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Preface

The pr esendtdrtemsesseisdi stinct and independent resear

opportunity to work during the course of my doct

The first topic regards thlg dwhrnacsh beehl éooqudi n ®
promi si ng einndhoil byistoosronoafl t wo pore channel 2 (TPC2)

the i mplementation of a benzot ISieazolee Astut ec Res @i
Syndrome Cor®ARSdIR)Us 2 (

Both topics comsastiisdan inf te el eogpd i andanptoiuwnidt ya nrde Isa triu
( SAR) sThiddiressults are presented as monograph, s
yet .
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INTRODUCTI ON

1 Il ntroduction

1. Endol ysosomal system and two pore ct
The endolysosomal systeprocepsedntailncechudinng atclee |-
recycling, and degradation of macr omol ecldl es, t

Through endocyt osei smatceerlilasl si nstuecrhnads pl asma mem

particles, fluids, and maxirraencoelpeecdur laet se,d emetchhearni &
Once iwBadkrntaiease vesicles fuse with early endoso
recycling, degradati diAl lont errdctoigorasdewiptahh hovtalyer
as t-Galngi net wor k, ar e cruci al for t he mat ur a

endosbdhheThe | atter are distinguished by an aci di

pH B%l 5essenti al condition for | ysosomal hydrol as
mu kvteisi cul ar blodtilens c(aMweBso)f degradation, | ate end
to form endbhyshogshameds structure in which acidi

endosomes activates the many acid hydrolases of
mol ecul es, tiamichau,dilnigpipad 2, nucl eic acids, and car

bl olcksThe efficient functioning of the endol ysc

signaplatihnwgay s, mol ecul ar regul ators, and ion cha
and enzyme activities are modul ated by ion curre
ion channel s, stughe aATPERBRaGEYMucol i pin receptoc

(TRPMPL)Y purinergiclPR2K4anesmemboase [pftloamd ntswdq TMdnl
channel 3 TPCs)

The TPCs apgetedl iagechannels | argely present in
human genome encodes TtPwd , TR i chofisr mki:stri but ec
endol ysosomal organell es, in particulsad earl gter
endosomes and | ysosomes. Structurally, each TPC
monomer consisting ofr amwomehnobirdd)noegd ouidshien isdéeMy o

structure of TPC2et [ddlukiiglltieghtoy iSthe uni que arch
complex regulatory mechani sms. Unl i ke conventic
mechani s m, TPC2 exhibits multimodal regul ation,
Upon activaitniomm &gi chiadeni ne dinucleotide phospt

robusir eCaelase from |l ysosomkespenddhtuemrco ngs £@ad cs war

trafficking, exocytosi s, and autophagy. However,
bi sphasp (FlI (IPERPPfunctions aspchahinghl ycoaltecbu
|l ysosomal membrane potential and ionic balance.

di scussed doty.lH®lersmuditgest s that TPC2 dynamically

1



INTRODUCTI ON

integrating multiple upstream signals to control
TPCs are a key regul ator of sever al signallin
pat hwdysvhich control |l ysosomal bi ogenesi s, met a
as well as endol ysosomal traffickii’fh®vefugihen pml
decade, significant progress has been made in u
TPCs, as summaterid&d HoyweRatrgl a comprehensive und
involved pathways and their i mplications for <ce

remai nsganngnarea of research.

1. ZPCs and rel ated di seases

Understandably, given their aforementioned cruci

bet ween TPCs and many di seases has been establ

dysfunction has been implicated in | ysoisroendl st
| ysosomal degradation and exocytosis, [§%.a%°l ng
Similarly, the | ysosadmnahody<f dmdttiyord iivrernan seas
to loss of [PHCQ@n ftume tdtomer hand, i mpaired autoph

proven
were normalised B3 %ldeaddintgi daP,C2t he role played

se of card¥i Ztn didkiflaibhedttidrsa rhser mor e, TPCs funct
by certaitm viarcudesg,ate their entry and trafficki

to be Iinked to TPC2 activity, where I|ys

i n ca

virus hijacks the ®gnhndPRPC&espesmdmant semsdoesmm ma l escaljl
membr ane gshestoambitlo promote V2EMWaMi dgdelneo mEa srtel Ras @
Syndrome Coron€oVjluenf{MERA&Nd endoleygooomal t or e
supported by l[?PP@xndaCoARSietnt ry was strongly inhit

ki nase Pl KfyW?8l nade dWwer2, tumours and <cancer h a
correlated to TPCs, even though the | ink appears
et satlated that TPC2 knockout has an i mpact on ca
tumour [3% cOmatnicer cell migration and adhl@sliamd wer e

u
vascul ar endot helVIE&JH ngdruocwetdh nfeaocatnogrisoglenesi s was
n

hi b3t Edmh hwintdrno vi Overexpression of TPCs was I

breast [3@mmdc eor al squamous c¢é3°l whad ei, nemaveelslel! lyi, n
with an increased suUf®Nival in bladder cancer

Given their involvement in numerous physiologic:
TPCs have become a focal point in cation <channel

depth studies on the mechanism of |acatsi othh earnadp, e uti

targets.
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1. Pharmacol ogi cal i nhi bition of TPCs

Recent studi es have increasingly highlighted t
particularly TPC2, as a promising strategy for
pat hol ogi ca®Gi weomdiitts omesntral role inomgesstsamab, f
and intracellular signalling, TPC2 has emerged a
cancer, viral infections, and neurodegenerative
TPC2 inhibitors: naringenidrepd#eant sMB@A tal bi omk s
at high dosage, leadingi hdutbd auolgpo@iswmerm ntshod cVrEL
role of angiogenesis in tumour growth and met ast
suggests its potentctieal Thesrertamr eanutits were furthe
Net char oensiifarliesxutkendi ng the pool to the flavonoi
they were proven to reduce melanoma cell prolife
i nhibition. Al kal oi ds have also been identifi ec
sgni ficant i mplications in both infectious dise
al kaloid tetrandrine ewalsadisd e mthii fbiiedr by f SdlouarmaiTP
Tet r anedfrfiencet i vely impairs vi-dapbeprdény bébympddsemalpt
mechani s ms, which are critical for the infection

the &desbve verapalmill Samse Neaedrit9 st udi es have ext
effects to other viral?2%8md exBREABeyondl| utdsngnME
properties, tetrandrine has also been investiga
been shown to inhibit tumoWt! Eett hemimarad,i onhen
tetrandrine00aAramehaxsSGwed e validated in olfl grourg
and a recent study on -SG0®@mMt iha ngehrliicgahltieyd ptuhree i (nB)e
signalling and | ysos-bysabds omall &p h adglidd @ malnal | vy,
phosphoinositide kinase -Iihhibhaveoerbe&M21686 Bbodi
possibly contributing to the respecti JVé®ly proven

Despite the growing interest in TPC2 pharmacol oc
designed or studied to selectively t arN®eAtDPonl y o
dependehrnelCaase oFmedIi @8 ¢tl) &NnasTphoer tneed f or mor e |
modul ators that can selectively inhibit only one
the role of TPC2 in various signalling pathways
Lys@5 initially iemttridcdls.ced &byt ipA&gy inhibitor a
emer ged hfirgoimr caughput scr eeniamsg s(UHT S)b | ea mymasii gsn f o1

selective TPC2 inhibitor, as 2ddscribed in more d



INTRODUCTI ON

1.
Pa

re
i n
ma
Or
De
an
Co
i d
Th
sp
S u
mo
ce

an

n

—

r

X

o

- o o

r

SARE0N2: characteristics and spread

thogen€owodnavfiemwmmidlaye are able to infect animals
spiratory, di gestive,*arncheneuwrdliegitc ad or dinsaevd s
fection of domestic chickens wasl*doRiumeeteien
ny di fferent coronaviruses wer e identified
thocorodavidedaeéen turn intAl pithéhet, &d mmhenandt ge
| tacorlédhma*ihearsl i st of different pathogens, bel
d, in parBetacaronnolade, t he Severe Acute Res
ronavireoV]j SARSose outbreak wasdB3P edERSEVETr ed i
enti filedd]l amd XARS wel | known as publicl*fHealth
e noveCoMBARS an envebepsd -ppobmgbhéeéee RNA virus
herical shaiple4 Oofn ma bionb“d idabnee tsepi ke (S) protein,

ace of the vir-uskendppewmeanthethabwnnspired

=}

- O

i mportant structur al pvioea®li ng, metchaei s ndsni

(72}
—

| | s -prTohteeiSn engages theohmhwueani aggenzemsli‘®y ( ACE.
d is cleaved by host serine protease TMPRSS2,
to humanl*funYpcel eatry, the viral RNA is rea
ansl ated into viral proteins by the host ribo
pression | eads to the production of structur al
st pdmesani ¢ reticulum and Gol gi appvaieabbeyt oEhes I
om the ilftlected cell s

SAR-ES0¥ wa s first identified i n | at e 20109 i n Wu

h u
hy
or
t h
re
ge
t h
Wu
ot
Vi
fi
re

i s

manmuman | ead to a pandemic [86%. 5dlchue emasets pd o art eo
pot hesi sCd¥wrspPrAKRSd regards the zoonotic spilloc
i gi nal reservoirs, which allow the virus to r
eory is supported by ARBylWW,gewlkitd it &Gamdysti rsa tod
ationship to bat coronaviCoW¥s axn,d [ anEaRBvintohr ei ttsh
etic sequence approxi maacerlon avei% UislleMmdT @I et 0

n
e early <cases of infection were registered ir
han, where wil dli%&ns map er twiemg tstoé dzoonotic tran
her species proba®d¥, | snhhed WwhehGSARGdAdong str
ruses exhibited approximatel s€o®22% Pesgpeneet hd
ndings, the exact zoonotic origin and path, in
main uncl ear. Anot her theory, which -€Co¥l,d expl

the | eakage from t hy, Wuherne Irnescdeantutset wdi e/d roon
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were coh*udNbedtrong direct evidence was provide

under the |light of the clear epi tUmiological | in

The noveCo¥WARSuses the O6coronavi @9 ,diwheadhe p20h
affects the respiratory tract. The common sympt
with shortness of breath and diarrheaialandeaeut
respiratory distress syndromkS°l @&peainbad han i n
transmission spreads through respiratory dropl et
or talks int@génsen pe’disthhet s ransmi ssion also occ
symptomatic or asymptldhaai ¢acndbectodt pemapkee extr
control the spread. Moreover, a prolong€o¥Vrisk o
2 to persist on inani®matTehes erxftacerse ftarandmiyssi
underestimation of the sanitary €on&r gdrobylplspy ed
The pandemic status was declared by the World H
2020. From January 2020 to the present dat e, r
affected, morepebphe7iridf enct Edpnand about 7 mill.

approach to | imit the massive and quick spread
pol ile%,e¢4d4s neither prophylactic vaccinations nor
were available. The state of pandemic prompted
devel opment . Among the vaccines, di fferead, str a
nucl ei c acidasadewvevcitous and recolmibli maet psumani

target -prsottehien Sdue to its sabgl anyi b ecdeilad uammum&u
respbobs¥%¥eA great threat of this approach i-s repr.

Co, which could develop mutations of the S pro
recognition, having as main consegquence twe need
variants. On the other hand, sever &lo¥drluigf ec acnydcild
on various stages, have been reproposed and tes
approved for the treat ment of COnModx1lud ,e saudcem i an®
nucl eotide antiviral drug used before agadinst ED
dependent RNA polymer ase (RAdRp) n an3ARSB20s2 pr ove
repl ilédta omombination of nirmatrelvir, an antivi

known pharmacokinetic enhancer t hat sl ows the
effective in t'/PeabingpCOYVYDLY9 a ribonucleoside g
RARpPBY I nhibitors of viral entry, targeting TMPRES
proved to bl ock-GQoh® iemtta yhwrharSAIRBng cel | 54°l as f o
Anot her approsa¢honsofhe mmunki modul ators that «ca
response, which is responsible for the organ dan

therapy against COvVvlIiI D19, dexamet hasone, -a cort

5
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infl ammatory effe&tsecamtdorsndeund pakisyntt oci | i zuma
effectiveness!i’ n’3€uinecalytrnaldrug, specificall
Co¥2 and treat COVI D19, has been approved.

1. SARE0o02 genome and target i1identifica
As aforementColed,s AR Nnvesoped -piomsagheéeod RNA vir
whose genome can be directly translated into vi
The viral genome, composed of aroundane9. 9 KRF)o b ¢
bet ween the two untr andleatcaqupeeargasdsnlisa t(eldl Rsse)gi on
podAy t ai | . The ORFstencodealf opr mto@i nsspidkest(f St L
membrane (M), envel ope (E),anana8 smuccgl dppfdmipesid s (|

secondary strddRumomdé -CGIANRISREA5i6s composed dboypssevert
(SsSL1, SL2, SL3, SL4, S5, SL5A'SS TSR, sSbrau@,t uSle6 ,0
nucl eeRtNIAdecsonstruct 5_SL1 was determined by NMR
Ho h maentn! @&Iind Toews amtdlMatkeconsif ®ors bdfeliwal Astru

an asymmetrical intermalchl app.,cadlyd odpp Y Fii miud ien e

SARS-CoV-2 5-UTR 17Y--pA22

SL5

SL sta (™) 125 AZ

SL2 SL3
C

Fi gur(#®) Secondary SUTRuctgi en®d? 58B8MRBr uncated 5_SL1 struct

composed of 29 nucleotideds, bsatsebiplaiiged |Wivet BEasteas pinmalr sGc a
internal |l oop and apical | oop are highlighted

The interaction o$ftbusStarawitprobheimobh (Nspl), tr
of SKER® genome and one of the first proteins pr
oBet acor onavihteea Cais n a | domain of Nspl binds the 4
competing with host mRNA (4% Tae léslmhMAvean ttrhyatc htah
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5 SL1 harpin is responsible f dNet eMang Ih ad vasoimarn ,n ion
whi |l €ttereni nal domain of Nspil is [€3idlll dwiumg sel &
viral transl ation and interfering -WTRh wiet haltart
first 40 nucleotides containing 5_SL1, and mut ar
of the Nspl evasion meilchanalédbl] ahewpafiorien,g NsSpl

considered a gatekeeper that sel2ctively all ows

SL1

SARS-CoV-2 ﬂ—
mRMNA mHN.". * C
enmy ’—\‘ Nsp1

E_w g w
Hast translation inhibition

Fi gwRrNespl interaction with the mRNA entry channel of host:

translation inhibition. In the proposed model, 5_SL1 inte
allowing viral RNA transl ati on.

Moreover, sabggendmi © RNAs produced in the | ate p

capped 56 |l eader sequence [f2Hactonffoirrmmsi nL 1t,h eS Lg2r, e aa

5_SL1 as a target for Dblocking genomic RNA tran
subgenomic RNA translation in the | ate stage of
SARE0¥ replicatisucckrasfhiééy pr oven icnontjhueg alt aesdt
mor phol i no oR M@so)me r-ssti rnag?l dee d nucl eic acid anal o
proliferation by interviieatengcwhi hdraaecRNAThtern ucta
repor2@0@5i by &elf%bhyn t ar ge tUiTrRg otf -EAIRB Mor e recent
P-PMOs were found to e€CbHRchgiroeityn whkinbid BR §radREen g t
than the translation start site region, under |l in
tranwolnatwas effectively disrupted by antilsdlnse ol
and binding of this structured RNA ehewmmtinowas ¢
vi by Zehul®&l 01 n this study,(LINABKsd myalteied i &@cindicl
wer eseudt itloi bi nd speci fi e o2 npNA, mernetsaurlyt iSPAgRS n RNA
accomplished by the recruitment of RNase, or p
transl ational machinery by steric hindrance mec
ASO, specifically targeting t he-1%6 mdesaa emodelgs
significantly reduced!®hBMovéowaér | otalde i ®m_$Slhie il uunl
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among the mabBet ad drfer®@UWitrdu sterse virus viability s
this sequence, making it |l ess prone to mutation:

drugs that target this structure.
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2 Obj ecsti ve

2. ITPC2nhi bi tors

As mentioned in the IInNj2o0dBPC€CR2ibse (Beel Chdpter man
a centraredeopriach ofdlW&dawmpadAgn with about 7,000
natur al sabdornoey,t o explore potential TPCs i nh
Urban, Schaefer group (University of Leipzig), i
Munich), Il eading to {(1lpaes iadepnrtoinfiisciantgi ofnP G2f iLnyhsiOb5i t
was performed by means of a fluorometric calciu
expressing plasmal'mMeRRr anbde TP@E knownmalwerd thled r
activat eALdN 2raPnC2 TR IPA3), depiictkidgndescri bed by Ger
et L%l which mimic respectively each of the two n
PI (3R 5pPeviously mentioned i rl.)tMuoer e onvter réliivubacgtsiOodbn (
identified as a promisimgcsevati oneofohPEEtwbh bt
inhibitory @®&ftP@aatedormtEBRICACti vat i cAmINEpanptairweat itwmn -
(Fi Buresuggestliamgl ldegsOd5 atives thereof as potenti
of TPC2.

HN”\/N\/\NH
Lys05 (1)
TPC2-A1-P activation
34 4 cl cl 34 - Q
3,2 - 32 - O OH
3. 3 OCF;
2,8 1 28 - | N\
26 2,6
_24 2.4 \\Q
w22 wz224{ O Br
o 2] ~ 2.
Ty e TPC2-A1-P (3)
1,6 1,6 - O
1,4 1,4 -
7-? 1 ﬂ-f ICs, = 0.66 pM
08 T T T | 0,8 : T :
0,01 0,1 1 10 100 0,01 0,1 1 10 100
Lys05 (1) concentration (uM) Lys05 (1) concentration (pM)

Fi gwBrbeoseesponse curves of thes @fif a2 saateiewmd tnifgadkh2i t h TPC
l eft) aAX [PICRht-max HmaF i nhibitory concentrations of the n

indi catsefdorast heC t wo di fferent modes of activat]
The LyMgh®e (tri hydr oc#)l)o,riadedionierLiycs Octhl(or oqui nol i n
met hyl ated on tHh°é icsermsttrrailctaimiadnd y rel ated to the
(CQ) . I'ts distinct anti makari sahntceskalnsiamyi-r&egal QR

Pl asmodium Had cheamiupmmrovemen t hough thenthihewvapel

9
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was not better than the one of t®Pe bewmghedathed ma
mi €% On the othe()akanmdul ayed®5in |ysosomes and
antitumor activity, related teot [%4dse mowtsd p had ggyd md
superior ef fi@acwerofhyldyso&k5 chl oroqui ne (HCQ) ir
accumul ation and aiummpeihraigryg itnihmdown remowt s t hat
line with described effects of TPCRy@)Oshi bhubson,

nowadays considered a | ysosomal autophagy inhib
tested in vari 6WLBtdmper tmadikdys Hegesm5descri bed t
|l ysosomal dysfunction by deacidifying the | ysoso
inhibition of an unknolvh! Bysedomalt peoaeainl allr g e

has not yet been explored as a p(ssiblehitargetk
charsatieon of)lastyaOBPC2 i nhiSKAiIRtmwe satnidg at ) am ddf Ly s

its derivatives is described.

For amepith characterisation, systematic structur
performed, in order to get m8AReGM gyl 04 m¢f orranaati e
TPC2 i nhlihbei tfdrmrs.t modi fd)icmt o lomesd ometllyywlOdt i on on t
ami nes 4Fiiguurreed), substitutions on the cNntral

nobysO0Ol1l and various substituents (residue R, i n

explore the actualalnesetdr wcft urtes. symmetri c

N
Lys01 (4) R = H, akyl, benzyl polar,
functional groups...
R!
N
R "NH
=
o |
N Cl
1]
R,R'=H, CHs

Fi gurkFei r st s npddainfniecdat il¢dhsst roudf cLitbuprgiBi. s t he tri hydrd)c.hl oride o

The | ysosoecrdad mpp attecchhni que all ows to analyse TPC
with the endogenous TPC2 act)i vhautorist 6(sNAaA DWPerayndd
complex technique. Therefaoamagi mgr expecesninblse o
(b)and HB(Bpaos dyes, were conducted. These techni que
calcium |l evels of the cells and, consequebtly, t

4derivatives as TPC2 inhibitors.
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2. 3ARE02RNA | igands

As mentioned in the | dt)5odtultd i ®inr Ucteter adh adp t lrl
SARS0¥2 genome was highlighted by reé%end Bhlaadi es
fragment | ead, taken as starting point ofetthis w
al®bly NMR spectroscopy, consists of a benzothiazc
adN-met hyl ureba CBbmgMuedhe study of fragment inters
using NMR measurements was firstetd&ls easpdweéeryf ul
t ool for fragment | ead detection and SAR analys
bet ween small molecules and biomolecules, such a
the Iigand and the targot tihe phycl o iogmn ctalhatstiag e
potentially part of drug candi dat es, can be secr
even weakr agmget interactions inbasedosessekinogn
NMRbased screetneidngi ncotnhsriese di fferent independent
the change in the hydrogen signals of thid2lliganc
determi néli DMR.1DFi rst, chemicaB)shihtdupedt bybathi
were identified: when a compound binds to a targ
be detected. -ISiegamd, ovbivspd rawlé e nt spectr 6% waspy (wlL
utse tj measuring t hesattriamms fferomo fwamagnedatoi t he 10 ga
binding between the RNA and the |igand, a posit
hand, a negative sbhbigmailngtaterst f oAs at miomd and | a
ti mé&3y were deter mi nedPubryeVephilheGim o f (C@MG) [k perim
This techniqgue expduosiitnsg tah ep utlrsaen ssveeq ulseen c e, whi ch
mol ecul ar rotational correlation time: -RANAQh mol
interactions, show broad NMR signals in comparis
l i gand,f ahheetraxati on gives sharper peaks. These t
for each compound, 5faosr sthhoewnl erandC $fPrgaugr e LO@G SHyz |, =

0. 7185 66 9b% According t o tnhdess et hraets url et ssp, e cctoendp oaut |
following statements B8f03 HDONsSWIHRERHE@B% i t s: C

11
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single fragment 1D "H

Blank waterLOGSY
5 SL1 waterLOGSY

negative

e ; e

Blank T2 5 ms
Blank T2 100 ms

5 SL1T25ms
5_SL1T2100 ms
T2 (~67%)

N

Blank 10 'H

5 SL11D'H
CSP (~3.96 Hz)

e

T T T T T T
7.6 7.4 7.2 [ppm]

Fi gwbreet er mi nati on of the thre@& pFRarrcammettoepitst N MB o 6l tecandh ef rfargenee
| i g&ndwL OGSY spectra in absence of 5_SL1 ( Bdraecskp)ecandv eilny pirne
absence (black) and pri#¢iséiMRe i of abs®bte(gfeé&nBSL1 (black) an
(violet). NMR spectra wer eeM RdNAr d eadMdai th 02MR Ks, ¢ r6e0e0n i Hhzg, bluOf f
(2@M KPi, pH 6.2, 50-dynM KCI, 5% DMSO
Systematic modificatTwerse ogl arhreedstirrucdrmuder otfo i1
towards the target and its selectFiiwiBryedfi éif et bat
functsabnahs eafmi hbe gRoup, as guani di ne derivat.
(strubtumedl ue) ; various substitutionl,patnt ererds ;c
replacement of the benzothiazole moiety wiltlh ot h

in green).

X R o / 0} /
_0 s % _0 s, >NH NS NH
\C[ )—NH « \CE )—NH C[ )—NH
N N RN
[ 7 I
U

o 7/
O Nz >\—NH
T\/IN)—NH
n

FigurkPl abnned modi ficati orws-aanfi ntohd ufarcd pmergtsli Iriecd wir ees) ,
substitution pattern of Itlhe namremdt i anrdegiepn acetmewmdt wrfe ben:

heteroaromati c Iriihnggsr e(esnt)r.uct ur es

12
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The final pr seddu cdtusr i snygn tthheesicour se of this work h

NMRbhased screening, as previously described in t

13



RESULTS AND DI SCUSSI ON

3 Resul ts asnsdi odn s c

3.IPC2 inhibitors

Staring f #)omslyysstOelma(t i ¢ modi fi cations to the str.
compounds were testedllatcdlicisumbiymasd@gintid 8( Sean@h
3.1)2. Further experiments were then conducted c
deter mipmal U s, toxicity, and the electrophysiol
foll owing chapters.

3.1FLlrst generation of compounds

I n this Chapter, the syntheses and the single ¢

compounds based on thd |eaeraed psrtesuecntued. LysO01l (

3. 1.8y nt hesis of analogues variously substit:

As starting point ofN-dtelmetaimngil md edu lEntd) o @& n d y s
8, was sghtdaesdepi clt edt i hi d&inmtoenmeed hods were carri
|l eading to disappointing resuvVimuc]lTehoep hg ¥ i tch easrios
substitutdiocnh!|l cofr o49uY wot hnai €t hgDenel her imemiomer { c
i nduct isvoef etfhfeecqui nol i ne nitrogen, creaRiagdan e
C4, and the predseanlcleowfa OlegaitosCel ective substitu
first protocol attempteedt,[Pli.ebeBt 6dietiyo¥ndgHeand
9) and no solvent, l eld tatay 165 yTekédr édabl en w
foll owi nggt Gddmr.autlotco!l wit hl@mldy pbOtZasedgumNN-ar bonat
d met hyl f dDMJamiwde h a sl ightly bettawidtyN &Nd of 2.
met hyl pyr°flenitd graéd) ng t o t.hel ts anmaes rpeossuslitlylieltdo i n
byreducing the temperature to 110 AC, t herkfore
moder ate yield of 48% was obtal@ed ObyYy r(eduaiynd)t.

