&—Ab control 1 Me ——ThT —e— Ab control 1 Me
5 Me —-25Meg 5 M —-25M¢e

Figure 4.2: ThT-b a s e 4D agyfegatiokinetic data at 37 °C, at pH 7.4, 24Ranels: (A)

Resveratrol, (B]Li. Results are expressed as average of two independent experiments (n =3).

The addition of amine functional group &m, 1n and1p yielded mixed inhibitory activity
a g a i m@apgrefdiion. With amino group metaposition n 1m andpara-position inl1p, both
derivatives faile to inhibit the aggregation oABOand Ab42 at the teste
Compoundlnwasdent i fi ed as t he mosamamanihesased déibatives i n h |
(ICso= 2 . QwithesiMiijar activity asreference agents. This indicateattamine group enhances
t h e40Hbition at para- positioncompared tdm and unsubstitutedla. The effect of electron
donating group (ED¥of azide was ingstigated in derivativebg andls The presence of azide on
meta or para- position oflqgandlsrespectivellpr omot ed t he 40chg42® gt i on

98 % atNo2ns5e eoM. t he compounds in this series ex
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4.1.2 Top candidates fromthe amantadine (1)based deivatives

NH
O%
1c
AB40 IC5y = 4.3 pM

Figure 4.3: Compounds with arih b 4 O
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activity in the
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NH,

0]

In
AB40 IC5)=2.9 uM

amant adi ne
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Figure 44: ThT-b a s e 4D agyfegatiokinetic data at 37 °C, at pH 7.4, 24RFanels(A) 1c,

(B) 1n. Results are expressed as average of two independent experiments (n =3).

The aggregation kinetic data for derivatiee (Figure 4.4 panel A) demonstrates that the

compoundi nhi bits the

aggregation

oHoweyeb itk @fficacy a |l |

decreases as the concentration incre@@aspoundlc showed 55%, 43% and 23% inhibition at 1,



5and2& M concentrat i on slcwasalg abtetoidelay theyaggregation process,

by 1.5 fold, however it Mhghescordcéntratidnd. e t o shi ft

Similar pattern was observed with, whereln exhibited66%, 41% and 22% inhibition at
1, 5 and 25 &M concentilnshbwedsuperior apgggegatidniactivaty y . Al
compared to referen@gent resveratrol witB5% inhibition However it was less potent at 5 and
25 2 and 81% respectively)n also delayed the aggregation process by 1.5 fold at all tested

concentrations, shifting the lag phase tchbbr mark compared to 10 hourwighb cont r o |

4.1.3 Molecular modeling study of the lead candidaté1n)
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Figure 4.5: Docking of1nin theA bdimer (PDB id: 2LMN) model.

The binding mode oA B0 aggregation inhibitdinwa s i nvesti gated i n th
The modeling study showed that the amantatytkEophobic core was close to KLVFFA segment
of the peptide to form two hydropbi pi-alkyl interactions with Re20 at 4.4R and 5.17 A as
shown in Figure 4.5. The aronmating of 1n was able to form a strong-pigmahydrophobic
interaction withlle32at 2.86 A. The amino group at tpara- position was also able to form two
relatively strong hydrogen bondings wite32 at 4.21A and 4.60 Arespectively The hydrogen
bondings ofln along with the other hydrophobic interactions stabilize dimeer structure and

contributeto its superior araggregation activity compared 1.

Majority of the compounds in this series were promofini@0 aggregation which proves

t hat our hypot hesis doesnodt hol d tr uenight| t ap
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promoteA @0 aggregation by acting as small molecule chapermméshange the conformation of
A B0 which force$-sheet formation and fibril assembly. This could be an advantagyéfisrils

are known to be less toxic comparedAdoligomers. Ina hypothetical scenario, amantadine
derivatives might in fact convert the more toXidoligomers into less toxic fibrils. The exact

molecular mechanisms involved needs adepth study.

4.1.4 Memantine (2) based derivatives SAR

Table 4.2: Inhibition data for memantin€) based devatives against self n d u c480/d2 A D

aggregation.
R.
NH
2
ICs0 (ULM) #
Compound R Ab 4.0 42 ClogP
Memantine - N.A N.A 3.0
2a Benzoyl P.A - 4.56
2b Benzyl P.A - 5.21
2c Acetophenone P.A - 4.57
2d 3-Nitrobenzoyl P.A - 4.73
2e 3-Nitrobenzyl P.A - 4.95
2f 4-Nitrobenzoyl P.A - 4.73
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29 4-Nitrobenzyl P.A - 4.95

2i 3-Bromobenzoyl P.A - 5.62

2j 3-Bromobenzyl 23.8 N.A 6.07

2k 4-Bromobenzoyl P.A - 5.62

2 4-Bromobenzyl 1.8 >50 6.07

2m 3-Aminobenzoyl 5.5 N.A 3.65

2n 4-Aminobenzoyl 0.4 N.A 3.65

20 3-Aminobenzyl P.A - 3.98

2q 3-Azidobenzoyl P.A - 5.26

2s 4-Azidobenzoyl P.A - 5.26
Orange G - 3.2 8.8 -0.63
Resveratrol - 2.8 4.1 2.83

aThe calculated 165 values are the mean values of triplicate readings for two independent
experiments. The values are based on the-Fdsed fluorescence assay. n.a = not active, P.A =
promotes aggregatioThe ClogP values were determined usi@gemBioDraw Ultra 14.0.

CambrdgeSoft Company.
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1 compound,

4 compounds, 6%

23%

EN.A
mP.A
mA mibitor

12 compounds,
71%

Figure 4.6: Summary of inhibition data for 17 memantir® pased derivatives against self

i nduc e dN.AAMNot Adlive, P.A = Promotesdgregation.

