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| | Abstract

Mul ti component reactions ( MCRs) have emer gec
val uetdh efiorr ef fi ciency, atom economy, and ab
di verse molecules. Among these, t he Ugi and
examples obadesdcmaht deomponent reactions (1

enanltewotievity in such reactions remains a si
This study explores the applicability of thi
Passerini reactions. Thiour eas, a ¢l ass of
noomovalent i nteractions, Adpeceirfsiec alilbyr almyd roof

organocat al ystisf waeapsmlsiiyahalhledsy selkde principl es

outl ined ety. Aamtlatsi component reacteon was
synt hesi s, and it was di scover etdo tphractdutclei s
t hi ohy daantcdiansss of compounds widely utilised

A systematic catalyst design study for the e
was conducted, followed by a screening for o
into the scopeesbééemencstrnated {TThat thioureas

catalysing the Passerini reacti on, yielding
and reactant conversion. Ackdgi toifonap | yp aB%e
achieved, even with st eruicchalasy alceestsi cd eantaindd i e

Mechanistic studies providad afl ysteldenr eiacg i ghnt

Preliminary experiments also revealed the po
enantioselectivelew.f lofdeanna $i naicthiiaelv esdt.u dRye, maarnk &
formation was observed even under conditions
emphasising the catalytic capability of thio

Il n conclusion, this work | ays the foundation
alternative catal yst-basend amulnimectonmpco nie® ® c yrae
promising resul ts presented her e diml d,0 i n
broadening the scope of thioureas as versat.i
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| 1l Zusammenfassung

Mul ti komponentenreakt i olneins t(uMQRsss)t alm klee nWe s k @
organi schen Synthese etabkoeramidedie MEmgli ltheé
schmuenldl eisnfraakh ur el | disvyemrtsiee,t Ngle eele plhe z z u we r
Bekannte Beispielelgunndcerdidea RRakd eswineli du eden
| socyasindMul ¢ i komponent enrzetahklDadrenraent i ek MICRE ) i
Kat ad ylsBlea kti pmdommer enaehgroCe Herausforder

Il n dieser Arbeit wird die Anwendbar Kegirt wvon
die -uUgd PaResaktuindrer sulbhitonst of f eKIl sss 8 @ @iome
Organokat adegrsean orEfnf, e kriii &totv &t en&ef Wechsel wi
i nsbesondere VWaissecumgsafeEdr dc&eaem 2ZMeeclkz anhulr d e
vowmwer schimrbdeneassyphtfleat i sioavreti t dmSdgeMrcihnzi pi en
AGr ¢nen \Cdhennaisetfia.sabsec k swe hdReyr.8y2nt hesahal tete
t eiilsvee ei ne ,wewdlegie MCRh Mzd hgpué&, ddas sledsesébl u
Thiohydantoi nen eriwei nher tMoiwe k g b k| aksasnen, di e
medi zini schen Chemie Anwendung findet.

Es wursgeseemati sche Studie zum Katalysatorde:
derPass-BReakitdwmchgef ¢hrt, gef ol gt von ei ne
Reaktionsbed&iusmgurrderh wurde das Spektrum m°
um eine breite AnwendbDhekErgeboi gbafrhet gf Baeg
wirksame KataPpsaBeak®iebhnprk dnwé m elinesi® t z e n

deReaktantdemuch zu h°heren Pr odWDkatrglbslre uhtienna
konte ein Enantepmeoenbbserzsaoht9s %(erzielt we
weniger anspruchsvoll en Reaktanten wie Essiog
|l i efertear Eabl zt k etha rnn-kdéemé FTyhsiioer t en Reakt i o

Er dthd er suzdiugigem z u dam,n ddi aes-Résdibha opymmet ri sch

katalysieren k°nnen. Il n eevmrer ¢WBoenrietrit ali scthud i
Bemer kenswert war, dass sel-Besdaktuindare rn dBremda Inegyru
unm®glich mach&mt all msBdiogesi reides Produktbi |l du

konnte, was die katalsuthitsealsd rkéiicihgkei t der T
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Zusammenf assend l egt di ese Arbeit den Gr un .
Etabl i er umar nvsoanlo §TThEiaot al ysat oren i fhaasasemmetnr i
Mul ti komponentenreaktionen. Die vielverspre
weitere Forschung in diesem Bereich i nspir
Thharnsalos feinel seitige Organokatalysatoren e
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talysis i s tame emoduemincall p anrdtu pafr waa pvd nogn e
rces. |t i's estimated that approxi mately

ast one ETahtea liyntpirce ssstievpe. domi nance of <catal
ale is due to tdempargend ftiac amnn .Batdaplayovead ersega
alternative, ener get jccaatlalyy sftasv oeunraabbll ee nmaenc
actions to occur wunder copnadrittiicounlsartlihyatwiatrhe
applied presslfTheseadyd tbmpeverat éseffici
duced energy consumption i mp rFowretsh etrimo r 8 U ¢
talysts are also frequfeacdillyi tuasteidn @ na awil chd o
tivities.

todayods world, catalysts are indispensabl
l e in the producti on foofr ttrhaen sphraoldikuactain abnnf fioufe
emiAdadist.i ocaltthy ysts are cruci al for pol |l ut
action pathways that Out-wroonpledtes tdre Ky r me
Il l ut ant sofpihpreo ugdhl wetnidons , such as those use
h a u smts! Nsoyt satbd vy, cattal ¢ me md a e nailcs oi nopfor t anc e,
ti mated that i ndustri al processes i nvol vi
pr oxi matualryt emn e f t he gross domestic pro
rl dwftdet he turn of the century in 2000, th
around ZXQWolriel 2tGheyre dUrISOH | ater, in 2023, the
ready grown to 31.1 billion USD and is ex]
nual growth rate (CACHRheof i 4iayp deman202
iven by manufacturers worldwide seeking t
el ds, reduce cost s, andorsg gvfaracdem ®ir yyr e aAsded
plications in chemical synthesis, petrol eu
d environméntal initiatives

Beyond t he obvious economi c i nterests i n

mu
c h

l tidisciplinary research field spanning nu
emi stry, bi ochemistry, theoretical 2 chemi s

Catalysis has pl ayed a significant rol e th

do

cumenmademaemt al yst daenthgrPack to the 18
1



I ntroducti on

However, the ongoing pursuit of better sol ut
necessitate continbdédcreasnbnghpiasdihree ftield
procégpsagedgicularly in terdmsi |df ayiieled ian d esseplc
global challenges of dumamade, pgithygaewtchigma
worl d poépotdrmdiiso mg demand f 3% ocomasmeméutpraodeod

On the other hand, increasingly stringent en
S® and carbon dioxide emissions) have creat e
need for cleaner and more sustticcabldd nge tt oo

Shel don: Athe application of stoichiometric
chemical m a ACuof nascet quur ei nnt gl dy. , alternative and pr
pat hways are essential to consef3vre gemseorualc,es

process or a technology can bedtemmadedst ég
prexi stingostfrahegaepbdbi cation of toxic and h:
well as the generation efodacge, giFamtieliue e d«
pur pose, a set of sustainabl e principles in
Principles of Gr eeret Chad mihd tcrhy 0s ebb w e Ah%asst aas v
Cat asynt fcesdand tf asrimfainlyt hoefs e 1c2®i t er i a

Despite the decisive significance of cataly
sustainabl e technol oigs exf, pompbDratataa ® f.pappécrt
Il n asymmetric catalysis (or enantiosel ecti ve
reachtyi omrovi ding an al tdteameatti veed rileeaecd p roenf epraet|
formation of a o ectihfei. Th esotdeynaetoiaaslg enme nt i n t
di menast onlse mol ecudmmalan ewdellas rsit icalucasalt he c¢ch
oft hmol ecul eds functidh*Blrighenumsr e¢,helmsfed viebsse
mol ecul a%® Rbhti roanlliyt yar e t hed ebBsehtané adso9poil gt
| i¥mased on chiral monomer s, but many physic
interactions ®Moceédoval, motl ecea¢temes particul a
mol ecul es interact unequally with two enant
di stinct phy%’iPkdlro giinashtid necfes,e mesenanti omer s ma
or taste others can psedecef’fde&ftfer ent, and s

The reason for this is that the absolute con
human body interact ®iComsaqudremliyg,al stcompoiun
ut mosnportance in pharmacol ogy, as more than
contain at | eastd o nfei guree etolgaetniics cleihkaley t o

2



I ntroducti on

Hi story provides a particularly tragic examp
have dramatically differentTHefiDenmIitDErogi nlaé |l K
devel oped as a sedative, PRécamixlShoebsy avail
sold as a racemic mi xtur e, wi tRre ndaenvt a sotneetri n
possesses the inten®edanedatmeve i pr deentioge,ni
mal f or mat i o2PsPhiins ftoreatguesdeys hi ghl i ghted the cri
in drug design

Despite this, by the 1990s, approxsmasgely 90
racemic mixtures, underscoring the £&%h&a3l |l enge
Il n most cases, enantiomerically pure compou
through methods such as chromatographic r es:
chiradsuwcholas amino acids, carbwbydr asesl, atse
precursors to prodd®n enhaentotolpamr ehapnd,duths.
transformati on of prochiral compounds rem
enantioselective stylnd hraasjier. i tOpn dfh ei rcdwnd trrair /|,
heavily on biochemi%ls @ar rkeiswall dgi coalgameé tch osd
devel op methods for producing compbdbuwdas wi't
prochiral swhirlte nge dnadiemg alependender iomedi ol

approdches

Thi s WwWockses on the steireomc)ydasicadde vneu | & X eccountpioa
reactions (| MCRa),s-Bepmp o hentPhbyga3ttRe @ nmhd

Ugd4componentUgrdeCRe eTsheunl t(i ¢ o mp o neematb hree ascytnitohness i
oflacyl oxy amidepephiatteecy | amm)ing@dgd ). Both | CM
arwebsbuited f-oridntvedssypt hesitsheiyn adrrlaupgv dd ihsec o
gener altdrogne olfi braries of pctoote @Al g hphghmac
t he reactions have b edeqni nicreo wtnh efiar dmasrcy v g e
(PasstamidnilP 8% a( Wgiu)ly enantioselective catal.

was only published recently. The Bin Tan g
successfully as catalyst in 2015°3%%hiltéde Pac
numerous catalysts are -mowbawmailleazul arf oreaagy
enantioselectivity, devel oping effective <cat
been a ththeéebgeakthrough achievaeddbgs Bed T
severaslt alnadmngg dr awbacks, yet the asymmetr.i
significant hur dl e, with only one catalyst
Furthermoxat at ysedPA MCRs have some | imitatio

3



I ntroducti on

use@PA <catal ysstymmedgegsst oC provide a chiral p
phosphorus atom. The respective building bl oc
functionalisation and géhAdrdaitteée ohaghy,amoamm
available CPAs are extremely ex°Fewmrstihveer, marheer
in the Passer. procedur e, they require dif
primarily invofé®% e bulky substrates.