H
HN" >SN S,
10 H
Cl reagents.,.solvent HN/\/N\/\NH
conditions
X
X =
Cl N pZ X
Cl N N Cl
9 8
Ent Reagent Sol vent Conditi Yiel
1 10 3.0 e - 135 AC, 16%

14
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2 100.2 £Q) DMF 120 AC, 24%
3 10 1.0 eNg Nmethylpyr 130 AC, 24%
4 10 1.0 eNg Nmethylpyr 110 AC, 37%

5 10 0.5 eNg Nmethylpyr 110 AC, 48%

Tabl:¢ mpl ement ati on oNd etnheet hsyyl nattheed icso nopfo u nd

The&\,NONGtOr i met hy | at & dwaan asl yamtdiheef SNLNGNGtOr | meeit dtyh y | ene
triamsineg the prdbegocoy b6fwilTahla similar outcome
i n Scheme

I
\N/\/N\/\N/

H H
Cl Et;N, N-methylpyrrolidone
/@\)j 110 °C, 22 h
—
Cl N

9
11 (49%)

Scheme&ynt heNNOBGtrfi met hyl atleld anal ogue

A different approach waNNéds mdt hyl slagnd theebsd estei vtehl
met hyl ated only on th®chevme BZi)lemadi thamwaeaker nuc
N-ar vyl amines, the treatment with a strong met hyl
the central al i p h8wai sch eanmoi sneel. B oRxri vaeneaghteetdh e al i pha
ami no wirblput oxycar bonyl4-dainnheytdhryildaemiannodp y oi di me (L
compolbf@8dwhich was then treated with NaH and i odc
ldunder went-md chieatTédh Boc deprotectiom2to release t

o o
>Lo)ko)koJ<

DMAP, Et;N NaH, CHal

H
N THF/DMF (1:1) OO DMF
HN S Sy 14 h T 0050 E"C
Q@ @ QN B¢
— NS ‘
Cl N N Cl
8
13 (99%) 14 (30%)
TFA
DCM
o °C-rt,1h

Qﬁfm

12 (82%)
Sche@&e&8Ssynt heNNogbi anfet hyl at eld2 anal ogue
The al kylation of the 8svacsqgndwrtyh oaulti pah anteiecd afnoirn ef

secondary aromatic amino grraeudpuscNtaibvkehi aviedn sedeet

15
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stronger nucl eophilifNaryl i ametmpylratsioon wvad per
utsi hg formaldehyde and sodium triacetoxyborohyd
(Takkl eentry 1), whi | e mwii wldBvibeamizad dethgd ewi t h a ve
(entry 2, 3 %) . Using the stronger rNbewrcziwnlgatreddg

anal olgbwas sysetdhevdith a 57% yield (entry 3) and t
acetaldehyde, acetone, and etkVly goynmddahdse, t
(entriibegs 4

aldhyde/ketone

H NaCNBH;, AcOH II?
HN >SNy MeOH HN >SN
0°C-rt,2-40h
cl N7 SN cl cl N7 SN cl
8 4,15-18
Ent Al dehyde/ R Yield |
0
1 L Ch Ly s @16 4 %)
H™ " H
0
2 @% CHP h 15 3%) *
0
3 @% CHP h 15 57 %)
o)
4 CHCH 16 64 %)
N
O
5 P CH( @H 17 81 %)
0
6 \/O%H CHCOOE 18 46 %)
0

*Conditions:s NEBHNM®O®K,) rt, 24 h.
Tab2:&ynt heNalskyplfated derivagti ves of oligoamine

N-Substituted der8cvoanttiaviensi nogf paonhiare f unctsednabk gr o
followsucl eophil i c -bsruobnsotaicteuttoinoi iCrQpah s 2lwd & iN- Casv e
cyanomet hyll9dewhlialaa ti wleat i on with &dNaetitglamdkeydmwiad

16
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20 as an example of a derivative missing basici
I i n(k®ah 8me

= 0O o
_N C
=z s,CO3 O
NN~ ,24 h HN NH ,1h NSNS R
X =
X = \ X =
| cl N7 SN cl |
— NS
cl N7 SN cl 8 cl N N cl
19 (19%) 20 (60%)

Sche®e&Synt heNédypamdmet hyll@ebl-avat ylveded i vati ve

To obN-hayidnr oxyethy2l S8ehéelnatalviey |l at8wans opfe radmianree d
reductive alkylation, as2 preentirdyessluyBli ot il ded yd

protectteetdtagl di met hyl si |l yl ( TBDMS) ether- as al
pr ot eNehtyeddr o xy et hy2l2 dlehre vdagdrveet ect ii aan awa s adc@ént d wc tae
without i sol ati ng tNahey dir rotxeyremhehd/2 dwdee, h i gaiam dange r a | |

yi eN-Ami noet hyl23rasi sghtthesi sed by 2cliomtve rshtoma loif mi
deri v2a4 iwer forming a Mitsunobu reaction with pht
( DEAD), foll owed byt hfgrde e zti m®B yassmisnd o gi ve

\
Sic A~ 0 — —
>
OH
H NaBH3CN, AcOH OTBDMS ACOH/H,O/THF
MeOH -
HN/\/N\/\NH o (%.1.1)
0°C-rt,05h 60°C,8h N~
e,
N y ‘ i~ N HN NH
X 4
I N SN cl A = \
8 P < cl N SN cl
cl N N cl 21
- 22 - (84% over two steps)
NH,
phtalimide, DEAD, PhsP NH,NH,
THF 07 ™\"0 EtOH
it, 16 h 80°C, 1h
. . N
H —_— HNT N
HN/\/N\/\NH /@\)j = ‘
A o cl N SN cl
P N 23 (57%)
cl N N cl

24 (69%)
Sche@me&Ssynt heN-iswdmodxyet hy2llandamiveoeétvieyl2Jderivati ve

For the synthesis oXmhg@rawonpodseirblivatpaebways w
as presented inetH&PWwDh é&s taedpe Isoychd hesi s starting
ami Be wusing hy-Osokylbamcnecid and sodium hydr ox
hydr az% newhi ch f aiNneid,r ossrad i olme of 8,5 e wlpnrdoacreye daerdi n €
smoothly to nitrog8@mnSmhedbientTelremead éittei onal step
hydrazine 2d%rwhaséeveaesults &@8Bye whsstosmd tihre Toa bhlea

troubl esome.
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o, 0o
>s7__NH,
HO ~ 0~ NH.
|
/\/N\/\ NaOH, H,O AN~
HN NH _60°C-rt 20 HN NH
X X =
~ ~ X |
cl N cl N N cl
25
14
NaN02 e
HCI (aqg. sol. 1 M, pH = 4) ,-" reduction
Hzo .
0-70°C,1h Os
N
N
N/\/ \/\NH

@ﬁ .
|
N Cl
7 (96%)
Schemd nitial attempts to syBbhesise hydrazine d

The r eduncittiroons aonfi ne 2itna ehrynderda zait redvadse ra tv aftiirveet at t
with zinc pacwedeldddmdi agnagdHCH'éwli t h no reaction occu

3, entries 1 and 2). The samealremiuditdrindda dobt ai n
titani um(Uf@le)ntchilessr i3deand 4). Another attempt was
(TDO) , as descri betd ['BR. Deélspui drartyhe met hod was

i mpl emented on aryl nitrosamines, aliphatic ni

derivati vie3sO%iVttRélZWDd pl yi ng the same reaction con
observedsomubstrate (entry 25vasSusptasedgln, apr2
using diisiomuthyldal d#)( ®$ BALreducing agent (entr
weaker reduci ngasadegmtotthhmdtrieclailcAtlylHons bet ween the
reducing agentthicould @dagptrieorentwhi ch i s-Hpamureagso f a
the steric hindrance of the reageHdHtto Thebhaegramd
temperature to 40 AC |l ed to a 62Hb ayti erlodo nf etnetmpye r7z
with slightly | armgevrs rleac thi)ong atvieme h(e3 best resul

O\ reducing agent NH2
solvent ~UN A~
HN/\/N\/\NH condltlons /@?\‘j ﬁ'\‘i/@\
Entitr Reducing Sol vent Conditi Yiel
1 Zn H.O/ AcOH (5 50 AC, 0 %
2 Zn, conc THF rt, 23 0%

18
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3 Li Al H THF 0 A€t , . 0%
4 Ti Ll Me OH rt, 48 0%
Q
H-N S.
Y on 80 4
5 NH Me OH 5080 AC, 0 %
(TDO)
Na OH
DI BAIL ( 2. )
) DCM 0O AC€Ct., B I 25%
1 M i n I
DI BAIL ( 3. i
_ DCM 0i40 AC, 62 %
1 M i n I
DI BAIL ( 4. )
DCM 0O ACt.,. B! 74%

1 M in I

TabB&eductmnionr o$ ami diea2titmtt yed madzd rniev2ab i v e

N,N-Di met hyl ated hyd26waisne heear volbadalivmedad ve met hyl af
hydrazi ne 2d&neirti hg%atyi bfeSlcdh e me 6)

NH, CH,0, NaBH;CN, AcOH SN
AN~ MeOH N
HN NH 0°C-rt,4h HNT " NH
joolle ool e o
— NS
cl N N cl cl NT SN cl
25 26 (65%)

Sche®@e&Synt heN-&di mdt hyl at ed hy @6 arzoimm eh ydderrai zvidnbei vdeer i vati ve

3.1.8y."t hesis of monomer s

Monom2&@80Overe synthesi sed as7adnedp i8C bkaend 2niore t Sicyh eanme sn
deri va8li®ded\N,Ndi met hyl amino)et hgbdPfliemne obriamaridve
regi os enluecclteiowehi | i ¢ ar ofma-di ¢hlsoabg @i itwioti omee pect.
ethyl endi aMiN-chiemearhdy| et hyl ened/j amilme c(o3npheme on w
synthesis o8arcthinp&€dngser Ta.blaeid 1Schemea | arge exc

of the respective diamines fulfidsl weéret . rol e of r
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NH, N |
80 - 140 °C, 3.5 h 115 °C, 4.5 h HN
X
m - m
~

Cl N —

cl N 0 o N
28 (71%)

30 (44%)
Scheme&ynt hesis oZ8&ma@0Aomer s

A first approach f oM-madanhoemed yhrytl h 28w ast ogfi ¢ tehimp t e d

conversion of2®mnit maey hgBilorad bsaumbasteequent reducti o
and secure whHdmon @omeotbhtyaliant ed ami nes. As expected
carbamate 3dwirt vaet vyel chl oroformate proceeded sm
was troubl edomeThleTarbécducti on wa salautniehnypdtre8dlewi t h
(Tablentdry 1) and borane [t'&tlemthryyd r2)f uasanr edbumpil reg
desired2p@vaosd uochtt ai ned with unsatisfactory yields

)@fﬁ
—
Cl N
28
0]
CI)J\O/\
Et;N, DCM
rt, 1h
H reagents H
~_N._O._~ solvent AN
HN \ﬂ/ conditions HN
ool goe
cl N/ Cl N/
31 (78%) 29
Ent Reagent , sol vent , cYi e
1 Li AlH1 eq)i 75 HAC, 022 16 %

1.BHAHF (8.0 e&qd)s, A'CHF,24(180/
. 0
2 .HCI (4 N iMe GH o5 nfkeq,,

Tabl:&i 4st attempt2sd itr@e dsuycrttihoens io3f& car bamat e

To avoid the reduction step, which already prov
nitrosamine@ 7(dsestdi vyttt é v dR.bB)el . d,compl et ely differe
foll owed. I nterestingly, t he poor outcome of t
previously mentioned idea of interactions betwe
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preventing the efficient reduc2iaomnd icrar iBdmiat € as
Following the alternative pat hway,et didklfd.¢-i7b e d i
dichlorod®ui wabki raani fated with 90% yield 3w2th etHt!
whose hydroxy group was then 8dasy |ltyr eceaotnmernrtt evdi tim
chl ori de 8)(.Schreenef i nal ami nawviinurc | wiotphh i e tch ysludmitn &
the desired mononedt hymadedatpe odiuel d.

NSO H
2

cl EtsN Hn->CH sOCl,, DMF HN->~C! CH3NH, (33% in EtOH) INF LN

120 °C, 3 h rt, 16 h 100 °C, 6 h
N X —— X X
I N/ — — —
c cl N cl N cl N
9 32 (90%) 33 (94%) 29 (28%)

Sche®&e&Synt hesis of monom2®hyl ated monomer

3. 1.Fi.r3st scricaemighg cell calcium i maging

I n a first step, MWe awla sc otmpotuaddl akigdiD s Fgh e cel |
i magi ng, performed by myself in Prof. Qr/ iAtvmoé s |
(33detects subtl e chan'dlesveilns iinnt raacchedrleuntarc eClal s.
cel |, t he |l i pophil-REABYosblheydest gsed Fbya ester
correspondanioxet-a®e WwWhiirah absorbs at 380 nm. Ca
vilaPC2 activation, and the -Bubakquemtcdmpimaxesnl
shifhsofptai on from 380 to 340 nm/)with emission a

0]

AM= “(\ok

(0]
k\' esterase %
0 : S .
o o]
\ ‘ OAM o) 0 o
AMO \ N> |
j(\N o N O-T(\N o)
o] KWOAM o H(o-

0 o)
Fura-2/AM (34) Fura-2" (5)
cat (380 nm)
2+ Ca?* 2+
Ca _ > Ca Ca%* Fluorescence
_
Ca?* . Ca2* \ ;j
TPC2

Fura-2" Ca%* complex
(340 nm)

TPC2-A1-N (2) /

or
TPC2-A1-P (3)
activation

FigwrSschematic repref®basati ehngfeFoehl|l calciub/ AMagsngr The
Bdenters the cell20B)aedrtlaritsoargellBetacsaed (exci t atvi@an wavel e
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estemase at ed

cleavage.

-PAL (2) v R G- HP (i et ahd ST PtC2 T P C 2

opening, i

intracellular calcium | evel-2(5)shtd hexscittoa t3i4ddn nwa weloen gtompad fe

calcium ions, and the emission is detected at
The inhibitor was added first, before sti-mul at i |
AIN2)and TARIA3), and the effect was &®&mBahnbo,y eads ove
described in thd [¥drlkn otfheM¢ddretrr ol experi ment, |
foll owed by agoni st application. The difference
(FigdyyAancd) , in the presence of the inhibitor ol
i nhibitory activity. THe wanshisbiigmoirfyi ceafnfte c(t* *o*f) Lf

confirming thefoeresfY)wiBt oHoTtaa(Gskbedept eFi @B)le
B
A
2.0
1.5
*kKk
10pM TPC2-A1-N(2)
1.5
2 1.04 'g DMSO or
‘é‘ = 10pM
o o 1.0+
® g
2 05- H l
< 0.5
| 0.0 0.0 ! T ‘ T 1
Ny ‘.00 R 0 100 200 300 400
Qé' & Time (s)
== = o
Cl N N Cl
Lys01 (4) C D
1.5- 1.5-
30puMTPC2-A1-P (3}
o e 2 1.04{ bmMso
s 1.01 = 10uM ”
= ~ Lys01 (4)
o g
£ 0.5 Z 0.5 l
<1
0.0+ 0.0 ! T T T w
r‘.,"0 @ 0 100 200 300 400
Q'% (g;"- Time (s)
<
FigwBrs ngle cell calcium i magi n4g) eaxspeirnihmebnittsort.o MeocansfuirrenmelLnyt s

treated

wi t h

wMe ahn TweCl2u e s,

DMS O

cor

measur e

HEK293 cells stablilyr &xFpPAr Y €ehlgs TREREe
HBS) or 4Lys®10NM), and t henANcl o adM)d.
normalised to basal N SEM of

t hlrOe ec & Inldse peeancdhe natr ee xsphear w nme n*t *s*

unpaired®d tRepseéeseftative

control wi t h

t hee l

representative

measur ement s
pofCul Expeni mént s
si ngl e*2ceuxrpreernitnse nats

si n g |*éc uerxrpeenrti smeanst

rienc o(rad)i.n

Lysa@p. (

22

irne c(oA)d.i nQ@r eCean | i

DMS O,T heer arhg ec kleirnd 9 nveist hr elpyr seGsle n(t
as-Aith 3(BA) OM) s iars P)aDRD@ esrti. me(n t

as 1in

gBlQuae | ines repre
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Next, t he sdeperimedt aboge drsEBph®i,guoweenduct ed in
three replicatedy facral egaukr. LY$He@l rsed ul b sFamgdr e umn
represent tshwei t ehe tAIPNCR2(iim nor ange)-AE¥n3(i TPBRue) aft
i nhibition at 400 s, nor mali sed to baselNt ne. | n
demet hyl at e8lgawea |l igmiel ar resul t4s, coimpplrayi ng ddiyg
inhibition (***) afteAIN$2anmu|TaRIPIB)N wh & hlolhroe &8 TPC
12 which structurally share the met hyl ati on on
i nhibitory effect on both -AgP (B)vaacttoirvsa,t i ®@sp e cwhaelr
significant i nhi bit dNfEX hgfl f eachtba nolilflsieenr 2ygli saleSa leadgu e
were identified as promising seledf,jveombp@ehkaeer s:
showed a | ower inhi bi-AE@h efl foenagt wi*t*h) nfoors i TgMGC ZX i
TPGRIN(Ractivati on; onl Sindwientod iheed htamel , i nhi-bi tory
AIP@B), with |l oss of -AB\N2(b¥FN-li omp rwa gyl 1TE@PICLl oot e show
t he same tr enidnhikbkeietpd rnyg dfbfe@Ct  *9gn ahRIC2 o0sAIng it o
P3ns). Among the other analogues, vari olNsly sub
cyanomet hyll9iNarciex ytl i W2=0r i vdBM-hvyedr oxy et hy21lNderi vat
ami noet hyl 28 emaindattihee t wo hytbard Gschodvedil watsi wds
i nhibition with both activatMami.nolehehybrRlzaynaérngae

di splaying an inhiditN @¢*y* )ef flectcomt rTalG@2 t o most
anal ogues, tBBanmddnlbooneed a | ess signif-AéeN@t i nhil
activation, codp,arerdd tlmadymrs®d 1lsi(gni fi caAktP @) nhi bit
activation. I nt eZ8s howrgl ya,n noogpnpoonseirt e sel ectivity
significant i-AGNMP®attomadbnhofnPC2**) compared to a
on THRAGR(®3).
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TPC2-A1-N activation

N ¥ 1.5-
HNT T N HN TNl
S = = — I
cl N7 Lys01 (4) Sy ¢l NT OB SN <l
H
N’\/N\/‘N SNy L 1.01
- ns
cl NSz Sy o & ns ns
© ns
E *k
Kk *k Kk
HN’\/N\/\NH AN L 0.5 o - =
< - Kokk *kek
cl N 18 Sy c NT 1T Sy cl
_N
/
NNy NNy -
00, GO, 00, G, SETTNSRelssioreses
cl NS 15 Sy < cl N1 Sy cl Q'§ >
; $
HL ~
0
N N .
HN T AN TPC2-A1-P activation
cl N 20 N ¢l Cl N 18 N e]
[ oH [Ny
HN SN NNy
N z X =
) <) P o 2
cl N 21 N cl Cl N 23 N o '
NHZ \.hll/ &
HN/\/N\/\NH NNy é
_x 3 =
cl N 26 N S
|
Nz HN/\,N LI
0. O, O
cl N 28 30
Figwrs ngle cell calcium i magingLyex@eglilhebhd 2 12 32r526est comp

2830s inhibitors. Measurements recorded"froRFMPICRE3 cel |l s
N: Cell s were treadtyesdl®,iltlh21cSoani2o3@ A& & 3 (at 10 OM concentrat
followed by actAMaz(i®nOMIGAEP:TPEC2l | s were stimulws@t, with coc
8,111215212325262830mt 10 OM concentration, foeAIPPB®BeAIMbY actiyv
For all graphs, mean values, measured at 400 s, nor mal i sed
wi tit08cell s each are shown. ***p <0.001, **way<OANQAVA *p <0
foll owed by TukeyédsgpowhshoskiNd§aoat iIDPLR2i on anAP3)ue for TP

activation, while in green are depicted DMSO
From these results it was poSsRaedl e ydpd 1grdite a efsiurl 4
obt ai neNdmewihtyh ati on of both aromatic laamdn2 gr ou|
suggests that even small modi fications on this
inhibitory potency. Regarding the substitution o
apolar substituent were mor e tionleedrNadteemde t hwil tatt etdh

der i vBN-etvlrey| ah@é | aNgbdeen z yall oainbe Based on the resul't
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by the monoimmesicthtructure (two chl oaloiggud anmilri en e

chain) of the molecule is crucial to maintain th

After testing thido) fdesitvasteiries mpirfowwiydsiOnlg (no s u

structur e, more structur al modi fications were ca

3.1S2cond generation of compounds

The second batch of analogues focused on a diffe
and type of the aliphatic |Iinker chain and the

ring, as shown in Figure 10, tnmaei meaihryil mg itome ofnr &
amine as in8aedpkbwsdltgegilyen the results obtained
i maging analysis of the ¢(sevei Ghapseri 8slofll. 8pmpb

I‘? R R

. \ . N K N N /’\‘
AN SN S CHNT T IINH e N
A = Sl A = — A = |
S 7 X ‘ R TN Pz x> ‘ O — X
{H7 N N CH O Ccl N N N cl N N cl

LysO1 (4) R =CHj
8R=H

I \H/\NH

S0,

Figur&etOnd set of pl antnyesdilao i-n 6li yvh® i ons of

The syntheses and the single cell cal cium i magi

Chapters.

3.1.2y.nt hesi s

Homol o3gsard -dbeicshl ori nadedale3g@i t h unmodi fied cha
were synthesised applying the <Samdlperet €Chalptalr
3.1.1.1, Tabl e )vireerngd 0S @it wecoleéeidipeh i | $ ¢ b ;atr iotmuats il amy
respect i-dviedhyl o4 , 08U i maddihhde r § gud jholainne t (e corresp
ol igoami ne8) .( Sichheemeonger reaction3@ B3®ehnesde@ fto
3% might be due to its very pdNaoretholl whieldi tdye rriiw a
homol ox8aend -dbeicshl ori nat e3dd awearleogsgwnit hedu cheidv e

met hyl ati o9 ,( achemeviouvud(yEdapter pblaacbRfedr 1
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H
N
HoN" M N,
N Et;N CH,0, NaBH(OAc);
N-methylpyrrolidone EtsN, MeOH
/@\)j 110 °C,22-36 h HN/\H/ \H/\NH rt 24 h HN/\H/ \H/\NH
—
Ay jse @@ ioe é@
X
9X=Cl 35R=H,X=Cl,n=2(49%) 38R=H,X=Cl,n=2(81%)
37X=H 36 R=H,X=H,n=1(50%) 39R=H,X=H,n=1(88%)

Sche®me&Synthesis o85hbdleeclhdpueée natr@d amdl tolgamecN-meelsploatde d g
der i v & 8ind&s

To further evaluate the role of the aromatic ami
wi liantild s€dapt er ,F3.gl9)rle. 8B nN,Nohdii enet hy |l ati on was sho
a strong negative i mpact on tHdesarcéai adBwaosgtibe s
pl anned. The initial synth@tconpil atns adfepacMeds i
performed two times on thvwei thhyi d@rrooxbyepnrzoepnyels udl efroi nvaani
amide), inspired begt t®k. fwodrlko wefd Guyi scddoavage of

@NOZ
OH SO,NH,

Mitsunobu nosyl- cleavage
NN e NN e
/
Cl N

Schemé@lnitial syntdesaecaphaal bguebi s

For the syfQidlyagioxypf op 4 1()Scihietrel i @ae exedbahgeoof
substitAy-@dnthbodr o@ufiomroliiondd néeh |t-der ogdiovgeu i ZnJollPWianse  (
performed in order to guarantee hciagthal yiseldd scr fo®
coupling. Sonogashi-2yarl-obupleidn@diwiatl k ypeapt it at i v
which was themalrleabdecdwead ysed hydrogenation to hyd
41

Pd(PPh3),Cl,, Cul Et;N Pd/C, H,
cl HI | DME DCM
m 130 °C, 5.5 h m t,1h _ rt6h
N — X
~ o
cl N cl N

9 43 (92%)

(70%)
quant

ScheméSynthesis of hydroxyp#éddpyl guinoline deriv
The attempts for the Mitsunobu r ddwittihonn ocosny It haemit
are |listédd The Tedbdeti on was p-Llpyoipchphhshs ineg adidp l
tebutyl azodicarboxpl aeetfdnBdAD)p h(eTmypllpechosphi ne a

(entir*y°? &%yt h no reaction occurring.
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NO,
(L

S.
g NH
reagents
OH solvent H\//O
coditions /,S
\ 7 \ O
O,N
cl N7 cl N 2
41 45
Ent Reagent s SolviCondi't
1 di ph@pytipdhwlpshine, DCM rt, 2
2 P hP, DEAD THF rt, 4

Tabb€&ailed attempts of Mitsunobu r eddwiitohn noons ytlh ea nhiydder.o x

The ondryodbuyct that was possible to isolate in t
signals integrated for 18 H and t he 4rfals 9/82Pagr g e U
464. 08&2Aa&)hiemi nophoshpb(irpurge whose formation <coul

Mi t sunobu reaction.

NO,
. ¢
SOzN\\ N\ l
S0
46

Fi gurie®n!l yprboyduct (conHi tihnamy: 1Jablseol ated in traces during

Al t hough o dbydt s not l'iterature known, t he for |
i mi nophosphoranes has been dd-scri be
(triphenyl phosphoranylidene)benzenesul fonami des

of gulef onamild®¥?*moi ety

To confirm or confute thi s Nhnyopnootshuebssitsi,t utteae yorsty
deri vabwaree attempted foll owing a diffeN@nt pr o
toluenesul fonyl) imidazole (Tsl m)y'ianud tthh et hpeo tiadses
performing the Mitsunobu #d8&adtsi osthoavm 1iZne tSicrhseanen
reaction | ed to néSoynll yamindet rdaecreisv aatnidv,e t her ef or e

was not sufficient to go further.
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N
NO, =
Oy
'’ \\O

S\
O// NHK /©/Tslm H

OH N. //O
Et;N, DMF O//S
N 120°C, 16 h N
O5N
— —
cl N Cl N
41 45 (traces)

Schem@Attempt tse Bphehdbwdt bt potassium salt of nosyl ami

I n the meantime, a completely differenit3pahbway
idea was to convert t he 4Hydr ox y oo pcyolmpil etmemmead |
groups heroem hand the corr d3apnodnh dom gt haed deethhyedre t he p

48& 0 then perform a reductive alkylation between

NH,
X
4
~
-7 Cl N
OH e 48 reductive H
alkylation
N o T > X =
“ .. ox -0 = X |
cl N cl N N cl

41 “« N
—
Cl N

Schehm8Al ternative synthetic -pdsaazd oav@lhegseg nt hesi s o

For the synthesi4s8 ofheorhyndr gxyamgmivars dfi rcd mpaecun d
to mesyl at é %doe ruinvdaetrigvoe t he nucl eophilic substitu
deri vha) Bokeme ThHe des dBreads atnhienne obt ai ned by St auc
ofhzide dé&Owvivtah itvrei phenyl phosphine in excellent o

MsCl, Et;N NaN,
OH THF O\S// DMF N3
rt, 0.5 h /P~ 70°C,5h
A © h
— — i~
cl N Cl N Cl N
LY 49 (quant.) 50 (93%)
PPh,
THF/H,0 (10:1) NH;
rt, 16 h
A
—
Cl N
48 (82%)

SchemhdSynt hesi s4&ft aami mgdif o ydperroipvfallt i v e
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On the other Ha&awmads, caauidcekhlyyd ey Loaxhi)d aotbitoani fesdi thnigh De s
periodinane of hyd4 1 Sgheloey|whdiecrhi vvaaas viehen wused
al kyl at £48wva miordé um cyanotborobhtyairnmndedesderai aedl bgs
40

OH
AN
~
cl N
M
Aco_OAc
|\/OAC
Crp
o)
0°C-rt,1h
_0
X
~
cl N
47 (76%)
NaBH3CN, AcOH
NH, MeOH H
0°C-rt, 23 h
N X =
Z — NS |
cl N cl N N cl
48 40 (23%)

Schemé&Synt hesidse safz abiash@!l ogue

3. 1.Ri.r2st scricaemighg cell calcium i maging

Agai n,-2-bRawrea singleiwmagingcaéxpeami ments were pel
obtained for this second seri esd 20fTheceo mpvou rhdoanod rog
35and86showed, compmpefdndao comparabl e i nhiAlNt ory e
(2activation but no si-A¥i(Hacanvatifdrct Thea TW&2d
anal ogaemd8 B nd -dbeissaza ash@lhoguea no i nhibi tAldNn nei t
2nor TARE)activation.
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TPC2-A1-P activation

1.5+
HN/“\/\N/‘\/“‘NH
9 ns
w 1.0
IN- ns
IIN/\\/\N/\/\NH é
@fﬁ ﬁ@ 205
<
N
HNT N 0.0- : : : :
T0LD s eses
o - -
N/\/ NP TPC2-A1-P activation
el ft@
ns
=)
w® 1.04
b
g
=]
w 0.5
<
0.0- T T T T
EEEEER
Q
Fi gur28i ngl e cel |l calcium i magi ng53>08@BedrCanennbi botbest co

Measurements recorded from HEK29'3' \REW.IPCA4EN:a bAeyl |esx pareerses itnrge a
with conps@6h@dtat 10 OM concentration, foeAIN®2ueod bM) .act i vat
TPGAIP: Cells were stimuld3ade8d 4awat hl1@o®GMowmmnsentration, foll
with -ApPC230 OM) . For all graphs, mean values, mefastuhrredde at -
independent expld ioelnltss ewddth &#8re shown. ***p <0.001, **p <
usi ngwameANOVA foll owed by Tukeywse ¢p ofsah INFRL@teisvtat iOrm nagned woal
for TARE@)activation, while in green are depicted D
The results obtained ®&banh@8 hdet wiondd mohegaesaci a
l i nker |l engddéds azwhi 4 ddtboigshier med t he concl usi on
anal o@laensd 2abou't the cruci al role of the seconda
structure in TPC2 inhibit7i orf. tAles a,uitniod i @el, o raisn a
an®89 has a fundament al i mpact on the activity.
anal ogues of this series weremsushi-etghy WINtbaeedhdzayddi t i
Ssubstituent s, emerged from the p3¥.elv,iBoiugsu r Ba t9c, h

respectivel $Gamndidpounds
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3.1F@rther Dbiol ogmatabncharacter:

The compounds previously presented were further
of the inhibitory activity of the analogues prev
response relationshi ps4-bwaesreed dcead eciii migm endnt by dFF |l per f
by Nicol, &chabhar group (UnTeoemasiskey s otamde ittpghzei g)
mi crobi al activity on v,arHioouusse nboTdlenasnsdagya ro od igfaf i g
test, r eweprgeetrifwodiyneMar t i na Stlaadipe re.x pPearticnhent s wer
to explore the electrophysiological behaviour 0

results are stildl preliminary, they are not pres

3. 1.Bosleesponse relationships and toxicity

Ful | anal yrsd spornfsedorseel ati onships was perfermed b
4-based calcium imaging method on compounds that
cell calcium i magi ng 3x plerliFnBegaunrde 89s & E R €)ATahpet & 2

dye BV WwBd)ldetects rapid and | ar get?lcehvaenigse.s Sinmiilnatr

Furd ABIdmechani sms (8Set#3 ChRapgterd h-#d/ AMudébslteatt er s
the cells and is hydrollyseyl adtydb)esliTibceasempt exaet
calcium ions increases the fluorescence of 100

emi sgiFomure 13)

0

(0] (0]
AM = Y\Ok
AMO (6] O O

PO N
0 ‘ esterase ‘
S . - S '
(0]

P4
o
>
<
(@]
(@] z
m O
(@]

O
Fluo-4/AM (51) Fluo-4 (6)
Ca?*
ca2t Ca? —_ Ca?t Ca?* \ Fluorescence
g
ca® 2+ ﬁﬁ/
TPC2 Ca
/ ‘ Fluo-4" Ca?* complex
TPC2-A1-N (2) (388 nm)
or
TPC2-A1-P (3)

activation

Figur38chematic repredbasadi oal of uhhd ulmamo pdlgiAIM cof5she eutoe r s
the cell, and ttenter & o g)dbsFdmddaéarsteadr ases cl eavage.-AMctivation
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or TREPQB)I eads to