Memantine based derivativ@shibitory activitya g ai nst A branges fomeagtiat i o n
to pro-aggregation as summarized bwble 4.2. The unsubstitute2h, 2b and 2c derivatives
promoted the aggregation of Ab40 in a 2sbhyncent
2.5 folds. The addition of nitro suitsient in 2d, 2e, 2f and 2g derivatives also promoted the
aggregation of Ab 40 i n a concentratiom depe
investigated and confirmed hyolecular modelingstudiesof the derivativesvhere theyde-

stabilizadlt he Ab 40 difacdtatingshte aggregation peocess

Interestingly unlike amantadine based derivatives, the addition of bron2p amd 2|
exhibited inhibitory properties withkgv al ues of 23. 8 & M.G@omgount?2l 8 ¢ M
significantly more potent (13.2 folds) compare@jsuggesting that theara- position of bromo
compared taneta position enhances the inhibitory activitgompound?! also exhibited superior

ICs0 value compared to both references compounds orange @&swvetatroliCso= 3. 2 € M an
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2.8 &M r g Sumisngly, bah2iyand 2k promoted the aggregation at all tested

concentrations

Compound2n (ICso= 0 . 4wag idiéptified ashte mo st potent AbD40 i
memantine based derivativegth amino group apara- position although it was not activegainst
A b 4 Noving the amino taneta position diminished the inhibitory activity @m (ICso= 5. 5 & M)
by more than 13 foldsThe 20, 2gand2sd er i vat i v e s aggregatiomNoaedoftheé b 4 0

compounds in this series exhibited activity towAr@ 2.

4.1.5 Top candidates fromthe memantine(2) based derivatives

o)
Br NH,
HN HN

21 2n

Figure 4.7: Compounds with arih\b40 activity in the memantine based series
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Figure 48: ThT-b a s e 4D agiyfegatiokinetic data at 37 °C, at pH 7.4, 24Ranels: (ARI, (B)

2n. Results are expressed as average of two independent experiments (n =3).

As illustrated by Figure 4.8, theBfomobenzyl derivative?() inhibited the aggregation of
A B0 and showed superior inhibition 6f7 % at 1 eM compared to the
and resveratrol 821% and 35%. Bbwever it was | ess potent at 5
with 21% and 9% inhibition, respectivelyoth the reference compounds exhibited a concentration
dependent i n h40lnlike2l and2n deryvativeaGompountRl was also able to shift

the lag phase to the right even at highest tested concentration delaying the aggregation by 1.6 fold.

The 4aminobenzoyl derivative26) was even more potent thah, exhibiting superior
inhibition at 1 &M and 5 andNMndevingtthe aggrég#iorapnodessé 7 %
by stabilizing the early formed intermediates as evident by FigurgdrlB). At ,itbwas M
more potent than orange G with 53% inhibition and resveratrol with slightly weaker inhibition at

64 %. | nt eres2npngimpt edt t A% &Wyl7%.gati on of AD
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4.1.6 Molecular modeling studiesof the leadcandidates (2| and 2n)

DLivo LE32

i I \ ILE31 GLY29
VAL40 ‘ T GL I y ) Lys:
VAL39 - GLY33 ) A30 . GLY29
. = g ' ™0 |

\
\

SN R g \ GLY25
aga  HIST LEu17 [ PHE19 S SLU22 \
I/' \\ GL5 - BSHE20 . \\\ ~ o \ #AL24
GLY9 Hist4 N o, ASP23
# /GLN15[/ LA » \
y = LEU17 Stu22
' M—— “PHE20

HIS14

Figure 4.9: Docking of2nin theA bdimer (PDB id: 2LMN) model.

The binding mode o2n in A bdimer model demonstrates that its memantine core was
oriented towards KLVFFA segmet form a relatively strong glkyl hydrophobic interaction
with Phe20 at 5.14 A. One of the methyl groups attached to the core also forms a slightly weaker
pi-alkyl hydrophobic interaction withi19 at 5.33 A. The aromatic ring 1 is close to oxygen
on Leu34 to provide a strong-fine pair interaction at 2.94 A. €haminogroup at the para-
position isalso close enough to oxygen oml86 to form two hydrogen bondings at 3A7nd
4.27 ArespectivelyThi s observation is in agreemeamt wi t |

stabilize the dimer and earlgrined inermediates and slovise rate of aggregation.
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ILE31 GLY29

LYS28

Figure 4.10:Docking of2l in the A bdimer (PDB id: 2LMN) model.

The binding mode a2l with A bdimer model is provided iRigure 4.10. Similar t@n, the
memantine core is oriented towards KLVFAA segment, making two hydrophobatkypi
interactions at 5.26 A witlfPhe20 and at 4.92 A withhB19. The aromatic rings undergoes two
hydrophobic pialkyl interactions at 5.50 A witlle32 and at 3.20 A with.eu34.The bromo
substituent apara- position is close t&/al36 where it forms a hydrophobiateractionat 4.71 A.
Overall this derivative exhibited a number of hydrophobic interactions with the dimer structure

allowing it to inhibit the aggregation offA.

The aggregation kinetics and modeling studies show that memantine based derivatives
predominantly are capable of promotiAd#l0 aggregation. Molecular docking studies usinf

dimer model shows that these compounds form a high energy compleR withggesting their
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inability to stabilize the dimer assembly. However four compounds in this s&jrig§ 2mand2n)
were able to prever B0 aggregation witl2n identified as a potent inhibitor which wad@d

more potent compared to orange G.

4.1.7 Rimantadine (3) based derivatives SAR

Table 4.3: Inhibition data for rimantadine3) based deviatives against self n d u c49/d2 A b

aggregation.
NH"R
3
Compound R A blisoo(“M) ) ClogP
Rimantadine - N.A N.A 3.90
3a Benzoyl P.A - 5.49
3b Benzyl P.A - 6.14
3d 3-Nitrobenzoyl P.A - 5.66
3e 3-Nitrobenzyl P.A - 5.88
3f 4-Nitrobenzoyl P.A - 5.66
39 4-Nitrobenzyl P.A - 5.88
3h 4-Nitroacetophenone N.A N.A 5.41
3i 3-Bromobenzoyl P.A - 6.55
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3j 3-Bromobenzyl P.A - 7.00
3k 4-Bromobenzoyl P.A - 6.55
3l 4-Bromobenzyl P.A - 7.00
3m 3-Aminobenzoyl 5.5 N.A 4.58
3n 4-Aminobenzoyl 1.8 N.A 4.58
30 3-Aminobenzyl P.A - 491
3p 3-Azidobenzoyl P.A - 6.19
3s 4-Azidobenzoyl P.A - 6.19
Orange G - 3.2 8.8 -0.63
Resveratrol - 2.8 4.1 2.83

aThe calculated 1€ values are the mean values of triplicate readings for two independent
experiments. The values are based on thelddsed fluorescence assllyA = Not Active, P.A =
Promotes Agregation.The ClogP values were determined usi@gemBioDraw Ultra 14.0.