This project seeks to expand the scope of ¢
t hi oourTehhessmolsamadlle organbkbocawal et st heier wabi | i
substr atheysd rtthg eocligrhg i4ATtheerya catrieoms cl ass of org
are inexpensive, eagioloy syoymphaeahidbdé @& bfememat hi
moi s-itmgsensitive, and capabl e of cTahtiad wrseiansg r
have demonstrated catalyticaagmmett iy tli symahe
Di eAllsder r*&amitcihoanesl, “& 8iHdei ntriyo nrs*d aadat & toanlst, 24t i on,
Manni ghe r°damntdi-agengi ng pol ymedrEms e pimesn t( IRYOP )t
aim of this project is to further establish
| MCRs and to evaluate their catalytic perfor
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Chaptlehred2r et i c al background

2.Clat aligsisci ples and historic de\

The earlieatafpyrimses pfocesses were practised
human societies across tMacd! oiet hef i enpawitt o
processes was evident in food and beverage p
i nstance, relied on the fermeatmanooeas Dfc agtralp
by en&%%MPterst her more, the production of other

aci d, and ether also depended on catalytic p

One of the earliest recorded examples of <cat
observed that the conversion of alcohol to e
amounts of sitmpmleur ie@ardyi daccounts of catalyt

wh e treated with potassi.%vorhe dhiogtemr itcardx art

e
u

Antoine Augustin Parmentier in 1781, descr il
n
alytic procSRisgiesmuved eK agn svteanhoddigend 1K8ilrlc h i dafaft

the mineral acids wused to convert starch i

consumed i fAnbéheeaekampl eSiirs Hithmepidn yslc&®hYey y

—

hat the combustion of <coal gas with oxygen
l atinum wire at tenfpe®atures far below igni

i nahey,fitst gemer gagédi,hbpeaptiph ead e and many o]
bser vaacicoenlse hn@amiedal Té&aocwatshirepourbyl i shed i n 183
akob BéHezksousoi rcead atl hydseitsievend fr orh| thhe Gr ee
wn)_ Fadmd( giol ut i ®AMo slt o orseemmai rnkga)b. | vy , Berzeliu
ommon feature of al l the aforementioned re
istinct from the actual starting materials
ddi ti onal s ubcsotnasnucmeesd wdeurreé  gemtemre pmoovessal |

efinition of catalysis was provided by Wi

O O 99 O 6O ~ o O MM T
o
o

cceleration of a slow chemical 90%cwalsdbdy t
investigations into catalysis, chemical equ
Nobel Prize in’'Chemistry in 19009.

Il n other words, catalysis can be described &
catalyst, accelerates the atatdcemeadd ranocdhyenmind acl
equil.i bTrhawunm eaction is accelerated because t
reactants or intermediates, thereby altering

5
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an alternative, energeti’@@ao hyerfsaevloyu,r adl sub e
ter med haibfi tiors presence in the reaction mixt
a reduction i./"Marheeocvaeeraicd s D@mr irbrede as a cyclic
Schenme I n this process, t hefAdaafiBabgbobr donkdes
reaction occurs. The catalyst facilitates th
iPb, which remains temporarily attached to th

product separatesubaddaguee tglit hat eatdbyser cat

[ 5 |

A
Catalyst
[ Separation ] @ding
(5 N
Catalyst

Schemel A model catalytic cycle according to Kakaial, illustrating theelementary stepaf the cycleof bonding,
reaction and separatién.

The catalyst functions as both a reactant an
and unco6®B@esomedquent| vy, only small amounts of
repeatedly transform | arge quantities of rec
cycdPfhe efficiency of a catalyst can be quant
and the Turnover Numbert( @aONpr eAcsosdigngfiti @a
surrounding the preci $®fhdefpnoposastbéat TORea"
the number of catalytic cycles performed by
standard Turnover Frequenttcypr eakerieod OFondi tmie
facilitat/@ compari son
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Additionally, the TON is calculated by mul ti

specifying the maximum utility dlftagquamnal ¥ st
the total number of catalytic cycles that oc
duntil the catalystos aéNoitvaibtlyy, deac Icianteasl y(se nd
not infinite, as it can decompose or become
where irreversible binding wit#h’” side product

Schelmd | ustrates a generic energy diagram, s
(dashed Iine) and the catalysed reaction pat
t hat the catalytic pathway can be agbitrar.
transition states and v &rcih@ans pirnetseernntesd iaa tsei sg.!
simplification.

AN
\
-\
1
/

e [0+ O — @D

Potential Ener:
~
-

A
/ \
Catalyst ﬁ ,’ \
/

\

Y
Catalyst o l Separation I

Catalyst

o

Reaction Coordinate

Scheme2 A generic potential energy diagram of a model catalytic reaatioording to Kakaegt al,! in which the
reactAanaBod fifior m t Pe. pTlhaulclt]l istration compares the uncataly
with the catalysed reaction pathway (continues line).

Of t en, the bondi ngAobatBWedadindt hbereatabhnss fs
process that occurs spontaneously. Due to it
bet ween the catalyst and reactants results i
di agram of theAfctadraltyhd cr edAeecatcBiod marhb d tew ebeort hil ar
bound to d meoktatel yanother | owered energy st
reaction product remains bound to the catal)

7
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mpl ete product fornm®Oionst the avceéen vame onT e
int on the catalysed reaction pathway (cor
e catalysed reacti on. Comparatively, t hi s
tivation energy dalryeedthelactihan pdt hway.u

e activation energy required c¢cd@&n be cal cul

0 62/1\@93
Y'Y (Eq.1)

t hi sQdemmtt st t he rate constadsi gorfiamy tal
tivation energy requirtedkhmhownt-asp ¢ e tpir @&ln .
frequency factordepepdesenpsothbhettempehat
d the steric factor, "%sur¢heWstoamredls bfyorc ot H
i ver sal gay epaoresteairtts, téhred dhsolretaect it e mp & rac
celerated because the presence of a cataly
comparably |l ower transition st atpeosesheesrsgy .
fficient energy to reach the transition st

sumambalyasicki nesti ¢ effect. The thermodyna
changed, &s giulrlewRe rattelde i meactants at t he
odafcttshe <cat al y saerde raeta ctthieo nsaapnaet hewteeljreg yu nsctaatte
action Pphithwiarydi cates that the Gibbs free
ose of t he ulnNcoantea lhyesleeds s1, e achtei omr esence of
actions that would otherwise not occur, or
S absence. | t is worth noting that a cat a
ansiteogystatei mnl arly | owered. However, w
action may be reduced, the activation of t
e forward reaction) by the catal wardmi ght
action. As a result, t7’RAnsotehfefre citmproermaainnts pnt
catalyst can al & esrucifecaassuartaiborne opfuaduct i es t
ven t idnbeutpebryi oddef i nition, a cataly8% cannotf
nerally, catalysts can vary significantly
literatamesirmobpt algy #thdt o( Svod)ercdi | me e h

rger struct drd&msd seumazhyernackbh éa leioweal, y€i s can

tegorised into three subdisciplines: homog
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bi ocattml hesimpgeneous catalysis, the catalyst
typically either 8%f nt hceo ngtarsa sotr, |hieqtueirdo gpehnaesoeu
the catalyst being in a®3%asftf ecroenmmo nplhya, s et hfer ocn
solid in contact with either a gaseous at mos
catalysis primarily occurs on the surface of

catalysts are pomeshiezseudp,p oirnteerdt ommatnear i al s t o

surface area. Additionall vy, porous materi al
ar®athe third subdisciplindoirs imRiszgdedl.ysi s,
Thearre highly specialised and efficient cat e
cell s. Each enzyme features an active site
structure, which guides substratemns des drhieb ed

by thankéewptkptinciple.

2. Organocatal ysis and asymmetric synt|

Homogeneous catalysts can be divided into tuv
their catalytically awotrgeeisi tatalgstcsaswhiol
any metal in their active®®site are classifie

Met al organic catalysts have been extensivel)
arises forobm ttah es of t h e-merteaslpreeal hidesse b etbhrraantsei t |

coor ditnoatAidta.m t i onal | vy, the selectivity and a
modi fi ed and tail ored by its |l i gands, whi c
coor dimateircanct i on, metal organic catalysts act

as |l egahdnge, ah®id dway ,orreatrdiliconc.at al ysts are
have found numerous®?@fphki catgindods-camit &inmdifirs gnre
catalysts is highl i gkhrtiezde sb ya wahred erdu nieorro uasd viNaon

dynamic field. Recipients include Ostwald (1
Natta and Ziegler (1963), Fischer and Wil kir
(2001) , as wel |l a%c hOrhoacukv i (N2 0 0Gbr)u.b bTsh,eiarndcont r
range of achi evement s, from the devel opment
industri al procesisi®y att o vteh e acra¢e ygtsit esn f@fr hydr
polymerisations, enantiosel®8ctive reactions,

Organocatalysis, 0omnittihael | pt hoewer Bhadowed by
organomet ableixppecateamlcyesdt exponenti al growt h i

9
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1990s onwards, driven bfreeoasegmmeflianelvaatatk
first enantioselective orrrgegpmoadaetddlaydtlae rrl gga ats
asymmetric al dol reaction using!®@°Muchal yst

progress has been madedayn hbmepass dmpadtan
formi &g a@dhetCecroatom bonds can be perf or me
organociadwdrysasymmbeéesecalnlyywde rasladcali aarss t he
Mor-Bag-Hi k|l mann reaction;Spdemgdyyrr ea@&atcitorm,n, Pia
reacdiasnswel [-AladerDi rednac i pdsar cyTlPFo&¥dict i on
Organocatal ysts have -ad mmo nbeenetn raepapcltiieodn si n( e

Biginelli, andJbSMAR'Ardiddit i oea¢tt ypndsghey have fo
Cl ai sen rearrangement s, pol ycyeolpiesnatnigons,
pol ymerdS?stdfFuonder more, organocatalysis recei
Prize Comniitstte eanndheMac Mi | | an Pwadirzee G@Qlwamidstdr yt hi

202 Dr theirtoonhhrebbt ebds

The catalytic activity of organocatalysts ¢
covalently bonded i rctagramheydsitat @rsd bseu lwetema ttehse
hydrtbgeded-pairi oomprexeasdmaamiame i h Abiansieudm

catathei siamnfall ygtehtec elsUMO and HOMO energies of

through <coval eA% Ahontderf oemampbe is the ure
pol ari sat ibomwishly ddrebugheldei ng i'A%? 8 o at h eiotmehr &s
been di sbaverbed uncti onal catal ysprsomi suanlg a.

catalwpsth, acti vavtiéar Bhatsedbtsy t sy owglblakasyi s

i nt er.b?ctBabsnesd on Lewis and Br Bnstfeur ttwenrcept s
categorised according to their behaviour as
BrRnst eldFdrasiesst ébmcsd,c lceawiad ystvsimuoli eophiel ire
addition to an electr-aphdicccatublsystas eacwwhyv
Substrates in the reverse case. Bmf3inse made ac
reactions through (partFaljhermanepatbahy®is
proceed through supramolecul ar i nteractions

reackt?ant s

Il n comparisoemethhdsdad acnai ali pyat-5r ed her guasreo coaft an
generally offers sever al advantages, I ncl udi
at mospheri?é28Comysgeagnu.ent | vy, i nert conditions
significantly si mpl8%dydintgi otnhad | rye a omtrigeam ograd @ ¢

better tolerance towards various functional
10
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range of *“FpéflRoddbobmpared to enzymes and o

catalysts, they also t od%emramet lme wfiidrean aiaanlg ep
t r ansnietdacdbmt ai ning catalysts are typically ex
resotdMemsy organometallic catalysts wuse met
pall adium, osmium, iridium, and platinum, wh

l i mited amounts and requir®Mobnall ekgingt hads

wi || not i mprove and the scarcity of t hese
yed% 88 Adclef ding to a report from the British
of these metal s, along with antimony, mer cu
ri'sk-th’ese metals have also been coined as fis
America and the European Union relying on th
economic factors, the exploration nmedntealp!| oi
concerns, as one ounce of pure platinum is u
is mined at dept®$ of wup to 1 kilometre.