FI e#g6)shi fts then t

The experi ments

concentrations

suspensions, us

f

TPC2 opening, increasing

intra

o0 388 orimcuapan uemo mpinesx atainan t he

cel

e mi

ul

SSi

a

r

on

wer e perfor medi nthy bisttqrue ntaital di
foll cAVENd2(DY QMY i ¢Ailte BEB®@2 OMPC2 n
ing thed4 (€ alnadi upre rif rodimd antgora Frhwlot

uorescence i magi nig etspomrsieq wal.r vielse atfdes es hown

Lys01 (4) Compound 8 Compound 11
3.6 - 36 3,6 -
3,4 3,4 3.4
32 3,2 3,2
34 3 31
2,8 28 - 28 | .
26 2,6 2,6
w24 =24 =24
S22 “ a2 Y22 |
w 2 w2 w 24
1.8 1,8 1.8
1,6 1,6 1.6
1.4 1,4 4 1.4 4 ]
1.2 1.2 1.2
1 1 1
0.8 - - 0,8 0,8 . . -
0.0 a1 1 0 10 001 01 1 10 100 0.0 01 1 10 100
Concentration (uM) Concentration (M) Concentration (uM)
Compound 16 Compound 17 Compound 15
3,6 3,6 3.6
3,4 3,4 3.4
32 3,2 3,2
3 34 ER
2,8 | 2.8 2,8 .
26 —3- 26 .. 2.6 !———‘.‘: -
-2,4 2,4 o 2,4 L ] !
L322 Y L2214 L2 e
w 2 w 2 . w 2
1.8 1,8 1,8
16 . 1.6 16
1,4 1,4 1.4 o\
1.2 1.2 1.2
1 1 1
0,8 - - . 08 0,8 + :
a0 01 1 10 100 oo 01 1 © 100 001 01 1 0 100
Concentration (UM} Concentration (M) Concentration (M)
Compound 19 Compound 20 Compound 18
36 3.6 3,6
3,4 34 3.4
3,2 3,2 32
3 ° 3 - 3
2,8 .__._.__.__.__-\ 2,8 4 2,8 g a
2,6 . 2,6 . . 2.6
o4 =24 . o2a
L a2 La2 T22
w 2 (d w 24 w 2
1,8 1,8 1,8
1.6 1,6 . 1,6 v
1,4 1.4 1,4 -
1.2 1.2 1,2 X
1 . 1 [} 1
0,8 . . 08 . . 0.8
001 o1 1 10 100 001 01 q 10 100 001 0.1 1 10 100
Concantration (uM) Concentration (uM) Concentration (M)
Compound 21 Compound 23 Compound 25
3.6 3,6 3.8
3.4 34 3.4
32 3,2 3,2
3 3 4 3 -
2,8 - ° L ] 2.8 . 2.8 .
26 "] - 2,6 —t g . 26 '—.—Hm
o2 N o2 r . 024
L2z L 22 L Y22
w 2 w 2 w 2
1,8 \ 1,8 1.8
1,6 1.6 1,6
1.4 - 1.4 1,4
1,2 1,2 1.2
1 1 1
08 0.8 ® e =
o 01 1 10 100 o;m 01 1 10 100 om 01 1 10 100
Concentration (M) Concentration (4M) Concentration (M)
Compound 26 Compound 35 Compound 38
36 36 36 .
34 34 * o
3.2 , . h
3 3 LY 2: ]
2,8 2,8 ] 28 .
28 2,6 & . 3%
=24 22,4 24
u TR ) w22 |
oo | 22 N =y
L2 w 2 S 1,8
18 1.8 . 16
1.6 1.6 y
1.4 1,4 1 1.4
1,2 1.2 1,2
1 T ol 08
0.8 0,8 .
o 01 1 0 100 001 o1 1 10 100 oo o1 1 © 100
Concentration (uM) Concantration (M) Concentration (UM}
Fi gurd®@oseesponse curves-4olctadicnaidn hymaRglimag techni que wus
expressing pl asmalihefP.an@elTIPC2wer e incubated with the
TPGARIN 2(1 00OM) , depicted i ARPB@OAgOM)or dépC2ted in blue,
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| Eval ues o4 bBwpdOamallld GRe? 3252635 a3nBder e deter mi ne
from t liree dpsrese curves-4olctadicn asdn Myma kg lehwaurs,e iMIT T
assay was performed by Martina Stadler (Bracher
cells as a measure for cytot ox6 @Tihtey, meutshiondg ihsu nbaa
on the soluble vyel l(odvd bteettrhay22g HR),vebz pbahy | t 68t r azo
bromide (MTT), which iseréduovmadano ahisnseldubt ec
in yvivm metabolic active cells, as the reducing
measurements deter monemathe &mowmed, oiwvhi ch correl e
all owing the swadlcwesatt oni eéntliCfy potent ilall0 cyt ot
was incubated as positive control. No statement
this meheéromet abol iwasmredlly aecd iavnd yc osmwpaolunedss svma |hl d
than 50 OM were conrwiad@eesdody i oth oAlNE)aorindC aTiPtG2r TP
AlP@B)activations and of MTT6. adAbkbhyt heeahthsibede § nma
initial trend (lpasnedr vieyws Of(loT& bleastOr5i es 1 andsg2) wit
after-ATP@®2cti vati on, wit h Ntdheemebtehsytl ar{éesdn Hiysipole t h
8(entry 3), which maichorni MBE@) acd mypan amine olf C0. 69
significandgel gr hiABE 2f(f alc@ or of 72; none of the o
showed a factor >9), accompani e dN-Meyt hnya adiisornu potfi v
aromatic amino groulplentarsy i 4) ,c olmpad ustgwla Isd d g hwil tyh
TPCRIP 3)activation and sisgwmiitfh c-ABNC@®)yachi gmmeiinoh C
comparison with thedl,easdgygtbtaddtagrea Isynmadl modi fi c
site result in a |l ower inhibitory potency. Rega
ami Nea,l| kyl substitléle/d atnddnepna uwinfdss d5 spl ayed a | ess
i nhibitioRAINK2 &c tTiP\CR2t i on and no signi-AIPd3 nt di f
activation (soefspkc3iveél9g, l &nd 1.6 OM), maintain
TPGRIN(2and TARPA3)i nhi bition 4as Wbrl ¢éyd®@mplouunds
212325 aneN-substituted on the central amine with
il14), displayed a significantly weldliReand n>h7 bOM or
for 2ARE@)acti vati on) . I'n parti d@NacetgVyVadedmevhyl
estler and the two hydsmafdlfreatdalrditda8talndde sdi spl ayed
|l oss of activityAiNdg2vand s TRBP2AI adtPiClEH-Hydnoxyet hyl
deriv2alf emery 11)xocd4ilo@éd tlo@ar dsiN(Rpa rhd TTPRIERA3)
activat iNeami nwheitlhegy |2 ¥ ent vt L2 gave i nsecowptalr ias o1
stronger ef f-AIP(3)anittihv altPiCo2n 3 §Heomntorlyo gluée) | ed t o a s
potency on both typNedseneeft hyd tait ea8 Bijoemod r lgel s ) gav
similar resultthei shmmaet ef B-rddimegb@bat edompari son w

Lysa@y. (
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I €0 I €o
Facto 1 €
Entr Compound (TP@AZN (TP@ZP ;:njEAn
Taqean  (MTT)
activ)at acti v)a-
\
HNT " NH
1* N 3HCl o~ 6.Q4Mm 0.66 9.3 -
> <
cl N yso5 (1) N cl
\
HN" " >"NH
2 N ~ 9.3M 0.84 11 37 O
_ <
o N™ ysot (4 N cl

HN/\/ " NH

3 /@\)j ﬁD\ 4 DOM 0.609 72 >50M
\N/\/N\/\N/
4 /@\)j @\ 370M 8.7 O 4.2 35
cl N M SN cl

(@}

HN/\/N\/\NH . - .
5 /©\)j @\ 13 OM 1.3 O 10 20 O
HN/\/N\/\NH - - -
6 /@\)j fD\ 7.1 6/ 1.0 6 3.8 37 O

Ph

L
/\/ \/\ N " N
7 HN NH 17 OM 1.6 6 11 10 0
X = |
Cl NT 15 Sy cl
N

8 45 OM 12 Ow 3.8 35 O
joele
cl NS 19 Sy cl
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9 AN 38 &M 9.0 O 4.2 13 Ol
joelle
Cl NS 20 Sy cl
(@]
oo
10 AN >SN S 21 OM 15 OW 1.5 22 Ot

Joollle
Cl NS 18 Sy cl
11 /@\)j 720M 47 OV 1.5 >50M
X /l
cl N2t Sy cl

12 38 OM 11 OV 3.6 26 Ol

cl N 23 N cl

13 /@\)j 40 OM 7.0 O 5. 8 29 O
X /l
Cl NS 25 Sy cl

14 /@\)j 22 OM 18 OV 1.2 >50M
X /l
cl NT 26 Sy cl
H ~ ~ R
15 m /I 16 OM 11 OWN 1.5 5.9 (
cl N7 35 SN Cl

16 x = 7.0 61 3.5 O 2.0 3.3 ¢

cl N 38 N cl

*Results alredadhyappreas €nitled Fiigure 3

Tab6é&Cdetermined oyl &€ium i maging techniqgue using HEK293
membr ane!TPREP. Cells were incubated with thRINXspective
10M) or-ATPPEB0 OM) activation. The selectivitysdatues was ¢
respectivel-AINgacectri M@Ci2o0MMIB@)ACTR T2ad0f diINued Cof acute toxicit

were determined by MTT assay.
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To summari se, the dimeric structure (two chloro
chain) of the molecule is crattaaeh ifvar iiotesIwiin hi BIiF
N@and TRX¥A3). The triamine linker with two ethyl:]
rol e, as all modi fications peNmetmgd at esnl nédai

amine groudasnd2asyWieswsaza addl hgpume I3cauéd8 Al so, t he

chl orinat7i oonfo otnheC qui noldmtealhaismpacftumdam he act

modi fication performed in this position was, h o
further modifications. Regarding the central al i
wi th apol ar stuoblsetriattueedn twsi tahroeut | osing activity,

t hedemet hyl at ed8dd anal ogue

To further wvalidate the) rasdidiehmneet hhtydian elofmomal by :
an electrophysiologicalcclaempl|l expadiomgsbsomal eppl
therecweteadiesubt g, probably due to the fact th
used in the first athathptp bewcmeasedemwment agai n.
to obtain complete and reliable results before
t he pcdtacnip experi-gneinng ameé mmt di scussed in this

3.1.MBgar diffusion assay

The antimicrobial activity was assessed against
di ffusi osne éBaxsparyi ment aChapbe)iti was performed on al
compoulnyds@18,11121521232526283035363840 syrmeadcdeslin

this assagyuanhetsaémive antimicrobial property of
i nhibition zones on the agar medium as results o
germs growing on medi um go amag ati inye Eadgealr ¢ mniredr lei au scec
andPseudomonas ,magpdmati se Sbaphgt i ogaoccuandequor |

Streptococcus anpdt graiacslthar omyc e sancarervdawiiaael i pol y
Tetracycline hydrochl oride was used as control
clotrimazole for the antimycotic effect. None o
Zzone, and, t herefor e, no antimicrobi al effects w
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3. 3ARE02 RNAgands

Once compwamndchosen as frag:@e Mt RINMAamdd ifnogr sSARISt u
systematic modifications wesed pempoumed, wame
tested by NMR measurements for affinity2t.® the
The synthesised compounds are grouped according

synthetic pathway is presented i n -ldeesgedrledmirng ac
results, performed by Sabrina Toews, Goethe Uniywv
which regularly and deeply influenced the <cour

compounds underfbvaesretd agru aNRER,y Ewommdrriome nNt @hapteert i on
533 in which purity and solubility in the same ¢
proven at the very beginning, narrowing down qua
the compounds that Tphaes sceampohuen dFC dteessctr.i bed i n ClI
3.2we2r e sgend hteysit he techni c-Wake &adl AlSaavRgesth
undergraduate student Korbinian Lohr, 2"dsnidteer my
binders with(aeéti @haptwaenmnmpd&ed .o . me)d by Ludovica B
her master t hesi s as Er asmus student from Sapi
super viksritomer experiments examining the effects
selectivity on the 5 _SL1 region, along with pot
S

ubsequent Chapters.

3.2VAri asopifon-ami 2o @rfowmmpound 7

I n this Chapter, the s7ymdtelseg,i dadadfng evaidt hc oampaoluongdu
ur ea nmod @trnyor di fferents d amataindsda In teds raanud pse,d

Afterwar-dasetiMRcreening results are presented.

3.2.89ynt hesi s

The first modificati oone®cpasrfdloomed het aepi agefmeaoam
with various functioma&2an@3 oWpsh ki guphvacsaes t I
obtainedanfirbaoret hoxybenzo% hamdomet fyl i sothiocyan
then converted i nt & 2bgyu arne adcitnieond ewiitvlatRw@ and amn
( Sc h elnge. T-met oxy group at the benzothia®o0l e wa
demet hyl at etdo whpiBvhe BBr
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CH3NCS, Et;N
toluene s. , PbO,NH; (7 Nin MeOH) HN.
_O S 90°C,18h o N 100 °C, 4 h e s )—NH
P—NH, )—NH )—NH
N N N
55 54 (19%) 52 (35%)
BBr3
DCM N,
0°C-rt,16 h HO s >—NH
_—
NH

N
53 (79%)

ScheméSynthesi sb2an83reas

The | ead 7famag nbaore&ar e obt ai ned r egmp exotbiemelo Sfi raezm | 2
anf8Adiuvuarea formation using methyllJ@Demeohmylatdcoine
as descri bedl6i nweScehepner f or med on both pOoduct s
demet hyl at e® 8anmnBa9l ogues

o)
CI)J\H/ BB
;
o 0 3 o)
R s pyridine / DCM /
>—NH, 5-50°C.2h R s »NH  goeciign R s )—NH
N - )—NH =, )—NH
) N N
R R1 R1
55R = 1=
57 2 ~ g?_H?’OEH H 7R =0CH3 R'=H (72%) 58 R = OH, R' = H (62%)
3 56 R = R' = OCHj; (19%) 59 R =R'=OH (35%)

Schem@Synt hesi sTamfBGaur@caeasmet hyl at ed 8amBa9 ogues

As shown iIn8 Stcdh esmgend miéde6s?2 -nPet hoxy benz®m36Mi aaznodl e s

6werNacetyl ated with adcdarn&vanbydbtdenewbiByeacyl
an@4i phval oyl chloride, using thelJ.amEhe ealtdii oa
using pivaloyl chloride instead of pivaloyl anhy
in one attempt the product <could not be success

product of Ghyesci méediade om. turn obtained r2epl acin

chl oroacetyl chlori de, foll owed by 7wsiuthhiNt i t ut i o
di met hyl ami ne. The rationale behind this compou
aliphatic amino group we expected i mproved sol ut

to (thio)ureas amd mpoadddliewtmdarda cstpihoonssp hvaitteh gr o u g
of RNA
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Ac,0O

ety

60 R = OCHj (79%)
61R = H (34%)
62 R = Br (32%)

o
EtsN, DCM cl 0
R s 0°C-rt,1-72h R s y_é
\C[/%NHz \C[/%NH
N N
55 R = OCH3 65R =H (37%)
63R=H 66 R = Br (18%)
64 R=Br
)CL/ (CH3),NH (2 M in THF) \
Cl fo) cl DMF (0] N—
Cl rt,1h o) >_/
N O S ~ S
gessa T+
N N
67 (88%) 68 (42%)
Schemh@&Synt hesi s 6@f6 286 56 @ e a6n8d
Further, anal ogues containing a methylene group
derissrcht i ami no group, sewer e Assymtelpesit ed 19i n Sc
benzot hi azol eGmdvalsa ndasaidnvea ©i ob t7®&wint hur mat hyl ami nof
chloride amldst hgomethyl i sothiocyanate.

0]

CI)J\N/
_H CH3NCS, Et;N
pyridine toluene
HN_/< 5-50°C, 2h S, NHz  ggec 3n HN—/{
@[ HN— N/>_/ HN—
N N
70 (37%) 69 71 (76%)
Schem®&Synt hesis of benzothiazdlemkl hanami ne deri val
3.2.NMRbased resul ts
The compoundcdsd siymt hédsis campaign were evaluated
introduced 2i..2 COR,pteLOGSY, Thandresul t s for each
presented, ial dabl &with the conmbinadkiagk.sdoreet( d
final ranking, the compounds <considered in a s
parameter, with position 1 assigned to the high
The rankings obtained ascrwesrse tthhee nt hsruenremepda rfaonre t e:
Finally, the compounds were ordered in ascending
the |l owest sum corresponding to the highWést posi
highl i dhtddhdue In€Tabntry 1), and compounds with th
series in greBhaanédmdommowmds pass the solubility t
excludeds6Q0ANi5deasngdent rii5gs showed a very small eff
parameters taken intbametclbhosy desubdbsi otb0dievd d lldaeyriinvga t
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hi gher fw@EResdglntdhadnanébr omabst idteuti @6tf ioarlel t hree

parameters ®&®odmhachdstggest a possible role of 1t

bondi ngCemp &rctadhWwer e
for breemBsy ent? iaBsd,

t

he

wi t h

resfwlrt Suoebattariyn e r awn d d
hi bher -s@®B t dbrcalint8edd n

compari son7. wiThle ¢t weamet hanfammdthleeanhali egubBsand 10)
no binding or.v6&uwrbizgd nde eo etf fteafi dr n(GeSrPtersyu 1 111s) , be

amonghe best overall in thisOdemetekyl|l avthe 8 3anasluoc
(entry 12) was r eohf doioancnegpg tphoet s it thlee i nfl uence o
substi.t &Gd rytcd6rfaemitdrey 13), on the other hand, show
one of the best in terms of combined rank score.

)

o /
Y S NH R S %
g /%N?\: \CE )—NH
N

N

0 o
R s }—é HO s. O—NH
\C[/%NH )—NH
N

N

7 - 65R=H 58
§$§=3C”3 66 R = Br
o X HN o N—
5 © s. )NH s, HNHA RO s. »NH o s
)—NH )—/  HN— )—NH \C[%NH
N N N N
.0 B56R=CH, 70X=0 52 R = CHj
50R=H 71X=5 53R=H 68
CSP ToreductHi ghe Hi ghe Hi ghe

Enti1 Compou [ Hz wLOGS [ %] CSP wLOGS T2 SumRanki
1 7 3.9 078 66. 95 P Mn b2 NP P
2 60 2.2 0.21 17.52 Y NM T =P Y
3 61 1.1 0 .62 7. 31 N M O] ) =Y )
4 65 060 029 -5.00 NN Y NO o= N N
5 6 6 143 3.37 8. 96 ] N Y NY T
6 58 3.6 066 72.21 > b2 P NT b3
7 56 4.5 1.51 93.00 O = = T N
8 59 4.1 0. 33 100. O n T N NE |
9 70 0.0 0.00 0.00 N= N= NV anl N=
10 71 2.7 0.17 0.00 T NN NV = )
11 52 16. . 1.21 77. 83 N O 4 8 =
12 53 0.0 0.00 0.00 N= N = NV an N=
13 68 12 . 2 0. 72 79. 26 = 5 3 N M (@]

Tab7:8lMRbased resawmitindbefmzdt hi azol e derivatised compo
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Th
po
Mo
cCo
an

st

e compa6G8ws o m o fhsey na thheesmisdbaf)s6 165 atneduggested t he
ssible promi sing sadicki tofonalNN-dibtaesti gt &a mnne gr
reover, NiNdd med $iyd ami ne group was <cruci al in g
nditions, and thus pghynpiacli sginc alo ¢ )b ihefuo m || i
66andt huire)@ss5 86 65970 a7)d. Compodwadst herefore tak

arting point for further modifications.

3.2Variati onwb otfi ttthtei «frt hpea thteenrzrotdhi az ol e
Starting from the previous results obtained, a !
on the benzenoid seidng,maweat &Nsiymghéfkgl yci nami de
chain as i 68compound
3.2.2y.nt hesi s
A diver se rsaunbgset ieafmiraidrbg@ nz ot hi ased!l es waerae tutnigl ima
for this series of compounds. Apart from-those
di met hoxy &Et&nvdt Bivfel uor omet Ryt Wed eer i svygatdi hviees ® m
appropriate anilines, as described in |iterature
acetic acid. The same pr omeotchoy |l twhaiso73adpearisii vebdt dtiveet e |
i n Scheme
NH4SCN,BF2
R AcOH R s
10°C,19h />_NH2
NH, N
R R’
74R=R"'=0OCH;4 57 R =R'= OCHj; (49%)
75R=CF3 R'=H 72R =CF3; R'=H (37%)
76 R = SCH3 R'=H 73 R =SCH3 R'=H (33%)
Sche@@®Synt hesdami mdb en z o8 #ri2a zadnBde s
Foll owi ng t he s ame synthetic pat hway68wai aeady
chl oroacetamide synthesis antNdiuvhestelgylgamii reaud st i
anal ogues, sBowwnerien olmatbd iened.
(6]
Cl)l\/cn
(CH3)oNH (2 M in THF) \
R s EtsN, THF o A D o, N—
0°C-rt1-72h R s, > : R s
\(;[N%NHZ \(;[N)—NH rt,1-24h \(;[ />_N>H_/
] N
" RY R"
Ent R Rt Starting I)m Products
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RESULTS AND DI SCUSSI ON

1 NQ H 77 80 92(87 87
2 Br H 64 81 8188 37
3 ocH ocH 57 82 89(89 69
4 Ch H 72 83 7690 27
5 SCH H 73 84 91¢91 69
6 OCE H 78 85 71¢9 53¢
7 SQCH H 79 86 6493 64

Tab8&8&ynt heNN-di mét hyl gl EPBRamiadeswusly substituted on the

To enlarge the pool explored with more polar ana
hydrogen bonds wi t8&WwaRNArL edhidcedbarenawiimat deyf vat
hydrogenati on,95was | eb p &ledneentiei tbhyy | at i o & oS c haernyel et

21 .

Pd/C, H,
o \N MeOH, AcOH o \N
- rt, 3 h -
L) i
N N
87 94 (62%)
BBr3
o \N DCM \
— 0°C-rt,16h
e }J -,
L Revty
68 95 (62%)

Sche@dReduct 8@am®O@adfemet hyl @& bonobbo&ain Fdaspbaittihveloyl ar subst it
at the benzene ring.

Benzot hi azol en®wtalsa naalnsioseed et b v BM-d iament hy | gl9y6c i na mi

(Scheme in order to confirm the importance of d

the benzothiazole moiety.

(0]
)J\/CI
cl (CH3),NH (2 M in THF) y
Et3N THF cl DMF N
-rt,1h s HN{ rt, 18 h \
/>— —’ >_/ S, HN
/ 0 —/ o
N @EN/
69 97 (91%) 96 (54%)

Sche@d@Synt hesis of hom®6eogous compound

4 2



RESULTS AND DI SCUSSI ON

3.2.NMRbased results

The NoveRs e d resul ts for t his second batdc hwiotf h cor
glycina8natlen as ref®remdce y( Tabliem-amiehdloevn zoAhil az
derivatives showed biindi)ng mefafnd cmtgs t(hearnt rdiiefsf e2 en
tolerated without complete | oss of actiNNkty and
di met hyl amine moiety. On 96 hevi athharhehardd,i té¢ om@ad u
bet ween the amide group and benzothiazol e, was
confirming the ca&mitmabemnmaodtehioafz otlhee s2Zubuni t . The
wer e adyiesdplby n8 7t & amen e u BBt id,iuhetdhoxy 8Qdrsd i tut e
6-( met hyl thio)DP¥enotriMdaazd2])6ewi th a CSP two to thre
compari 88nAmong the ot h(etrr iaf nlauloorgoureest, hO9y@ nble 6z ot hi
(trifluoromet h®xX2ye rbternizeosd h5 aamd e7) gave slightly
68 or CSWP, vanidi e compoun-den ®ramwiinfogh ebh z Atdan ad-z 61 e

hydr oxyben®6(tentarziods 9 and 10), d iCsSpPl, a yweidt hs ilnoiwe
wLOGSWM .. Lower scores wer4€ meehiydtsed édad niydy) bethizypt hi
8) for all the three parameters.

\

(0] N—

T

68

\ \ o N— \ \
o N— o N— o s, M/ o N— o N—
O,N s Br s - FsC s s s
O e TG e o
N N N N
87 88 -0 89 90 91
O\N 0 O\N O\N O\N N/
— oS _ _ _
.0 s s s H,N s HO s s HN \
ers e oot i ot i o S
N N N N N
92 93 94 95 96
CSP T2reductHi ghe Hi ghe Hi ghe
Enti1 Compou [ Hz wLOGS [ %] CSP wLOGS T2 SumRanki
1 68 12.:. 0.72 79. 26 7 4 6 17 6
2 87 22. . 0. 46 100. O 4 6 1 11 2
3 8 8 27. 0. 74 83.00 2 3 5 10 1
4 89 31.' 2.66 36.00 1 1 10 12 3
5 90 15.: 0.00 89. 41 5 10 2 17 6
6 91 25. 0. 46 87.00 3 6 3 12 3
7 92 13.: 1.01 85.67 6 2 4 12 3
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RESULTS AND DI SCUSSI ON

8 93 6.5 0.22 46. 43 10 8 9 27 10
9 94 11 0.49 69. 42 8 5 7 20 8
10 95 10. 0.15 69.00 9 9 8 26 9
11 96 2.2 0.00 0.00 11 10 11 32 11

Tab9&MRobased results of benzothiazole with various

Taking a clotfebebbokompouhds of this series, the
system |l ed to eX®Trohmeforthear delg-6l mpmboky dhr | ea
89was chosen as the best option, having a highe
compar@&n@d

3. 2NB8et hyl at ed amarpoogngd o f

Anot her modi f iNemeettihoyd aitn vl wedd 6Be Foami ddeghgup hefs
met hyl ah& |l oguer der to avoNtepbgbabl encompeéethieng |
the met hyl group was introduced at the very beg
synt hesi sp-abneitswé&@ldnaend met hyl i sothiocyana3 e, as
Thi odréas then cyclised with-(bredrmiyneamimoddbenizot
101 The latter step ghOo®l oamg wWietsh relde puonexpéct ec
anal c®ogpuiet h considerable yield (24%).

S=C= N Br
"2 Eton ACOH
rt, 4.5 h N 10°C,3h N N
> S—NH + H—NH,
\o S \ \O S
100 (73%) 101 (43%) 55 (24%)
99
Sche@d8Synt heN-mest bhimi AobenzdOHi azol e
I n parallel, anot her synthet i c -apratnhovaeyn zvdabsh | eatztod r

performing a Boc protection of Nimed hywlr@tmiad m c wic
i odomet N-meé htyd aln0a2 eague subsequent ddpPlgsSceédemeon t

23 . This pathway gave a higher overall yield,
protection and depscti dclii oy, oanflumleei onal i sing t
| at er al chains, using various al kyl hal i des, cor
chemical pool
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RESULTS AND DI SCUSSI ON

Boc,0, DMAP, Et;N .
THF/DMF 1. NaH, DMF, 0 C, 0.5h

N rt,3h N.  Boc 2.CHgl, DMF, 0°C,0.5h N Boc
e PR PR
\o S \O S \O S \

55 103 (69%) 102 (76%)

TFA
DCM

N
0°C-rt,16h
e
\O S \

101 (81%)

SchemddAl t ernati veNmegtnevhlmisn esberfzdtOli azol e

The | ast two steps of amide formation WwO04h chl
foll oweNddibmet hyl ami no substit Ot8i oar et od egii we efdi n anl
25
o]
M e
Cl (CH3),NH (2 M in THF)
N EtsN, THF o ¢l DMF o N—
0°C-rt,2h
st (U gL 9
\O S N ~ S>_N\ \>_N\
101 o ~o S
104 (85%) 98 (78%)
Sche@déLateral funciOtboadiveatiloed 8ifnal product
Compoum8va s not tested due t o instability i ssu
benzot Mi8arkwdwer ed the instability oflb5thTiwso cHoPnbpCo u |
measur ement s ar e shown: above, t he measur ement

di sso98& nnhleOH; bel ow, the HPLC of the same sol ut

Due to its instab98iasyniosstiestedmpoadnado further

on the amidesaemere synthesi
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-
215384
Wsser 0,0 %
SW‘E!]?spnalpuHetpHQ 69,680 % -
400 TT— —
Eacm —
[ TTT— 30600
TOR0O0
% o e =
e '|
Flow: 0 B00000 mlimin T
-100 1 - . . - . , , , !
0.0 20 40 &0 an 10,0 12,0 14,0 16,0 17,3
Tirne [min]
L=t
1-10,781 Wasser 0,0 %
500 f-rfﬂmpmer pH 9: 69,658 % o 67667
400 - e ~—
% 300 e
-g T— 30,000
70,000
i 2004 P e :
e - r.2-|5.ﬂ01
Flow: 0800000 mL/min
-100 . , . . , . , < , J
0,0 20 4.0 8,0 8.0 10,0 120 14,0 16,0 18,0 20,1
Time [min]
Fi gur5élPLC measurement98édés pge@atpiowaldy 10 minutes after probe
240 | ater (below).
3. 2Hét er oanalocoogmposuwrBd
Anot her series of compounds focused on68whehrepl
heteroaromatic analogdescofbbdnizptbbazoliwdpasl e

benzoxalzOgblteni azol op@,7Tarmdtrhd azol op ¥ ® Bwweirdei n@®l anned,

syntdeelsi and tested.
3.2.8y.nt hesi s

Benzimidazole heteroanal ogue
Benzim H@ag86tkee2pevas obt ained

perfor ming

t he

t wo

format.i
118nd

on

starti

subsequent

ng

s,

f r eanmi cnoonbneenrzcilnMdi®db ayx dallvean ¢ ad e tea 1A
N-dbisme tt uy i @ami nwe ttho obtlad5h t he d

46



RESULTS AND DI SCUSSI ON

o
)J\/CI

Cl (CH3),NH (2 M in THF) \
N EtsN, THF 0 cl DMF o) N—

0°C-rt,2h rt, 18 h
N\ ’ N ’ N

L IRy Rt
H H
109
110 (49%) 105 (58%)

Sche@déSynt hesis of 10eé&nzi mi dazol e
Benzoxazole heteroanal ogue

The synthesis of belnlzewsxsaa zakdi anad o gmatri@xy fr o
nitr oplhleln &lc hZzefme Af t er hydrogenation with pall adi
111 the attempt of cycladmiand phd Rexdls t daer roibetda i oetd
cyanogen [Yadlomideél ux for 3 h, withoutetalddPl.pnoduc:
the other hand, ssuiccrmedédvani eysly subditf-1 uted
i mi d-a&-glo) met hani mi ne and this protocol wa s suc
ami nobenzblx3aZidlee | atter wsesd twherh ftuhnec ttiyopniaclail gly

under the established conditions.
NH
P,
Pd/C, H, =/
OH EtOAC/EtOH (1:1) OH EtsN, THF N
NO, r, 3 h NH, 60 °C, 3 h \>_NH
\O 0O 2
o o
113 (56%)
111 112 (93%)
0
P _
Cl (CH3)2NH (2 M in THF)
Et3N THF DMF o \N_
0°C-rt,2h
rt,2 h N N >\ /
\>—NH S—NH
\O (o)
114 (74%) 106 (67%)