CambridgeSoft Company.
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mA mhribitor

13 compounds,
76%

Figure 4.11: Summary of inhibition data for 17 rimantadir® based devatives against self

i ndu c4d.d.AANot Active, P.A = Promotesdygregation.

Rimantadine based derivativgse ner al|l | y 4paggregetidn eith dekivativedm
and3n exhibiting aggregation inhibition at 5.5 and £.8Vas provided in Table 4.8.is worth
mentioning that none of the three derivativéls, 3m and3n) that passgthe initial screening

witho Aexhi bited dny activity for AD

The unsubstituted benzoy8d) and benzyl b) derivatives promoted the aggpation of
A B0 at all the concentrations, althougiinexhibited a much weaker pemggregation behavior at
39% at the highest concentration compare@aat 200%. The 3and 4nitrobenoyl derivatives
3d and3f respectivelyyielded similar activity to the unsubstituted derivati@e)( The addition of
nitro at meta andpara- position to benzyl derivative3e and3g also proved to be detnental to

the inhi®#i tion of AD

The 3 and 4bromobenzoyl derivative8{and3Kk) like other bromo substituted derivatives

from theamantadine and memantine series, pfilsoo mot ed t he 40dowevergheit i on
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pro-aggregation activity decreased as the cotre¢ion of the test compounds wasreased from
1 ¢ M t olntétestinglyMboth derivatives significantly reduced the lag phase, accejetatin
aggregatio o f40. Ahe 3j and 3l derivatives, 3 and 4bromobenzyl, alsgpromoted the

aggr ega t40 a al comdentrations.

The addition of amino substituent thie meta andpara- position on benzoyl yieldedm
and 3n derivatives. The 3m and 3n derivativeswere identified as the lead compounds in the
rimantadine serieswithfgv al ues @mhd5 .15 8¢ B M r edCenpoundBe | v f o
3pand3salsopr omot ed t he &@ig the midat screemingof the Aynthesized
derivatives.None of thec ompounds in this series wid2e abl

aggregation.

4.1.8 Top candidates fromthe rimantadine (3) based derivatives

NH,

(o) o
NH NH

3m 3n

AB40 IC5y = 5.5 uM AB40 IC5) = 1.8 pM
Figure 4.12 Compounds with arii\ B0 activity in the rimantadine series.
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Figure 413 ThT-b a s e 4D agyifegatiokinetic data at 37 °C, at pH 7.4, 24Ranels: (ABm,

(B) 3n. Results are expressed as average of two independent experiments (n =3).

The aggregation kinetic data 8 and 3n derivatives isshown inFigure 4.B. The 3m
derivativei n hi bi t s t h e 40atghg tegeg eohcentrations. nterdskir@yjs the only
derivative showing concentration dependent inhibition in the entire libBamexhibited inferior
inhibition at 1, 5 65ucdmparéd tocrddveratdIy36%, 68ea¥td 84%)d
This observation was also mirrored by theol@alues of3m, resveratrol and orange G at 5.5, 2.8
and 3.2 &M respectively. TBiinEs=le8a dfwdse-rlbfoldt i ve
more potentompared to resveratrdJso= 2.8¢ M. In this series none of the compounds exhibited

inhibitonofAb 42 aggregati on.
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4.1.9 Molecular modeling studiesof the lead candidats (3m and 3n)
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Figure 4.14:Docking of3min the A bdimer (PDB id: 2LMN) model.

The binding mode ddmin A B0dimer modeis shownin the Figure 4.14The rimantadine
core was oriented in the center of dimer structure, allowing it to form tvatkpi hydrophobic
interactions with the opposisédes of the loop. Thiateraction was nae withPhe20 at 5.06 A and
the secondnteraction was made witheB2 at 5.32 AThe benzoyl aromatic ring forms-pikyl
hydrophobic interaction with 336 at 5.43 A. The amino groupgatra- position is close to oxygen
on Leu34 resulting in formation dfvo hydrogen bondings at 3.99 A and 4.83 A forming a stable

complex with dimer structure hindering the aggregation process.
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Figure 4.15: Docking of3n in the A bdimer (PDB id: 2LMN) model.

As illustrated in Figure 4.15, the rimantadine cor8rois much closer to KLVFAA segment
compared t@m allowing it to form a much stronger-pikyl hydrophobic interaction with 20
at 4.15 A. Similarly, the benzoyl aromatic rifggpositioned closer tdd32, forming a strong pi
alkyl hydrophobic interactioat 4.14 AAs a result, theara- positioned amino group located closer
to Leu34 compared t8m, forming two hydrogen bondings with thackbone ofLeu34 at 2.90 A
and 4.61 A. Overall this derivative exhibited a number of hydrophobic interactionsheittirher

structure hindering its aggregation.
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4.1.10 Transmission electron microscopy (TEM) data for compounds 1n, 2n and 3n

The morphology of AbB40 was investigated in
series, compoundl, 2n and3n. As illustrated in Figure 4.16, all the lead candidates were able to
inhibit the aggregat i onlndhand3hréspectivelyzomedres toB C
Ab40 cont r ard mifrd?eal the bbtaiAed data from the Thh s e 40 adgfegation
kinetic experiment@Figures 4.4,4.8and413 he observation of AbB40 ol i
the assay results where the lead compoundse able to stabilizé¢ he earl y f or me

intermidiates and delaye aggregation process.