Contrary to t hese circumst Aeseses,expredanoeart
straightforward to prepare. The separation
significant challenge in metal organic cataly
concé@&pasticul arl y aipmpl| p Baatmdoapsoustel ceanvi r onment
i sstfedd Phed% comeedrumsetdlar ehe use of organoca

simplifying the overall purification process
involving organocatalysts often exhibit | ow
| arge quant ietliagd vefl yc dtoanlgy gte,acrt i on ti mes, an
stil]l more complex comp®red to heterogeneous

As predevaussiidyreglanocatal ysts are particularly
synt heses. An asymmetric synt hesi s i s per:
predominantly or exclusively favour3ltHeé forn

As highlighted in the introduction, catalys
strategy to influence the stereoselectivity
Traditionally, reactions with prochiral com
compounds were subsequently isolated through
fractional crystal.l'P®atoitdher ofmetdi st e meohere:
stereovsmahmeomat ographic techniqgues, which e
bet ween the @aiadtgditei oanmad yt hpehas e. Both approe
produce significant waste, pamradcemilxarulrye wihser

11
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desired, wi t h thepooth@ectmamre amederars applryac
stereoselectivity to be influenced directly
auxi I'Paflifese auxiliaries are covalently at:

stereochemistry and are subsequently cl eave
bywroducts can be suppressed or completely a\
in stoichiometric amounts, requiring an addi
wast e. Recycling these auxiliarieandft en saenr
cases, they degrade afFtenl bge Be@edcriapymdt mbe

homochiral mol ecules from the <chiral pool

generated during the reaction dwut3’is instead
Il n contrast, asynmmehere ar ganad yttalcy sainsount
suff baiegpntesent s an el egant and economically

Asymmetric synthesis mediated by an organocsée
mechani sms of??2st38reoinducti on.

1 .Nowmoval ent i nteractions: Asymmetric react
interactions, such as nucleophilic or el ¢
and the substrate, Van der Waahsteratéraaos
Tle catalyst is not consum€dyahadtregtaema
formatiThbe catalyst forms a reactive inter

regeneration for further reactions.

2.Phase transfAe-ghuoessit acpsmpés ex between the c
enabl es migration between two phases, whe

3.Reactions withi:n Anmcladcd lyassrt 6 a vmotl ieecul ar ¢
substrates based on steric demands and sh
to Lewis acid or base activati on.

Asymmetric reactions require highly ordered
dynami c -csautbasltyrsatt e Paser & et iiofmdsre r a ontisiit @aimnse & e

hydrophobi c, hydrophilic, van der Waal s, 3
interactions involve diraadt fiumtced rnHyadailooggsnoaitp <
bondbhetgween the substisatparampgaoltbenhicatal asty m
cat al ywiitsh ener gy cont il®ukdaln/smahwnigym go g e iom
bondst o160 tkacal / medr froe sasBaams@geed hydrogen bon
RAHBY®These i nteractions stabilise reactive

12
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omoting the f odmménshnoo®Hlsruscghi dacsts tichast €ael aytset
me?r §*fus, organcexatiphli wksiesmlzgfrmaen ¢ catal ysi s.

guantify the outcome of an enantiosel ect
antiomers in a product mieXt uwrre ,t heei tehnearn tti hc
cesi 6 empl oyed. Hi storically, enantiomer.

edomi nant met reigce pirne sleinttesr atthuer ee.ex tTehnet t o wh
e enantiomer in gr ed#4tetr oa btuennd acnocrer etshpaonn dtsh «
rity of a compound as determined by pol ari
Mmeo.dern chromatographic and spectroscopic
f eriigfhgeeci si on in quantifyingtemdefi omdr it d
antiomeric ratio as the per’cdgheapgeodattor a
flects the rate constants wunder kinetic ¢
t er mi neeqdu iblyi btrhieu*h constants.

ITha oiioeganocatal ysts and their hydr

il oureas-aaméoghest bif our eas, i n which the o0Xx
Ssubstituted by a sul phur atom. Thiour eas
e nitrogen -at-lamsl ;diwittria nresoutbestted t hi our eas |
served. Thiour eas ar e typically prepar ed
ot hi odéyrmmateact ants are usually stirred ir
ightly elevated temper atltifrheiss troe ayciteilodn tthoel
de range of functional groups, and even |
actants i°fora ibnacsree aisse da dpdreeds’s*®is en ¢ Ot Bi SPmgt h
no*t -Bit4¥48&ndsubstiPihiedur eas can be synthesi

e required iIisothiocyaqaataéedogues bDliei ecolcgmrmank
assically synthesised from aminest*@rsing hi
rbon di st°P pfthied eMe(i @S )group recently propos:¢
ot hi ocyanates using el emental-disabdigclycd oand
4. O/femredecDBU) or ot her s, t o convert i s
ot hi odéeYlinatapproach can be extended furth
mpound in a more sustainable fashion direc
ding an amine to the respective mi*kxture o
her commonly employed reaction methods fo

13
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CcCsSt43. 19¢ thionylation reagefbs belszuacthriasz oltyl
met hanbhi phenyl chl'6% ot hionofor mate.

Thioureas are compounds that have found exte
include biological activity, mailierd itéH edre su s e
or rodéfhfhthieciirdetsi.ol ogi cal activity is also ut
t hey sertvleyraosi daamardidmtosi,r *4cagnaemti § eptli®&nbgent s,
hypertonfer agretnit ®xu rdtammetrsmor e, they are wused

films, textit*wes hcamdopl ast pcopertiest®al so be
I n addition, thioureas are empl o§¥dr aboi nt er
the syntheslipguaodfi'diMbeds mesl i gandania 'éleéemistr
17"Notably, thioureas are valuedyvimogttehsetir ab

compl eb®tAindndi s3ibstituted derivatives are pa
hydrogen bonds widtohn antui nmegrt bsutsh sepl reacptersotny t h a't
to their extensive application over recent d

Hydrogen bondowgl erst ai ntoenr acti om benpwedrmnmo
concept derived from nature, as it is obseryv
enzymMeé®BY® i nvestigating the working principle
their catalytic activity -mosti g bdiomatpmeort I n
based on weak bonds between their active si
s mal | change i n t%Men Gdtbhbesr fwoered se n etrhgeyi.r cat
selectivity rely on hydrvademtbdmdiengnodmred ubt
such as hydrophobi’estianctkeirnagc,t ivoanns , d earr oOWaaat li sc f
di pole ifteractions.

Thioureas intebasitcwitoahctihenadleiwti gsboflenhat sub
hydrogen bonldeaibnthérnta@otuibdmes hywaw gfeinr dto ndle sngr i
194%y Hiade whoragedr Xstall olgBaphenyFenaedi gke
1990, e&kldwccessfully demonstrated -Alheéemacti v:
reaction, achieved by dbuphenwwiydnedeal bdedi v
carbonyl group?8fonf stuhbes edg ueeendtp lyitek ger. 0,r et ttenre hy
bormdnati ng bdEpaphéngbuwédas cugyisn@al X structure
caerystallising product of di ph®&@Myhliur epaesr i widt
al so saw a number of NNdf substialtedblureasi a
Among these was Wi lcoxbés 1992 study on subst
supramol ecul MN-dicshwehmd tsittr iyt eod (Ftthni 01)9u9rde a Cluerrri avr

14
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al reported on the activation of sulfoxides I
also in the first CIl aNMNekinp remylr a(ntgheirh®jnur ecaat

After the catalytic activity of such organic
Jacobsen group achieved another mi |l estone
asymmetric cadtal gdseinso.n sJtarcaotbesdeni n 1998 that cl
catalysts bearing an i mine dbasetdi dbCdRish tygs wer
the Strecker andi Maami & &y mm e tdtitigoleihaodwhisieo n .
(thire)a deri vaheetviGesr ansek dt hbggdaapbsen

Etter 1988 Curran 1994 Jacobsen 1998
NO, NO, CF; CF3
o} o \l/ X
A A RN AL
N~ N n-0ct0OC N~ N CO0,n-Oct "™ \n/\N N
H H H H H H
(0] N
1998 Ry = Ph HO
R, = OCH3
X =8
Bu R,
2000 R4 = Polystyrene
R, = OCO(Bu)
X =0

Figure 1 lllustrationof important (thio)urea derivatives, which were investigated for their hydsbgeding abilities (Etter
and Curran) as well as the first (thio)urea derivatives used in asymmetric catalysis (Jacobsen). -Ramlkdteatalyst
features solid support itsi2000 version, as it was bound to polystyrene in this modificAti@mabling catalyst recycling
up to ten time$%

As the fieimkdofate@tdhicatwrldegai s centiapubbti sbedx

an article in 2002, which provided a compr .
(thio)uréocabvabyst s he-bhiisqhlryy facaobiroemeB8h®l ) p
was introduced into the catalyst structur e,

privileged“but?1 ding bl ock.

The urea or thiouridabgnadosp(icbnbhat nset heowiNs e
enable doudbloeadhydmo@gen nteractions, characte
facilitates bhondd ngc ad eop thoyrdsr osgreanh ,a ss wlap bwrniyd
acid, and Yfwurather goopoapsinteractions of thi
repalPledirogen bonding causes t o nal eactcrepr ode
shift towards the thiourea protons, ultimate
the acceptor mol dTtule and its activation

15
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Based on these interactions, (thio)ureas <cal
aci*#s®t t he other hand, this activation mech
protonation, akin to BrRnst ed.%Btuipdioa td atga It yhs
hypot hPeSspiast, . démonstrated through comput at i
investigations that the Schreiner catalyst,
wi t haoaf piRo: 76

However, these hydrogen bonds are not partic
an ordinary thiourea would catalyse many r e
bet ween a thiourea and a carbonyl ekcym@ound
kcaltfbotl room temperature in dichloromethane.
most |ikely outcompete th* ‘dxdtene hmil e ssf f Scth
et. adescri bed several, btemeetf igriedt Idye sdonfma mpaoda nt
such c®t%®t4st s

To begin with, effective catalysis generally
chemical reaction. I n the case of (vtihai 0) ur e
hydrogen bonding. Al t hough it can be advant
chemical reaction if the catalyst stabilise
transition state |l owers its actiiovidachoeai marer g
described thaeond hdo nordfroap@bihli o) wrea can be
i ntroduci-chgf ieclieecnttr oanr y | moi eti es Sadedmeent t
il ustervaetr ed benefici al ent hal pi-ce fainadi eenntt raorpy
groups.

CF4 CF4 CF4 i CF4 CF4 CF,
QLD A, U
FsC S HJ\H@ CF,4 F4C HJ\” CF, FsC ”)\H CF,4
Scheme3 lllustrationof t he ent hal pic and entropic effects in the stru
coloured red, leading to polarisation of thieHNbonds and thereby improving the hydrogemd donor capabilities of the
catalyst. Thisis achievedeithe t hr ough el ectron withdrawal (CF group) or by

arrows indicate the direction in which the electron density is withdrawn. The intramolecular hydrogen bonds are coloured
blue, enhancing thegidity of the catalyst structure and facilitating substrate complexation by lowering the Gibbs free
energy of complex formati@an entropic effects

El ectron deficiency of the aryl grodp i s a
withdrawing groups (EWGs) , such as fluoro
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exXx hivi(tmes omelr i(ci)ndauncdt i ve) effects, owhiech red
N-Hbond of the (thio)urea. This results in a
overall incr eabsoendiimgt hse rreyndgrntdhgiémte t thyedrmod erc u
bonding strength is most si g#iiftihdamtwliy ge mgh ar
are attamétpadsi hi ohe Some enhancement 1 s al sc
t hppapadsition, but % 9T Hae Ipeosssietri memtpmagniisnon he
particularly effective, as it causes | ess st
t hoer tphoosi t i on. S e c @radplays,i tcioommpi anrge,d ttwo EWGs c a
t he cat aleymats iitni arh,e whil e the di fmetagnndce i n
pa#padsitioning is negligible.