Sche@d&@Synt hesi s oflthénzoxazol e
Thi azol opbgtedoapral ogue

Thi azol oplyOrivals ne bt ai n@dni tilwioanz o 2 olplysy i hene |l att er \
syntdeesi n-ya ehlidgidintge g oprro c e d u r2eh ysdtreonxtiyit m @ ptgrt drd i n e

Sched . This compound was converteidntfomdlaomMd ng [
substitut eldlZ@dmad otghueen t o me1lh2dXx Yipe rii @idpame tliaodni u m

catalysed hydrogenatild® WwWkdchowasi hbpwrcydgchesed
bromine and pot als’!3?%lum thiocyanate
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t,\i‘“g:j Pd/C, H,
N OH POCI, 92 H MeOH N. O
N 110 °C, 2.5 h t D _mih SO
e ) O @
02N ZN
116 117 (89%) 118 (91%) 119 (90%)
KSCN, Br,
AcOH N
0°C-rt,2h X
oresmzn TN
\O “~g
115 (86%)

Sche@d8Synt hesdamitddi az ol ddyri di ne

2-Ami nlwi azol daywrisdithe n deuwn atnideerralsit andard condi ti
in SclRO&md o gi ve t hle0,7f brealr NNgo dnleeethy | ami no acet al

|l ater al chain.
o}
M e
Cl (CH3),NH (2 M in THF) \
EtzN, THF o) Cl DMF
o} N—
XN 0°C-rt,2h >_/ t, 2 h >\ /
/(j: \>_NH2 ~ N\ ’ N
~ g | D—NH | S—NH
(@) N \O N/ s ~ _
115 TN e
120 (quant.) 107 (65%)

Sche@®Functsadrialnltoof obtain f0.nhal product
Thi azol ophet mrdanal ogue

The synt htehsiiaszobdply0d & miadi ed wi th thedi cédll-octoi on
nitropyrli2ij diarse depi ctOdRe ducTtaibdre of vitdaet aniyttrioc

hydrogenatliQonentTraypl ), applying the same success
nNitrohte@déePsee SC2Bemedi d not |l ead to an equally
al'?8lucceeded in this reductli2olmi tthr eiatdmgamd t a mmy
chloride (entry 2). The protocol was reproduced

the expected good r esulisa.s A etdhuicridn ga tatgeemmptt (weintthr y!
reducing reagent for nitroar eln2e®ittoh aar oymaetlidc oafmi 9
fast and efficient way.

reagents
solvent
Cl N Cl 1 Cl N Cl
N conditions A
196 - XX
= NO, Z NH,
121 122

Entr Reage Solve Condit Yiel

1 Pd/ G, Me OH rt, 1 20%
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2 Fe, «N DCM/ Me 50 ACH 36%

3 Snegl Et OH 80 ACH 90%

TableReduction of hata ogpryamantlid® nemi ne

The subsequent ring closure was obtained with po
30, gtilviiamgol opaymiimd.dilm I[lit3*tnbeathwrxeyt hi a-2-amopgr i di
l24as obtained treatl2nii teht hay | | acrageb aemac @es s of S0
achieving at t he saneehltoirmed et heex chhathlyexyand t he d

ami ne, as depi 2@ end bilmeSc Tdma , the two additiona
and subsequent NNthismet byl ami wé t wWwoul d brildBg t o t h
A pat hway sf nlgc&iitohn atlhie | at er al ¢ k aoihnl obrei fdoer ee xtchhea n

was attempted. -PhmaA&ldvapy rciomivdeiNgN-d d meé nhwl acet ami
l2&ith the two steps extensively applied for th

(Ar) with sodium methanolate did not | ead to an:
o)
o cl_N__cCl
O ,/— sCN i
N N }‘O oot N~
P S—NH NH
c N7 TS 122
125
KSCN

; AcOH o

NaOMe ! 95 °C,3h
, Cl)J\/m
' N Et;N, THF SN

N7 o . N F
NN )'\/:[ pNH, 07C-2h N(ﬁ: S—NH
W S%NHz cI” N7 TS Cl)\N/ S
0" N
123 (76%) 0
124 127 (75%)
(CH3),NH

: (2 M in THF)
' 0,

o] ! 52 % DMF

1 R i, 2h

NaOMe (25% (w/w) in MeOH)

2.(CHg)NH | o \— MeOH o N—
: 90 °C, 18 h
e NN >_/ NN >_/
PP H—NH Py H—NH
SoTONT TS cI” N7 S
108 126 (52%)

Sche @O@Att empt tsel @ ind2i6e si

Due to the failure of the | asiOBwasactoonapplthhet je
synthetic deputé&etdendd with S 0me modi ficati ons
thiazolodw3i msdshewn3ilnEStlyéméd aiwhamaysmtdhasii ng

et hyl chl oroformate, to be t hen treateed oxwy t h
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thiazol ofdy2rdi mhdi hatter was demd twrmhf ont2i@eet d eni id
to NMNMeé&i met hyl gll@8ci nami de

(0]
PPN

pyridine NaOCHj3

NN 1,4-dioxane sol\ilél:ozl'i1 A N
'/\/E D—NH 0°C.2h : /\/E H—NH
Cl)\N/ s )\ \>—NH \o)'\N/ s>_ 2

Cl

124 (85%)

125 (84%)
o)
cl
C')J\/ (CH3),NH (2 M in THF)
EtsN, THF S aE \
0°C-rt,2h Lo —
N NH D
™ )\/I >_ ~ )\/\/E >_NH
128 (99%) 108 (39%)

Sche®mdaSynt hetstiisaod!| od@r i mi di ne

3.2.NNMRbased results

The NovBRsed results of heteroahlal Cgmpetivad eagabmwn
taken as reference Tawed ehiogbhteari n@SIP fa®d bekhlze mi daz
entry @nl wi & ghotwleyr wLOGBVgICESRIind wLO@ESYe achieved
withiazol d@yreindirrye 4). The binding wadbéenmtyywdank
and al most «c omphlieatzeollyo pliy@ & tmiiG&lgienret r i es 5 and 6) .

\
(0] N—

gty

68

\ \ N N
o N— o  N—
N\>—NH N\ \ N
~o N \/@EC?_NH \/(j:>_NH )\/j:>_NH
H 0 0
105 106 107 126 R = Cl
108 R = OCHj
CSP T2reductHi ghe Hi ghe Hi ghe
Enti1 Compou [ Hz wLOGS [ %] CSP wLOGS T2 SumRanki
1 68 12.:. 0.72 79. 26 3 2 2 7 3
2 105 25. 0.62 87.00 1 3 1 5 1
3 106 7.3 0.59 21.05 4 4 4 12 4
4 107 16. 1.22 73.62 2 1 3 6 2
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5 126 1.2 0.11 0.00 6 6 6 18 6

6 108 2.2 0.13 7.02 5 5 5 15 5

TablENMRbasedsults of het&8roanal ogues of

Benzot hG8@nd!|l denzilll®@earzol ehosen as most promising
modi fications. Due to ti me |Itihmiatzaotliobpdy#raisdti mesf tonl
asi de.

3.2SBcond basic site

Further modifications focubbdi methlyéamamnioasitonco
glycinamide residue, aiming at the same ti me at
i mproved affinity with 5 _ SL1.

3. 2.MDdesli gn

The structure of potenti al 5 _SL1 bi ndBM,N-s was
di methylamino structure in the glycinamide resi.
second basic site. The modifaincdatdiomest hwoexryeb eanmlt it

based respectively on the8an@ csteter adhampBaattdsct er i
3.2.2This structure motif was propos.dbdftferf ustele
for -NBMBed measurement s, which is a strong | imit
promising additional interactions of (under phy
the phosphate groups of RNA.tThet pl @asinednsniesvtt yof
andN-met hyl pi per azi ned-admd rliov2attee,tvee d meatnhdy | pi peri di ne

(Fi gler r especti vialnil,stwhuocsteursetsr uct ure i s based on
(891,29 which was usieodn afl o rc achaondpiuatsactoinlsed i n mor e
in Ch&8ptRRe® . Moreover, compoamidmso poiepaerriindgi nae 3noi ety

planned with the atdteecomxpytst ofe p@a3ii3g0k i kg o2n as RN
binding [§%°r, dtllewricEt gde Being the ssaleonD@E @er i
13)functional groups patiZPPudlamimy nopmepedB)somi (4
was considered a promising candi-®D&S&3)p owimi mi th et

advantage of containing an additional aliphatic
3-ami nopi peridine, still bearing the additional
option, with the added advainltiatgye ooff tthhee tcwomnpeuw rce

(strutXblres
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, H
N N
A
o N \ /N O
NN Lo NH
r S
R | S—NH N

(7

H,N NH, N
—> \(Nj/ —> ©
H

N NH
2-DOS (130) DAP (131) @S
X
R [
]l
Fi gur6®l anned structures with | ateral chain conNaining a ¢
met hyl pi petanbhadmefo2;;tée,t&d amet hyl pi pe(rstdrint®t wdBeashopt pegebsdi ne
derivatives)dstmiuniDOEB)02General structure for benzothiazo

l'ight purple.

3.2.%y.w2t hesi s

Various substituted aminoacetamidesé7ave82 Abtai n.
af or emenpiipoenreads, -met pyperamahefjy8Bs3er e sgend hesi
(TalhRe ent,2,Besalnbd)inaucl|l eophilic substitution, wusin
base, alteeng awetthhy | pi pelr3iéhitlBd/ echd maindt iBanedst h y |
N-pyri mi di nemetlh3y8 e ndterryi via)t.i vMdor phol i ne3 9wk gtyi t8ut e
was al sosedy ntamsesdielsictr @& uriha@mi3nopi peri dine deriv
obt ajungidhg the sameasc &Gadoitteicotnesd i nt er nled]li aamd (er
12) in both configurations. One represelndOati ve
(entry 13), sewdas Tshyent sesiucture consi $60,5 wift ha f
benzi midazole moiety, based on the promising r
Chap3e2, 4TaBIl,e anNdmetthpey perazine in the | ateral <ch

R?R3NH, Et;N 2
o cl R
DMF e) \N_R3

R x. > 1-24h R
\©iN/>_NH \@;}_NE_/

R1
| R1 I
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Entr Starting Imat R2RN I(yie
/ N\
1 N N— 1379%9
\/
2 N o 1382309
3 zJOHB 1409009
4 %{O\H,BOC 142959
67
5 (R = ;0E® H, X é“@ 136479
HN
e
6 \é’“@ 137489
"
>N SN
7 Lo ) 138360¢
@
8 i o 130679
9 SN N— 133 %)
10 §—N N 1 36 &)
82
11 (R = ROgH X = ;{I\O‘I,N,Boc 146859
H
12 %{O\H/BOC 14@-839
110
13 :N N— 140489
(R = ;068 H, X ~
*Condi t1l®%sMofroprhol i ne, Et OH, 80
Tabl2Addi ti onal basic site

To
syntdeesi

obt ain

unl

reductively

k e

ami

al |

nat ed

wi t

53

ot her

h  metlh4y5 a mi ne

required
pyri mbrudétnleah4)6 wasseax iwdith!3tMm Oal dledh7y dvehi c h

AC, 6 h.

anal ogues.

amihes
wa s
to give

1c3e8mpt chuen ds e ¢ o NNdnaertyh yd miyma mi di h ¢ wmas h anami
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Mn02 |
CHCls Oy, 1.CHgNH, (33% in EtOH), ACOH, i, 2h
g\ 50°C, 16 h 2.NaBH; 0°C-1t, 1 h
Q s
| | N
NN NN
146 147 (35%)

145 (70%)

Sche®@Synt hesis of 1B6skdi hgl gbsbeack N2 bl entry 7

The free pli4dBer5Wenes obtained by Boc deprotectdi
respectiNBObgrodoremtetidadbhRsheme 33) .

. /Boc * NH
O*NH TFA, DCM o N 2
o N

0°C,1h
R S >_/ R S >—/

)—NH )—NH

N N
R R’
141 (S),R=0CH; R'=H 148 (S), R = OCH3 R" = H (80%)
142 (R),R=0CH3 R'=H 149 (R), R = OCH3 R' = H (87%)
143 (S), R = R' = OCH; 150 (S), R = R' = OCH; (99%)
144 (R), R=R' = OCHj4 151 (R), R = R' = OCHj; (99%)

Sche®8NBoc deproiéttdbn wbft ai n reensipreccptii prketlBy¥d53n e s

3.2.MMRDased results

The NdvRsed results of analogues containing an ad
are shownl3ForTahlmd@un3dds5,0 alnsdl he wL@éfwWwes e not
assighdaabbke 13,ildcghtdhesefl@re the values Twheere con
binding was i mpr oVvarl 3fboerntcroinepso udn,dss, 12, Mnd 13)
met hyl pi perazine or pipeée&@afd9n€ompiddtBliS(leomp aeesd
6, 7, 14, and 153 mi ncoopnitpad rnii ddi gnsep htab/sSddh uogy lea satl |

S c osroef the series. Having a <closer | oTek ,antdhe r
comparabl e (WM4BHOAYHYO nf ocompar 6 8aomd hwd tcthimpweae r vy
pronoufnotre@nti5an fTHhen compar89 oy mimihdi @88dertiyat.i
10) showed a | ower binding l8fel8&tprcomplalrye dr ¢ loatc®
weaker basicity of the amine compar edl3®erthrey al i
11) displayed an edv,ercltd okviemg btimeli sgcond basic si
cruci al role of an oligoamine side Q@rhatime i ot lgari
hand complodufnednt ry 16) , obtained by the f Wdi5on of
anN-met hyl pi perazine group, dinagingftten ecodnptdd® ntdhse s
T 135 Compddrdd Ispyed better val ues compamNed to
demet hyll3ag et ri es . Bheanldower, vall ueompaimies o x wi t h
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substilB3,At383d4,8 alndde o u |

d possibly be

explained

four
second basic si
compounds with

wi t h
fort3&nd39Qentries

di met hoxybenzot hi 3,4@8J/36e,0d aln5Sdlveantti i &ss

89

T

132 R = CHj
133R=H

\
R o N
o N NH o s
“Or wq”@[ RS
\C[N%NH N/% N="/
138

t he

met hy?2, ZJit@eu@amet hyl pi peridine,
te Anot hbae
addi t inoent ahlo xbyabseincz od ihti @9zYod aer i( neg
exckdPhemtnr wfBi)ghagravev etrhadrd

landahe

ch
hat ewalft thhaehfect

whi

by t
mi ght

i s t

acongswith | owes
§ Ane trend wad$- respe
ln compari sor

(0 e

o N
o N
s 0 S>7 >—/

NH
)—NH W
e}

134 R = CHj - 150 (S)
135R=H 151 (R)

136 R = \ N
137§=EH3 o H Q. N (J

lo) ~ N HO N

() T | oy
o N N \C[/%NH
0 s, > 105 N
\C[%NH 140
N
139
CSP TereductHi ghe Hi ghe Hi ghe

EntiCompou [ Hz wLOGS [ %] CSP wLOGS T2 SumRanki
1 6 8 12.. 0.72 79. 26 12 7 10 29 12

2 89 31. 2.66 36.00 5 1 13 19 7
3 105 25. 0.62 87.00 7 9 8 24 10
4 132 22. 0.80 91.00 10 6 7 23 9

5 133 24.: 1.54 86. 71 8 2 9 19 7
6 148 30. 0. 82 100. O 6 5 1 12 1
7 149 24, 1.01 100. O 9 4 1 14 2
8 136 10. 0.00 0.00 13 12 16 41 15
9 137 12. 1.19 76.80 11 3 11 25 11
10 138 2.8 0.32 28.89 15 10 14 39 14
11 139 2.0 0.28 21.25 16 11 15 42 16
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12 134 32.° - 100. 01 3 12 1 16 5
13 135 31. " - 100. O 4 12 1 17 6
14 150 34. 1 = 100. O 1 12 1 14 2
15 151 34. - 100. O 2 12 1 15 4
16 140 9. 4 0. 68 41. 23 14 8 12 34 13

Tabl&8NMRbasedsults of 6#888| algldeessntoafi ni ng a second basic gr ol
chain.

Wi t h al | t he considerations t ackcenmp ouoget hweerr,e ttl

enant i o-amir ncp Berrii dvidrdeBY .5

3.2S6cond site binders

During the course of -mbitbowgpbknzobhbki peomesmopgetBy
to bind the intermalall cop refl a3( @Y Bippepertirmerctoy,y &
described in detail in the next Chapter. Additi ol
on docking experiments was proposed. The promisi
i nformation were synthesls$ewjngsChbapsensegedand t

based screening.

3. 2 .Dmesli gn

5 _ S Loif SR RNA was recently screened wusing a
descri beé&? bFeofroroene of the fragment hIA@G22)Walse par e
syntseaeabi(gurJe by Anna van der Sluis wunder the sup
Peter Ma a s (Specs, part of eMol ecul es, -Netherl
tetramet hg-bpy berigdiomp with an wunpaired electrot
el ectronméh@setpiac aproperties and induces relaxat.
TOCSY and docking 89AkX)dwme rt speard @WBEMadc edly J. J.
Bl ommér&aspar Zi mmemDm&amal aAdzaoui from Saverna
(Switzer I Da@ldausanBhr har dt , Uni ver sed ymolfe3Audre cd .
12)was tested BHBolSbyid@SYgi t ot he f ol I39Wi HWaway. Fi
reduced by addi ng ascorbic acid i n a 1:1 rati
Subsequently, TOCSY spéctSladdwHro&li hetbedpdefence
fold afnaddl d1Oexcess of t he dRiagndrdemet5 cSLdo nrpeosumda |
assignments were taken fetohdIRFoht slomandrdskmprn
chemical shift perturbations were observed, indi

TOCSY specbr BRNAt heomatic proton resonances of wu
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coupl ed ar e oblsJeir vierd dbsgruae (bl ue) and-3i9rn pr es e
129 respectively at 1:5 (red) and 1:10 (green)
identified in the bul ge, nucl eotides U11, Ul 3,
C20.
il i
0 | ) -
O & 21 N, »_CE'O' / () c32 :
LD \o@[-"}—NH v u2s 0
c-G 5-391(129)
c-6 vy o :
A ® O
C33 >
A..AA27 0 () ’
1 .-A.23 P ey 0 i
[ VA 0 /() : C34
) weak eflect U-A u10 5 0 et 078'
(>, U .
G-C
e U180
GG.C:M c19 L
CSP ™ e e 2 lpem)

Fi gur7ig OCSY spectrum of induced CSP of 5_S3IAd@URBA upon bi
I n the next experi ment, the TBOCSMKI ¢$pectardudm t Wa %
par amagmr3edtll 2F5gdu@Pe This spectrum shows induced
protons of nucleotides U10 and U1l and not of
tha89@ 2)inds exclusively in the bulge region an:
nucl eotides CSPs were obser vrealngemocdn floirknealtyi odh@ac¢
caused by binding.

£
—> :
CAE c32 :
c21 :
18O & lost in para ue u2s ()
c-G X c1s
;.G. U1 \\\\ u17 Cc16 - 2
ot \\ge:?fged () (X' al
12A . \ c20 i <
v 28 pud X \
@ oo o “. : wea%sezfed {-\ l-\ \\\ ‘i) c3;34
() wesk efiec > ()CZ' b—d
Q) weal t .. A u10 U1 S 028 1.0 &
@ o 6-c 0 N ?
U18 \
G-C \
Gc.cu c19 ¥ \
present in para |°

Fi gur88 OCSY

spectrum of

Te

e

paramagnetic
39@2)
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The reduction in signal intensity of the <cross
foll owed, the relative distances between aromat.i
calculated and us3dll 28 ndoclai sg raufct 8r al mo d e | of

structure with an obvious binding pocket of 5 _ SL

from the crystal sgsteuotfurteheofbatchheer Aal ri bosom
ami noglycoside. ilmditnhg sp-a®cEd2@&fhakh bHul fils the e
di stance restraints i s obviousntamygdemnlised Jwsnkmag i
the AMBER force field. It is noted that the stru

simulations and the |igand docking pose remains
The docking moBegidu®e §Shewrn wion di stances between a

—

he paramagnetic centre are in agreement with t|

centre faces the major groove.

Major groove

Fi gur9®ocki ng model o0#39tth293 i HdSbhy. Dhe Sl igand is represente

binding pocket is shown with a solid surface. Distan
After identifyi-2gll 2)&d° 'sliat e dhitgagd S this compound
to find proxi matieiteghndandsal asdpeleviead&lPy desc
I n the presence of thed39%ph2)amalgmes ame fpaigsmedtf Sag

as described before was screened. Sever al hits w
t o validate t hem, with -390k 2)adamctemt ndbtsiedsve dame
paramagnetic relaxation. This effect was observe

i ki g@We and the paramagnetic relaxation was obse
hiterange dotted I|ine)
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0 R
N 0
7z IR HO

| hit856 (153) _
N hit814 (154)

N

hit292 (152)
Fi gwrOArea of observed par a'fsigtnee thict sr eil m xtahtd opnr eosPsikaee of t h
bin&8e@2)9

Since the paramagnetic centre faces the -3} or gr
129 it is efpecdted i gmhatds2bind in the maj'"dr groo

site binding lIligands were docked in the major gr
AMBER, suggesting thandlsRigtnenemitn doefr Fti e lls Mbive i n
alignment was derived from the fact that the ali

paramagnhetic centrehédredsaxtaheonaremheict) resonanc ¢
(no relaxati odlsdfofwesc ta)n. exiagnprie of -39 (DB kidnag mod

2'd%site ligand, as predicted, binding in the majo
that can replace both |Iigands while keeping its
the |linker and the rsdsliattei viei goarnide n tbhaetairoinn go%¥t hteh eb el
site | igémW &ahmdtmBdpithenol, were studied. It was ¢

atoms between the two moieties were needed.

On

= 2nd site ligand
hit814(154)
S / (major groove binder)
3 atomsneeded ‘ y >

a

! observed

1stsite li
site ligand relaxation

$-391(129)
(bulge binder)

Figwrial i gnment obtained by docksisng esil®@ha)d B %s2i b et Wwe ggra ntdh e
hit gBM

Based on the results described Bbg@2Re sarA)ct sitr est

with the benzot hilsiztod ebipoddr,onhiaghlli ght(®4 i n bl

portiofdsiasse Dinder, AwasedheBt fuct hee i mpl ement

structur al proposals, containing baw]lcoalipédaltet
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and2 in the centarme,no@pdrmpteaiidiimge 3as | inker, based
0flda&nd49see ClBapRt &rTalbI ;e st wBctour et he right , i n
fragments are connected with a vilvikeam3dderekehenTh
devel oped into actual aFimg@res stactungslrSEpist r @c
confi gaprtiS5&ndR)-onfi g@E@rd58 the two Ehéamdé60mer s

based on vs2t rfurcamre8r t beuaslexgues with adédndyl i dei
16)2, a propyllicdderiié)dchand but yleé a@rith@&b6 cweaien p(l annec
For the R <chain, met hyl and et hyl group were ¢
representative for each cl ass.

{
PPl
et

v1 v2 v3 HO
R
(}NH N o "
o N N o N
o
o s ) N _o s M : - S%NEJ Q
)—NH R )—NH OH NG ud
N OH N
155 (S), R = CH,4 159 (S) 161 n=1,R=CH;
156 (R), R = CHj 160 (R) 162n=2, R=CH,
157 (S), R = CH,CH, 163 n =3, R =CH,
158 (R), R = CH,CH,

164 n =1, R = CH,CH3
165n = 2, R = CH,CH3
166 n = 3, R = CH,CH3

Fi gwr2®esi gh¥sot e2binding anal ogues, stawfivagaviddom the pr c

The proposedls?2randteresal so docked, l eading to t
introduct-hpdr oXypar 0p vyl chain as substituent of
additional interactions with the phosphates of |

showriigmBe
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Fi gwr3é nt r oduehtyidorno xoyfl p3r opyl resi due after dockvlvgl eixnper i me.|
grey). Circlrgdoupsrefi RNA Phosphates that could develop ad:
hydroxypr opWl chain of

3.2.%y.mwt he¥ami nopi peridine lIinker (vl and v2)

The anal oygaves ef rodbmhai ned starting flrd@m tda @aeiel abl e
Chap3elanmd performi Ngal&kylad Bahtwidwe kphenzal dehyde.
the poor sol ulbd8nttdyDB no fmoasnti noersgani g€ Ns avlavse rctho,s eMa B

reducing agent, allowing the reactdidn to be cond

HO
~o
(} 1. MeOH, rt, 1h
NH, . (}NH
o N 2. NaBH3CN, MeOH, 0 °C —rt, 2 h o N @
OH

geey ST

148 (S) 159 (S, 60%)
149 (R) 160 (R, 70%)

Sche®dReductive al kyla8nih@iotf-hya@rionxeysbenzal dehyde 156® obtain
ant6.0
The idea to constructvX Be herbalsogrulecstwlrsessede dar i v e
the free amino grnd@ptiid®i tbmpoeerdend building bl c
3-ami nophenol moi et y. A | ateral cHHi wadepit angean
provide t hevfraendadc tpirvoeduacltkyl ati on as depicted in
35 The plan to sylntalse dihee fotld owti nrges t wo subseque
one using bromoacetal dehyde, protected as diethy
to further derivati ¢ attme sdnndamdtuirewamci hg ©Hepoot e

acetal to release the désired aldehyde derivatiyv
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O’;NH reductive O’;NHZ R
Ikylation I
o N — a o N HO N
— ~
2 oo 2P, e T
)—NH R )—NH .
N N

| OH
148 (S)
149 (R)
OEt
Br
EtO OEt RX R OEt R
HO NH, base, A H base, A \ HCI (aq) ‘
\©/ fffffffffff - HO\©/N\)\OEt ******* - HO\©/N\)\OEt ffffffff - Ho\@/N\AO
167 168 I "

Sche®é&Retrosynthesiandfi sittriuxlt ugyent heti c pat hislay for the

An additional consideration was the introduction
avoid possible side reactions, such as al kylatio
and, on t he ot her hand, to faddil iitana&!| tih®et eprumc
i nteractions between the functional groups prese
protective group is strictly Ilimited from the sy

(al kyl ations) anfd dagr dtiectcioonnd)i tamdist o reducti or

Mor eover, the cleavage needs to be selective and
due to the presence of the amide in the final ¢
TBDMS et her was tried, since it i s possible to s
t he presence of t he aromati c amine, it os st a
tetrabutyl ammonium fluoride (TBAF) i $teehectiThe

probl em could be the cleavage under the acidic ¢
the aldehyde. This first Za@pTheacphr dtse dteipo rc tweidt h n
conducted as desidt®i Bedriall ieacataoneof substitut
di ethyl acetal was conducted in DMF in 4dI69ghtl vy
overnight at 120 AC, al oln7g0 wihteh dtelpe o¢ ¥MBd@ide d n@n a
i sol ated.