Figure 416:TEM assessment of AD40 mor pleadlcangounds.n pr

Panel s: (A) AbB40 contriogl ,( C)B)AbBAR4 nn{churbualk &etdé dw

incubated witi3n.
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4.1.11 Promotionof Ab 40 aggregation by aminoadamantanes
As discussed in Chapter 1 (section 1d)evel opi ng i#f\dne of thbimdre t or s
favorabl e approaches i n -Aggregatitneappopch .has httractade c e r
considerableattention where by converin  Ab o | whighoisnelh e mo st toxic f
aggregates ttess toxicAb f i dammilnsi,mi ze t he exposure of neur
and improve the cell viability as a result.d e a | | y , speéific antibodles dar be used in
combinaton wi th treatments capable of promoting t

to mature fibrils and remove them by the antibodiestebr e duci ng t he Ab | oad.

Toxicity

Ap size

Figure 4.17Two approaches in target i-agggegatidn (Bhprgp ot he s i

aggregation.
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Chapter 5: Conclusionand Future Work
5.1 Conclusion
A library of 48aminoadamantane derivativesre designed, synthesized and characterized
They were evaluatedforanAb act i vity against both Ab40 and

were conducted bYhT based fluorescence and TEM studies.

The adamantane scaffolds (amantadine, memantine and rimantadine) was chosen as the
templates in dgign and development of the library based on thie@rapeutic application in
neurodegenerative disorders including ABview of recentliteratures and preliminary molecular
modelingstudies The librarywassynthesized utilizing a numbsynthetic methosl described in
Chapter 3 with yields ranging fro8% to 92%. The biological screenings were accomplished using
previously reported methods and optimizedhouse to obtain SAR data. The molecular modeling
were conducted to gasome insights into andhlidatethe SAR data for anfaggregation properties
of the lead derivatives. The following table provides a summary of various parameters of the

synthesized library:

Table 5.1: Summary of various parameters of the synthesirethoadamantariérary.

U Molecular weights (MWSs) 241.2361.1g/mol

0 Partition Coefficients (ClogPs) 2.61-7.00

U A B0 aggregation inhibition 0-76%

U Ab40s I C 047123.8 eM
U Ab42 aggregation 0-15%

U Ab42s | C >50 e M

74



In general, the majority of the synthesizk@ r i vati ves (36 outd40of 48)
aggregation promoter©nly few derivatives exhibt ed i nhi bi t odOwith2rct i vi t
memantine derivativlCso= 0 . 4derdifidd as the most potewthich was 8fold more potent
compared to orang® (ICso= 3.2¢ Mwith theother lead candidates exhibitit@sovalue ranging
from 1. 8 (chapter2dBPre8ence ™ amino group on the aromatic ring of the synthesized

derivatives proved to be essential for superior inhibitory activity with the exceptioremid?2|.

The molecular modeling studies of the lead derivatives showed that the hydrophobic
interactions of compounds with the KLVFFA segment is necessary to inhibit the aggregation of
A B0. Formation of relatively strong interactions such as hydrogen bonding and hydrophobic with
other regions of ADb i s nece e andhiyderthe aggregationi | i z ¢

process.

The SAR data acquired from biological screening of derivatives coupled with molecular
modeling studies support the hypothesis that the aminoadamantane scaffold serves as a suitable

template to design and develop poigrtreatments for AD.

5.2 Future directions
Based on the current SAR and biological evaluations the future studies regarding this project

can be divided into two promising however opposite directions:

1 Further expansion of the library by modifying theusture of lead derivatives to
improve their bological profile asA binhibitors.
1 Further exploring and developing paggregation candidates as an alternative

approach inreatment of AD as discussed ih@pter land Chapter 4, section 4.1.11
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In that regardthe memantine derivativad was identified as the lead @0 promoter,which not
only promoted tha@, aigtgrealgsad i dmamdt iAdal (Figurer e d u c €
5.1). As discussed i@hapter 1land Chapter 4oro-aggregatiorompounds can be used to minimize
the exposure of newrons to toxic Ab ol igomer
45000
40000
35000
30000

D 25000
o 20000

. W
15000

10000
5000
0
0 4 8 12 16 20 24
Time (h)

—e—ThT —e— Ab control 1 Me 5 Me -25M¢
Figure 5.1: ThT-b a s e 4D aggfegatiokinetic data of2d at 37 °C, at pH 7.4, 24. Results are
expressed as average of two independent experiments (n =3).

Screening thébrary for other pathological aspects of AD such as cholinergic dysfun®idibA
excitotoxicity and metal chelation can also be considered as the next steps in this project. In that

regards, selected numbers of the library was screened for AChE méstlisted as Appendix 2
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Chapter 6: Experimental
6.1 General Information
All necessary chemicabnd regents were obtained from commeraciahdors (Acros Organics ®,
SigmaAldrich ®, Alfa aesar ® TCI ®) with a minimum purity of 95% and were usetthout
further purification Melting points were dermined using a REACH Devices digital melting point
apparatus and are uncorrectdd NMR (300 MHz)spectrawere recorded on a Bruker ® Avance
spectrometer using CDEbr DMSO-ds asreferencesolvens. Coupling constantsl(values) were
recorded in hertz (Hz) and the faing abbreviations were used to assigualtiplicity of NMR
signals: s ssinglet d = doublet, t = triplet, m multiplet, br = broad.
Compoundpurificationwas accomplishedsingMerck 238400 mestsilica gel 60 All synthesized
derivatives showed single spot on ttéryer chromatography (TLC) performed on Merck B4
silica gel plates (0.2 mm) using three different soh@stems (9:1 EtOAc: MeOH; 3:1 EtOAc:
hexanes and 3:1 EA2: DCM) and spots were visualized with/ 254 nm Compound purity was
measured using an Agilent 6100 series single quad LCMS equipped with an Agilent 1.8 um Zorbax
Eclipse Plus C18 (2.1 x 50 mm) runnif@:10 MeOH/IPA at dlow rate of 0.4 mL/min with

detection at 254 nm by UV
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6.2 Chemistry

6.2.1 General method to synthesize substitutedbenzamide @rivatives of amantadine,

memantine andrimantadine 1-, 2-, 3- (a, d, f, i, k):

Cl 0
TEA, Cul
+ 7z | >

A MeOH, RT, 12h gN
R ) < >
0)