Furthermore, switching tepddnsaciecatitontdf otulme a
to the | ower electronegativity of the sul pht
weaker {yhrdog@erceptor than oxygen in the ure:
of thiourea i s | mepmr,oviendc rea@ammp anrge dt hteo awprpl i ca
Additionali tbedeawrog effects are achieved wi
hi gher polarisability than its wurea counterp
of the paertcihaalr gree goant itvhe s ul p h4PrT%haitso nf ucrotnhpearr
enhances the piHl &aroinsdatiinont hoef tthhieo uN ea- gr oup,
bond donor capabilities. These capabilities
the complexation of the -bandl mstcewt bh antwmuo
entropic contribution to the decrease in Gi
cat asluypsstt r ate compl ex.

The strowgtédeawiog effects of the CF gr oucg
in highly polarisedoraphoosnati ean,prewhobaok anethp
intramol ecul ar hydrogen bonds with the sulp
thiourea structure exhibits pronounced rig
intramol ecul ar hydrogdnogendatbewsweant hbeaonp
t he dbawiic sul phur atom of the tomf@oumad.i ofhihios
the thiourea. This preorganisation effect in
associated with complex formation between th
facilitates catalysisthat mwoiumids iondg etr wé sent
coordination of thiourea with i1ts substrate
thi ourea mol ecul &2:-4%% 184 11fPeady restricted.
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Furthermor e, due to the wvery |l ow tendency

themsel ves, the catalyst is |Iimited to for mi
ot herwise reduce i1its catadtytabuq@agdstvitigat MbD
interactions between the substrate and cat al
i nhibition BYUI t h ena tpeloyd,uc Sc hr eo mthhyod f ogenrd t
at oomwhi ch are not i ncorpor at edboindtiangt lod it mt
cat @dlcyasnt f orm add+ibtoinadmalg hwndreogatsii@an snowiett h els
the subst f%oen sstdrewrdtngr ea.l | these adaptions t
reported by NBEMtiesrk BishH t 4 D BBuoOrAOmetulryla) p(hSecnhyrl g]i
catalyst) emerged as an exceptionally activ
various fields as a reference molecule for i
bond dpoanrotrisc,ul arl y>% h94%0frf eld’” catal ysts.

Il n summary, thioureas are a versatile cl ass

and applications. They can catalyse a wide r
of -peHnsi ti ve s ubst rbaotnedsi,n ga ssotttrhednigrteht tyildsy oygremp o r
decr eaavian °8mkir synthesis is comparably unco
with recent adaptations made t oMWRAurdtsh emomer s,u
it has been shown that thioureas can be | mm

recovery arBddietuisaballiyy.catalytic activity |
catalyst loadings (0.001 mol'%j’, achieving hi

2. Multicomponent reactions ( MCRs)

Mul ti component reactions (MCRs) are a c¢cl ass

materi al s react t o form a single product,
consec’? iPhlel products of MCRs wusually incorpo
reactants used, resulting & midlyern cidl #8722 §03%.h
Mo s t commonl vy, MCRs are conducted -bedeaeen t
MCRs involving up to eight diff ef1°d4d MtlCRst artin
are usually cpotrtitdsbudonianademnmil d conditic
execution. General ly, MCRs ful fil vari ous &

prevention, high yields, and??®x¢t®PF°ent atom

Il n addition, they offer significadtt hadeant ac
advantages become especially apparent in mul
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procedures of natur al compounds, where numer
required to obt?2? ®mMWPt hecdé mpahemptr odeacti ons r .
alternative to multistep procedures in the f
by avoiding a sequence of consecutive react.i
would typiouablslegueagguipuei §i cation. As a resul
saved tréMehtdousl! y.

Reactant selection in MCRs is often modul ar,
moi eties and resulting in alKRfcaoaedvear i éCR S
represent a versatile tool i n organic synth:q
substance | ibraries for drug discovery i n me

chemistry, ha% 28f®wemt hreerpnoorrtee,d.t he typically F
MCRs , in addition to their other advantages,
sequ-datened macromol ecules, where uniform me
iterati vé??28ynt hesi s.

Generally, MCRs can be categorised into thre.
as i | | Sscthredfte® d i n

Type 1 A + B = C =——— - < P

Type 2 A + B ~ C =——— .uue - > P

Type 3 A + B - C e - P

Schemed lllustration of the three different types of multicomponent reactionBypre 1all reaction steps are reversible,
while in Type 2only the last step is irreversibl€ype 3 consists only of irreversible ste#s.

Mul ti componeflty paendcotlivbensdynamic equilibria a
reaction system, i ncl uAManB) ,t hient tCinmetdiaragl e 6 0 n
prod®c,t sagy all reacti’Bhnesteleq@abd meei axevaenresiibdte
through equilibrium rieaevicomidlay nise ar ddemnido o f
species, making it challenging to isolate th
MCR i s phiogntel g1 de reactions duen tcoofinpa@aspl et
MCRs @d rsirsetvserosfi bl e equi l i brium stepsnefor th
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final step?°Tbisrreveveidikeility offers a sig
synthesis bwesliufitirhmg i wume t owhae disr rt ehvee rpsriobdl uec
often stroniglgr egxameplrenj ct he oxiadatoicymnofdea
fromt «€VC or processes rsevacchbrmsasroimedfy@lad s3wme

MCRs, on the other hand, consist exclusivel\
These reactions are rarelybaomlsey vedcuumdieal |«
enzymatic processes. | n meckiskey ecthhseersnsm d yr ir aemviecr

the use of adenosine triphosphat & ATP) as a

Not atbHiys cl assi fication into three types i s I
are flwuid. Mor eover, the @ahas Piefailt chaetaituonmmise r d rye

mec hamri% ms.
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| ki gae overview of important MCRs is given
versatility.
o) CN
l. Strecker (1850) )J\ + NH; + HCN & —— =
R1 H -Hzo R»] NH2
O Ry O
O O o) Rivg - o R
Il. Hantzsch (1882) 2 R, _ + NH; + _
cA, P e L
|
H
o o o} 0 R4
R
1ll. Hantzsch (1890) + RoNH, + X ™o N\
X = halogene R1\OM R, e Ry -2 H,0 \ Rs
Rs _HX R; N\R
3
O O o]
IV. Biginelli (1891 + + _— n
iginelli (1891) R1\OMR2 R3)J\H 21,0 RZ/I\RZ
70
R4
O R
o) RB\NH o 5 =
V. Mannich (1912) R + | + R)K'/kN/ 4
R1)K/ 2 R, R5)J\H -HZO 1 & I‘?
2 3
o)
0 9 RO R
VI. Passerini (1921) IS + R,-NC + )J\ - . 1\ﬂ/ j)J\N/ 2
HO R1 R3 H 0 R3 |l|
O R4y H
2 i Lr
VII. Ugi (1959) + Ry-NC + R3-NH, + —— R N)\H/ R
HO™ "Ry R4)J\H -Hz0 B
3
Rs
OR; o Re~y-R7 R4
VIl Petasis (1993) 5 + P + N - 5 R1>'\N/Re
R1 OR3 R4 R5 H OR2 é
| 7
-/B\
HO™ “OR,

Figure 2 Chronological overview of important multicomponent reactions, according tet@d{i°For better visualisation,
the starting materials are colecwded and highlighted in the final product to emphasise their incorporation.

The Strecke3CR)yaafihes i sci(®ds, first described

as the earliest publ t’§hed GRui 1 v e leonoprrpnaenndtm tr e &
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reaction between amyalrogreywddphasmmpenicae,ssandit
amdami nonitrile, whichamisn dvhiddagidd ohyeisednt ant
medi &imgni fi cant contributions to the synthes
I n 1882, he reported hi?8amsd uidn els8 o Ipiys i wd mk

derivatives demonstrated their a’tessibility
| n 1891, Biginell: i ntr odu-ceddearnsatth eorn muelat
(BCR), which converted esters of -diclkeydracet i

pyr i mi d3fnhoen eMdanni ch-3€Rpact desc(iMbed in 1912,
component reactcompberpewetefabhdelbyxade or ket one
pri mary oamisfe@<d hdarbgeaccatmeorhi ghly influenti al

of naturBnpdrwdsescusilised indthe fiymstheasp sl io
of a MCR in the syrthetsdrs, oifn nlax 2l ,alP gs soedruicrt i
mul ti component reaction using isocyanides a:

emergence o f a signifilandd smblgtrioaugmpaofn e mn s ¢
(1 MCR)¥!H 1959, Ugi -cbempeolncemed rae afcatdron i nvol vi
amine, an isocyani d&T,hiasndvoark asdighiddmmpandryt .e

of | MCRs . More recently, in 1993, Petasis m
enolisabl e carbonyl groups with boronic acid
i mines, estamuishicogparfénsgi®reatcti on

2. 2sbcyani des

| socymansaedde mul ti component reactions (I MCRs) ,
reactriedrnyishen uni que reactivity andl MERBIi Nsi c
represent a subcategor §'1.6ff’i mu lcahiagsd rep@ nd h & Cc U -
i socyanpdewsi cainmdg a compr ehemeaotei veixtpyh,d nsayt n tom
applications. Detailed discussions of t he F
ChaptRerasn2l. 2. Bespectively.

| socyanisdes ,j calalsy isemeéertred etsqg rceaptreegsoernits ead sbt
t hexitrr aeor di nar y Nfoumdotiigorcalangrdoewssp.are the only
mo | e caud iecsgs tfarbolne ,tchaath etnedt vakent’’tao byaniad oan

are renownedUafcardittlyei rt hleriigh ability to form
undeUagddi t%%odndsi t i onal |y, i socyanides can unc
presence -aocfi da A& vai’sysytani des exhibit a linea
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represented eblyecttwo ndics tsitmautct ur es: a carbeni
structlioheebfes e e

® O
C:

R-N=C: =————> R-N=

Schemeb lllustration of the electronic configuration$ an isocyanide: Thearbenic andhe zwitterionic structure.

Hi st or i et.l aflyi,r Nte fellesctri dbeidc t her uct ure of | soc
form, attributing this conf?Phgaretjon twitthel
structure was proposed to explain observat:i
di ffractid*Addist uoindgdsy I, val ence bond calcul at
predominant el ectronic structure of I socya
energetically-lenhaebphisedobhprthbiri% ties of th

The most remarkable property of isocyani des i
both a nucleophile and an el ectrophile. This
carbon mdtoexriedfeor e, the typicalUardaddé@iomns of
keytep in the mesclBaGRhsamgd CReh eadliregat i ve part.i
charge on thehearbooyaenabéeso act as a nucl e
to an electrophile once at macrl ea@thiidn ci atd amg
posi?fq on

| MCRs can be subdivided i nnte®adnercodma Mshelmgr oup
underlying mechanisms oOoFi ¢(ecBhhese subgroups are
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Type | : a-addition reaction /\w

E
|
c ® oc 0 o™

Type Il : a-acidity and the reaction with an imine

H
R3 C’SD R3
»/_\:N\ R R; R
Y / R, ®N’H ® Ro N ’

H | »
R1)\NC /\NC I j I e

Type lll : C=S double bond formation

o'

R

S/S\S
ns S
~S< \ /
STTS S<a-S
. ® s S_.- S ® s S_.-
Nu: S S — - ~ pe ~
~g~
C
1"
x-1 R’N
@
Sy @ _s N \ _R
Coy-R {5

Figure 3 lllustration of the mechanistic pathways of various IMCR tyfeame I: Thi s pat hwa yadditonvol ves an
mechanism on the isocyanide functional group, where the isocyanide reacts with an electrophile (E) and a nucleophile (Nu).