TBDMS OEt
OEt I H

0 N
A _er \)\OEt
TBDMSCI EtO
imidazole NaHCO3;
THF DMF 170 (21%)
HO NHy 1t 18 h >I\ 0 NH, 120°C,16h °
ey +

H OEt

167 169 (97%) HO C/NJ\OH

168 (20%)

Sche®é3-Ami nphe@dIpr(otection with TBDbMS nmaonadc estuabl sdtei htyudtei odni ewiht
to obtainl@6émpound
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More attempts with reduced temperature (100 AC)
timesi362h) with thé78omed protbacmlieyht mospheric
solids anal ysiandd-NMBRaend A hleRneft o rceh,ar,a caveidtihs erdo

reaction occurring at 80 AC after 24 h. I n the n
ami 668btained with the prevN-methyleatcitdmnwiwtals iend
was perfor méd a(nTdabtlhee protectiaon Thteepgrwad peatc
i odomet hane all ows milder reaction conditions a
protocols were pppasedumneanbomgt eacaed oani@&N|iil eer
Tabl eenltdr,y 1) and NNMcei iod diperro puyslientgh y li enmeDnveF Y(DR2 P EA
respectively propg&dlad BV dWa&nTHhe first protocol w
to the higher yield. Mor eover, -ptripaed ulca ¢ k meft hoyd vait @

on the phenol makes protection in the first two
CHjsl, base
OFt solvent | OFEt

HO\©/N\)\OEt -, HO N\)\OEt

168 171
Ent Base Solver Yi el

1 KoC Q ACN 67 %

2 DI PEA DMF 36 %

TabléMet hyl ati on of secoln6dBary aromatic amine

Compoumewas protected again 3Wi ttho TtBBMS f(oSc htehnee pr
in strong acidic conditiofnsT B-pINi&toelcdtiBe datce do | yt r tey
products isolated-deproetlecitreldg d MBOWISH3d wlbed ai ned a:

mai n pwosdtuecrteosel ective santoamol ecul ar cycl:

6 3



RESULTS AND DI SCUSSI ON

| OEt
HO N
\©/ \)\oa
171 (23%)
TBDMSCI "
imidazole HCI (37% aq, 1.1 eq)
OEt THF TBDMS OEt 1,4-dioxane TBDMS |
rt, 18 h 0°C,0.5h (0] N
RO 1S
171 172 (73%) 174 (0%)
+
HO N/
T
173 (33%)
Sche®@8TBDM®Br ot ect7&md offreat ment in acidic environme

Based on the | at tperrotreecatcitdam nwasTBdDbvsSndoned and t h

group on the phenol stable in acdadii®ncomrdicttii @m. w
regard, the conversion of phenol etnit'®pluab|siuslhfeodn a
the use of nosylates as protecting group, provi
tosyl at e, being it easily and selectively <c¢cleav

This difference i n r eaatoi wiutbys toirdt geedatt rt ii lmwnt, a bmMha cthe

strong -eiebdrawing effect increases the electro
Schet@& s depicted the nodyWiphonestyil og hégui ke @M s
efficient seqmuenthe rewat ment in aci dl€b9nC@omp arned o

to the condi tli7e2ng hap pleimperfadcmur e was raised to 4«

duration, as there was no risk for side reaction
aldehyde Ueb48%Bt iwaes probably due to the instabi
part was |l ost during purification by flash col un
NsCl, Et;N HCI (aq)
| OEt ACN o | \)O\Et 1,4-dioxane
0°C,1h .0 N 40°C,1.5h
H il
O\©/N\)\0Et—’©:s\‘ \©/ OEt NsO \©/
o]
NO,
171 176 (96%) 175 (48%)
Sche®@8Nosyl attirandofreatment in acid cbobwBition to rele

The same pathway Mashykestedi vatithe. 3%ssehbhowdaimn
aromati ¢ 6@msneysetdh ¢ $aoom ndop MeSWp | pér forming the tw
steps with bromoacetahl deyde diethyl7@aetahemand
nosylated ahdBal datgde foll owing the same react.
l17bsessehemg. 38he yield of aldehyde release was r

flash column chromatography prlogagd fiicrmtdompari s
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RESULTS AND DI SCUSSI ON

OEt
B
Eto)\/ '
NaHCO; CH3CH,l, K,CO4
DMF oa 80AgN4h ™ OBt

120 °C, 16 h °C,

@ | @ e e
168 (68%) 177 (80%)
NsClI, EtzN HCI (aq)

ACN \ OEt 1,4-dioxane ﬁ

0°C,1h 40°C, 15 h
1N NsO N _40°C.15h  Nso N
S\(j/ \)\oa S\(T\Ao

179 (89%) 178 (76%)

Sche mO®Al dehlylTd8ey nt hesi s based on N-rhet lpylevh adniiddl cgegserl t on

Once al dé@layndeg &¥'rere obtained, the fusion with the
achieved by reductive 4amB8nH4.9 olnh e essapnead epsroceti dyccai t
for the synthedbndbt0semp8Sadhdeavmes appliedszCNising |
in methanol, was tphoessTilbC e to notice aldehyde <co
forming, suggesting a reduction of the al dehyde
formation. Therefore, the reduciegoagéonrotvgdr i éq
weaker reducing agent but selective for imines ¢

the rapisdtihgadrohgt this reagent undergoes with n
perform the -deabtboonethathe?2 Despite t Hel8nary | oy
149n this organic solvebh8D183hec mdfyg Ifatresd prtedyc

obtained with acceptable vyield. The nosyl depr
caesium carbonat e, l ed to the r®HBLr5e8s ponding fina
175 or 178

. NaBH(OAc)3 .
(t>—N|-|2 1,2-dichloroethane ONH
(o) N rt, 3h o) N \_\
O s, >/ 0 s ) N
\C[ )—NH \C[ )—NH R
N N

148 (S) 180 (S), R = CH3, (49%)

149 (R) 181 (S), R = CH,CHj (50%)
182 (R), R = CHj; (50%)
183 (R), R = CH,CHj (53%)

PhSH, C32003 «
DMF GNH
rt, 1h (0] N —\
_O S >—/ N
)—NH R
N

155 (S), R = CH3, (76%)
156 (S), R = CH,CHs, (85%)
157 (R), R = CH; (84%)
158 (R), R = CH,CH; (84%)

Schew@®Synt he disd teef bUSHBA&EBS
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HydroxypropylistauemMdal echain

I n this chapter are pressent écd tambmalsoagdy égmptths tthoe s
hydroxypropyl moi ety as substituedt2, o6nF ityRer ear o me
The initial idea was to follow a similar synthet
156158 with the additional challenge of the pres:¢
(Schermhe Starl16,d g hfer prhan was Nt(ah ywdrnoxeypgr apgyli)ntder
184i tir 8mpropanol , foll owed by simultaneous ©pr
alcoholic functidesrelamase hfemoml@ikeédydi et hyl acet

HO NsO NsO

Ot Br” " OH
H base, A NsCl HCI (a
HO\©/N\)\OB ————————————— > k OEt ------- - \j.\Et ””EEL
NsO N NsO N
HO©N%OB @ ot @ ~o
168

184 185 186

Sche®dmdSynt hetic pl asa@#bfhahdehwWwlhdeed hydroxypropyl Il at e

De Caettir'®dfler f or med t he -(nBoysdrl-tgpthiemrny | ophma2p yWly) phenol |,
bearing both phenolic and alcoholietfli@klasi opal ¢

simultaneously protect the phenolic group and cc
t o undergo nucl eophilic substitution with dii s
obtained with tosylation. I n tibee pre stehret food d eo,wit

reductive al kyl4&ts odepil t esct htehmee possi bl e synthet
al kylation, followed by denosy.l aA iprno ikt ab lge vsei deh e
in this synthaetiihogrrmauitnen oil £ otpthe | 7 ¢ substitution
on the al kyl nosyl ttoe gg-pvoeo blyt h sstructur es

6 6
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186
reductive
alkylation

148 (S)
149 (R)

o S
-
CEN/* NH - m

al kyldg8htia®donh amilBéeydd edepr.ot ecti on

Sche®w@Reducti ve
Wi t h
As

this | imitation in
shown
hydroxypropg¢B4dehiiovhtwase

compoiu®d Al de8gde

Br” >""OH
NaHCO; DMF

HO TsCl, EtgN
DCM

0°C,1h
—_—

r el
OEt

H o
HO RN 120°C.5h wﬁ OEt
\©/ HO\©/N\)\OEt

168
184 (70%)

Sche®m&8Synt hesi s

Due to the
Experi merttaldrhapt e)r,
foll ng
accor dASAP tAdG t e
ASAP. Through

amounbhyobddlwxh whil e

O Wi step

t he

produ@@®as n¢or med -rbeysohiugh on

fractions

67

eased

Tso\©/N\)\OEt

i nsth®8 liitt yw aosfsedaniradr gathtyts dbdl R
S5as7.t2h e
of 1di8ddepi vee ddldk gRréac d@@ame off or me d

guenching
purification

rest

andl8é8nd-poyo dukcfdamuctt he

mi nd, t he

ih©h3 Sehemedalrby®aasmisneb st i tbutoehed r wiptamod t

then tosyl ated

upon treat ment

TsO

j\ OEt

TsO

v

HCI (aq)
1,4-dioxane
40°C,1.5h

_—
187 (66%) 188 (62%)

@B.8al dehyde

and

70 mg availa
t he 109&act iad 1s,0
by f

wa s

ash col

mi x ed
mas s
fr

mi x ed

nosyl at e

umn

fracti

was |
o]
bot h
wi t h

on

ac

TsO \©/N \/§O

HRMS
bl

(s
e WwWer e
dyed leicd e
chrom

ons.

spectrometry (

actions.



RESULTS AND DI SCUSSI ON

O S >—/
)—NH
188, NaBH(OAc); N
< > 'NH, 1,2-dichloroethane 189
0] N rt,3h
_0 s >»44/ - +
)—NH
N : Nf\
148 o N N oTs
O S >—/ \©/
)—NH
N

190

SchewdReductive al kyll4aiitohn aolhdBedhnyi dnee

I n Fi2diusr eshtHwmMNMR spectrum of the first spot, zoo
set of aromatic signals integrated for 11 H sho
been | ost, confirming, together-pwodlhx@ he HRMS r e

4000
3500
/ / / / J / 3000
2500
2000
1500
1000

=0

£ K E)

<

2,00

=
e
]

T T T T T T T T T T T T T T T T
7.8 7.7 7.6 7.5 7.4 7.3 7.2 7.1 7.0 6.9 6.8 6.7 6.6 6.4 6.3 6.2 6.1

f1 (ppm)
Fi gwrdéH NMR spectra zoomed in the -prodlexd c region of
No further analysis was conducted on the sampl
availabl e. Stating the failure of t1Bi8s ahasthest ¢
approach was adoptedpr dtlexcdfnortmead i loat todr byt ep wa:
achieve the desired product. The i désd wasutoudes:s
) with the phenol a n da ma Incogphhceln od r gpurpost ecft etdh & 1 3

|l eaving groeupiiom 2f the et hyl |l ater al chain (in

6 8



RESULTS AND DI SCUSSI ON

nucl eophilic subddi@ndUdi9omhei shdamsalsti bat iodn dof

amine is most |ikely severely I imited by steric

P N
GPO \/\LG
N PGO
NH»
(0] N

_________________________ - /\/N
o 3 O™
\C[N%NH o S OPN
~
148 (S) \C[N/>—NH
149 (R) [

- e
---------------- DUt aaca
/O\C[ />_NH Il

Schemé&Al ternatviiveect eopédi |l ic substitution. GL = good |l eavi
Thi s viormutcel eophilic substitution, in place of r ¢
acidic step to release the aldehyde, reopening

group, particularly wuseful in this oase bOadendgi st
attempt aimed at reproducing a similar mechanism

46 With thismpoopble@®hIiwa(s subst ibtrwtieed hwhnoh 2o
inter mke9dadmad et hen @adaiomopmwntyg(at vyl ) di med®Rl $héane
|l atter whesyhenhedit d 9 3ndr»ep Imeidtiiang t he protection

andctivating property on the alcohol, converting
OTBDMS
Br/\/OH Br
NaHCO; NaHCO;  TBDMSO TsCl, EtsN TBDMSO

DMF DMF DCM
HO NH, 100 °C, 18 h 100 °C, 16 h o
\©/ 2 HO N\/\OH 0°C,1h
HO N ~on TsO N~
167 191 (94%)

192 (60%) 193 (54%)

SchewhéSynt hesitosofl abbiedl dRasedtomwesftrraun t lictteesme

Tosyll®dtdeas then usedd49oasal kiydbwmlédi nA Taibrl set att emg
performed wusing triethylamine as auxiliary base
(Tabl eenlttr,i es 1 and 2), used in literaturlé38to al k
I n the first case, posd4dBhy T#HH&e bho sBebobi bhntygcces
at 80 AC. Replacing the solvent with MeOH (entry
ASAP analysi s, was sli93Ilgietpmagrdib®yt e wlalgewionfg ano
protocol wusing primary amine and[!m¥tahndidéndl f onat
tosyl®a@eer e di ssolved in MeOH in a pressure tube a
ti mes were appb)jereda(ed8O0rA€sf8r 24 h (entry 3) th
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RESULTS AND DI SCUSSI ON

at 100 AC for 3 h (entry 4) it was only pos
ami nobenz®tbhicaoznoflier med by means of ASAP and TLC;
secondar y9@ams nebt ained in | ow yield H-NMRmgnd9I %),
HRMS due to the I|little amounambuabénbBbBtdhi akohg w

193, reagents

(t><NH2 solvent TBDMSO\/\l
conditions
(@) N A~_N OTs
>_/ —— N

~© S o H \©/

)—NH N

N 0 S >—

149 >—NH
N 195

Ent Reagen Sol ve Condi ti Yield Byproduc
EfN, K ’
1 THF 80 AC, - -
(cat.
OH
EfN, K ’ (\/
2 Me OH 80 AC, - TsO Nots
(cat. \Ej
194
3 DI PEA MeOH 80 AC, - -
0 S
4 DI PEA MeOH 100 A®, - \C[N%NHZ
55 (traces)
0 S
5 DI PEA MeOH 140 A®, 9% (14 C[N%NHZ
55 (13%)

Tabl®BAttempt of nucleophild@n studbsyli dtug9idberr iof atainv en e

Due to the little ambué&nd otbheaifnedt ftohmatprtowacdaddi
steps were needed for preparsd8come o8 othredl¥fti nrad s d

this route was abandoned to find a more efficien

in small quantiti #95 nmadeda hiet fwonratlh yp rtood ufcatl | ow t h
tosylate with more reactive | eaving groups, i n
amide bond b4aEabhr oéntries-pdoamPpts5Tddéy was to
replace the tosylate with the nosyl at e, mor e r ¢
achieve this, the doubll9®&anso spyelraftoirome do,f rceosnupl ot ui nndg
the phenol moi ety and chlordhataoni oé¢ tedactailcmoh
formati on wift mndtotnadCls in turn the formed nosyl a
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RESULTS AND DI SCUSSI ON

TBDMSO NsCl, EtzN TBDMSO TBDMSO

ACN
0°C,2h
- +
HO\©/N\/\OH NSO\©/N\/\ONS NSO\©/N\/\CI

192 196 (0%) 197 (58%)

Schem@Att empt of doulktP2 nosyl ation of

The undesiredl®T kbyeli ncgh laosr iwdeel | a good el ectrophi
nucl eophiliclé&@TasttBhie udsiomg otfhe same protocol witdt
16 entirl3)es dpd4 % aihabdl® the desired reaction occu
(entry 3), confirmed by ASAP, adminmgolwven héthtieca 2xlp
|t was not possi bl e 198 rscerp m2 -8-b e n zotmpbcdaumalin & ,

t herefore, it savdh.s Wiott h cthmairatchylrami ne i rolDuNbR,l iatiyme
of armid®eno reaction occurred even P d)sidbetbaly
exception was at 140 AC (entry 7) at whi9dh t he
occumgl @d g oldIxasr confirmed by ASAP.

197, reagents

(e, sonen TEOMS0_~,
0 N conditions /\/N ONs
o ST T o
o N H
)—NH
N /O S >—
149 )—NH
N 198

Ent Bas¢SolviCondi't Yi el d By-pr oduc

1 DI PE MeOH 80 AC, - -

2 DI PE MeOH 100 A®, - -

0 S
3 DIPE MeOH 140 AC,<18% ( 4 C[,f‘“”z

55 (traces)
4 E $N DMF rt, 7 - .
5 E¢N DMF 80 AC, - -
6 E¢N DMF 100 AC, - -
OH
7 E iN DMF 140 A, - NS°©N\/\C|
199

TableéAttempt of nucleophild4d@i tshubaltk t®.7d lolnoroifdea mi ne
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RESULTS AND DI SCUSSI ON

These atltiesemFEwdblien entries 3 and 7 confirmed that
chl o9 deas seen abovud Bwidtalb | tpg slyblhaet e¢eondi ti ons f or
substitution were too harsh, as the l48@8odsisdéylt e

ether deprldttecaldromedfeasi er and faster.

One positive takeaway from the failur4e7y oifs diolud |
actual great reactivity of nosylate ester of alc
amount of chloride for mad wasr itrog ptelrd or ena d thieo nn,0
strueOOrEeBBpMSD®t ected on the alcohol a48) wel h asden
to reduce chloride formation. Anothgrogeettomde
hydroxypropyl al cohol anduphenmndli ctvi tthh ah bk atseasne
deprotection step at the end.

TBDMSO TBDMSO
NsClI
TBDM No o~ 777 > TBDM N
RO ¢
200 201

Sche®@&Nosyl at i on20o0fo aslycnothhoelsi se t he2@d4sired inter med

To obtain th20a3mienap Meéjlirohwaé substitubedisat fir
propanol t o 22 aihn cal eovalsolt hen TBDMS protected, o
to give2p8 &dhbedde. The |l atter was-btrivetvet dlakypyl atted
obtain the desa200kd free alcohol

Br” " OH HO TBDMSCI, imidazole TBSO
NaHCO3; DMF THF
HO NH, 100 °C, 16 h 0°C-rt,3h
Ty o

NH TBDMSO NH
167 \©/ \©/

202 (58%) 203 (75%)
OH
Br~ TBDMSO
NaHCO, DMF
100 °C. 16 h

TBDMSO\©/N\/\ oH

200 (65%)

Sche®®&dSynt hesis of double TBDRBOprotected inter me

The results for th2eO0O@Goneyl asti ad idf Twdabslodpmoilssi bl e
the production of @@&dndedhhosy@OdeElme adad dietei on o
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chl oride before L7Tienhyhath)ingag¢€alkelx® 0.4 sWivteH yt had |
caution of adding nosyl chloride aftergtdat amnuxi l

excess of triethylamine (enfoOwag8)imphevegdeld 5O %

TBDMSO NsCI (1.5 eq), EtsN TBDMSO TBDMSO
ACN
0°C,1h .
TBDMSO\©/N\/\OH TBDMSO\©/N\/\ONS TBDMSO\©/N\/\CI
200 201 204
Ent Eq odN Order of Yi eR@1l( Yi ek @4 (
1 1.5 Ns Cl b el o 0% 94 %
2 1.5 EtN bef or € 34% 6 %
3 2.0 EtN bef or € 50% 0 %

Tabl®B8Synthesis of 20%yl derivative

Nosyl2atleas t hen wused for t he nulcdmopdri | t he sahmt
conditions as d%&scwiitbhe dhoi m eTaachtlieon oc orhrliomrg .deFut

20#was not attempted due to the disaplpéoi nting res

At this poivitauclt @dephioluite substitution was al so
oxidation of th20@vaal ddhbwdsa laddlearpt &¢ , ( $Sanhemaer
to perform a r edulcdt8iniled.9al kyl ati on with

HO

TBDMSO TBDMSO 1) 148/149
reductive amination

I 2) TBDMS-deprotection
_Oxidation W\ ,,,,,,,,,,,,,,,,,,,,,, - O;N/\/N@/OH
TBDMSO N TBDMSO N
\@/ ~"oH \@/ \AO o o N H
- S,
T
N
|

Sche®m@&Synt hetic pl dwiraefd uscttriuvcet varleksy | 2t0i5o0n wi th al dehy
The first step of alcohol oxidatiMamtio pkdeéebydae

DMSO and oxal yl chloride, and PCC, |l eading in a
not isolable and with no product mass detected.

Anot her and cloanssti sa tetdiamitgmt e al dehyde by 020601l ysi.
( Sc h enle, whi ch was derm ttwurom sSemgtobh@&ing almli nle br omi
Ozonolysis was pe20bkearkeidngnt calak esneer i-psoddictndt i d
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/\/
TBDMSO Br TBDMSO 03, pyridine TEDMSO
NaHCO; DMF DCM, MeOH
60°C,2h -78°C, 5 min
_ e eem
TBDMSO NH TBDMSO N A
A TBDMSO N
10 10 IO
203 206 (29%) 205

SchemdLast attempt of s¥ymE hesis of aldehyde

Due to time constrai nsynder tf auk @ rhsetr ot ddet rdtngpdrso X w e Ir 6
anal ogue based4ereestCrhiaptterre 3..2. 6. 1, Figure 23)

3.2.%y.Mt helsisear | inker (v3)

The present Chapter describes thEsistymmthieseasr 0f (
ChapBe?,Bi.dur,e s22wu¥tpeeformed by Ludovica Bell i/
thesis as Erasmus student from Sapienza Univers
the main findings are presented.

The synthetic plan to consdt $alcd&ae se¢ r d)r dduorgssesst ebda
of performing a nucleophil i c s6urbsprievwuito uosnl yb estywete
(see Chapter 3.2.8nH, t8ehemspk8) ilyle dmienasds r@s g
obtain buildindgvabl ¢ oksel eBrhiviag phehro wi ¢t h al kyl bron
di fferentthel efnugttuhrr e et hyl i dene, propyttodeynet hesi b
compounds | bf SeeNpmaddkcy | ati on at t he ar om@tidc aami n.

subseqgWBeonct deprotection step should | ead eventua
1.
O HN R nucleophilic

e} s NN' substitution o 0] Cl R

-
\C[ />*NH n —— S/>7N;H + HO N\Mf\NHZ
N I OH N
67 n

Boc. Br
”/\M/n=1,2,3

HO NH, base, A H base, A
IS S » HO N .Boc ’
\©/ \Hf\N ,,,,,,, > HO\©/N\M{\N,BOC
H H
167 m v

R

i HO N
Boc deprotection \Hf\NHZ

Schem@Synthetic plan for the synthesisv3fke€hapéear 8nadal 6gle:
Figur.e 22)
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RESULTS AND DI SCUSSI ON

The first step was performed following the same
3-ami nophlehfowi € h al kyl br odmi d,e6sS2(lsedme CBH mtge rNa HC O
as auxiliary base i n DMF. T MNeB orpe a0d teielt meodwazst hpyelr f
ami nebr onopropyl abnri onneg b ud ryd a dhi ne, obtaining res

aromati c2 0m2i0mMes moder atSec hyeinel bs3)

Boc\”/\WnBr

NaHCO;
DMF

H
HO NH, 120°C,16-19 h HO N _Boc

167

207 n = 1 (23%)
208 n = 2 (55%)
209 n = 3 (42%)

Sche®m&8N-AI kyl atanoinn oopf LeBjvo | (

Ami 286wWwas t hen met hlyl aetnetr3ieTdabll eowi ng t he same pr
f oN-met hyl de7 Ll ythiape er TA.bA.6 .e2nnt ry 1) and the on
above witsh nNDMEO ( s e®d Scheener eacti on was initial!l
80 AC 1dgakhéery 1) with 2.0 eq of both iodomethar
complete after 24 h, 2.0 eq of both iodomethane
and the reaction was |l eft Nmetrhyhagt ¢ o d@idtidhy ad iown a
50% yield. On the other hand, performing the re:
120 A€robaukit met hyl ated also on the phenoy, was

2) . The protocol was adjustedCredthei meatchée one mp
and the equisvaten2s0oéqgqCHeh@asy abt:aipred uwitt h a vy
with -pood®2itftor mi ng. I'n the20mkanteétmey!| atmé chewi t h i
and NaHG@ODMF (entNegt Myl todeigiiweeh i a esati shlacatory vy
120 AC apdodhlgchythyl ated on the phenol, forming.
RI, base
HO H\/\N/BOC condions HO E\/\ _Boc 0 E\/\ _Boc
SN T
207 210, 212 211, 213
Ent Reagent Solve Conditi R Yi el tBypr od
CHI (4.0 ]
ACN 80 AC, Ch 21050¢ -
K:CQ( 4.0
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CHI (3.0

DMF 120 AcC, Ch 21032¢ 211 (37Y%
NaHGO3. 0

CHI (2.0 )
3 DMF 100 AC, Ch 21070¢ -
NaHGO2. 0

CHCHI(2eq)

4 DMF 120 AC, CHCH 21Q75¢ -
NaHGO2. 0

Tabl&N-Met hyl atNiedarhydmd i on of secoh@@Ary aromatic ami

As depicted2in hSec feohd owi ng step was the Boc depr
This reaction was carried out on2ltained1p2r vt bu3JI FR

in DCM Y 9Tabhetamn@®s alnd HCI in @Qandanel Oebbt hesase
|l atter protocol gave the best yield.
reagent
R DCM R
HO N.__~,.Boc _ condtions o N~
! I
Entr Starting(ihm ReagenCondi't 1 (yi
1 210 TFA 0 AcC, 21634 %)
2 (R =3) CH HCldiox 0 AC, 216475 %)
3 212 TFA 0 AcC, 21621%)
4 (R =CBMH HCI in 0 Ac, 21668 %)

TableBoc deprotectidh@o@l2derivatives

As already introduced in th&2synhhbetnucl sebphtkgeyg
of21«ith chlor®aaest amitckecenpt ed i n DMF with triethy
(Schéme The desilb@&wdspobdactnhed only in traces, a
doubl e substPRPi,Gtelds @ rodtuacitned with a | ow 15% yie

~o
67, Et;N HO

‘ DMF O HN— /
HO N r, 4 h 0 s N N
\©/ SN )—NH >: . s

N OH o N =N
e s, > »NH
214 161 (4%) \C[ )—NH o
N
216 (15%)

SchemdNucl eophilic substi2luwiitom oHl préaameatya mind ex e
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To avoid this side reaction, the target structur
on the aliphat2i5¢c samilnda mgkelsglr gr oN-met hytatd) onThBihe
not affect the binding with the targesd aindce a
tested bear a tertiary amine at that position an
Chapst3er22, T2abl e 9,3 .Ch.da4athz2,manldl 3, 2T&hHRe 13

\
) O>\_H/NjMH R ) OPNM R
O\CEE%NH | N%}OH — O\CEE%NH I N%}OH

Fi gwrsaddi ti onal met hyl group (inl.kred) on the new t

I n our case, the fastest swarsaot ergeyd utcoe ot bhtea icna rtbhaem
of interndAdniddesNmet hyl group. As thelgoflbicat:i
(see Tawdse VUEDr)y time consuming due to their high
most organic solvent p,heaopr ptreectuircsm rs twda g ho fT BtDhVES C
since silyl ethers showed stability under reduct
or hyldfroxy¥FfFlhis synthetic strameghyWwas2appdat edeo
depicted 58 BThbemerst st ep 201f@ sp rTBtDaEVESt ied h eaf wmhse i
byN-met hyl ati on 2 b8 cTdhnep oruenddu ct i o2nl 8oafs cpaerrbfaommanteed w.
Li Ak reducing agent, l eading Nwet hpli aee¢yg, f aad p
219 As the puri2Zieadtilotned fs maoni mer t ha&tldnfdlbhe pr i
the protection step on the phenol wasep hzntwlved f

under went the nucleophilic 6ubgtviogi bhewdebichdt
217
TBDMSCI, imidazole CHjsl, NaHCO4
THE TBDMS DMF TBDMS
H it, 18 h i H 100 °C, 4 h ! |
HO N\/\N,Boc o N\/\N,Boc ’ (@) N\/\N Boc
T Tr Tr
207 220 (64%) 218 (79%)
TBDMS
(0] N\/\N/
LiAIH, \©/ H
THF
0°C,4h 221 (0%)
_— N 67, Et;N
| DMF . N/ o
HO N~y r4h N— 4 s N
o Y
HO N

219 (58%)
217 (70%)

ScheméSynt heNd-met loyl at ed2 137n dle@agueg t he tertiary aliphatic
struct uUriegu(rsees2 5 u)d.t ur es

To improve the efficiency of the synthetic strat

reactionsb5® Sclhpeméor ming the reduction step befoc
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strucltlunden the substitut6i7onanw,t hasc hllaosrto asctee pa,mi te

of the alkyl c¢chains R (methyl, ethyl, and hydr ox
anal ogues at the | ast step.
HO H\H/\N,Boc LiAH, o H\H/\N/ 7 o }—/ XNH
"H T g "W T = \C[/%NH
| i m OH
RX, base o

\
N R
************ - O s MN'
T
S Do

ScheméMoreef fi cient synthetilcV strategy to struct.

The reducti pmaswittthenLiaAtiltHempt ed omROtVTROOSSkheemecar b
57. Stra20thilge forolmy product i so222 Mabswasg itkled yc st dile
from saicklsHas a strong base deprotonating the se:«
in an amide anion, a strong nucleophile that a
el iminatitoerudobndlhat e and sabhnerqwwen2tulr @ywdlhie case
car bantalt8nsd 0,9 nei t her pproaddiceat en ows oblyat ed, even th

was complete consumption of the starting materi a

LiAIH, LiAIH,
THF THF
0°C, 16 h 0°C, 16 h
\(j \( @ N Boc ~ T, . Ho@ N
222 (9%) 207 n =1 223n=2
208 =2 224n=3
209n=3

Schem@Att empted reduct?2 @n2 O N-rnextr Ibyalmad misne s .

Based on the disappointibng thgeskiylt at sbowant éep Babe
as second step and the r286uAnsl ageesiebeaibed {he
chain based vodisséer cbapter 3. ®ebelal scgdyaTRESJ i

condi,fisnhed 1li8n eTmtbrliecewe Be amkdedef o2rleia phprl8ivieod t o

propanoRkRQ( Baablrey 1) and RO&pHACPasdme yt ameéing substi
iodomet hane (entries 2 aamndd 56)),-b riaontigorex hamael ((eer trri
4 and 7). The | owkhf aedpshatuee. QRad@erenkepmeo(l

met hyl ation due to the higher reactivity of iodo

RX, NaHCO3;
DMF
conditions

H R
HO N B
\©/ VN oc HO\©/N\M<\N,BOC
H H
I n
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Ent Starting m R X Condi ti R I (yi

1 20fn = 1 HO(GQMr 120 AC, (CHOH 22623%

2 C Hl 100 A0, Ch 22637%

3 208n = 2 CHCHI 120 AC, CHCH 22762%

4 HO(GMr 120 AC, (CHOH 22831%

5 C Hil 100 A®, CH 2 2 0 B%)

6 200n= 3) CHCHI 120 AC, CHCH 23062%

7 HO(GMr 12AC, 1 (CHOH 23@027%
Tab2@eN-Al kyl ati ons of 207/2d0d & rhy i ordiormeds hane ,-br otlt@ree hamel, . and
The al kyl at d 2ari@2/5R2@Buensd er we n't reductionNof the
met hyl d erdieead8dPinvesceptable to very good yields,
of the generated secondary6o Aaiméeheésd wi hd dddioredccfe
24024in poor to moder at eTaybileel d2sl,e a&s0o ddpnectreedstirn c
not possiblse thestyat gRedsli st ructur e

LiAIH,4 6765tF3N \
R JTHF R o N R
HO\ONWN,BOC 0°C,16h HO\©/N\M{\N/ rt, 4h /O\CES%NE_/ MN
H H %
N @OH
| ]
Products (
Entr n R Starting
I [
1 CHCH 212 2361%240209¢
1
2 ( CHOH 225 23B889% 24*1
3 Ch 226 234 39% 2456 ¢
4 2 CHCH 227 23667%248409¢
5 ( CHMOH 228 23666%24432¢
6 Ch 229 23752%24651¢
7 3 CHCH 230 23849%24630¢
8 ( CHMOH 231 23093% 2479%
*Not synthesised.