NH,
1 R R=H, 3-NO,, 4-NO,, 3-Br ,4-Br
or 0
rq e
R
2
or OY@
i iNHz NH
3

Schemeb.1: Generalmethod to synthesizibstitutedbenzamidesdvativesl-, 2- and3-(a, d, f, i,
k)

0.300g (1.6 mmol) ofamantadine HCGI(1.4 mmol)or memantine HCI of1.4 mmol)or
rimantadine HCI0.163mL (1.6 mmol) of benzoyl chloride an®0 mg (0.16 mmol)Cul were
added to 10 mL oMeOH. The reactin mixture was stirred for 12 & room temerature in the
presence of 0.4B1L (3.2 mmol)of TEA. The mixture was concentrated and diluted with 5 mL of

distilledwater, followed by threextractiors (3 x 15 mL)at slightlyacidic conditons (pH ~ 6) with
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EtOAc and dried over MgS© Columm chromatographwas performed using EtOAc/MeOH (5:1)

as solvent system to afford targetmpound 1-, 2- and3-(a, d, f, i, k). (59-80%Yield)

6.2.2 General method to synthesizeN-substitutedbenzyl cerivatives of amantadine,

memantine and rimantadinel-, 2- and 3- (b, e, g, |, ):

Br
+ - | Cul, TEA »@

BuOH, Reflux at gy _ i )
NH, ~\\; 85°C for 24 h \_<€j> R=H, 3-NO,, 4-NO,,
—/ R 3-Br ,4-Br
1
or —\ R
NH, HN \ 7/
R
2 % /I

4

NH, i NH
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Scheme6.2: General method to synthesizeN-substitutedbenzyl cerivatives 1-, 2- and 3-(b, e,

9.5, )

0.300g (1.6 mmol) ofamantadine HCI (1.4 mmol) or memantine HCI or(1.4 mmol)
rimantadine HClyas added to 10 mL ofBuOH and heated up to 8C. Then0.45mL (3.2 mmol)
of TEA was addedo quenchHCI followed by the addition of 30 m@.16 mmol)of Cul and0.16
mL (1.6 mmol)of benzylbromide.The reaction mixturevas refluxed at 85C for 24 h.The reaction
mixture was concentrated and diluted with 5 midistilled water, followed by threextractions (3
x 15 mL) at slightly acidic condions (pH ~ 6) with EtOAc and dried over MgS® The crude
compound was purified by carrying out column chromatography Uusi@Ac/MeOH (5:1)as

solvent system to afford compounts2-,3-(b, e, g, |, I) (42-75%Yield)

6.2.3 General method to synthege substitutedphenylethanl-one derivatives of

amantadne, memantine and rimantadinel-, 2- and -3- (c, h):

0
Br
2 Cul, TEA R = H, 4-NO
' | > \n A
¢ ACN/MeOH(9:1),75°C,24 h
e
NH, R ~
0 |
I\

R

Scheme6.3: General method to synthesiglkeenyletharl-onederivativesl-, 2- and3- (c, h).

0.500g (2.7 mmol) of emantadine HCI(2.3 mmol) or memantine HCI o1(2.3 mmol)

rimantadine HCland 0.53 g (2.7 mmol) of 2-bromoacetophenone were added to 10 mL of
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ACN/MeOH (9:1) solvent systenThe reaction mixture was refluxed at %5 for 24 hoursn the
presence of 0.74 ml5.3 mmol) of TEA and 51mg (0.27 mmol)of Cul. The mixture was
concentrated and diluted with 5 mLaiktilled water, followed by three extractis(B8 x 15 mL)at
slightly acidic condions(pH ~ 6) with EtOAcand dried over MgS£ Colum chromatographyas
carried out usinPCM/MeOH (9:1)solventsystem to afford the targepmpound 1-c,2-c,3-h,. (9-

16%Yield).

6.2.4 General method of nitro reduction to synthesize aminobenzamide derivatives of
amantadne, memantine and rimantadinel-, 2- and 3- (m, n, o, p}

N,H, H,0, Pd/C

o
HN EtOH, 1)0° C HN
NO, 2)Reflux 85° C NH,
10) for 2hrs 0

Scheme6.4. General method dafitro reduction tosynthesize amobenzamidelerivativesl-,2-,3-
(m, n, o, p)

0.300 g (1.0 mmol) of compourid was dissolved in 20 mL of EtOH. 110 mg (0.09 mmol)
of 10% Pd/C and sufficient molecular sieve wadeledo the reactiomixture on ice bath. 0.096 g
(0.093 mL) (2.99 mmol) oN2H4.H.O (50%) was slowly added to the reaction mixture while
stirring. The reaction miture was then refluxed forl#ursat 85 G then filtered to emove Pd/C
and molecular sievewas concentrated and diluted with 5 mL of distilled water, followed by three
extractiong3 x 15 mL)with EtOAc and dried over MgSOColumn chromatgraphy was carried
out using hexane/acetone (5sbjvent system to afford the target compouta,3- (m, n, o, p).
(72-92%Yield).
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6.2.5 General methodto synthesiz azidobenzamide derivatives cimantadne, memantine

and rimantadine 1-, 2- and 3- (q, S)

NaNj, 1,2-Bis(methylamino)ethane, Cu(I)I
r

- Water/EtOH(7:3),120°C, 4h -
O O

Scheme6.5: General method of conversionlmomobenzamide® azidobenzamides

0.2 g 0.6 mmo) of corresponding bromide precursufrl-,2-,3- (i, k) was dissolved in 20 mL of
degassed mixture of water/EtOH (7:Bhen78 mg (1.2 mmol) of Nafl 11 mg (0.06 mmol) of Cul

and 0.2 mL (0.18 mmol) dil,N-dimethylethylenediamingvas addedThen the reaction mixture

was refluxed at 120eC for 4 h under an argon &
with 5 mL of distilled water, followed by three extractigi3sx 20 mL)with ether and dried over

MgSQu. Coluim chromatography was carried out using DCM/MeOH (5:1) solvent system to afford

the target compounds,2-,3-,. (23-45%Yield).