Type Il: This IMCR typeis allowed by theh i g-ac Udi t yCH f gnehaeothd isocyanide functional group.

Here the reaction with an imine is depictedth the formation of an imidazol@ype IlI: In this mechanism, a C=S double

bond is formed. The processolvestleact i vati on of a chalcogen (e.g., el ement al
a sulphur chain derivative. This activated sulphur compauiztequentlyeacts withthe isocyanide carbofor the

subsequent formation of an isothiocyanate

| MCRs that Uaddiol ven aare cl| agpiefti41e?®t haes | MCR
Uaddictanonei ther procewidldt ncecdred | (Fype d&ft elpMC
reliedlaondt hg of the i apoifyreosm d eh aoviagrihebenta wowrhg c

effect of the nitrogen atom. This effect 1is
the nittd6gemougdheaaebdangyed by awdithdoawingl
groups, such aistposiytlihmesher pesesense of an i

generates a car banaotns awhia hnwsalbesemhuielndg,l yat t

Mann-i €deltitkoen f asharoenteys ulihteic h @ oapnhiislabcs equent |y

attacks the AsoeEey amldeproammonransfer to the

i socyani,det hcearpbroond uc tOviesr agdnertantiesd reacti on

formal [2+3] cyldt FHIMCiRsTyopne plrel@lce é dnt hr ough d

bond formation between the isocyanide carbon
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| Bul plurusied is generally as saumnteidv attheadt btyh ea c
forma ngoulypahnuimmai nwhi cahc ttsh eans a nautctl eecokpshi 1 lee
i socyaninde hiasn 1 s acsreiliesmpt hisogyearataea ed as pr o
t hed i mimfatomen sul phur attdme -spiofl ghtan weoldy istiser t e
at olmseapt.exf &r. If ur tHE&P¥*?det ai | s)

| socyanides, which?*&weeei $omests sghtbganbdds at
by L3*“®kwe.ing the alkylation of silver cyani
i socyanide alongside the anticipated cyanide
i someric relationship b?&Twwe eyne drsso ceyaarnliideers, aH
introduced a new method for synthesising 1is
amines with a Baée and chlorofor m.

Initially, i socyanide chemistry received | it
procedures, and a | ack of general i sed metho
i socyanides was often chall emairmg,i ngs gerecim Ifl
accompanying cyanides. The highly volatile n
infamous and offensive odour, ?%aRiPtaelrseos t h aivne
i socyanides increased significantly in 1921,
reaction basédhos isbeyastdwas further ampli
Ugi reported two synthesis procedures for i

despite the avail abPd ?PtPyi°86 akteabhei met meth
formyl ation of primary amines to formamides,
base and a dehydrati dPhaogeermtortus yixgylcthd iosr & elyea
most commonly used dédhgtlt hbugh reagent staoday
4met hyl blsamwzdmeny!| (E£hCloy i cewul d serve as a n
alterldfan i 2@15,etDCadliiscppver ed-Wahdtacthhe elaetdloar
efficient t ool Nfoorr mahme d & er mavthiicem dfhen can

i socywiaa ddeeshy dr a £iFoing drseearomtairdms.es t he mentione
i socyanide synthesi s.
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2 AgCN
Lieke (1859) 2 YIRS ANANC e A CON
-2Ag
3 KOH
Hoffmann (1867)  R—NH, _CHCL R-NC
-3 H,0
-3 KCl
0 0
N H PN
Ugi (1958) R-NH H ORy RN~ M S S rne
g 2 wor EtN
dehydration
0
R POCls,
H™ "OR, H H (Pr),NH
Ugi (1960 R-NH — 02 - — 2",  RNC
gt ) 2 R \[o]/ dehydration
o HCO,H R POCI;
NH,CHO Et-N
Démling (2015) L 2 R/ “NH __=8% _ RNC
R{” "R,  Leuckart-Wallach PN dehydration
H” ™o
Figure 4 Selectedmportant methods for isocyanide syntheses in chronological #fekéf.251
Furthermor e, i socyanides are isolobal wi t h
valuabl e in orga Bemwetnal Itihce iealhescndilrset raysl onmwoe | i
organometallic applications, isocyanides are
and arsauiweldl for synthesi?§81 Mgreovengen kat et
naturally occurring isocyanides have been 1ic
Roteéhte ailn the Pangall bpétiiestiazaaryani de was |
as the antibiotic xanthocillin. Many natur al
fungici dal properties, making them useful i n
from terpenes andgefsgunad tihm umadr itreer reEdm i al i
amino acids haveée4®a?®®o0 been identified.
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2. ZA.h2 Pagsemmpionent reacti on

The consecutive reaction involving an al dehy
to a single product hireekmowpoResnt-B ERRRBISEE @mi =
i s further rec-egrrzedenasoneace rhulrtsitcomponent
i socyani dé4%hdé | MCRaass8@Rndi scovered in 1921 &b
Mari o Passerini in Florence, I'taly, i nvol ves
format Uaaoyloofx y34a28i thebkar to other mul ti compo
Pass-8€CRs8si characterized by favourable featur

ambient conditions, |l eading to a complex pro
Since the | ast step of the reaction involve
whi ch S an i rreverPsashslege€C Recnaenacbeonc!l asepf i etc
Ty 2eMCR®This characteristic contributes to t1l
reaction, with quantitatFiuvd heir enlod ®0,ftnheega c b eian

starting materials is ful IPasis##t€CRgniiht sedsi ghof
that the reacpeohedtmecsnomtpae ol ®@bB80%i n t heor
t he PasCsReriisninioms @® dcfeoprieilshildee reacti on for ins
oxidises to the respective taheird caamr d oaxfytl d rcw arc
reacti ofhfmoxit ®wibeGpe e sae nptirsoposed mPabaarsmiof
3CR which is commonly accepted today.

The reaction sequence s-tampsnéngttpheeraeti hata
the car boihgyldirch gaacdiTdneg . r esul st ngcdumerUunder goe

addi,t heni sociyhasi de naicctl eophi |l e, adding to t]l
previously act iTwhaet e ds oxilyshnti gdeckle eidt sbeyl ft he <car b
forming a cyclic transition state. The fina
rearrangement, facilitating intramolecular t

of mbe@Riomiubdacyl oxy amide.
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(0] R, H
(0] (0] I
®_ 0 P§ /KH/N
+ R3—N=C >
R1)J\OH ¥ Rz)J\H . Ri™ O Rs
(0]
— — f
/H\\\
0 activation _H-_
i o~ 0 R)\\O""J\R
R ton * R P NG
! 2 R 0" "R, %
I
o
L R _
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H.. O R4
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O Ry H g 0 ﬁ/
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theory

reacti oh RehsesrBa@iiwesen r ef ii me ® Otlvi Sheydh ei n
okgmalip P katskesdensity
nadeect haa nl iesdim k @ Mafa |s.a8 g g & shtee d

ol wéd mamt anmlod ietcioohneablo kX yi Ini ¢ haecirke aci®Fbhnhs mecha

wlaey cbaotadr asonr h@nbancenghehaddet

functional

ri®d po aap onrsoer e

ol vement

boxylic acid acts aeféaecaiabyhpt!| owetihegr
rgy barrier 26KAc dcdreditmqntsd htieloen ecsauldct uel nagt i r oends
energy batrire er edrarcanrn g @ md ret process, | e ac
mat i on. Mbornoskeidgnuasria.tl ggdhPFel b a-B CRain bassaen

reaction due to the
conferred by?2%me saidbdsietgiucemal i mavrelsa Xy
vtahlei do e ak utnhae s @ ruaf uDbredri n g s t

ef f e

omponent significant

efits
ng
awfh iocelx twveenrdeed t o |
the pioeni asslay d abees seeCdrifibit i i inu
revi sedimaagtari sm i s depicted

| owi year s,

cu,| nclude sol vati on

stence of

compl et e
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Ry "OH Ry~ “OH R O Rs
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— —t
“H~
' e o o o ;i\
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0 0 activation He - H = ~ » o) 1
Hon - LR = R*@Rz
R OH R H X -
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reacti cPra sme@cCRarsiesdm oa€ hgeuhainca aulm %83 cul ations

In 2021, the Passerinffanneaedtosvernvye.cel altmateaerd n
asymmetric version of the reactiThe Efassienuaes
reaction | eads to the generationcompane@awsst
ar e used as reactants. General ly, t he add

enantioselectiveof adgmadmnmemsCo r e puretéedsdmibd i ahed
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faces sever al
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out
mor

c otdhiphertoeu gh a c aR wrl tylt @ cmaorad ,h wtatye compl ex i t
e t han 3avadhree a ocntheertesnt chal l enges in achi

al pahdad i t i on obdy hsomygani d e gifacna | a | adceichi yvddaetwii sn

ac4deédan result in undesired®l A% e?fQcti ons with

De s
des

pite these hurdl es, t he f iPrassts-8&€mrisoach t
cribed in t0B8FFatlbyi sDenmmerrkk ant to note tha

we ak Lewi s aci d, was used instead of a car

component Passer Umydmexayxd miocdhe. yTli sli hgwi s ac

t
e

©Q O <€ »w T O

0
c
P
t

as
al i
wer

|t
e me

t o

ivahedabybi sphosphtdir daendi deo t he for mati on

n binds to the aldehyde, Badthiingn tbhe 6
cyani de. The intermediate nitrilium ion |
| eophli &kl @avin the reaction mixtwerne. aThus,
resenampa@anéwio Passerini reaction to yield
al yti c, UWandadnittiiocosne |o&f’tiisvoecy ani des .

the sameety aeap,o.rDndl itrhge out comes of extens:s

at variety of Lewi s acid/ligand combina
s-BCROFIin this cont exTti,(iMTXPeDYOLi & eansitpiltfeixee db eas t
forming chiral catalyst. Their work repre

ee component’"HPaweswari,nit hheeiarctd atnal ytic sys
nover numbers and only moderate enanti on
i mol ar aTmo(umm)sD GLf cteheep B e ¥ €fend etdh.e f ol | owi ng
research @nodagc.wome nScehdr eti tbee r e ftfreicdt e nvtea taep |
(oxazol i nydCupg yldelwdiisn ea c(iipdy bdoax) poli ecadmoaume tsr i ¢

.2 equivalents) Pass-8€CRahtias yapprfoacht hleed

Nti omer6iOc% exdc e®w&® %W ( sati sfactor pi d/e retl altse |

or dian ateihnygdes and dry conditi onswoweker sempl
higoed to excellesatbgnamigdaopmeanihd aé xd¢ ¢ I C C

Lewis acid catalyst, al %% nwhen susipmpg omarh
phatic aldehydes were tolerated, whil e an

e required.

took an additional 7 year s Paosrs-8tChReo if i r st
rge, wledgnodBtiani nfeadh excel |l ent results wusing
i nfluence t he asstseeBr@RncihAmc et diyngftd htehdi r

remar kable results were adhmewved,-bdgnydea gnar i
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compl ex between the acid component and the ¢

mi ght have increased, while the nucleophil i
attack on the nlf&lIrtiHdwgrh imdmearmealblad er esul ts
procedure requires long reaction times and ¢
empl oyed in the reaction. Further more, It wi
bul ky substrathks ¢cespexyhity acid) i n ord

enantios® il &¢étivities.