Tabl eTwol | ast

synthetic
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RESULTS AND DI SCUSSI ON

3.2.MMRhased results

The NiVBRsed results biitdebipopdems i at2z@2sdoiwmcli nnd €T ¢
compoulnsdbd 6.0 Amondgistihe dinders with the3.l2)nge.adr | i
onl y ¢ o ndlgR40,dR243, adaglwer e solubl e enough in the bl

tested. Even for t hese four cases, the solubild@
i nterpretations of the parameters were unrelial
excluded. For"dstihtee phloit recaerri sa bwiltprer3d di ne | inker, th
were not assignabl e, t herefore the factor was e
as qied : .o0O0t)dhlelo mpoundiss é mi esh, | ower Vvig | uweesr e( CSF

regi sCempduln&d&nti60Tabd, eedtries 3 sandhhdglhysh owaldu e <
compar @d8b1®8entrii8¢eyshé&racteri sed bybeat weenmgetrheditsw

aromat i c.Trheei esttireusct ur al constrains could explain
5 _SL1 i n comparison4@odudl®e Theuedc deed was al so
i ndependent of the confiQ-uoafi yhdéed alhbdd slednBant i onmn
and Rconf i ¢ 6,0e5d7 alnx8 sl 4)9. From these results, it

establish a gained effectBamindphndmeeliynt raagdust abe
computati onals ececalCh@lpdaljebons (

Q—NHH

::m e RS,
CSP T2reductHi ghe Hi ghe Hi ghe
Enti1 Compou [ Hz wLOGS [ %] CSP wLOGS T2 SumRanki
1 148 30. 0.00 100. O N N N (0] N
2 149 24. 0.00 100. 01 = N N M =
3 159 20. 0.00 83.78 n N P N M P
4 160 21. 0.00 85. 86 @] N n Y (0]
5 155 17. . 0.00 74. 30 > N > N O z
6 156 15. 0.00 72.85 Y N T N X Y
7 157 15. 0.00 72. 85 T N T N P T
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8 158 19.: 0.00 88. 75 P N 0] P I

TabP2eNMRbasedsul t s"dift & htei Rder s .

Al though Ppobswabl @eaoto confirm the expectations o
stipulating additid%salt ei nti grasd, 5§ etdhsr afMRithisst e2f t h
bi ndceorusl d adjust and i mprove the computational mg
to improve the solubility in 2hR24@ufef2elriwecendi t i
undertaken during the course of this work.

3.2Fdrther biologmmatabncharacter:

The compounds t-eased dygr é&NaMWR ngcshawesed ef Bdtdher onae

experiments performed by Sabrina Toews, Schwal be
3.2.am8lL 2)7. MTT and agar diffls2.am8AygydouCh apt
analysis in Bracher galolupt,hewefrien aple rcfoonpnoeudn dfsorby

3. 2.Bi.nMdi ng si tve 2B@PHTOMQPSY measur ement s

The RNAand interactions wey eSarorniina rTeode wsy, TSIChSAVe
This technigue allows to detect interactions bet
and cytosinesvasapismpihre ¢ owm@mlnidng, as dI.n2.rooHiugwrde i n
26presents the2an@88ulthe forst two promising bindi
depicted -ptehaek scroofs s5 _ Sstlatie; iitrs @yprepalkes tedfte ahcal oos s
5_SL1 after addi5t2( on ohedbepmpdBdond t he r66&ht) . \

the strongest CSPs were identified in the asymme
whi |l & 2floerar CSP were registered in the same regi
the apical |l oop, nucl eotides C20 and C21, wi th a
CSPs observed in the apical | oop, conmpapg,edmitgphtt h

suggesipohanti ally interacts directly with the i
t hat propagate through 5 _SL1.
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£ £
Compound 52 & | compound 68 g
5_SL1 150 pM 5_SL1 & T | 150 uM 5_SL1 a B
w0 w0
19 ~20 150 (M 5_SL1+ o & | 150 uM 5_SL1 + us & {
ccC 1 mM compound 52 u25 1 mM compound 68 u2s
"y c?! HN & o I 1) \N—— &015 =
17y A2 B i e TR A NP us2 ©
c-G WL ) L) .
N c16 AN
C-G
‘ c33
AU c3s ® o % %
o & u13 ® ] u13 w
A% u17 S . u17 = 34
27
2y A u10 D uto >
c?8 Ut c28 o g c28
U-A Do % o - un = @
10y-A30 o 0 © ¢
U-A > O c21
G-C U"" vis @D
S-C 3 3
6g-c ecw @ c1o
" 4e 78 17 718 15 714 79 78 77 76 75 74
<35 ('H) [ppm] <5 ("H) [ppm]

Fi g6 D'HIH-TOCSY experiments of 5_SL1, before (5inomltalt&k) anc
|l eftpgamdthe right).
Some of t he compounds further synthesi sed wer
measurements-gaia&eagstiColmpoannds were tested at a
RNA/ Il igand, slightly diffebean®8r dmet he tomdi el
availability at the time. Therefore, the result
Chapter. Among the compounds bearing a different
87 -br omo sub88 i antddeidne® hoxy <SBOwet et utacsdbad, with
benzi mildr&nod-neet pyperazahnd@3Rdi 2ufr.e For ¢ 8dapnodund s
88wvere registered clear shifts for nucleotides L

bel onging to the asymmetrical inter&®slhowedp or
additionally shifts for U9 andl3JZ G.ugPiemitliaarg 1t exau
compounds might i mprove the binding due to the
regi stered 68 8Bkeaezc asiddaabtlneshowed i mprovement, a

was registered only for nucleotide C28.
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3
Compound 87 g
5_SL1 150 uM 5_SL1 < a £
19~ (20 150 uM 5_SL1 + - u2s L R
18UC CC21 750 uM c:)mpound 87 o «|+
17y- -A22 \ us2 =
c-G OZNC[S 3
c-G )—NH c16
A-U N c33 u17 . <
13 A28 . P3 -
A27 C34
124 O vis
C?S u10
- C20
103 230 ‘ 8011 C“% 3
e °
G-C c21
G-C u18
~ ’
c19
7:9 7tl 7t7 7:6 7f5
<3 (*H) [ppm]
o d 88 E C d 89 E
ompoun & ompoun . &
60 uM 5_SL1 ? o’ E3 60 uM 5_SL1 § o [ £
u2s il u2s S18) o
60 uM 5_SL1 + v 60 uM 5_SL1 + v
300 uM compound 88 300 uM compound 89
& \N us2 X u32
= o~ (o] N— ~
Br S w _o s o
ot S
N c33 S N c33
o o L & o
u17 @ u1s ¢4 - u17 ca |3
u10 u10 =
c20 8 1 = 20
un czs,: @ cs  ©2
.021 e c21 Le
uis @ u1a.
(] &
c19 ® c19 L
7‘3 7Z7 7:6 715 7:4 ’7t8' ’ '7t7' o '7t6' o '7t5' ' '7:4
<€ 5 ('H) [ppm] < 5 ('H) [ppm]
Compound 105 e eé Compound 132 95
60 uM 5_SL1 b Py s & T 60 uM 5_SL1 - o e T
60 uM 5_SL1 + uzs N i 60 uM 5_SL1 + uzs ©
300ppM Eompound 105 @ * 300 pyM compound 132 & *
o Nie us2 Y, us2
Lo~ N 3 ] (5 i
(;[N)—NH c16 ° 5 OMN c16
czs,‘ & - \©:/>—NH c33 & ©
¥ &
"q u13 S 13 u17 ?3 2ol
u1o c20 u1o0 c20
< o ® o o
un & &8 o e c28,
c21 e c21 Le
uts G uu‘
o
c19 2 c19 e
720 7Z7 1:6 7:5 7:4 7t8 7:7 7t6 7:5 7:4
<5 ('H) [ppm] <5 ('H) [ppm]
Fi gRrfe B'HIH-TOCSY experiments of 5_SL1, before (8i7885H9 ack) anc
10,5 aln3d2
These preliminary results are of great i mportan:t
|l oop for 5_SL1 as the primary binding site of
obt ai nedetipprper amahelg3ukeal i date the strategy of a
sites in the structure tosBn@ré&ase the binding (

8 3
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Further TOCSY &experiments om tpliehteh 638 h a [©iopng roiudhidn
derivadByYeshich showed the pe€dhapeeul 83s 29,6eBal [Te

are s¢goil.hgon

3. 2.Mut2z2ant counterscreen
One of the main issues in drug devel opment is ¢t
the taABhegetpounhtiat cwenrsei dered as hitscpopmpeugctdapt &
respected at | east CSP 03 Hhe Wl QERY¥MODI sWer eand
tested. elfThesedscompounds for each generation we
construct of 5 _ SL1 by Sabrina Toews, Schwal be gr
here |l ead to shifts in the H5H6 r esonamnccaetse dofwiul
and surrounding the internalwaobpsoeiffibedLads t he
binding epitope of this viral RNA el ement. A mo
|l oop, was therefore designed as a counterscreece
nucl eotides A27 and C28 andemaneddditporat-i dnhasg
Crick base pairing, resulti2@.in an overal/l pair
Modified
5.sl1 5_SL1
19CC20 1QCC20
By ¢ 18y g2
Ty--p22 17- -A22
ca ce
o
13u__A26 13U_ 6
WZA /\27 I:> 12A_U27
C28
101 _ A30 0y-A
U-A
U-A U-A%
G-C G-C
- G-C
63_234 6g-c*
Figwr88 _SL1 construct on the | eft; modi fied 5 _SL1 construct

counterscreen.

The resul-basetl B8MReenings with the mutaz%®dl 6 _SL:

binding was detected, CSPs were measur ed. Most
binding to the mutant of 5_-S8fpe bmPh et Lo fs el ec
selected compounds, depicted i n grey) . I n case
significantly | ower compared with the ones measu

hi ghest rate of binding to the mudtsandon5St aSLnli nwa
additional basic site inl33e68,6ll34t eain&D shgg ens t(icnogr
possible additional interactions wit%i5eSbindMdors

8 4
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158n8d58nd mut ant 5 SL114&@mod 4,9 ectoeucltde d nfdoircat e t he

the postul ated second 3b@nidi ng site (see Chapter

2-Amino derivatization derivatives

\
o N—

o O,N s,

O, (0] NH 0,
_o Sn o N 7 S%NEL HO i \@N% N
Co™ O Il s ;

_0 \

7 52 56 58 o N—
7.20 Hz (16.14 Hz)

Br S
\ T
HO S O>~N{—| Br. S 2 (o) S ? N A
88
[est i ee R A et
N N

\

Q N—
OH 59 66 68 el S,
5.50 Hz (12.23 Hz) )—NH
N
- - - : 0 89
Derivatives with different substitution pattern on the benzothiazole 9.30 Hz (31.92 Hz)
Q \N Q \N o] \N o o] \N Q \N
o o BN O N o o
FsC s, > 8 s, > F,c© s, > s s, > HoN s,
)—NH )—NH )—NH )—NH )—NH
N N N N N
90 91 92 93

94

Heteroanalogues Analogues containing a second basic site

/ NH /
3 - <) () (o )

N o N QN QN u N
\O/C[N\H“ /O\C[S%NEJ /O\CES,HEJ /O\C[S/HEJ /OC[N%E%{J

H N
105 133 1:3 (S) 140
6.80 Hz (24.81 Hz) ,
\ N
o N—
/©:N N o HN NH
H—NH /O
o o />*NH />7NH />*NH
134
106 136
11.0 Hz (10.09 Hz) 8.30 Hz (32.79 Hz)

NH
\ { )NH O—NH
N QN 0 N(J o N ? o N ’
I s
~o

o S 0 S >_/ 0 S >—/
s e \Q: %N%‘—/ \@ S>—NH \Q: )—NH
N N N
o7 150

0 135 _0O 9.00 Hz (34.62 Hz)

0 151

2nd-site biders
(o gels gels
/O\©: %NH 123 (R) \_Q \C[ %NH 155 Q \©: %NH 156 <\‘%:ZH
4.50 Hz (17.28 Hz)
(o O—
e, 8 ek TR,

158
3.84 Hz (19.56 Hz)

Fi gwr9€ount erscreen analysis of selected compounds on a

ar ea mii gad | dagrhitoeadt (bsye3ec 3CIhtawprt seirgh t b |
substitution pattern on

green; second

mo
ue; d
t3h & . ®enn zroet dh;i ahzeotl eer o asnBael JoCghuaepst e(rs e e

addi tion3.l 2J.blasi p"Ussipthee ; b(iBnedee rCsB a(fsteBem Cdragrt ge .
Compounds with negative

same chemical group

counter gceryeend n( caskei mdi rag )p oasri @ i dep

CSPs were measured. CSP values in parenthesis are reported
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Chapter 3. 2,ChadteTalBl.e,Chadt efizBlTbLrapter 3. 2.,5ahd Tabl e
Chapter 3.22)6.4, Table 2

Further screening analysis involves tests within

efficiencfyredheramedllati on -&ssay sysvemvaeravedlf

reticul ocyte Ilywmitneess caeintien gd eftoerct i on based on th

the here athpkié@erdMamo Luminescence i s Adeti ectteérce d

presence of the needed substrate Furimazine. |In
andherefore, in the luciferase output, -gosi nngo be
and therefore not described in this work.

3. 2. MTT3 assay

The cytotoxicity of all final compounds W&s asse
cell as ailnrteraoddguced in. CMaptenf3the3d3 5B final C 0mj
cytotoxi egee®dbBbNM)ectexXdept for a fewo@he&s 48)1L H6sl i gh
(ls& 2TW)L5701s& 48)158I1s& 28), 2h{@s& 2TMWM) . These resul
mi ght be very promising if supportednbyicftwrntiter
on SARS2, as they codldsbea évabtatsel ectivity t

genome.

3.2.ANgar diffusion assay

As already described for the TH®2 ainnhinbictroorbsi a(l s
was assfeosrseadl | t he f7i5n28 135 @508mp o650 6& 37(07 18 71 9 6
1061082683214, 4815,15616,21,24,@and4R24)7 presented in
thesis L£DVSARSpgmdxst various moldrelt miwoa®sT@|,Ni S
the compounds tested showed an inhibition zone,
regi stereglraamggbhstve EBabeei candBsewddmonas ,mar gin
grapositiveSthaphylrc@occasdtemqepramoccusamredt gerastus
Saccharomyceanddareovivseaati pol ytica

8 6



SUMMARY

4 Summary

This thesis dealt with two i ndejmpdasadmdinotn toofpi £mal
mol ecules as TPC2 inhibitors &£o® .as | igands of t

The |l ead compound for TPC2 inhibitof(ly wasntthdiai
by a HTS campaign performed by Nicole Urban (Sch
Prof. Christian @ywarmem garMU)c ullLayrslOY5 promi sing due
i nhibition towards one of the two synthetic act
towar dsAIPRBCRe di at ed acti vat i eMINEZIMepPdiraetde d oa cTtPiC\2a t
Systematic structure modfi fLWRROIL YVHGL avferteh @ efr f @& mie
det er mi ne tacet isvirtuyc trueleatd)omshiTPL2AliInby b® taofal og
presented in this work were crucial to underline
on the activity of smal/|l structur al variations
i maging exper i neynst@IN-(ALpa@ wwvdadh sel ected as best
their activity is currently beiwgampnieexmptme.d by e

The starting po-Co¥ @f ojtdhhet SWMRS t A,e ibdeennztoitfhii eadz
Sreeramulu antd?®Rbchdéeng the first loop (5_SL1) c
optdami o/wwasf achi eved by synthesis of a | arge var.i
NMRbased screening by Sabrina Toews (Schwal be

modi fi cat i sends ,a cccaotredgionrgi t o chemical characterist
further compounds, originated by the fusion of t
i mprovements and insights on the binidni ntghipso cpkreotj ¢
highlighted t he cruci al i -bbeede psecirdeeemc en g b eatnwde e
docking, which consistently influenced the strat
synt keeks. Additionally, it underscored the nece
and effectsée vehy deovelmépment of compounds with i m

4. TPC2 inhibitors

I n this study, the di meri dl)wdd oirdearuti infoil @ dh ea 9 ea i pvc
of TPC2 and subsequently wused-aast ilveaady o oenpadu nd sfl

I n the | ast years, the increasing interest for

cruci al rol e wmfelt hing*¥daicieaa | c*A°Aahnedc tnieounrsodegener a
di sofder’The starting point of this project w
7, 00®dmpounds (drugs, aatloxavnsmpbsoaomes ric cal ci
using a HEK293 cell l ine stabl yttekpFesheilingvopl as
known synimoeéteical laow ac-AtN@)aods TREBAD 'Were used to

assess the inhibi(Qorwhiedth ecésulof edhifs@medoakiedg T
87



SUMMARY

activati-bal dwi dhff9erence i nhiANI(2) mg diedtfeed t a mtviewr a
(Il & TPBAAN(Q) = 6. 4¢ OMAZA(R)) = 0)B6B OMder to expl oit
of l ead str@ct sy etmaydsitOfiiccati ons of this compounc
overview of all sederisashoed0 shAaddigiemsorft ilvyds 01 (
which serves as precursor to i dNnokLyh@BHdreahl or i
syntdee$he folsleawionfg anal ogues focused on met hyl
ami ne sN,NONGIOe i met hy | atlelaln dh nsad o@gmuckary B2 i ekhalktusi ael
met hyl ated on both aromatic amino groups4) ,To exp
vaous analogues substitutedwemneté®enthbMairkedatl €8 :
compouh@asnd 7 N-benzyl c olnppt chuprod a r f unctsiuobnsatli t gint @wrp
derivatsuweNsc yasnomet hyl1l9Nerciev aytli vdeelQr i evtahlt yIvB&Ne st er
hydroxyet hy2lNaéenm inwvattihywd2 Jeandatheet wo hyadF azine
an@6 To assess the need of the symmetric struct
subunit &f weyrseO lob(t ai ne @ 8N-mon ommetyhywiman@&d® daenrdi vat
t heN-di met hyl 80mpMourdver 35homot apgossmpgactewas G nst ec
of2)C t he rNensopneocnieitvhey | at e@8 homekbdhlser i nat@@ anal o
and the rNmeptectyli3@Pieede sgend.heBdreshiia addtllogue

oligoamine chain was substituted with two propy
ami ne.
Lys01 (4)
H
AN SN /\/N\/\NH
cl N8 Ny cl ¢ al cl cl
HN/\/N\/\NH HN/\/N\/\ /\/N\/\NH
Hk [ oH ﬁNH2 NH,
HN/\/N\/\NH HN/\/N\/\NH HN/\/N\/\NH
HN/\/N\/\NH N >NH2 HN/\/N HN/\/N HNT NN

c N2 Sy ¢ a N N 2 cl N 35 SN cl
H
HN/\/N\/\NH HN/\/N\/\NH N HNT " ONTONH
C . QO T ., O qu %@ o0 . O
cl NT 40 Sy cl cl N” 38 SN Cl

Fi gwBro®verview ondahel agep®dhé¢si sed and tested.

8 8



SUMMARY

Startiadghlf owoomqgudion3o/ inauecsl eophi | i c

purpl e)

wer e

ar p Blah &d&%e sinbst i

synt hesi s&dll1t3he ati@maeairsiian gqg uihreo |ri enseps

oligoami nesnoname&r8ame0

us i

a |

ng arge

excess of

ol i goami ne a sN-hryedargoexnyte,t haynl @ 2wmti ecrhme duipaotne conver si G
al kyl chl oride, was substituted with metByl amin
Di meri c g8i3nsol am@wer e met hyhatdedti ve met hyl ati
formal dehyde and sodi um Ntnmreitahcydt oxidbBo® ola@G@r i de t
Selective methylation on the two 8avase matcihea eamidn d
Boc pr otNNeéd tomy,| ati odomettthane, and findlINé6Boc de
di met hyl at e anal ogue
Cl
0
X N/
9X=Cl
R E R 37X=H R
\H/\é%/n WH ‘ HZN/\/N\R HZN/\/OH
l nucleophilic aromatic substitution l l
R R aN O
| AN
R\N/\H;N\ﬁn/\N,R HN R N
>z X Cl N 32
X N N X 28R =H
8R=H,X=Cln=1 30 R=CHy 1. 80Cl,
1M R=CH3 X=Cl,n=1 OH-CI conversion
35R=H,X=Cl,n=2 1.Boc,0 2. CH3NH,
36R=H,X=H,n=1 ’ Boczprotecion nucleophilic
2. CHyl susbtitution
CH,0, NaBH(OAc); N-methylation H
reductive AN
methylation HN
X
| foc ~
HNN’NW\NH \N/\/N\/\N/ Cl N
X /‘ X /‘ 2
X N/ \N X Cl N/ \N Cl
14
4X=Cl,n=1
38X=Cl,n=2 Boc
39X=H,n=1 deprotecion

Sche®Synt hesi s qufi ndB,hé3ehsca3nedr omh4 or o qudiamdl7i naensd

Cl

Cl

monomer s

28 nd0romdédchl oroQuiimoctli eeplii |swhb satristimathiiccrhne respective ol i
Synt heNN& iofet hyPaSgdt Neeitshydf emdh om

An overview of the syntheses of compounds vari ou

of the link&rssdaptichnhglbN-AMSYclhatmed T% nfac@r2d s

were obviraedaedti ve al kylation (in blue) with the

sodium cyanoborohydride as r educoitnedh wdleoxy e talh yln
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SUMMARY

deriva2i Veke | atter was N-hhyedhr odkeypert chtyd dtt deedrbidvaatt hi evne
convertMamimdet hyl 23perifwatming a Mitsunobu react.i
and DEAD, foll owed NIy amhymdetazyIndldpgad yabtaéened b

nucl eophilic shurbemodaudtiomi-aary |l t i ocan8 dygaavwee aonii d e
der i v2alt iHlyedr azi n25véesr ioba aNiF-mietdr obsyaft a lolnowdd by redu
wi th M, BAdnd i t s vmeterlwlcatiiven al krynhaaltd eshoyddieu/ n h f

cyanobor glawMdN-d idmet hyl ated hy@6azine derivative

NaBH;CN Br Nx
reductive alkylation __—n \\
N
nucleophilic HNT NSNS

substltutlon
N/\/ \/\NH
/@\)j fjij\ aldehyde/ketone

16 R = CH,CH3

Ac,0
17 R = CH(CHj), 20 /\/N\/\
18 R = CH,COOEt /@\)j @
K\OTBDMS

AN >SN

(0]
TBDMSO™ >
X = - N
‘ HN/\/ \/\NH
pZ X NaNO,
cl N 22 N Cl N-nitrosation X =
-
— NS ‘
Cl N 27 N Cl

silyl ether
deprotection
DIBAL-H
(\OH reduction
HN/\/ N \/\NH

NH,
X = N
_ o | HNT S
X =
e \‘
cl N 25 N cl

1. phthalimide
Mitsunobu reaction
2. hydrazinolysis CH0, NaBH;CN
reductive alkylation

HZN/\ \N/

N
AN Ny HNT "Ny

X = X =
_ < _ |
Cl N 23 N Cl Cl N N Cl

26
Sche®m®&0Overview of the syhiiRezji2s326dndlearvausVgssubstituted
central ami ne.
The synthesdassafatdhedisy astuimmear i se@d. | &t &Srcthliemig f r on
di chl or o Qu,icridd loirme was extbdonged wifhcédently perfoc
the Sonogashira ouulpolli.ngAdvingrde tphreomp vimgduteaedi um
catalysed hydrogenati on 4tlo Thhyed rloaxtytperro pwals dienr itvuart
two complementary reactivedlgaosupenveheetdydnorytp
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SUMMARY

mesylate to undergo substitution with sodium az
reduced #¥& amineéhe ot her 4dhlwndh -Ndarstdiant | perr ioddi nane
al demMyydeReductive al&«8vli ahi amMdipedhwea mtidreess @42 & anal ogu
40
1. Cl-l exchange
2. :—\ OH
OH OH
/@\)Clj Sonoghashira coupling Il rl:;:i/&tiﬂﬁ /@\/g\/
X _— B
cl N o cl NG
9 cl N el
44
_0O
Dess-Martin \ 1. MsCl, mesylation
oxidation 2. NaNj3, azide formation
/@\/%\/ H 3. Staudinger reduction
cl N

NaBH3;CN
reductive alkylation

NH,
/@\/%\/
_
cl N

48

Sche®ESynthesi s<defarthedBbsvative
The biobkbogical evaluation of these anal osguegs ewa
cel |l calcium i mdgiereg Chrape reir me r3t. s1 . Fi. r3s td)n dwyBs 011. 2(.
tested and significant inhibiti-ABN@anbdoTREActi va
P (3) was registered, confirming tcheemprad guml tist sob

trihydrochl oflj,)ddhealmoslty 0o mi si ng MN-ecesmet hywlast eodb

anal o8guéei splaying a si4dmi Madi feif ¢ @fcg o slkeeeme gaomrdr o m
amines |l ed to a strong decrease of inhibitory ac
N,N&d6i met hyllaan®c2and -dbeissaza andaldogpésaying no signi i
inhibition. OBhywedmpaohinditi-AEN@actHi watsihad PCR ow
compared t4 DysOlwi(t hAINJ2) and P CRIP2(3)) . Among the
substitutions on the centr aN-etalmjln ealnt ik emmpzolar s
anal dpumer e better tolerated compared to the vari
18212325 a&amdhi ch showed a | oss of i nhi fAIZRPB@)ry ef f e
activation. A cruci al role is also pomges bygstt
completely the i nh-AbBA(3),0rwi8Hdwictg oan rTPtClRer oppos
selectivity trend maintaining -AIN@m@agai alalte onnhil
dechlorination also |l ed to disappointing resul:
el ongat ed h3o5mp 8 Bkgeupets a signi ficant i NPAILNK2) ory ef
activation.

Compounds not showing inhibitorawyesagdnssée tiryelwaetrieor
were determined $®8ghade fceor eg rUoulsm,m gdeFicpazbicgi)um | magi
experiments. T h e rLeyfsodfle8, ( 1A &inplR BR G263 5 an8ler e
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SUMMARY

tested at different concent rAaiN(2ponrs T-HPOER(3p waad dby a
| &val ues were deter mi ned. The bedtl g aP@ANs wer e

) = 9.3%(OMPAA® = 0.)84 cOviparable to the ones
trihydrochysddEeTRPARNR) = 6. 3{ DMAAA®R) = 0.66 OM)
andN-demet hyl a(4padn aLly®@0ub§ TPAZANR2) = 4 95{OWAAPR))

= 0.69, OWMhich di$playedd féer7r&nce inhibition bet
mechani sms. Among the set of anal oNraitelsy Is uadbrsali d quu
16 € TPAAN(R) = 13:(0W@2APE) = lahdbdMnzyl alnsal ogue
(I & TPAAN(Q2) = 17:(OMRA@APE3) = 1). 6gaWe comparable r
Lyso®Ml (n terms of modality selectivity, althoug
activation mechani sms. The sriganti fotabhhkey ahaWwepgue
modal ity selectivity.