6.2.6 H NMR data for amantadine derivatives 1al
Amantadine HCI: *H NMR (300 MHz, DMSQds) 7.80 (s, 3H)[12.05 (s, 3H){i1.75 (d,J= 2.8

Hz, 6H),01.58 (q,J = 12.6 Hz, 6H).
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N-(Adamantan-1-yl)benzamide (1a):Yield: 0.24 g, 5%; Mp: 146-149°C. The product was
obtained as a yellow solid and was purified using EtOAc/MeOH (S3HNMR (300 MHz, DMSG
d) U 7 JFA9, 44dHd, 2H)17.57 (d,J= 4.4 Hz, 1H)[17.427 7.36(m, 3H), 12.04 (d,J =

4.5 Hz, 9H),ii 1.63 (t,J = 3.3 Hz, 6H). G:HuNO. Purity: 99%

N-Benzyladamantanl-amine (1b): Yield: 0.24 g, 6%; Mp: 188191°C. The product was
obtained as a dark yellow solid and was purified using EtOAc/MeOH {@:NMR (300 MHz,
DMSO-ds) U 8, 1H, &7.50b737 (m, 5H)i4.07 (s,2H), ii2.13 (s, 2H){11.9371 1.88 (m,

6H), i1 1.737 1.57 (m, 7H). GH2aN. Purity:99%

2-((Adamantan-1-yl)amino)-1-phenylethan-1-one (1c):Yield: 0.07 g, 9%; Mp: 172175C. The
product was obtained as a dark brown solid and was purified using DCM/MeOH® MR
(300 MHz, DMSQOds) 842 (s, 1, 118.027 7.97 (m, 2H)i7.671 7.62 (m, 1H){17.52 (dd,J =
8.2, 6.9 Hz, 2H){14.79 (s, 2B, 11 2.05 (s, 2H){i 1.88 (s, 7H){i 1.61 (s, 6H) C1gH23NO. Purity:

99%

N-(Adamantan-1-yl)-3-nitrobenzamide (1d): Yield: 0.2 g, 4%; Mp: 163-166°C. The product
was obtained as a light yellow solid and was purified using EtOAc/MeOH &{1){MR (300
MHz, DMSOds) U 8J=%2.6 Hz 1H)08.31 (d,J=8.1Hz, 1H){i8.19 (d,J= 7.8 Hz, 1H),

18.01 (s, 1H)[i 7.70 (t,J = 8.0 Hz, 1H)i2.06 (s, 9H), 1.64 (s, 6H).18H20N20s . Purity:99%

N-(3-Nitrobenzyl)adamantan-1-amine (1e):Yield: 0.21 g, 286; Mp: 17818C°C. The product

was obtained as a brown solid and was purified using EtOAc/MeOH {BtIYMR (300 MHz,
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DMSO-dg) U 91HQ®BB.4Z (s, 1H){18.18 (d,J = 8.6 Hz, 1H),li 7.96 (d,J = 7.6 Hz, 1H){
7.67 (t,J= 8.0 Hz, 1H){14.14 (s, 2H){12.10 (s, 2H){11.95i 1.80 (m, 6H){i1.61 (d,J = 10.7 Hz,

6H), 1i 1.20 (s, 1H). GH22N-O» . Purity95%

N-(Adamantan-1-yl)-4-nitrobenzamide (1f): Yield: 0.36 g, 7590; Mp: 180-182°C. The product
was obtained as a white solid and was purified using EtOAc/MeOH {1I)MR (300 MHz,
DMSO-de) U 8 J=288, 2(8dHd 2H)118.021 7.91 (m, 3H)2.05 (d,J=3.0 Hz, 9H){11.63

(d,J= 3.6 Hz, 6H). G/H20N203 . Purity:96.7%

N-(Adamantan-1-yl)-3-bromobenzamide (1i):Yield: 0.41 g, 78%Mp: 157-159C. The product
was obtained as a light yellow solid and was purified using EtOAc/MeOH @{1){MR (300
MHz, DMSO-ds) U 7J=9.8Hz,(1H){17.73 (s, 2H){17.66 (d,J=8.0 Hz, 1H){17.36 (t,J=

7.8 Hz, 1H),0 2.03 (s, 9H){11.62 (s, 6H). ©&/H20BrNO . Purity:98%

N-(3-Bromobenzyl)adamantanl-amine (1)): Yield: 0.29 g, 66%Mp: >25C0C. The product was
obtained as a light brown solid and was purified using EtOAc/MeOH B41INMR (300 MHz,
DMSOds) U B, 1H),87.809 (s, 1H)7.647 7.56(m, 2H),07.36 (t J=6.6 Hz, 1H),0 4.06

(s, 2H),02.12 (s, 3H){11.97 (s, 6H){11.63 (g, = 12.5 Hz, 6H). €H22BrN . Purity:98.6%

N-(Adamantan-1-yl)-4-bromobenzamide (1Kk):Yield: 0.32 g, 59%Mp: 178180°C. The product
was obtained as a white solid and was purified using EtOAc/MeOH &{11)MR (300 MHz,
DMSOds) U 7J.=@B.8 Hz3H), u7.59 (d,J = 8.2 Hz, 2H),0 2.03 (s, 9H),0 1.62 (s, 6H).