Notably, ,ubhel subdaytution of aldehydes with
in the literatur®, yet to be addressed.

2. ZA.h® -AJgeomponent reaction

The -AJgdomponent-4CRxcwiaesndiYgiovered33fhi 4959 b
MCR is closely r&8campdnént t hea®taisemre,s i whi ch

year s dHlei et assic version of the Ugi reacti
aci d, an amine, and an i1isocyanide in a cons:e
the elimination of° @He -M@QR efcatil iotf atweast etrh e

formation of ontulatrddp)lCei mmoamdsi (il e reaction, |
ofUami noacyl amide deri v®Addietsi dmaliltys dlhaes sU¢
enabllhes synt hebkikeo$t peptudes due to the two
product during the reaction.

The -AUQRf f eavi slea r ange aridnapprpel sidcéase iwoianrsh ety of r ¢
t hat wuctainl ibsee d nb receasdu I stpencgt r um tod Ipeo sgda bH ea e d d
features make 1t particularly suitable for
l'i brewieg. to -thke psptudeures with two amide
enabl es the crlelmito ant iovfe pnootleenctuil aels , many of
phar maceuti pals s aship IPi2¢mdri oaxampl e, in additio
ketones can aicooplod@%u soendg sasdeoxpa i mary and se
hydr a2Zhynaesa’Z$dleson’dinnd es’deasal so u4€R.in the
Apart from carboxylic acids, numer ous compou
this reactilhydr &@ondi{tnhsidoa)ditlyeh @ @ tAénsd waal t’skér

and many ot her comploltidtshiag eddayRp Irtichorem b Uhgsi. o n e
the most important and paolpoun gasri dneu |tthi ec oRrgpsosneern
primarily due to the high?38efgree of structur
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General |l MCRt temnUdie carried out under mi | d
conducted smoothly at room temperature or ev
solpihdase synthesis. MERt icompmotiloy metdhhesnUgiol a
such as | ow mol ecul ar weight alcohols (e.g.,

n pol ar aprotic solvents, such as chl orof
oncentri@8 Mns n( @h®e reaction sol uteaodn taor ea na d
nhanced reaction ?%Ruer tehred moir @gh ¢ @ n vhearss iboene.r

T O O

recondensation reaction -coempweremtt lceana miersail
ncreased yi &l%dwoo fpltahues irbelaec tmeocnh.ani sms ar e di
Bot h r eacAtain®n grad hpiréd sedmt ed i n

Imine Iminium-lon Path A Nitrilium
R H® R Aoy
- ™ - NN -
Ri-NH, + Ry-CHO =120 N ReCOOH )'N\ + Ry-CO0° —RuNC o
Ry H Ry~ H 2 («\N\
R4
Rs-CO0°
Path B
H. _R
N CF"
)\/\ CN-R, >N _R2
- R
R;™ O Insertion :[\ R4
A 05
o R PN
Hemi-aminal- R3 O

Intermediate Imidate-

Intermediate

Ugi-Product
O

R1\ )’I\

Figure 6 lllustration of the mechanisms of the LR, which includes two plausible reaction pathways, which were both
proposed by Ugi himself (196dath A282and 199%ath B283).

Il n 1961, Ugi proposed a mech@pat smRdg opathwayWMC
begins with a condensat-d¢d @mp orfecanntt iad denbg tl e e |
SchedMeand the amine, resulting in the for mat

el imination of d%Wem®mbhecalbbsoeffuwat estep, the
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by the carboxylic -agnd,esfudtmingg i @aa a tihimo myclda m v
compofuad a nucl ewphthi d s atbtpaatkheed iswtcyani de
el ectrophil inmiidarny odn tthe fiumitnheur enhanced by
as caPt%Bhegsnhucleophilic attack of the isocyeé
ni trsiitdmumwhi ch subsequently reacts with the
intermediate. The | ast r d&gdct ipamdaithdep efxort hteh a
irreversible Mumm rearrangement. The irrevel
driving fo#dcCRs (MTRI 2D &gi des t he e xooft htehremi c
C'lcarbon atom of th¥&arbdoany orfbdeidet oannti kdeee Cpr o
struxt il 285

Il n 1997, Ugi proposepdatghmioBt hlerstpastss bilre trlkeeacs

pat hwant Al t e ni misn?PduenR®3 atedts f or maotni on, t
undergoes an addition reaction of the carbo.
|l eads to the generation of a hemiaminal as
hemi ami nal reacts with the i socyiadhatde asan am
intermedi ate. Afterwards, the imidate underg
Ugi product in the patmE3Bnanner as in reactio

Both mechanistic pathways have been examined
was confirmed as a reattiadon 2O¢sOu croeeda daet de ibry
i solating stable adducts bef. 8% efhteme fiinn a2l0 1r2e
the research-Lersswap dofut Fl esedt density functi
simulate the react-# CGRHma ebhayni sheyf ftohuemdUa@i m
i's in close accor damad hwatyWwhAii bk wasgpnaposed
19687 hey further found that the energetical
dependent onFsglpeesemrtf § eatsegment of the en
DFT calcul at i-4o0hRs. fTohre tdhieagW@im has been si mp
formation of the i mi dmadceh a mitsem meswiiidrthealtgdidired a
origirnemdosed mechanism and pr ocwied sMudnnr ect |
rearr abf®fenmerctal cul adiessestr ddafil nEll @wWreatcor-—r ecti on:
poi nt energy (ZPHE)i,nitmu ma ecacsu mtye tf@mdiratatdme wmm

mechanical system even at absolute zero temp

The studies on the mechanism were perfor med
exampl e, i n protic polar solvents such as m
i nstead, the i mine is act iMoa ke ewnheetnh rtohueg hr ehaycdtr
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conducted in t ol 3ideonees, ntahte &roilrtmmainidi uani Stoont r ans
does nAtcexdshg to their simulationdsjsthe fo
hi ghly exothermic and can be considered an
reacti on, alongsideFuhehdMumot®eecadtheamgeginé iyt .e.
nature of this reaction step in toDwrinerg it
this transition, the cmribonexdtohme rorhi dé&lel yi sox

to'MCh the resulting amide bond.

R
10 4 .
| | — —_———. —_ Toluene
Ry-NH, j TSN Methanol
E ethano
Ry-CHO 7 NN
R3-COOH / AN
- 7 .
o ReC !/ N N,
1 \\_ l‘ \\ \‘ —
N / \ <TTS2
- b 7[ _’\_ AN
E N £ 3 N \
/ R N
= N\ i ‘ N h
s / N._Ra N
= AN i A N A
=) N — G & ~
g p— =" N@ .‘\ N
™ 2 R3 I|e . \\
4 ° N
% R1. H SN
N=< NN R
SR, N N R
o-H 9 *
\, Cs: R
R3’<\ N \‘.\\ o N
0 R Ny
ﬂ_ '\\\\ Ry o]
"—\
4 Y
()
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Figure 7 Section of the energy diagram of the reaction mechanism of thd@Rjiaccording to Fleurdtessardet al284
DFT-calculationsthat include zero point energy (ZPE) correctiaverecalculated at the MG&X/6-31+G(d,p) level in
toluene (blue lineand inmethanol (black line)

Theg4 comproenaecntti on i s gener aliloyniacsasly myé & rnt on opni
sol vent s, whereas in polar protic solvents,
bonhdg i ntnerta otniloynsac,buvaaksbhéacml neate the N

by promoting acyl t’rad%fer during the proces

The research greap adfur DeerAngerVestigated t h
ESMS(/ MS) measur ements and concluded that

(patBh shoul d B%OwWeéersanilssetdheir findings align
FIl edbests ar idESMS( /tMiS&E) notsuedaicetsi,on i nter medi at es
and structurally analysed; however, Onhe easi
t he ot,hetrshtdualnles confirmed vYitahte tnhd rriddatm drm

presence of pdlcat84p’vtic solvents.
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Despite significant progress and rreawtio®ai gh
achieving its enantioselective execution ha:
Wangt .?28tthe di fficulties -bas edermwlrtmi m@gmp csnoecrnyta

(I MCRs) in an asymmetric fashion can be summ
First, under inappropriate reacti-conataeabgdiedi o
reaction pathway of the | MCRs compete with

catalysi-sat alhyesemdonr eacti on pat hway ooluesmo be
selective activati on dosfucthh easi nbiydeasolLrie wnadrebaocendyd
by the predarsce «fompewmients in the reaction m
of mul ti component reactions,ntwirtmedt hees, nbn

complicates the <control of regioselectivity
catalysis in these reactions is problematic
met al s. This not only rceaplcetse sc attlad yav aialcab |
from the reaction mixtur e.asFsoeBr€RnhiagiihRI bi der
products poses a challenge. The (organo)cat a
unf avour abl e pr oderstsa todc afimasd dydscttn d otnlde toi f or m
bond with a reactant. This | eads to | ow cat s
et. ahighlight the inherent complexity of t h

processiegniaki adasft obstacle.

The first e n ArCtRi owsaesl ercd p ovred teldcpilbry 2BG In8 Twasi n g
phosphoric acids (CPRABe &WA tohr giamo c &i ghest sa.

outcompeted the <carboxylic acid i n the rea
nomat al ysed side reactions. Further more, t
nucl eophilicity of the @aadboxylieasadi d hien et I
of the iIimine intermediate. This approach acl

reaction convetSEhenseopecapi v F&®pBIrests are
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Ugi-Product Ugi-Product
j\ j\
Ri< Ris
N7 R, N7 R,
0 ~ O
R2 RZ/Y
_N._ N
R4 H R4 H

45 examples
up to 96% yield
up to 94% ee

41 examples
up to 96% yield
up to 99% ee

Figure 8 Chiral phosphor acid (CPA) catalysislised by the Bin Tan group in @mantioselective UgACR33

Bin Tanés group also conducted D&ddiccanl cml at i
the isocyanide is tHheé FéHrei tsitcuadly shtiegphcloi Bgehttheed r
of intermobealtkat nfoasetraarcémeomnsseliencti vity. Fo
cycl ohegxrydufd CGPBARIiee8)r e wer e shown to play a di
aryl groups of wthhe ht d setaedds < wb goinred tegoan,é @ r fmart ma
over the other 38t he transition state.

The DFT calculations further revealed that t
the carboxylic ashedn adhd sa Hred tegroati rmemer t hr ot
with the imine intermediate, seladadigt itchne. sT hae
CPA catalyst acts as an or gerfifseicngfveedent i mwg t
stereoselectivity. Additionally, it facilita
formation of33%t%Hh'é Ugi product.

2. T3hi ohydantoin

Since the MCR wused to generate thiouar eéaerest

preseamenofacid met hyl ester s, this chapter
these compounds, whose derivatives have been
1 ,-13mi d a z-» }dii doi nnees , also known as hydantoins,

fi-membered heterocycle that represents the o
urea?dtoreg. further categorise a group of comp
Ssubstructure. The name fAhydantoino is derive
by Bayer AG, who synthesised?23thheeima btyH iday We o g €
i s named thiohydantoin accordingly, in which

36



Theoretical

background

t hi ocar b ®8?yR°gg9rsdwpn.s
tdeas vahi
structhrehy@antoin)

0O X-@a s we l

-dhaz
ues,
and i

and

d¢Bcl opentane core
<t bmpaoe sddhe onl itdir

ts derivatives.