The results oBbaseedcbalciFlmoi maging were compar e
inhibitors recently deGsrab@Adl6ystowrctgraupy 3S6I

bi sbenzylisoquinoline alkal oid t et4rbaarsderdi ncea |l cT huem
i maging both ima%GeO&Emi{dEBAN@) (= 2. 34 OM@2RA C

@) = 7r&a3Guw4s{ TEAZANR) = 2450 @APC) = 8.3 OM) at
as pure ena&ER3GoOMmed{sT BE(ZN (2) = 7. 8 DMAZAARY =
10M:R-§GO05:5{ TEAZANR2) = 2. 44 ORMA2AA®) = 9.9YSOGM; (
0945¢( TE@QAN(Q) = 145(OWQRAAPRE) = 1R)-SB0;94(s¢ TEAZ

NR2) = 31:{O0W,@2aP®E) = 18°10BWt h4)L yadHade met hyl ated der i
8di spl aywaf taar -AEP®2cti vatobd NLOwer cOMpaned S& S
094, confirming the great potenti al A fhinal ne
confirmatdcloamp paltedtrophysi ol @pdianaledebudr it rhen trse
stidgloimmg and preliminary. Therefore, they were n
4. 3ARE02 RNA | igands

The starting point of 7t hwbogpeojrter wasi compwunhi
of SKARL RNA were identified éty!%ye NiMRmsilpe cd mad sRic
5 SL1 has been proved to be a promising target
|l argely involved in Nspl evasion mechanisms, whi
i mpaired cellulld® Ros®Bystramastdiaci modi fications o
performed and the binding to thebabseSd 1s cwmaese nrienggu
Sabrina Toews (Schwalbe group, Frankfurt). The b
three parameters {MWERNdWLMOE&SY esults for each ge
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SUMMARY

foll owing design of Iigands. An overview of the

characteristics, 35 presented in Figure

Starting from t hemivma i gart(dhkadpgSupie tfluemc2 i onal gr oups
ami déels 065 abnd ur5a838659 armnQd hi ot tgeuwani &iZanneBs3 and

gl ycinta8Bmé de synthesised. The | atter was selected
one of the best in terms of combined rank score
pr omiMN-cigmet hyl gl ycinami de moiety, whi ch was cru

compared to the ot herQ6 aem naw®d (acnadmponundspr ovi ng t |
in comparison to the neutr7@ah85:6mm0damddandtfarmaemrsg ( s
68 three sets of structural modi fications wer e

characteristic of th8&96éompaundg dompeumrecs subst
the benzoB hisaudbasltd tuents i n readveraendcytniidhelsomeldog
this sedimat haxy 8 0Onwasst isteulteecdt ed f or further deve
3.2.2.2, Tabl e 920 5bI1HE& retr 206afn atl ey uteesn, o thteit eez wlcey c(l e
in green) were testldd ewintgh tthen zanomitd oz ®lmd si ng ( S ¢
Tabl e 1IMN-di Mmértehy |l ami 6@ amoif @try hefr substituted by
a second b®&®dsicngpoupl ¢) , aiming at improving sol
conditions further and at gaining possible addit
the RNA. A feBy dnunaslioguahe( structures wised, the b
such as-di met fudtsyt i & udretd3,5 respecti Nmeétyhplemirpeamgazi
and piperazine, an dl 5tamdl 5thvea r @ mapnntti imanpeBrpse r i di ne m
along with bledBziamii dguedtlhey | pi perazine. Damdh g t hes
3-ami nopi peri dilndeB 1beirt iowat iowd s, directly followed

13P136see Chapter 3.2.5.3, Tablée8nB)verMorfeowvtelmer
devel oped by expandi mgs itthee Isitgrauncdt,u rwehiwiht hwaas 2 de
TOCSY experiments and comput atDbDrdimalc ed a IBdDalmenteir sn s
Kaspar Zi mhekrammaanin ,Azzaoui (Saverna Taredbr€fpawtsi cs,
Ehrhardt (University of Zurich), as described i
all owed t o confirm the pos3iolfl@)y® awfont dienimagr amia
met hoxybenzothiazthanddé)9,i diur (e i mternal l oop
property wasesifedther aeaplyse structures "gsdttent i al
l i gand was i demitndbenz ¢ tnh tldbro Bveh i hciht 8 %s4i t teo bti mal e s
as fusion-amenmwpemdBnii4e8nd hi{lt5gFla4® i te | igand stru
i nspired(bgy miorB8alMdge) . The supposed additional ir
by thebaNMRd screening (see 2Chaptece3abkl 6the Talmp
series did not show superited48nddbnrge sadlftisnittlyartt

considered independent of the confi gisrdtei dn naferts
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SUMMARY

wi th a

l inke24,CUiRB H)erwas

al

SO S

ynthesised

bufdemdi ti ons, had to beéaesxdl wsdcadkefnionmg t(hen NMR ht
QL 7/
s NH
A /) NE;
N
o}
>\—R1 R s >\—N/H 7
\C[ )—NH \@[N%NH « \
o N
s, HN—H -0 >\—NH o
O T & o L Sl pe S SO
7o 58 R =OH,R'=H N
60R = OCH3R CH, R =R~ OCH N
65R =H, R' = C(CHj)3 5 . 3 70X=0 52 R =CH, 68
66 R = Br, R' = C(CHj); S9R=R"=OH MXx=s 53R=H
B c D R
\ \ \ N
o N— o} o, N—
O,N s, Br s, N o @
\C[ D—NH \C[ D—NH /@[ S—NH o s
N N ~o N - >—NH
87 88 i N 132R = CH
N 105 133R=H
o QN Q o N
- S FsC s - (}
\@[N%NH 3 \C[ /%N?"_/ N\>7N?-|_/ o N .
) N ~o o _O S} >_/
NH
- i 90 106 \C[N/ 18 g’)
\
\ Q o N—
(0] N _0 S
s s FiC \@E e NN
: \C[ PNH N/% AL g o
N 0~ N S -~ >*NH
91 92 107 q
136 R=H
. o\ o o 137 R = CH,
Os 7 HN B
S - 2 s, Y
/ S )—NH NS o N
)—NH N PP )—NH o N
N cl N S - \@[ >—NH / \N
93 94 126 N N="
138
\ 0
o, N— _
HO s s HN A N N 0 <J
s et | e | e
N N Az S - \@ES
O N »~—NH
95 9% 108 N 139
E R /
N OLNH N
o e s
o (e} N _O s >—/ (o] N
~ S%NE—/ \@ )—NH 0 N
A\
N N 150 (S) \C[N%NH
0 134 R = CH, -~ 151R) H 140
135R=H
F
(} @ o (o
N \—\
O N
\C[ />7NH \C[ /%NH \C[ /%NH R
159 ( 155 R = CH - OH
160( ) 156 R = CHZCH3 1?522832%
217n=1,R=CH,
N 240 n=1,R = CH,CH;
>\ / 242n=2,R=CH
-0 }NH 243n=2,R= CH;CH3
N 244 n =2, R = (CH,);0H
245n=3,R=CHj3
2461 =3, R = CH,CH;
247 n =3, R = (CH,);0H
Fi gwBri®verview of the structural development of
Starting from var-amusoblenzuohtsh G d i@ lecdsb ®a nd- 2

ami nobenzothi az 69 @e t b6d)p,a ma mieChensb lwer e obviaa ned
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SUMMARY

acylation with aceti6camGvyghivdepybandhabdrdirddke. Thi

71were synthesised st abfaindPOwirteep b gt i veloy hf pomane
treat ntedwt t bf PbO amdncoept haNBI g5a2v eU rgakedsn iadhddn e
wer e sgendsr huarseia f ormati on with methyl aminofor myl
ami nee’s57 atn3xd BBedi aOdcedmet hyl ati o5 27( i mngdianvle) t dfe

corresponding hydb8x& bamad ot hi azol es
55R=0CH; R'=H
57R=R'=0CH;

R S NH, n=0
— 1 _
/>_Mn 63R—R—:—|
N 64R=Br,R'=H
1
R n=1, 69 R=R'=H

|
amide \ 0

synthesis CH3NCS )J\
thiourea synthesis -
Cl H

urea synthesis
S

O
R s ACZO
o -
N

61R=H
60 R = OCH;
o}

W, o

R S
Sr
N

65R=H
66 R = Br

overview of

R s, HNH
-
N

54n=0,R=0CH;
7Mn=1,R=H

PbO
NH3 (7 M in MeOH)
S-N exchange

HN /
e s —NH
NH
N
52

BBr3
demethylation

HN>; /
HO S NH
T

N

53

Sche®eSynt hesi s

o]
R s HN—H
T
N
R1
7n=0,R=0CH; R'=H

56n=0,R=R'=0CH;
70n=1,R=R'=H

BBr3
demethylation

R O>¥ 9
S NH
T
N

R1
58 R=OH,R"=H
59 R=R'=0OH

the2Hbi4s G5t8 GI6t56 B7 O f a7mld mpounds

the rest of the3twempo wnydst hselsd vere di it oR il ouwv
synthetic
ami nobenzotthb@d@®d47s2i {9 ,-arBi nobenzot hi az &bl9enkt hana
aminobenzilmd,d-aZmohebenzdkadadlimoi azol olpS r iadnidn e2

amitntoi azol oply28 mil 2ddiernree seudt.i IAimo n ga mihreonlh e 2z o5 7hi az ol €
72 am3xlsee Chapter 3.2.2.1, Scheme 20
the benzdtRi517293 @ln27dd see Chapt@&ache8mes 427, 28, 30,
synt hesed.) Wweror @lykogtHHadsiicomanc emvi tlh 2h |

compourmds !l evaphielaisc | 3 u basctcietsuste

Mo st of

pat hway. As s6Rargt mucvraartieasuisd lys sudDsh @ m

for the sy

respecftorv etlhye

a | arge variety of

respective primary and secondary amine. -A few
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SUMMARY

nNitrobenz8ivhs arebdaeaemdnbbebz ®t4h-hadobdbeybend®2b6t hi azo

was synt he8Bsneeddi a©-ddmet hyl a6t8 o INBbpr ot ect ed 3
ami nopiperidilddlldgegri vaetlddbh®esre respectivval y ob
TFMedi ated deprotection.
S
NH Cl' nucleophilic
\1/; P 2 amlde Synthe5|s Y; HN substitution Y;
R? = N(CH3),

[ o R? o R? o R o R? o R?
Br s, > .0 s, > FC s, >/ 0N s, > HoN s, >
\C[ )—NH )—NH \C[ )—NH \C[ )—NH \C[ )—NH
N N N N P‘é’C’t,HZ N

reauction
88 o 8 20 87 —_ 94
o R o R® .0 o R’ o R o R
S s 0 s, »— 8 s. > .0 s, HO D
\C[ >—Nu o C \C[ )—NH / \C[ )—NH \C[ )—NH BBr; \C[ )—NH
N N N N demethylation N
91 92 93 - 95
R? o R o
s HN N> N }—/
)~ 0 /@[ S—NH \
@EN ~o H% \O/CEO%NH W/Lh
96 105 106 P
P S st el
N N 3=H 3
| NH /i | NH \ 136 RO = 137 R® = CH,
yhs . i . T
o \
107 108 o . o N
_ T my st o
R N &w \C[ )—NH N
o (Y d " v
R* = %N\) 139 138
o, R?
o) o s, o
S \CE /%NH \C[ /%NH - \C;[ /%NH - \C;[ /%NH \C[ \%NH
N
132 R® = CH, 133R3=H 0 134 R®=CHy 0 135R°=H 140R3=CH3
_ "~ NH 22 O:NHZ
R?= Q Boc R N
L, 4,
~ B o, R? o, R?
(0] (0] s (0] s
ger st ST
N N
Boc
) 2R deprotection 148 (S) 149 (R)
o, R? o, R? > o, R? o, R?
0 S >_/ 0 S >_/ 0 S >_/ O S >—/
)—NH )—NH )—NH )—NH
N N N N
O 143(S) 0 144 (R) 0 150() _0 151 (R)
Sche®®Synthetic pathway for mostd.of the anal ogues
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To synt he"Ssiistee tbhi-annuRenrosp,i p3er i dilMeé@ ndld @& vNaatlikvyelsat e d

viraeducti ve al k3 atiinonor(aSthigyeddmewxiytblre nZ oal dehyde to
15and6@nd with AlF Gdaeldy’dBeos i nt erinBe@l1 &t ehi ch wer e
converted into the 1fsrbd&s 8ploeanolosgér icV @lvisgdgned. Al de
l17%ere in turn syntheswaim$ eaad p blgéh/a wk ¥ Iha tbir@mmoafc e 8 al

diethyl acet al and, subsequently, with alkyl i od
Oprotection by nosylation allowed the final rel
avoiding side reaction of intramolecular cyclisa

OH
i
o N
0 S, >\‘—/
\@N%NH 159 (S)

160 (R)

HZN\©/OH

HO N
* alkylation
o QNHZ reductive 1. Eto)\/Br
alkylation il

0 s, 2. RI, alkylation
\C[ />7NH HCI (aq) 3. NsClI, O-nosylation
N14s ) R aldehyde OEt R
149 (R) Nso\©/Nwo release Eto)\/N : ONs
175R = CH, 176 R = CH;,
178 R = CH,CHj 179 R = CH,CHs
(O (O
(0] N nosyl cleavage (0] N
_0 s. N — 0 s. > N
\C[ )—NH R \C[ )—NH R
N 180(s), R = CH, ONs N 155 (S), R = CHj OH
181 (S), R = CH,CHj 156 (S), R = CH,CHj
182 (R), R = CH, 157 (R), R = CH,
183 (R), R = CH,CHs 158 (R), R = CH,CH,
Sche®®ESynt hesi s o"¥seirtve ebwi node r2s .
To prove the validity of this system odr sgeamiurcg ,ur

further experiment sHWENMOLSY 0o Mmeklacstue k.me A D s det ect
bet ween the |Iigand and the pyrimidine protons HS5
a binding site mapping (see Chapter 3.2.7.1). A
tested, 58undAHE ase RBiljud 8 A see RilBulrtebsee Rilgur e

C), Bd@see BRilPur eThe main site of binding was con

(U11, uls, and C28) for all the compounds | iste
internal l oop (U9, ulo, UlB38 &nddal 2ébr) d wierr et hmee ga |
l oop (U118, c1l19, G20 ,praomabC¥l)ufeort o the propaga
changes upon binding with the internal | oop. 11

in the 1B2Pcomtaining the second bampdrce&G8dtt®ue n t h
o Iimited RNA availability, Yoimee ol i ekeres ,i mame
going and not included in this work.
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To

get insights into the selectivity of towards

Compounds selected from each generation were tes

t he
mu t
I nt
or
i nt
whi
i n
to
t o
bas

The
t he

internal |l oop (seedlcCmappueds3. 2n¥fy2pP. sBowedf
ated 5 SL1 with CSPs that were sitgmpief ibc aSntll.y
erestingly, 6 out of NNdsme®BhgbamibBord&d pe ey e(
the additional3,3a8d@&03Md almB)s,i cs usgigteest(i ng possi bl
eractions with 5 _SL1. Simi'tart g, bishaecheissBal | CS
ch wer e nolt4 8hdtd®mtue d fsarpport the existence of

the major groove of the internal | oop, as pos
get a deeper understanding of these interactd.i
i mpheveomputati onal model described in Chapte

ed on constant wupdating and adjustment.

fce¢d transl ation assay to deter migme nghantdr a
refore not described in this work.
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EXPERI MENTAL SECTI ON

5 Experi ment al section

5. Hi gthhr ougshcprugeni ng (HTS)

I nhi bitors of TPC2 were identibhhsed by Saofl atbeoe
Coll ection Ilibrary (2000 drugs, natur al substan
l' i brary (5000 bioactive compounds) suisnigngplaaslihBK

membr ane!TPREP. The cells were cultured with Dul
(Gi bco), suppl emented with 10% fetal bovine se
streptomycrgnd mLamgeén®t5cin (G418, (Gcagmaf)edthBmi ACT
at mosphere. sAfitem, tceglpls$ nwere suspended in cell

of the cal c4/umddinevi Blrwag e n, Ther mo Fi sher Scient
and |l oaded for 30 min at 37 AC. Then c®uf$§ewede ¢
solution 1 (HBSL1: 132 mM MNaCl ,mM, GEVCH-@hMcds enM M
10mM HEPES, pH 7.4) and di spensheod tiomwed 84l mickr @welr

pl ates §¢CrearnerFri ckenhausen, Germany) .-maPdeates v
fluorescence imaging plate reader buent, i Thdoma na,
M2 nnedorf, Switzerland) and fluorescence signals

recorded with a Zyla 5.5 camegMan@Almrdors,ofBavlafras
previousl! y3°d€ompiouedl s of -piedaruesd200 OM0O mM N
HEPES, pH 7.4 anwelslt oproeldy sitny r&&4 pl ates were ad:

Tecan-tB®4multichannel arm each at a final concen
known vaacttor - IN(P®62 T-RE2B)!plredil uted in HBS1 were g
well, and fluorescence signals were recorded for
I nstitutes of Heal t h, Bet hesda, MD, USA) was uUs
each well and greocswpredcctaveashadkri ng time respons.
fluorescences were subtracted, and fluorescence
initial int.enthei saméd FpFocedure was applied for

responsefcprvenarg scree@idregilviatt s vers bws0%here co
serially prediluted in HBS1 supplemented with O0.
was fittegpat amat efrouHi | | equation. The HTS was

Schaefer Group.

5.383ingle cell calcium imaging

Single cell calcium imaging edk!ferieerngd sg o nmdu cptreed
HEK293 cells st abl-y A &RFPPr, e scstilntgureRIC2at 37i nAC  wi t
Dul beccobs modi fied Eagle medium (Gibco), suppl
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EXPERI MENTAL SECTI ON

100/ mL penicillin, 0.100 myg/mbL gsetnreetp tcamy ¢ iG¥,1 8a n dS
were pl at eldl yosnit me g(odaiygenda )gl ass coverslips, grown
|l oaded w2t AB&F4Lurta OM) and 0. 0FF%2Ffv/ (botRlI dmr@mi cTh
Fisher) 4ibmfHEPES solution 2 (HBS2). HBS2 was pr e
6. 00 mM KCI, 4. ®0 0mM gNMgXDa ® mM HEPES,-gando5eb50

using 1M NaOH aq. solution to adjus-2/ A& pgHeto 7
cells were incubated 45 minoatbhe3% hA@ wiatshed0 % wa
and mounted in an i mag#408gPchWabeer (EBHsmmumgt ) .

solutions (10 mM in DMSO)owebtaidn!| at edr wi hp &8
100M, 1% DMS@IN@RG2 TARIIPA3)were used to test inhib
stock solutions (10-AmN2)iamdDRBO MMoi1i nT DBIEG3)f or TP
were diluted with HBS2 to respectively 110 OM an
Mere DMSO (1% in HBS2) was used as negative cont
HBS2 (450 OL). After recording the ®a®le), nteo froea
a final concentoatitbe obnt®obdBMsolution (50 OL) w
the activator solution (50 OL) was addedAX o reac
N@2and 30 OM-AftB@B). TRCRonochaoendtiomagi ng system (Pc
monochromator, TILL photonics or a Leica DMi 8 |
i mages every 2 s at -29Hwamagricftedtbdbn34Bunm/ 380
fluorescence was capt-paesd AslitngrB.ph snwfa bwegrieo gi
plotted using GraphPad Prism 5.

5. 8MRbased screening

The RNA samples womnueseobtodil mavd nignt he met hodol ogy
and We i g@tanldtf!l. Dossbranded templ at e DNA,sedampl i fi
bact er i-dberhiawgesd RNA pol ymer ase T7, cofactor s,

triphosphhataist hiMgt hr ei t ol (DTT) , sper mMdiTnéy wer
HCI , 8 pMH) atlt487 1“Al¢anscribed RNA pwh g a cpruyrliaf niedde

el ectrophoresis under dengégthursiend RaPgmn ftho tgimams e alnidq
chromatography (HPLC) wdihef#fiecabnBEA $a@amRbesmM po

phosphate (KPi), 50 mM -kkBGal , moal nedc up -0 6 fw2 (| BIWCB®)c 8t
VivaSpin filtr atSitoorr augnei tsst o(ckasr twoerrieu )b.t ai ned by d
in a miDM3I@eOof( 9: 1) to a concentr . aWoirdkn ngf s2 > crkh
were di butmdMd tQmuality contr ol (QC) was perfor mei
Hspectr amMviafh tlhe compounds in NMRK®PEred&mi mov KWC
pHo. 2) , 5%, ®M& 010 OM (stordiinuemt hy | 45 Ly f dppabpPlad ®SS) .

following solutions-bausre pxepeai ené nt@lr (NfsbiRMp 11e.s7 o f
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tubes) Odr (I®® Bubes) ¢ M aifniungl alble®M dD RNAas 18
referencedM amfd 2dmMpound, with a finaldgamdackn2g at
RNA/ Il igand ratio. Negative controls were prepar e

RNA. For the binding site mapping, the same buff

RNA and |igand concentrat3.ox,s7 Fibaga sapnede 02f 7l i n C
experiments, excitation gpcukpurngewhohwgtadi enps
sequences were used. I'n wLOG&SNtSeEmkipedouiméert sg,r adh

spectroscopy (SOGGY3eds dmpuesnupe rvesss*Uvaioleideseé gmiah e
T, rel axation-Purn edeelilb eGanh i (CPMG) ex percihme ng sl sa

sequence wét e giapg liT@E@GY sequence to Happmesclse avmt e
Har t mdaamn transfer using t he DI PSI 2 sequence W

spectroscopy (TOESY) '“dwpenxicmamtts on scul pting pu

direct di memsd ohowawatuei | suppressi on, with pul s
from the Bruker | ibrary and@hd ORISR endi xsicnrge etniimmeg so
performed by Sabrina Toews, Schwalbe group.

5. Docking

All spectra were recorded on a Bruker 600 MHz Ad
QNP cryoprobe and a SampT@CARYS es peaanprl & wehraengrmeas u
50 ms DIPSkkspiuhse and acquired with 400 T 2k d
were measureMd RiINNAomdi 5ol ved in 50 mM phospbhate bu
at 254%a0nmpl ed NBPRSi te screenirrehl toagmenes BO cocl
12, Mb08S9@® 2)9%andeMb RNA di ssolved in 50 mM phosphate
D:0. 1D spectra were acquired with excitation scit
perfect echo pul se t o Jomordrud catt i aornt ioffa ctthse crasussoenda nk
mol ecldd99hse observed |ine broadening (T2) was usec
by preparing esaaljd i2tse oli t5ifM 509 @ 2)9 1 @0t h or withou
100M ascorbicnmMmcRNA dGaingds &l ved in 50 mM phosphate
D20 .

Integrated peak volumes, Integrated peak line width in F2,
sum of signals using TopSpin:  line fitting using Sparky:
(1) 42 1 2
=°l lyio Tyry _o| LW Lwn
ryi1 = [In( @ ) )u10 Ty11 = ln(WT)ﬁno
!Ulﬂ l‘rUll LWUIO LWUll

TOCSY experiments WeMeaer pelr fBIDade pbayr Zi mmer mann,

DrKkamal Azzaoui (Saverna Therapeutics, Switzerl a
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For the dockimg moxger-toifite NNVBRY 1 bouwasit oi mi K48 5wi t
Amber 16 (RNA. OL3/ GAFRF2e G@EGBIAwitnhh tihgbk=500del was
mi R155Stanf@9%ite hits were added-dmanw&®RRiewa dased
manuall withnkE&8d4 i n Slompdred& mwinihmibsed, | &adding t
mani pul ations | ike molecular modeling and docki |
Wit notamg hsamii and MD wit hDiAsnpleay 16f t he RNA and 1|
using PyMOL. The dockbr@yamwashapredf of thedvéysi ty of

5. MTT assay
MTT -((43d 5 met hy-2-y ),-bzphenyl tetrazolium bromide) a
according to a métdisad ¢golHIldM®Isimaneeldledpli at O6 at 9

cells/well and incubatecdafmospheheaundeér A€tandar
conditions in RPMI 1640 medium supplemented wit|
antibiotics. Compounds were dissolved in DMSO (
di fferent concentratib@smyy. 3025nMmMM5. 006 M, mM,
with a final we l | vol ume -G 0 19dDI OtLi, ol % WIMSID. a Tfiir
of 1 @a@/smused as positive control and 1% mere DM
solutions (1 OL) were added to the cell suspens

24 . After addition of 10 OL MTT solution (5.0
i ncubated for additional 2 h, followed by addit:i
was conducted after 1 h measuring theb5&®sanrmbanc
with an MRX Microplate Reader (DymexMBBa@lyn wlacgi ¢

carried out by Martina Stadler, Bracher group.

5. B8gar diffusion assay

Agar diffusion assay was performed on microorgal
von Mi kroorgani smen und Zell kul tMiremo&@Gmbopdni ORMZW
cultivated according to the DSMZ recommendati or
aut ocl avedcuagtaurrse: -aagglarr, (SACg ma Al dri ch)-agaonsaingt i n
20 g agar suspended in ShcChlarwatyere,§ Disadly enwsnebde afeo r
133¥parrowia (IDSpM InydmicearE:s chd8 4 65 p(hODSAM cnoulmb e r : 426) ,
Pseudomonas (mMeSrMy inruarbiessr : 7527); an agar, prepared
5.0 g yeast extract, 6diOum ag@hlucroiskee iamdl .50 OL gwa
Staphyl ococ c(udsS M gquuontbuemr : S20@ep5pcacd BPSBMnhembeus
14446) . War m, |l iquid agar (15 mL each) was auto

aseptic conditions. Then, petr.i di shes were coo
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germs were brought onto the respective agar. On
Nagel) were given 3.0 OL of 1% (m/V) compound i
that was then dried for 24 h at rooml eefmaperiat umneg
and tetracycline (antibacterial) were used, whil
The platelets containing substances and control ¢
then incubated for 36 h (aye a3s2t SAC (Ththaec tneeraisau)r eame |
i nhibition was performed manually. Agar diffusic
Bracher group.

5. CThemi cal met hods

Solvents and reagents

Al l chemicals were of analytical-Abdadehaftdowe Me |
Dar mstadt , Ger many) , abcr (Karlsruhe, Ger many)
Germany), TCI (Eschborn, Germany), @&nhydrouGeye
solvents of HPLC grade were purchased -Alrdbm &HWR (
Al l other solvents were purified by distillation
Reactions and purifications

Thin | ayer chromatography (TLC) wusing polyester
with 0.2 mm silicaNagell, (fDr¢ame nMa Gearmayny) , was u
progress of conversion and the compoundsmWwere Vi
FIl ash cdhlromat ol ghGP)hyf or determination of puritie
gel 60-q.o00®A0OMmM) fr-dlmgMahch@heyfractions containi
were uni fied, and the volatiles were removed un«
effi oimmMteiflrdo!l ph I nstrument (Schwabach, Ger many)
vacuum pumps MD 4C 2006 from VACUUBRAND GMBH (
analytical measurements for determinatiioaedobdbut h
detecting at 210 sinmmg atnlde 28dt mond skt Tasnile d . i2n Chapt
Anal ytical data

Mel ting poiwetre (mMmmsured on -B40hmapmaetaitog. pdhaetv
reported in AC and not corrected.

NMR spelldft€a DEPHCOSY, HMQC/ HSQC, HMBC) were reco
Avance |11 HD 400 MHZH BUMsRkect BaCo SNMiRp e c AFr B wer e
recorded respectively at 400 MHz anduta@alu#&Hbpf or
deuterated sl DM&GOsotODDCIpeaks were taken as int
chemical shifts, which are reported in parts pe
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IHNMR data are reported ats(mdlotlil mlwisci tcyh, e md,cwag | isnh

integral, c cartreems)p.o nkFlamgt He si gnal mul tiplicity t
used: s (singlet), d (doublet), dd (double doub
triplet), t (triplet), q (cqouuapritientg) Jaomes(tmamptosi pé¢ et

Hertz !THRMRat a are reported asl(dorlrl eosysaAtddmigmi @ a l
NMR spectra were anrad ydedt RyNBHZ 6BH{Mae&Gt r el ab Re
S.L.).

Infrared (1 R) spectra were -rkcPadadomnl@O0OPeirrks
Absorption bands are repdr.t eldR isnpewatvrea nwennbee r asn a(
Software Spectrum v5.3.1 (Perkin EI mer, Il nc. ) .

High resolution mass spectra (HRMS) were perfor.
Department Chemistry an-WMaRhai-Umaiawesrodi tt yh eo fL uMuwri igc t
a Thermo Finnigan MAT 95 or Joel M$teantpieorat 8elet @
250 AC andeVeceMatiioBlori a Thermo Finnigan LTQ F
Transform Il on Cyclotron Reedcercairooen sasepuibasyle (iaotni 250

Val ues for specwefriec meoatsautrieodn ate a= wadvo¢INlainme h atf
20 AC using a Perkin Elmer 241 Polarimeter instr
The concentration is stated in g/100 mL.

5.7S¢Ynthesis of anaWBogues of LysO01l (

HPLC analytical me b d)(ameamemgtue sf avrerley s r ri ed out
Met hods:

Met ho&dotbax Eclipse Plus, Ci8 5 Om (4.6 x 150 n
1. @L/ min flow rate

a) S5@OCACjon pair 2ageat2@H 3.0

b) 50 AC, MeOH/ phosphate buffer pH 9.0 80:20

c) 35 AC, MeOH/ phosphate buffer pH 9.0 80:20
Met hodoRumn Xbridge Phenyl, 3.5 Om (4.6 x 150mm)

a) 1.0 mL/min flow rate, MeOH/ phosphate buffe

b) 0.8 mL/min flow rate, MeOH/ phosphate buffe

Met hodoBumn ZoA@g,axCi1s88 5 Om (4.6 x 150mm), 10 OL
1.0 mL/ min flow rate, ACN/ phosphate buffer pH 5.
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5. 7.QGenler al procedures
Gener al procedure A: Nucl eophilic aromatic subst

To a solution of the <corr eNsnpeotnpdyitnrgo | d rdyoln eh g I1i. e
ar vyl hiendedre) ni trogen at mosphere wer e added tr
corresponding amine (0.5 eq). The mi xtiur8 hwas h
Water was added, and the solution basified (pH =
precapeée was collected by filtration with suction
| f the filtration from wapenswas WwWasobBxXxetnhehed
(X)) the combilneeyd&eosreg adiri idNea® Qoavnedr t he sol vent was
under reducdthepressdwue. was further purified by f

General procedure B: Reductive methylation of an

To a solution of the corresponding amine (1.0 eq
formal d25h% daeq .( ,s ®@I. A4t ieqr) and triethylamine (2.4 e
at room temperature for 30 min. Sodium triacet o
mi xture stirred at room temper atssroe uftdronadvdist iaan
and the mixture was eXxtsriaxad grdo pvalrthdel E®IAL)n.ed GCHGI
| ayewese dr iNe8Qa@awnar t he s odmoewmetd wamsderr reduced pr
crude product was purified.by flash column chron

Gener al procedure C: Reductive alkylation of ami

To a solution of the corresponding amine (1.0 eq

the corresponding aldehyde or ketone (2.0 eqgq), a
cyanoborohydride (2.0 eq) at 0O ACatTUheifmbxh 2re v
AqQ. sat .3 sHNaHEDOON was added, and t he mi xtur e W

CHG/Ni sopropahlmé ¢ 8mHi)n elda yosvreggaeni @¢r i dab Qoavred t he
solvent was removed under reducedi pdebguffleasfiheo

chromatography

5. 7.8y.mt hetic procedures
N-( Thl or oq wiyr-4( Zncc7h | or oquHy h 9 laimm n o) e t-lh,ydli )aenti maen e

(8)

H
N
HN™ " NH

1
5' .4 2
e NN z
— 2 NS |
clImr "N N Cl
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C2H2 CiNs
My=426. 35 g/ mol

Ami Bwas synthesised ac¢brfdildpwtimngl iGtesmreatads e r oc e c

dichloro®uihmno92 ne, (40. 0 mmol , 1.0 eq), triethyl a
diethyl enk@2.ilabmimle, (20. 0 mmol , 0.5 eq). The mixt
crude product was further purified by flash col U
NHag. solution) 8(¢i e&@Bdigng9pbédmmbl , 4B %h&as col c
NMRdata are in accordhdkte with the Iliterature

R:0.56 (DCM28leDH/ 25%. NHdL uti on
Mp248& (AMecomposiltPlodiR® A RAedompolsition

'H NMR (400 MN)zig= DBM83I~= (5. 4 H=AH,) ,218,J220( 60, Hz, 2H,
H) , 737 2(&, H#,) ,2H,. 386§ .dY¥,, 2. H)Hz .,7. 213, @b bHz,
2H, 2 Ar NH)= 56.549H#1,d,2 B3 .3%56 (my) 4H2I896.(4,Hz, 4H,
2-H) ppm.