C17H20BrNO . Purity:97%
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N-(4-Bromobenzyl)adamantanl-amine (1l): Yield: 0.34 g, 43%Mp: >250°C. The product was
obtained as a brown solid and was purified using EtOAc/MeOH (84NMR (300 MHz,
Chloroformd) 0 7J.=4.8 Hz(4H),,03.80 (s, 2H)[ 1.86 (d,J = 2.9 Hz, 9H),0 1.63 (d,J =

4.5 Hz, 6H). G7H22BrN . Purity:99%

N-(Adamantan-1-yl)-3-aminobenzamide (1m):Yield: 0.16 g, 60%Mp: 163-166°C. The product
was obtained as a dark brown solid and was purified using hexane/acetondH®NMR (300
MHz, DMSOds) U 7. 21%6.99 (6J= 7.8 H2, 1H),u6.88 (s, 1H)116.82 (d,J = 7.6 Hz,

1H),16.61 (d,J=7.8 Hz, 1H){15.12 (s, 2H){i2.01 (s, 9H){11.62 (S, 6H). &H22N20 . Purity:99%

N-(Adamantan-1-yl)-4-aminobenzamide (1n):Yield: 0.2 g, 74%Mp: 171-172°C. The product
was obtained as a light brown solid and was purified using hexane/acetonéHS\NIYMIR (300
MHz, DMSOds) U 7J=8.3 HZ2H), 1 7.01 (d,J = 7.9 Hz, 1H)16.49 (t,J = 7.9 Hz, 2H),
05.50 (d,J = 7.3 Hz, 2H){12.02 (d,J = 7.1 Hz 9H), i 1.63 (d,J = 7.7 Hz, 5H){11.22 (dJ= 7.7

Hz, 1H). G7H22N20 . Purity:99%

N-(4-Aminobenzyl)adamantanl1-amine (1p): Yield: 0.12 g, 46%Mp: 219-221°C. The product
was obtained as a dark brown solid and was purified using hexane/acetongH{®NMR (300
MHz, DMSO-ds) U 8. 4iB.26 (8= 8.4 Hz), 1H){i8.15 (d,J = 8.3 Hz, 2H)i1 7.99 (d,J

= 8.3 Hz, 1H){i7.65 (d,J = 8.3 Hz, 2H)13.88 (s, 2H){12.01 (s, 3H){i1.57 (d,J = 8.4 Hz, 9H),

01.20 (s, 3H). &/H24N2. Purity94.%%
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6.2.7 H NMR data for memantine derivatives 2al
Memantine HCI: *H NMR (300 MHz, DMSGds) U 7 . 8iR.14 (s, 1H)[BL1HY (d,J=3.1

Hz, 2H),01.477 1.31 (m, 4H)[i1.26 (s, 4H){11.09 (q,J = 12.7 Hz, 2H){10.82 (s, 6H).

N-(3,5-Dimethyladamantan-1-yl)benzamide (2a):Yield: 0.29 g, 73%Mp: 94-97°C. The product
was obtained as a yellow solid and was purified using EtOAc/MeOH {INMR (300 MHz,
DMSO-dg) U 1 7.687r8, 2H)17.60 (d,J = 4.8 Hz, 1H){i7.477 7.35 (m 3H), i2.12i 2.07
(m, 1H),11.88 (t,J = 4.0 Hz, 2H){11.70 (t,J = 4.3 Hz, 4H){i1.397 1.18 (m, 4H){i1.12 (d,J =

4.8 Hz, 2H),li 0.82 (d,J = 4.7 Hz, 6H). GoH2sNO . Purity:98%

N-Benzyl3,5dimethyladamantan-1-amine (2b): Yield: 0.20 g, 55%; Mp:190-192°C. The
product was obtained as a dark brown/red solid and was purified using EtOAc/MeOHHK5:1).
NMR (300 MHz, DMSQds) U 81HH7.5Xi .38 (m, 5H)i 4.10 (d,J = 12.8 Hz, 2H)ji
2.20 (s, 1H){11.75 (d,J = 3.2 Hz, 2H)11.57 &, 4H),11.31 (d,J= 2.9 Hz, 4H){11.15 (dJ=7.6

Hz, 2H),0 0.87 (s, 6H). @H27N . Purity:97%

2-((3,5-Dimethyladamantan-1-yl)amino)-1-phenylethan-1-one (2c): Yield: 0.08 g, 11%; Mp:
158160°C. The product was obtained as a dark orange solid and was purified using DCM/MeOH
(9:1).*H NMR (300 MHz, DMSQds) 81 (s, 1H){18.00 (d,J = 7.5 Hz, 2H) {1 7.64 (t,J= 7.3
Hz, 1H),07.52 (t,J = 7.6 Hz, 2H) 1 4.78 (s, 2B, 11 2.12 (s, 1H){i 1.73 (s, 2H){1 1.53 (s, 4H){

1.317 1.20 (m, 4H)[i1.09 (d,J = 9.9 Hz, 2H)[i 0.81 (s, 6H)CaHzNO. Purity: 94.5%
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N-(3,5-Dimethyladamantan-1-yl)-3-nitrobenzamide (2d): Yield: 0.34 g, 71%Mp: 106-:109°C.
The product was obtained as a light orange solid and was purified using EtOAc/MeOHH5:1).
NMR (300 MHz, DMSQGds) U 18, 1H9, & 8.31 (d,J = 8.0 Hz, 1H){18.247 8.14 (m, 1H) i
8.04 (s, 1H)[17.767 7.64 (m, 1H)12.09 (q,J = 10.1Hz, 1H), 11 1.90 (d,J = 9.5Hz, 2H),li1.71

(q,J=11.9 Hz, 4H){i1.41i 1.20 (M, 4H)[11.12 (s, 2H){10.82 (s, 6H). GH24N203 . Purity:95.3%

3,5-Dimethyl-N-(3-nitrobenzyl)adamantan-1-amine (2e):Yield: 0.31 g, 42%Mp: 144147°C.
The product was obtained as a brown solid and was purified using EtOAc/MeOHKBENYR
(300 MHz, DMSGds) U 8. 3W8.14 (d,J=7BH32, 1H),07.90 (s, 1H)17.63 (t,J=7.9
Hz, 1H),04.03 (s, 2H)[12.13 (s, 1H)[11.63 (s, 2H)[11.45 6, 4H),0 1.357 1.12 (m, 4H){11.10

(d,J=4.6 Hz, 2H)[10.83 (s, 6H). @H26N20- . Purity96.1%

N-(3,5-Dimethyladamantan-1-yl)-4-nitrobenzamide (2f): Yield: 0.37 g, 49%Mp: 164166°C.
The product was obtained as a light brown solid and was purified using EtOAc/MeOH¥b:1).
NMR (300 MHz, DMSQds) U 81=58Hz( 24),1i 7.95 (d,J = 6.8 Hz,2H), i1 2.09 (d,J =
9.7 Hz, 1H){11.88 (s, 2H){11.787 1.62 (M, 4H)[11.29 (q,J = 12.0 Hz, 4H){i1.12 (s, 2H){10.82