1,3-Diazacyclopentane Imidazolidenone Imidazolidinthione
HN_ NH HN_ NH HN_ NH
NS
hig T
0o S

O O S S

HN\[rNH HN\[rNH HN\[rNH HN\[(NH
0] S o] S

Hydantoin 2-Thiohydantoin 4-Thiohydantoin 2,4-Thiohydantoin

Figure 9 lllustration of the 1,&liazacyclopentane core structure and its-@xal thiederivatives?8?

The hydantoin core provides four posi-tions t
bond donor and acceptor positions (etakciho) The
hydantoins arise from the heterocycl?Pc core
The hydantoin and thiohydantoin structur al r
natur e, and due to their vast pharmacol ogic
int d¥°eatti culharolhyydaftoin derivatives have |
phar macol ogi cal studi es and have found br o

antitumouvt?®®’acttiilvadtyer i al arrd® Amttii diuamlgeatl i ca cd
anticonvul s*]&8¥faniamt i aniithéh BBekrye n encoedput | caf€%8n g
anti pPPéanel evkinV aadilil®V&ltiinesccal |y approved

(thio)hydantoin ¢tldhwee hiemyé wld et fpd o tdantai, n
fosphéhtyst oamti convul s2dand; dad@hés omumg calng o enl a x
ni Pl@tnamiedhe 438wt amidd @ g e n

drug

and recdéeptgdmeant agoni
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ji
H
O S
>\NH N
HsC— N Y >\‘~NH NH
H3C\/N H3C’N S
0}
H3C O
Phenytoin Mephenytoin Ethotoin Necrostatin-1
X
/N NH o} N\ o} N\
H,O3PO »\ \/D\No |
N 2 M Ny NO,
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CHj,
Nilutamide Enzalutamide

Figure 10 Selection of clinically approved drugs which contain the (thio)hydantoin structural motif.

According dto, KIhoodaoph) hydant oins represent pr

di scéVNfreuryt her mor e, thiohydantoins are appl:i
fungi?é%%dies,t hey are also used in textile pri
plastics, as catalysts for pol ymertls®i ons,
Additional ly, (thio)hydantoins ar e applied
hyperpigment a3®#Momedovert memiasti omerically pu
hydantoins have been utilised as chiral a

cat a2y s$?5 .

(Thio)hydantoins can be obtained from natur
organrfbsmst.he | iterature, a multitude of meth
repo’ifdaditi onal synthetBecrigRewEttiasd i°BEi ude B
reactions. Although these reactions were or.i
of th-anml bbue, thiohydantoin, -basedrme &glemtud
by subsequent transformativoahioofnat hen hydan
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(e

LawessondE® mdEt ®*ddphatively, many synthetic

viiasso(thio)cyanates t28d°.¢g&h% 3 ate (thio)hydant
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her methods involve the usage of highly to
ndi*thowins MCRs suedhCRashatvlee allgio been report e
hi o) hydad 8% R H&dd &lfi fomlad-rheyt, alt raatsd [Bfi‘oé’f r eac
croaaviested cyclisati®éénd efalcaw osnysn toH e scias bmce
en p@bfini s2hOelds.t. d&daensgcr i bed a mild method to
re thiourea and urea derivatives, which <co
d hydantoi?%hi s emptecdd vedgvi des an efficie
nthesise (thio)hydantoins with good to hic¢
jor issue when synthesising*¥hne netn aomteirao ncearl |
tcome of the reaction was highly dependen
dition, the chosen soP%ent, and the applie

.GloronaviiFmwsnesli scovery to modern

nce t he Passerini reacti on i s val uabl e
vestigations have bee-neaalreidaivtead , moy ieelud iers

oved effectivel*figaretoreprohasichapser ain
erview of this virus family, which has bee
December 26, 2019, a man was hospitalise
mptoms including fever, chest tightness, u
rsisted*Amremi deeneikol ogi cal investigation c
r Disease Control and Prevention revealed
door seafood market, wh*rBl® wialtde abDneicneanibse rw e
ver al cases of pneumonia of unknown ori gi.l

ita By Jahua2920, the number of reported cz¢
inese officials to sabtbohy3(‘®Whe©)awouhdy Hea| t A

inese authorities announced the genetic s¢

bsequent l-qyownalmedoR”?dM8w Y Pus (2019

spite efforts to contain the virus, It s sj
ni stry of Public Health reported the firs
ni stry of Heal t h, Labour and Webfyatdédeconf
public of Korea reportird” Whitshifn rtshr eea smon

39



Theoretical background

the novel virus had spread to 210 countries,
deaths reported*®By MWpvembdr, 12020024, t he
overwhel ming total o0%!7,074,400 deaths gl oba

The rapid spread of the virus was facilita
gl oeal iworl d with extensive interfaMamynal tr
early cases in Wuhan were ,whekedthe wvisiussit

to have originatee@CoNnirtevealadetad haft etbhhee2 0d 9
are to 96.2% identical to bat CoWYrRaTGULS8I| ganc

repo8ABBo ¥ " 34T KPS distinction is attributed
glycoproteins and nucleocapsid proteins, whi
origin has béénh?tie anedelt ovibraus was | ater of

Acute Respiratory 2Synh3@&%ne ICyr bhaviCobusonavir
Group, while the associated acute respirator
2019 (<€Ce¥fD

Despite the devastating ¢loeZbalt hpea nvdiernuisc iosu tcb
|l ess pathogenic than some CotbeanymkeEmbaesnsbén:
SARGoV or -CMEWVRS( Mi ddl e East R¥S8Ipri r aytemrey a IS,y

coronaviruses include -aegsespreag@gdedv @Napedr/
within Nihcko wirrdeiriesh affect amphibians, birds
respiratory, enteric, hepatic,3%&rfed’ neurol ogi
The first human coronavir 9 6(0BCawn)d was ii derl ta
a person sufferinid®Afromat hei memmbwocse-pecies
229E an®OCHBDWR%di stinctive characteristic of
genome, ranging from 27-t Kke32apkielaadhansces ,u nadred
mi cr odcao pfeeat ure that Il nspired theciorr omame, (
signifying3®NAwriowmnuskeal,oincluding coronaviru
evolution occurring on 3%&%imeussc ad vecsl uatfi omo mtoh sa
during replication I n i ndividual host cel |
popul ati ons. Mutations are driven and cons:i
successful transmissi ondufcreosm founret hlkeas tc otmp | & x
evolution, as most mutations are pr®pagated

Af ter the 1 ddEn¥2A29E can-®CHE Vi t took nearly 4
anot her coronawiornues twhaast dceatuescetdedsevere acut e

( SARS) B&lc ki |l y, the af@avemeasi enadi SARSd f r o
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popul ation through a highly effective gl obal

spr¥&&dbsequently, it became evident that mor
in 2004N,L6HMCoWwas identifitrkyl fiod6P2eDaGes5th by HEBe Y e
newly identified viruses had been circul atin
were only recently discovered. Further mor e,

coronaviruses wer &5 Tdheet egt edt i maraneitnyal ef ne
coronaviruses in animals underscores the urg
such asCo8SARS2002CoV MERGL12) ,-CoadZn d ( 20AIRS have
demonstrated the potente ad e voefr et hriess pvirrausor fya
pandemics. This highlights the necessity of

future outbreaks and potenti al pandemics. \Y
model s for studying cRMbiIiwiartusonevol ution and

41



Theoretical background

4 2



Chaptlirm 3

The devel opment of efficient catalysts for a
chemiTshtirsy.study aims to expl-ma®eed heatagplpystcsaahb
Passerini reaction and to optimise their ste
stua@dinegs vari ation ofFumd dacetrimainea pse spadnper toevrisd.e ar
understandi ngaohl YiE&stdhi pavefactrhet weaydevel op m
more efficient dhetabluVsh mad st gbastf ablureh t hio

catalysts for the asymmetric Passerini reac:
Uacyl oxy amides with high yields. Following
reaction, the <catalytic concept wi || be ex
broadening the wutility of thioureganiade or ga

based multicomponent reactions (I MCRs) .

| MCRs have historically posed significant «c¢h
catalysi s, wi t h onl vy one known catal yst c
organoc’dt a9°y%°it h.c oubked aesst abl i shed as enanti os
these reactions, tweubd sgoepat lof expmpdndcead i D
generation of diverse I|libraries of enanti op
bi ological activity. This approach could add

the CPAs devBEdmpeawnd bgolBliemagues, whi ch have
spatially demanding substrd&tes in asymmetric

Mor eoveat hiommwwreed ocat &aleydPtR ssi€rciesisf ul iy sdevel
applicabiilmvegstwngdtheede synt hesi s of potenti al
HCo-229E an@o8ARFhese compounds, wheiach i iomv o Inv

their synthesis, would benefit frominhkbe tétey
woul d enable an investigation into how chan:
antiviral efficacy.

To achieve these objectives, the thioureas r
using a route that aligns as <closely as po
Chemitytir yappIMCRRabsed an the met hetd wdHMelbeped
uti)ieprdmoisaugtai nabl e andt leif épurceepaartta taipopnr.oac h
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Results and Discussion

ChaptResuwW ts and Discussi on

This chapter is divided iTrhteo fti hr€dhea praeitn daelct
Synthesis of thiouwiell ofgam®cahalt gstsynt hesi
this QGhmeptiesrr 4.2 The as-gymmeomenct PoeBectiomer 3

i nvestigations into the Passerini reaction
thi oureas. This section wil/l provide detail
reaction conditions, and tthes papprbathyjes

Chap4e3 The asymmetmmpioa e rutg iwi édd c tgroens ent t he
i nvestigations into the respective reaction.

4 .Slynthesis of thiourea organocat

Mantyhi ourea derivatives required ifsoorc yWahnei dseu b :
based mul ti com@Parss®tC RRmieda ¢tiiglleCRWB e r e synt hesi s
according to a IMet etr gtwahriec hp ri osc ebdausreed ocofn r esu
AtMour ab i’tatd x tiemghe procedur e e &fddh.it® ds Pryt he spiy
met hod applies elemental sulphur, an isocyan
reaction f OQMBGIRR) rteospective thiourea at ambi e
resul ting umdehri gde nyeired |ldPyT hnei IMIC Rc canpdpirtoiaocrhs st &

due to iIits simplicity and its atom economy.
be aveoi ded the special case of i s®tAuocyana
Therefore, this MCR represents a viable alte

i sothiodéymnapke’d§sgeben dasdl bitther thioacyl ati

e
ot her e sstyanbtl hi esthieéd “opfaternwaiysecl ude t he addi ti
0
ch as trifl #br oacetic anhydride.

s u

The amis mf edsr the thiwerpgd maynt gesihsassen accor
commercial tavéaiialcabiltiaty the rapid generatio
catalysts for the subbsierqule nga micnaetsal wdrie wBa ®E ¢
chiral buil ding bl ock into theewsvdmalntesr e o
containing bulky aromatic groups were teste
propeMbirepYRPR-cycl olled®aami needtahld owynt hesi s
bi functional chihaaht aviog d ho oaitr &lay santos et i es, e
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Results and Discussion

cy
of
t h

Th
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it
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su
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co
gr
di
gr
of

cl ohestyrlu &t mtgh e r under corrébamlcyi ohasésat
only one amihnos glilodupwekieft dsiyma hbsf anotfi ona
iourea with a nucl eophi kb tTaabkkermsahteally b @ mi n e

iI's MCR approach to a more sustainslsl e gen
ement al sul ph-tbxi wh iaotda tbleen.b bA chd intoinonal |y, i
en at high |l evels of pumnidtux,t arddtrheadpielty oad
th approxi mately 78 miI3PAlotnh omiegthr iecl etnoennst aplr
self does not possess a high reactivity, i
wi s Olsauscdmsl aphatdduaemitmed heir strong i nter e
| ph*uft® reaction can be conducted smoothly

ed are sterically demanding.