1€ NMR (101 Mégil=DMSO026)( 150)2 (€861, ( €303).,4 (C
127.860C 128)0 1&@8)9 14A6%, (LB). 7 LT. 142G 6pp0a.

| R ( AlER)3:225, 2960, 1577, 1543, 41452, 1367, 1144,
HRMS (Bfk)cal culCab€iNs[fMHH] 426. 1247; found: 426.1

Pur i HPLCPO%  m2m)0, 100 0=%r2(B)Met hod 1a.

N-(CThl or oqwiyd-R4(Enc7h | or oquiyh ol imet hyl ) aNgN?>no) et hyl
di met hyl-le,tdh aamalle (
|

)
\N/\z/N\/\N/
5' e
6 4a 4\3, -
/2| \|
ClI77 "N N (of
Co42 £ INs
Mv= 468/ MmDI
Ami nmdwas synthesised foll owing4 GRincehladr opduo cneod ui rn
9 9ng , 0.50 mmol , 1.0 eq), triethyl amiNgNONGGO . 11

trimethyldiethylenetriamine (0.042 mL, 0.25 mmol
The mi xture was extracted with EtOAc (3 x 10 mL)
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by flash column chA®@®Battodr &MYy Me®DH I 2581 dNHi on) , vy
prodwl834 mg, 0.735 mmol, 49%) as colourless sol

R:0. 72 (DPOM/9OMelOH/ 228 %. NB®L uti on

IH NMR NMHMDH0 @QmEl 8.d6JE (5.1 H#H) ,2H7.926 (mH dmd B
H) , 7.32 q.dd, 2. H)Hz 6 .JEM5(@0 HH,) ,218I3B36 (8 ,Hz, 4H,
1-H), 2.92 (sg ,6HR,J6B6ABNGHH) , 4B, 22 {)s,pp3ml, NCH

1€ NMR (101 HHKHz, 16BGH)( 1B4a)5 (Fdopy, (TDY..8 126 . 8
(86 &0)C 186.&00C 186)5 (Zdoy, (BMY.,6 B5H5C, 5 54C 3
(€), 43350 (4NCH 3 2p AMNCH

| R ( AlER)3:353, 2847, 2803, 1603, 1565, 1417, 876,
HRMS (®EmSk&)cal culCatb€MNs[fM+H] 468. 1717; found: 468.1

Pur i HPLED 5% ( m2m)0, >09 8=%m2(B)Mlet hod 1b

teButlyil s(@7hl oroquwiyhdlaimmnno) et hyl )car bamate (

0O
2 Y 2"
. AN N\1,,/\NH
a 5"
o NS
CI T e N 2SN cl

C2 Hz £ INsO-
My=526.47 g/ mol

Ami 86256 mg, O0.600 mmol , 1.0 eg) was suspended i
Triethylamine (0.12 mi,dime8hymmml nollpwvr iedyi)ne 4( 7
0.€q) , dmredadyl dicarbonate (144 mg, 0.660 mmol ,
mi xture was o®mi it reengfecart tludr eh . Solvents were remo
pressur e, and the residue was directl @6p8rifie.

DCM/ Me OH/ %28 %. NBI 9| utyi e hdlernigvleBtoBct® mg, O0.595 mmol ,

a |ight yellow solid.
R:0. 52 (DOM/OMelOH/ 228 %. NBol uti on

Mp109111 AC.

107



EXPERI MENTAL SECTI ON

IH NMR ( 4 00ROMHEZ= 8ig72n%, (2H, -HBPO67.J$69(0, Hz, 1H,
H orH)5060J809 (0, HH, 01-H)5,09®. 74-H) s, 7284 R.00d, 2.2 Hz
2H,-HpPp 6.J505( 8, HH, 0rH)3,09®.J445( @, HH, 01-H)3,03®. 58

3. 56 (-b, -HB&H2 -#2a 1. 28 (s8), pPpHm. C( CH

1T NMR ( 10QROMHiEs 15848)( 138. &600) , -2165 221806 @ )C,
152.3 (NCOOYH)13628&) BCL&B) 1 1Td.&0OO0G), 5D24r0 C(C
5660), -4R1Y. 5-I@C BOPC) ,3®9BBOOL,C(EM) 9 & @ 50+( CC
20606) , -24 70-240 6)C -14 30-606 6)C -14 20-606 Q)C CHEs) 5p p B(

(@}
o

(@}
o

| R ( AlER)2:972, 1689, 1579, 1866, 1232, 1140, 799 c
HRMS (@bk)cal culCartb@&MNsOb[oM+H] 526. 1772; found: 526.

Pur i HPLED 4% E r2n)0, >0 4&=%r2B)Met hod 2a

teButlyils((@7hl oroquwiyhglimet hyl )amino)ethyl)carba

C2 Hz £ INsO2
My=554.52 g/ mol

To a soludieon vieX bB&c mg, 1. 00 mmol, 1.0 ®aq) hin 1.

cooling, NaH (80 mg, 60% di spersion in paraffin,

was stirred for 20 mi n. l odomet hane (0.125 mL,

the mixtsarnerwals for 0.5 h. The reaction was quenc
solution (15 mL), and the sisoprepaas|exBrdct 8d x
combined organic | ayeSG wvatntde doil e@énbys emvedNear r e mc

reduced preEbBsuresi due was purified BY: DIl AsB. Bol
98: 1: 1 DCM/ Mes@H/ 25% | NK i @h-dda rnigviaBoidce & mg, 0.297 mi
30%) as a colourless waxy oil

R:0.57 (MOM/9MelOH/ 2%58%. NHylL uti on
IH NMR (400 MKz, sabXs (5.1 H#H, -BW¥,0068ael12(@, Hz, 2H,
861, 1800077884 (mH, 22BY06D.J32 8(d, HzH, BHH,00%06 76 (d,
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J=5.1 Hz;H OHH)3DO®OJIZ05(d, HH, or-H)3,0D@3 484 (mH, 4H, 1
1644 e, -B2)6,6 3. 24 Hs -M00eH4 HR)OD 2. 89 ()s,, B.H§6 NCH, 2
NCH , 1.39 (8) @pm. C(CH

1T NMR (101 §Hz, 16@EI0 Er0060) , -410564rBO@)C, 155. 3 ( N
151. 26(@B666), 8hH0-HA 0 ECL, -850 - 6(@D) ,-7d 3&57A6 §)C,
129. Bo( @Bro00) , -8162 8RO Q()C, -512 6HrAlo@()C, 502 50D &) C 125 . 6
(B0 ®0060), -6D28HHDO)C -4hD1-480EE) ,-44@ 4ardo &0Q ,- 109. 0
36 @r000) , -3D0 BOBO)GCC(EH) 6 § @. 30260 ) , -25 070 Q)G 45 . 3
(€ o0466), -14 50416 G)G5 4 doubl es)s¥ | g2 &ICHs)s)( SCHM.

| R ( AJER)3:342, 2974, 1687, 1667, 1416, 1150, 876,
HRMS (®ESE&)cal culCakEiMNsOb[oM+H] 554. 2084; found: 554,

Puri(HPLP:

N-( Thl or oqwiydN4(iZn-c7h | or oquiyh ol imet hyl ) eNli no) et hy
met hyl el hdainaemi ne (12)

H
\N)\/N\/\N/
5' . |4 2
6 TR =
/2| \|
ClI77 ™2 N N Cl
C2H2 £ iNs
Mv= 454/ MmO |
To a sol utdieon ve4 LB8c mg, O0.230 mmol, 1.0 eqg) 1in
were added-banhtercoiotéeng. The mioxotmurtee myeerasiuirier e c
Vol atile residues were removed wunder reduced pr
mi xtur e was basi fied (pH = 9) amwd t hex 2r aMt é&Nc O hh

CHG/li sopropanol (3:1, 4 x 20 mL) . The ¢®9Mmbined
and the sol ventusndweear e erdaummoewld tpeg ersessiirccue was puri
col umn chr omat . or®d®p:h3d: 1( DCM/ MeOdHd 25 % ¢ INHtyiioen di ng

secondar y2a8mi mg, O0.19 mmol, 82%) as a colourl es:
R:0. 50 (DOM/OMelOH/ 228%. NBol uti on

IH NMR (400 MKz, sadbld (5.1 H#H,) ,218,JeB09( 60, HH) ,2H, 5
8.00J=(d2.2 HH),2H, B®269.dd,, 2. H)Hz 6 .JEB,5(60 Hz, 2H,
H) , 3J896.(3 ,HH), 4R)9426 (2 ,HH), 4B, 92 @s,ppnd, NCH
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1€ NMR (101 HHz, 16B€B)( 1-3da) 6 1&E90p, (TPYH.,0 1(2®. 0
(686), 186)9 (B6)7 (-Z2aop, (E0M.,0 55,7 41 @a. 1
(NGH ppm.

| R ( AJER)3:276, 2834, 1565, 141%, 1376, 1040, 874,
HRMS (B6&)cal culCab€iNs[fMHH] 454. 1560; found: 454.1

Pur i HPLED 5 a% =( i2n)0, >& 5= %2nFMet hod 1b

N-( Thl or oqwiyrRA( iZncc7h | or oqwdiyh o laimn n eNf-meé thlyy ) et hane
1,-2i ami nel,YLysO
|

1
N
HN™ > " NH
5' 4 2
4a'
6 N3 =
) NS |
CI” 6N N of

CoH £3INs
My=440.37 g/ mol

Ami dAdwas synthesised following Geh#é& athgpr®@c4@@rmm
1.0) egThe mixture BaOAexf{ B akhte@c muiden product was
flash column c@4omal o PCHMp Me:Galy.2 590 |INUHyii el di ng t e
ami ¢ 113 mg, O0.257 mmol, 64%) aandd &NMRadtl @uaft essn

accordance withR?lthe |literature
R:0. 37 (DOM/OMelOH/ 2%5%. NBdlL uti on
Mp197200@C (Aecomposilt'i? 1RO CC.JRe f .

IH NMR (400 MKz, scdBX= (5.3 H#H,) ,2H,Je302(d, HH,) ,2H, 8
7.40J=0d8,.9 HH), 216, 3568.dW,, 2. H)Hz 6 .JBA5(@0 Hz, 2H,
H), 5.49 4t5bHz, 2H, 2J=AB6NH), 43-Bpozead.8P7 (Im, 4H,
22H) , 2.46 3 sppm@®H, CH

¥ NMR (101 MKWz, 16B€B)( 148)5 (L6 R, (TPH.,1 120. 1
(e86) , 1-e6) 6 1ZLO) 6 14L£F06P, ((L®) 4 R¥..6 4235 6 &). 4 (CH
ppm.

| R ( AlER)3:236, 2956, 1576, 154%1, 1370, 1132, 848,
HRMS (mbg)cal culCathE€iNs[TMHH] 440. 1404; found: 440.1

PuriHPLEDP8 W (= n2mM)0, >e9 8% M2M)Met hod 1a.
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N:BenzNA-( 2 hl oroquiyhN Zrc7Th|l or oquiyhdlaimn no) et-hyl ) et h
1,-2i amilhe (

s

2
N
HN/\1/ ~"NH
5' . |4
6' 4a \3' =
— 2 8 |
clI7 "N N cl

C2 42 £ INs
My=516. 47 g/ mol

Tertiary5wami mmggnt hesi sed following Ge&h(e21a3 mg.,0oce
0.500 mmol, 1.0 eq) and benzaldehyde (0.102 mL,
for 40 h. AgsobkatiomNa@HCO mL) was added, and the
Et OAc (3 x 10 mL). The crude product wad:pudif i
DCM/ Me OH/ 2:5% . N o | utyiiend diln5g 148 othget 0. 286 mmol , !
colourless solid.

R:0. 62 (MOM/OMelOH/ 28%. NE)lL uti on
Mp23#235(AMecomposition).

IH NMR (400 MKz, scBX= (5.3 H#H,) ,2H,Je2A2(d, HH,) ,2H, 8
7.43 .35 (m, o.CoHy,, NCH=5 8., H#H,) ,h 21, $H506§.d¥, 2.2 Hz,
661), 6J305(8,HH),28, 28364.t3 bHz, 2H, 2 AHNRSH), 3.72
3.38.34 (mH) ., 4H3.@2 7.dd,, 4.-B) HppmdH, 1

1T NMR (101 MNHz=, 1GE2D) ( 1-46. ®ra@G , 14400 . dra § (T,
139.0 .GCHOH 135.02 , ( @29CCH:) ( NAR 9 .GCsHYNCHL 2869 , ( C
128.2 ,GCAHOH 125063, (TRO) 5 (L£a6P, (-T8) 3 BHECHE;) ( N
52.41),C 4Q) 6 pp B.

| R ( AJER)3:219, 2949, 1570, 1540, 41453, 1430, 1134,
HRMS (mbg)cal culCatbh€iNs[fMHH] 516. 1717; found: 516.1

PuriHPLCDPO® = m2mM)0, >e9 8% m@)Met hod 1b
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N-(Chl or oquiyd-RA4(nc7h | or oqutiy h o laimn n eNf-et lyll ¢t hane
1,-2i amilme (

g

1
| HN/\Z/N\/\NH
- T e N 2 SN Cl
C2H2 £ iNs
Mv=454. 40 g/ mol

Tertiaryoéwami mmggnt hesi sed following Ge&h(€e21dd3 mg,0oce

0.500 mmol , 1.0 eq) and acetaldehyde (0.056 mL,
for 17 h. AgsobkbatiomNa@HCO mL) was added, and the
CHG/li sopropanol (3: 1, 3 X 10 mL ) . The crude p I
chromatog6aphygy DCM/ MesaHy/.2 5% [NHyii el diln6g 1 $#6 ochgct

0.321 mmol, 64%) as a colourless solid.

R:0. 28 (®CAM/5MelOH/ 28 %. NB®L uti on
Mp1l6Pl170@C(Alecomposition).

IH NMR (400 NHKz, s8CBX (5.3 H#H,) ,2H,Je2A2( @, HH,) ,2H, 8
7.29J=(d8,. 9 H#H),216, 3568.dW,, 2. H)Hz 6.JBB,5(@0 Hz, 2H,
H), 5.4dF7 4t5bHz, 2H,i32 3/8r NH) 4H2 3384 6.dd,, 5.2 Hz,
2H) , 2 J%47( G, HE.CH)2H,1.620 7 ( L, Hz,CHs)3 Hp p iB.H

1€ NMR (101 §H=z, 16BLH)( 148)5 (L6, (TPHH. 1 12®. 0
(806), 1886)5 (TO) 4 (L£do)l, ((T8) 4 BL..9 CHCK) ,( 40. 6
(a4a), 12CH4) (pCpHm.

| R ( AJER)3:37 4, 296 2, 157 8% 1448, 818, 802 c¢cm
HRMS (Bfk)cal culCab€iNs[fMHH] 454. 1560; found: 454.1

Pur (i HPLEDP 5% E m2m)0, >e9 5=%m2B)Met hod 1b
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EXPERI MENTAL SECTI ON

N-(CThl or oqwiyd-R4(nc7h | or oquiyh o laimn neNf-et hyl )
i sopropy-Lle®Rihamidnje (

e

N
HN/\Z/ ~"NH

5 |4
6' 4a \3‘ =
— o N\ |
CITT T8N N cl

C242 £ INs
My=468. 43 g/ mol

Tertiar¥y7wami mggnt hesi sed following Ge&h(e21dd3 mg,0oce
0.500 mmol , 1.0 eq) and acetone (0.074 mL, 1.0

2 h . Aqg. sats.ol NEHGO® (10 mL) was added, and the
CHG/li sopropanol (3: 1, 3 X 10 mL ) . The crude p I
chromatog6aphygy DCM/ MesaHy/.2 5% [NHyii el diln7g 1 90 ochg ¢t

0.406 mmol, 81%) as a colourless solid.

R:0. 27 (MAM/5SMelOH/ 2%28%. NBdL uti on
Mpl4X(AMecomposition).

IH NMR (400 §HKz, scB¥l (5.3 H#H,) ,2H,IJ8dR( &, HH) ,2H, 8
7.253J=d9,. 0 H#H),21B, JD6Y.du,, 2. H)Hz 6.JBH,5(@0 Hz, 2H,
H), 5.45 @t7bHz, 2H, 2=AB5NH)HHB, 28, JEHH(H, Hz, 1H,
CH(C#H), 2.J815(8, HH) , 4H,IJE86( 6, Hz ,Hs)6)H, p ICrAL.( C

1€ NMR (101 NHz, 1GD25)( 1-46. Bra®G , 14409 . eBra §qC,
135.17060C 189)0 ((BH)5 (SBG)3 @(@BAL), (BD)4 G0O.1
CH(GR) , 482)0, (4€1) 0 (@ 8CHi)) ( @®H(m.

| R ( AlER)3:207, 29614, 1580, 1566, 41452, 1138, 1079,
HRMS (Bfk)cal culCab€&€iNs[fMHH] 468. 1717; found: 468.1

Pur i HPLEDP 9% E m2m)0, >e9 =%m2(B)Met hod 1b
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EXPERI MENTAL SECTI ON

Et htyil s((®7hl oroqguiyhdlaimn no) et hyl )glycinate (°:
0]

e

C2 H2 £ INsO2
My=512.44 g/ mol

Tertiary8wami mggnt hesi sed following Ge&(era8 mg.,0oce

0.300 mmol , 1.0 eqg) and et hyl gl yoxylate (0.12
mi xture was stirredsdwlrut7Zi din (A0 mlay . wdsaa HCdd e d

extracteds wistolpr ©lg@In o | (3:1, 3 x 10 mL). The <cru
col ucnhir omat o988 aphpByY: : 1 DCM/ Me:@OH/!/ 25 8] Nili ehdi ng pr c
184 70 mg, 0.14 mmol, 46%) as a colourless solid.

R:0. 52 (DOM/9MelOH/ 28 %. NB®L uti on
Mpl6bl166 (Alecomposition).

H NMR (400 §Hz, 8cdBd (5.3 H#H,) ,2H,J8DR( &, HAH,) ,2H, 8
7.59)J=(dd,. 9 HH),216,. $26g.dd,, 2. H)Hz 6.28, 464 bHz, 2H,
Ar NH) , 6=26. 4dHH,) ,2H,J28B87 (4, Hz,2) 2H3. DT HGLEO) 2 H, N
3.29J€d8, 2, 4.-B)Hz3.88,6.85d,, 4.-B) Hz1J2367.(0L,Hz, 2H,
CH) ppm.

1€ NMR (101 #HHz, 1TBOP, (1526)0, (1BO&6 949H)CC 1-8860 ( C
or-4@), 1B&6)2 1&ZB)S5 (IEH5) 5 1-B24)5 (4£3d68B, (L®) 0 6C. 9
(OGH, 5€HEGO0( N 53)1 ¢4€)7 (&) 3pgmH

| R ( A)ER)3:387, 3343, 2830, 1729, 1579, 1522, 1213,
HRMS (®Embk&)cal culCath€MN:Ob[oM+H] 512. 1615; found: 512.

Pur i HPLEDO &% = n2mM)0, >&® 0= 9@nf)Met hod 1b
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EXPERI MENTAL SECTI ON

2-(Bi$(¢Zh!l oroqguHdyhodlaimmnno) et hyl ) amino) acet oni t

A

2
N
HN™ " NH
5 & 1
6 da 3 =
Ao N |
CIr TN N cl

Co Hz £ INs
My=465.38 g/ mol

To a soluti®h4226 mgni ne. 00 mmol , 1.0 eq) in 4 n
(0.mML7 1.1 mmol, 1.1 eq) and caesium carbonate (
at AGThe mi xture was stirred at room temperature f
under reduceaq. psaetssal&dCOon (40 mL) was added, é
extracteds wistolpr ©lg@In o | (Bhel,c B3mbxi nd4dOoch yhsrd g &n ida i ed

ov&NmSQ,and the solvents were removed under reduce
purified by flash do7:u2nnl chG M/ mMie@idir225%lyNfi eh di ng
nitrilel®e&9 vmag,i vle. 19 mmowhi tle %) o laisd.an of f

R:0. 80 (®CML 8MeDH/ 28%. NBdL uti on
Mp12B130@C(Alecomposition).

H NMR ( 4 0OCOROM)Hiz=, 8 .d2J6- (5. 6 HH,) ,2H,.J6DA (8, HH) ,2H, 8
7.59J=(d5.1 HH,),21, 9%569.dad,, 2. H)Hz 6.JBB5(&@0 Hz, 2H,
H)Y, 4.01 HGN) ,2H3.MN0C6(.Hd, 4.B)Hz2.J8016(8§, 4.9 Hz,
H) ppm.

NY

1€ NMR ( 10CIDOMHz=, 15€48) ( 1Bd) 9 1&L806P, (LDH. 3 120 . 4
(G6), 186)9 1TB) 4 14860, (TLEN)S, (INKIH ,( G3. 8 4(3C 5
( BH:CN) , 42) 4ppa.

| R ( A0FR)3:402, 3292, 2810, 2212, 41579, 1531, 1328,
HRMS (Bfk)cal culCahb€Ns[fMHHE65. 1356, found: 465. 13F¢

Pur i HPLED 6% E m2m)0, >e9 7=%m2(B)Met hod 1b
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EXPERI MENTAL SECTI ON

N,N-Bi ss(&7hl orogudiyhdlaimn no) et hyad()) acet ami de (

5 '
6 4a'4\3, 3
Cl77 8a‘N/2 2
5
C2 H2 £ INsO
My=468. 39 g/ mol
Ami 86179 mg, O0.420 mmol , 1.0 eq) was dissolved i

was stirred at room temperature for 1 hi.ndlelre e X
reduced pWaetsesrur € .10 mL ) was added, and t he mi
CHGINi sopropanol (Bhe,c@mixi n2d0ca ywvr g &n ida iNea8 Q,ov e r

and the solvents were removed under reduced pre:
flash column c¢cHh8 om®160 §rr dp DY M/ Me;@H/ 2 5% | Ny i @eh di ng
acetylat2@ 14mi mg, O0.250 mmol, 60%) as a colourl e

R:0. 35 (MOM/OMelOH/ 28%. NEyL uti on
Mp240D24I1IC(AMecomposition).

IH NMR (400 Rz, 8QRG+ (5.6, 4.5, HRYPODAHJIS20( 0, Hz,
1H,H56rH)50060.J829( 0, HH, o01-H)5,0H®IJF 72 (1, HH, -BW,0680H
7.38=(2, 3 HH, oFM)5065HBI=B62.(3 ,HH, 0IH)505®.J5 3 5Hz6,,
1H,H36r-H)3,600.J505(6, HH, 01-H)3,09BIJF66.(1 ,HH, oBH)L0o b
3.72=(®,1 HH, o)L 0633 .66/3 (mMH ®AH)2®63IJ576.(1 ,Hz, 2H,
22H 0FH)206062. 08 s spp®H, CH

'€ NMR (101 HH=z, 1CBC@H( 15452 a(O0OG) , -2165 rolo@()C
151. 20( @660 ) , 4165 A ®O0Q )C, -81a48 -8 6(@X0 ) ,-84d888406 &) ,
135. Z06( &r606@ ) , -7163 W.ral6@()C, -81D2 GBraA0@()C, -8162 6Br&8B6O@()C 125
(BO6 e@HBro60) , -61D2 46rBO6OQ()C -5162 26160 OQ()C -5162 2BrHBO@()C, -4R0HB7 . 3 (
or-4@d60606) ,-4dd 7 a6 &oC 369 &Bro200()C-3 ® 8BrA 0@ C,-1 404 &6 )(,C

45. k1 (oGl 6€6), -24 00290 Q)C -24 00280 Q)C JOppm(. CH

I R (A6T=R)3:346, 1641, 1577, 1544, 1227, 1138, 798 ¢
HRMS (még)cal culCahb£NsOf rM+HB68. 1353; found: 468. :

Puri HPLEDP8 W (= n2mM)o0, 180 =% m2(®)Met hod 1b
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EXPERI MENTAL SECTI ON

NL-( Zt(e-But yl di met hyl s-N2(yel h)looxryo) geutshigt-{) & - 7
chl orogudyh ol iami no) e-1 hdil § miRrea n(e

\/
o) '><
g
.
P
HN™ " NH
»

4a"

N Cl

CaHs £INsOS i
w=584.66 g/ mol

Tertiar¥2wami rsg¢g nt hesi sed following Ge&(ed2nad8 mg,0ce
1.00 mmol, tLeWuteyl)diamat Hyl silyl oxy)acetal dehyde
The mixture was stirredolfwtri &n h( 3 A gmL )s awas NadHdCed
was extract#£dswiprlop@HOI (3:1, 2 x 30 mL). The cr

the following step without any further purificat
R:0. 59 (DOM/OMelOH/ 225 %. NB ol uti on

H NMR (400 HHz, s@meEl (5.3 HzH) ,2 H,.Je0062( @, HzH) ,2H, 8«
7.35J=(d®,. 0 HzH) ,2H+6. 55906 §.dod,, 2. H)Hz ,6 IBH,5(6BgHz, 2H,
H), 5.78 (s br, 2=H,4.28 AH#MH)2B3,33B®( ¢ tHH),6 48, 08
3.04 (mH) 4H2.J&1 4(t9, HzH) ,2H),. 8186 ( s, 3)3)9,H, 0 .(@DBi C$§ CHE
OSi (s @H ppm.

1T NMR (101 §Hz, 16@QBO6Y, 2696 .-Bard00 , -4648-88@)0,(C
135.060¢C, B828)7 666H)3 H5B0)7 AEGOD,B68) 2 -2608.,5 (C
56. 210)C, 53.5 4@Q9 6. aH)) OSi1B(CECH)O5i 02 QHYB i (

| R ( AlER)3:250, 2927, 2855, 1577, 1079, 834, 805, |
HRMS (@EmSk¢al cul Cit@INECOSi [M+BB4.2374; found: 584.

Pur i HPLEDP 6% E m2n)0, >0 6=%2B)Mlet hod 2a

117



EXPERI MENTAL SECTI ON

2-(Bi$(Zhl oroqudyhdlaimmn no) et hy ljod2nj(no) et han

OH
1
2
2N
HN7 K
5" . a4
6" 4a \3" = |
NS
ClI” ™% N” 2 N cl

C2 Hz £ INsO
My=470. 40 g/ mol

Crude si2l2zyds edihesol ved in @/ mMHEkt 0Belofl, AdOmMI H an
was stirred at 60 AC for 3ubdbr Thdusathdpnthses we
oily residde apinr icfoil aannb (7 o0n8Bbodr apbDLCM/ MesOH/ 25 %
aqg. sol wtoi @gn ve peil(nBadr7y nt,cmnod ) as a colourl ess
84% overall yield over two steps.

R:0. 33 (DOM/9MelOH/ 28 %. NB®L uti on
Mp21iC(AMecomposition).

IH NMR ( 4 ODOMSMBH)zti= 8.d3J>= (5. 4 HzH) ,218,.J62509%( d, Hz, 2H,
H), 7.JE32(@&, HzH) ,2 H7,. 2800 & .dal,, 2. 3H)Hz ,7 .28, B6L6200 HzZ ,
2H, 2 Ar NH)= 56..440HzHY ,2H,. 73260(s br, 1HH)QOHB, 3D. 55
J= 5.9 H&H) , 4RIBB6.(4 ,HaH) ,4RITDR5 (9 ,HH) pHmM. 2

1T NMR (101 Mdziy= DVSER2806), 268)9 $@85Y, (TB®B).,3 (C

127. 860¢, B26)0) ®G@®H)6 @EDOHI, 3@8)7 -B)9,. 454)C1 (C
52.319(,C 46209 p(p@n.

| R ( AlER)3:302, 2803, 1576 1529, 1334, 810 cm
HRMS (Bfk)cal culCab EMNsOf rM+HKB 70. 1509; found: 470. .

Pur i HPLEDP 9% (E m2m)0, >09 =%m2)Met hod 1b
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EXPERI MENTAL SECTI ON

2-(d Bi$(¢Zhl orogudyhdlaimhno) et hyl ) ami nlo, )& toh®e&l )(i soi n.

Cl
Cs Hz £ INsO2
w=599.52 g/ mol
Pri mary 24d(l 4 hmd, 0.20 mmol , 1.0 eq), pht hali mi de

triphenyl phosphine (79 mg, 0. 30 mmol, DlLebhylg)

azodicarboxylate (0.14 mL, 40% in toluene, 0.30
temperatur e, and the mixture was stirred at room
under reducaddptéeassuesjdue was purifiedd&yl:f1l ash
DCM/ Me OH/ 2:3% . N 9|, utyiien di ng phth4I8i3mindge, dOe rlidv antm
69%) as a yellow solid.

R:0. 67 (DOM/OMelOH/ 28%. NBdL ution
Mp170174 dAeCcdmpos.ition

IH NMR (400 HHz, SQREl G.3 HzH) 2H7,.IJL0D(08, HzH) 2 H, 8¢
7.65J=( B, 9 HzH) ,2H/7 .BEROG nH adrHd) 54 6. 54 8.dod,, 2.2 Hz,
606MD)0, 6.J:95(d, HzH) 2H5. 8D 60OmM br, i .H§ 4 2( mMH)NHN3 . BB 89
(di=, 7.1, 4. MH)Hz B2MOH7 R&dl) 4 HR2 96® (mH) 2pipm2 6

1€ NMR (101 #HK=z, 16BOB, (1521609 )(,G4DHD8BGFGOE) ,- 149. 0

4606068@006),7086) 1-40 ®36)5C (IC3Da), (LCBDH.OD) ( CBLDD.)3 ( C
122.8 06)C 125060610)(,CARDDO) 3(6@D) 42 &)3,. 7HAOQ6, ((£0. 9 (
2606), -1306). 2p p(nC

| R ( AlER)3:385, 2924, 1701, 157%, 1330, 874, 799,
HRMS (®ESk)cal culCath EMNOb[OM+H§99. 1724; found: 599. 1°

Pur i HPLEDP 6% E m2n)0, >09 4&=%m2B)Met hod 2a
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