(S, 6H). GoH24N203 . Purity:96.6%

3-Bromo-N-(3,5-dimethyladamantan-1-yl)benzamide (2i):Yield: 0489, 68%; Mp: 110-112°C.
The product was obtained as a dark yellow/orange solid and was purified using EtOAc/MeOH
(5:1)H NMR (300 MHz, DMSGds) U 7J=9.8 Hz( 1H)[i7.74 (d,J= 7.6 Hz, 2H){17.70

i 7.60 (m, 1H){17.35 (t,J = 7.9 Hz, 1H)li 2.08 (d,J = 3.3 Hz, 1H){i1.87 (d,J = 3.1 Hz, 2H),{i
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1.771 1.59 (m, 4H),i 1.387 1.19 (m, 4H),i 1.10 (s, 2H){i 0.81 (s, 6H). @H24BrNO . Purity:

97%

N-(3-Bromobenzyl)-3,5-dimethyladamantan-1-amine (2j): Yield: 0.19g, 42% Mp: 135137°C.
The product was obtained as a dark yellow solid and was purified using EtOAc/MeOHH5:1).
NMR (300 MHz, DMSQds) 752 (d,J = 1.9 Hz, 1H){17.34 (ddJ= 7.7, 1.9 Hz, 1H){17.29 (d,
J=7.6Hz, 1H){i7.20 (t,J= 7.7 Hz, 11, 1 3.64 (s, 2H){12.04 (d,J = 3.4 Hz, 1H){11.42 (dJ =

3.1 Hz, 2H),li1.307 1.16 (m, 8H){i1.05 (s, 2H)[i0.79 (s, 6H). @H26BrN . Purity:95.2%

4-Bromo-N-(3,5-dimethyladamantan-1-yl)benzamide (2k):Yield: 0.38g, 64%; Mp: 127-13C°C.
The product was obtained as a light yellow solid and was purified using EtOAc/MeOH5:1).
NMR (300 MHz, DMSQds) U  7J=78® HZ,3H), Ui 7.647 7.54 (m, 2H),li 2.09 (s, 1H)ji
1.86 (d,J= 3.1 low Hz, 2H){11.767 1.60 (m, 4H)[11.387 1.18 (m, 4H){i1.11 (s, 2H){i0.81 (s,
6H). CiogH24BrNO . Purity: 99%

N-(4-Bromobenzyl)-3,5-dimethyladamantan-1-amine (2I): Yield: 0.53 g, 66%Mp: 182-185°C.
The product was obtained as a light yellow solid and was purified using EtOAc/MeOH5:1)
NMR (300 MHz, DMSQds) U 9. 117.66is7.56 (h,F2H)li 7.53 (d,J = 8.5 Hz, 2H),li
4.03 (s, 2H){i2.18 (s, 1H)[11.78 (d,J = 3.1 Hz, 2H) i 1.60 (t,J = 8.1 Hz, 4H){i1.29 (d,J = 3.0

Hz, 4H),01.2271 1.04 (m, 2H){10.85 (s, 6H). @H26BrN . Purity: 99%

3-Amino-N-(3,5-dimethyladamantan-1-yl)benzamide (2m): Yield: 0.25 g, 92%;Mp: 128
13C°C. The product was obtained as a red solid and was purified using hexane/aceton#i(5:1).

NMR (300 MHz, DMSQds) U 7 . 208.99 (i) 7.8 1IH) 1,6.92i 6.86 (m, 1H)i6.82 (d,
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J=7.3 Hz, 1H){16.667 6.55 (m, 1H){i5.11 (s, 2H){12.117 2.02 (m, 1H){i1.84 (d,J = 3.2 Hz,
2H), Ui 1.66 (s, 4H)Ji 1.26 (dd,J = 19.5, 8.5 Hz, 4H)ii 1.10 (s, 2H){10.80 (s, 6H). GoHaeN2O .

Purity: 99.6%

4-Amino-N-(3,5dimethyladamantan-1-yl)benzamide (2n):Yield: 0.15 g, 56%Mp: 90-92°C.
The product was obtained as a dark orange solid and was purified using hexane/acetdre (5:1).
NMR (300 MHz, DMSQds) U 7J=8.8 Hz( 2H)[i7.04 (s, 1H) 16.46 (d,J = 8.3 Hz, 2H),
U5.48 (s, 2H){12.117 1.99 (m, 1H){i1.84 (d,J = 10.1Hz, 2H),11.67 (t,J= 8.5 Hz, 4H)i1.33

7 1.21 (m, 4H)11.09 (s, 2H)[10.80 (s, 6H). @H26N20 . Purity:99%

N-(3-Aminobenzyl)-3,5dimethyladamantan-1-amine (20):Yield: 0.1 g, 40%; Mp: 219-221°C.
The product was obtained as a dark brown solid and was purified using hexane/acetotg (5:1).
NMR (300 MHz, CDC}) U 6J.=9.7 Hz( 1H),i6.57 (d,J = 7.3 Hz, 2H) i 6.48 (d,J= 8.0
Hz, 2H),15.09 (s, 2H)[13.72 (s, 2H)[12.12 (s, 1H)[11.64 (s, 2H)[11.501 1.37 (m, 4H){11.27

(s, 4H),01.10 (s, 2H){10.83 (d,J = 2.9 Hz, 6H). GoH2sN2 . Purity96.6%

4-Azido-N-(3,5-dimethyladamantan-1-yl)benzamide (2s):Yield: 0.08 g, 43%; Mp: 142-145°C.
The product was obtained as a beige solid and was purified using DCM/MeOHHINNIR (300
MHz, CDCk) & 7J=3 Hz 2H)i6.63 (d,J= 8.3 Hz, 2H),i5.69 (s,1H), (i1.977 1.90
(m, 2H),0 1.75 (s, 4H){1 1.457 1.26 (m, 4H)41.16 (t,J = 10.5 Hz, 2H)[i 0.907 0.83 (m, 6H).

C19H24N4O . Purity: 97%
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