was fuetdheno i mpémdiesidc ydanmeaihsydp hX hal at e a
il ding bl ock f os tThiicuragea martg an adcatcaylayns td e
ecwirtohnd r awi ng neesigaegi tgiromu,pswasn alreadyalntro
s al teeuinladiitvgg bhlhecloften used bis(trifluoro
mparing dWefhcelkact add oa thieics wr il dli wmgr o met hy
olugpads t o t hi oroedabsn owi tcha fhailgihleinteiHeasd,v ant age
ester as buiinipdrionvge db | scuaskd uani snaabbti Hiittyy r egar di
olbBEdr instanchagi tongt atldkey Ipeheiamigeospl ubi |
the thpolbaeraoigdmnba solvent s.

i oureas based on the bis(trifluoromethyl)op
containing a privileged building block, a
the |l iteraturev#3! A7 ®yw itchailsl ys, t rtuhcitouurraela smoiti
(trifluoromethyl )phenyl moi ety can be syt
(trifluoromethyl)phenyl i sotthiMe&dyanaale. wit
cribed a procedure in which thioureas bec
0 syrwtiladrei zMAR approach. -blins(t hi &1 unoertohnoed

o u u u u

cyanobenzene is generated from the corres
rpaer f,i cian itome subsequent reaction with el
e thiourea. While this method is preferabl

i mpl ementation i s <chalilvangi nagndduneoitsd utrlee skin

i s

ocyani de, making it | aborious to handl e an

amount of f dfTmamiedeo®rwesed).r i mproved practica
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routiégasot hi ocyanate was chosen to efficientl
bis(trifluoromethyl)phenyl group.

Il n the following two chapters, thei mmymdrhesi s
det aiEli t her the MCR approach wusing e&liament al

bis(trifluoromethyl)phenyl i sothiocyanate 1is

4. Mulco mponreattsti romt ethy ouspeptahesi s

4. 1Pfietdur sor-dsynet-ingdcgvanoi sophthal at e

One aim of this thestissoicsy atna oii mplpdmédiratl ad ie maf
more sustainable building block for thioure
synt hesi s str &Stcehge@neibsa sperde soenn tt éhde Aiwadt*k of Mei e

This synthetic watm atcegyyphéedhpiahs cwiath d5as t he
firstamitrepi,s®dphthalic acid is convBr tuesd nignt o
thionyl chloride and metaminmodi.s olghhet hm ¢ sathletni(n
transf or med -fionrtnoa ndii dnoei t8hoypt hhtbhoaulgaht ean( ami dat i on
rmic acid. Subsequentl vy, a dehydration r e:
t o dtimseotchyyaln o5 8)o. p hDti h aslogptideo phlosa mihme uan oxyc hl

nw S5 O

ed for this dehydration step.

5-aminoisophthalic acid dimethyl 5-aminoisophthalate (1) dimethyl 5-formamidoisophthalate (2)
(0] 0] (0] (0] O 0 o}

SOCl,
HO OoH MeoH  MCig o Cs HJ\OH HaCxqy o CHs
esterification amidation

NH NH, H\n/NH
0

DIPA

dehydration
POCI3

Synthesis procedure for thiourea via MCR

9H3 dimethyl 5-isocyanoisophthalate (3)
0.__0O (e} O

Sg, R—NH, - oH
S DBU (0.1 M) &g o -
R L o MeOIr-lt, DMF

N" N
H H NC

Scheme8 Overview of the synthetic strategy to syntlseghioureavia the MCR approachbsing 5aminoisophthalic acid
as starting materiaFirst, the precursor isocyanide is generated, and then applied in théMZR.
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Esterifi-amtnonsophthalic acid

Di met-ami ndi sophtvhaasl e gnagmesst eri fi cation r eact
the protocodt bd'ffahlHes amn gthldicody lusehl ori de and m
esterifesat tgmmog icrmhemoselectivity for aromat
presence of aromatic amino groups.

5-aminoisophthalic acid dimethyl 5-aminoisophthalate (1)
Q Q 6.00 eq. SOCI, Q Q
HO OH 100 eq. MeOH H3C\o O/CH3
15 h, r.t.
NH; NH,
88% yield

Scheme9: Esterification reaction of-&minoisophthalic acitbwards dimethyl &aminoisophthalatél).

The reaction was <carried out at room temper
workup included neutralizing the crude prod
sodium bicarbonate, vshuibcsh iitsutreadd &dsheeenfay ri &co re sa
t heH was adju.Biteat hayai n88 i sodht walsatoebda @i ned
yi @lBB %. Further purification steps were avo
purity for suBseduenhtfoemationsund purity we
anal ysi s.

Ami dat dimet g mi noi sophthal at es

The second step of the i1isocyanide synthesis
synthesis preat3ddtiilng ff @bmipe eaSemd e | n

47



Results and Discussion

dimethyl 5-aminoisophthalate (1) dimethyl 5-formamidoisophthalate (2)
O O O (0]
H3C. .CH . . H5;C. _CH
3C (@) (@) CHs 8.00 eq. formic acid sC O (0] CHs
15h, 60 °C
NH; H\n/NH
O
97% yield

Schemel0 Amidation reaction of dimethyl-&Bminoisophthalaté?) using formic acid to generate the formam{de

The reaction wasatst60r Ad€. f Aftdns h@umbsnutes,
solidified, ma k i Nhogn estthierlreisnsg, itnhpeo srseiabcltei.on c o1
high yield of -f Q%% afnord odi idndeptlohtyola ISAMR @nal ysi s
used to determine the su@mendfislopbotheaénbeorn
respecti2yio afmi dtehdr puri fication steps were

the excess formic acid.

Thi s reaction procedure represents a relat.i
generation of formamidesf omNMaynlyatdiidrd eca&amtbetf
liter adi mgeyvautioluis c¢lelag®al sni-ED@EHE OIS’ 6 r
KFal umi na ansuppddrtre® dié%aga mma Riah eatn B

these methods include the application of tox
t o sewvperroaduchtys or are only suitable for aronm
found that i1t is possible tollon50p tdgee) aft erdmi c
t emper(a6i@®AEF0 convert the amihéh@enmet hve @oe
for formylation is generally well suited for
to good to excneohtf eatt yngl thanywhbht he&#Sisnecnesi t i v
el eecddonoant i ng groups in aryl amines were four

reacilinest er substituents are moderat-ely dea
ami noi sofphtwiatlmt forfmi ¢ aci d was <conducted o0
conversion. Wg&sreabitevedviwakCeamahysosed

Dehydrati on -fodr ndanmedohiyssopht hal at es

Il n the final st ep tdifes o & e amiecdea vbwgdeshdy dsryanttihoers i s
the respecifiovremadnindeotiolp ht bl awesg the react
Ni cketwthA M overview of theSaohdica i anshesppeuoyVv
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Results and Discussion

t wo reaction steps, purification by column c
final step in the synthesis of isocyanides,
chromatography, resulting in a 3yireltdheff icrRad

reaction step

dimethyl 5-formamidoisophthalate (2) dimethyl 5-isocyanoisophthalate (3)
(0] (0] (0] (0]

HsC. _CH, 3.10 eq. DIPA HsC. _CH;
© © 1.30 eq. POC, © ©
3h,rt

H NH NC
\g/ 62% yield

Schemell: Dehydration reaction of dimethyHermamidoisophthalaté2) using phosphor oxychloride as dehydration
agent to generate the respective isocya(8jle

Recent progressgt awarcd amy rdtetsesin a more sust a
by Met é%Fahley compaked wméit hbesefibr generating i
var iINMwsy mami des amethol hlesutt oty ip-TsHCIl gr iidse a(
uperior dehydrating agent compar ed t o pho
hemittTsyl i s also easier to handle due to i
omparably high yields. Unf ortunately, t his
or mami de s, as high yields wer e not obtain

- =+ O O O”

oami de¥®8 a result, the standard procedure
mpl oyed here to dehydrate the fwirtmlmma dyi elyd
f 62%Wonsidering the three reaction steps,

socy@niadg er fiwviado!| pmmi cihec @atmaodwmgr aphy.

4. 1SynPhesis witahehMERr eas

Subsequently to the precursor synthesis, a s
t wo aforementioned reacti onn poavtehrwaiyesw v efo ri nt
Sc h e e The MCR approache i ssy mtalseetdi conpr ot o
AMour ab F4A nMe i eetr'a |
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R-NC + Sg + R'—NH, DBU (0.1 M) » R. )J\ R’
MeOH, DMF ” ”
r.t.

Schemel2: Multicomponent reaction for thiourea synthesis using elemental sulphur, an amine and an is¢b$#nide

c
p

Th

- T < T u0w T S O

®Q S O

at
ro

w —~+ O <€ T o5
- O O — O 9 o o

o

c 9 ®d S
—

hi

ordi Mput elhiAdal t he multicomponent reaction
alysts is initiated by the act[h¥*dFthieon of
posed reaction Mmeghhri sm i s presented in

reaction mechanism starts with [blhe act i

i sisttieapd results in the formation dd. a zwi't

chain Il ength is not fixed and is influen
t het esmilpa?difraei awi tt ¢ dojfontilite fammoni um pol
I n coexists w[dé.]h Tihtes nreguattn alel yorcmar ged
| eophilic due to the combined effects of
ysul fane chain. T hed t vhieaa cct o nocne rct aend i dgphaet nh wpary
pwi se pat hiwiaggd L ealsn sthotwim ¢ as e s, the carben
cyanide is attacked by the nucleophilic z
i mat ehg f or mat[cJonAddi ttihoinoaul rl eyd e atshees rae accyt d
y <weill tfh one fewer sul phur atom as a byprod

the stepwise pat hwaylgian fiommedme dvihatcdr issd

cts with an amine in the] Aaetnahi mekypur e
hway desMpubeti.thys ufJlgest s t hat t he I ni ti
| eophilic addfatioor | efmetnha@ali sadypydamnuirde | eadi
i tri | i u[f | The rmetdriialtieum then reacts with
o[d].7%¢ a
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R1\N,H Sulphur activated by amine pathway
! stepwise pathwa
[b] Ry \Q\ P p y
R
R1 | 1 .
+ - N. .S 1Cs, -R2
N —= Ry I8 H
RS ~
concerted pathway ! H\( A ! \ +/S%SL”-3
[d] [d [a] R1—N, §
Ry H S-g
—R2
[a] "R,
_ S_(S{m +E1 :
R1/’ \\ R1 }—‘|\(Srn>1
AN \
¢
N.
R
Sn
itrili h
nitrilium pathway B R1\N/Hb
S
VR +//ST876 F‘{1 [b R1\NJ\N/R2
_N=C: + Sg —_— _N - —_— I I
R2 R2 -87 R1 H

[a] [fl Icl

Figure 11 Proposed mechanism of the multicomponent reaction, which leads to the formation of thioureas, according to
Al-Mourabitet al?44

| Fi gbRrea sefethionreas issd pMCeRs eprrtoecde,d usryen, t haensd
empl oyed in the catabpsied MERsening of isocy

COOCH; ” COOCH;
Q O Q O

T1
96% 57% 65%

COOCH3

Figure 12 Overview of the thioureas synthssilvia a multicomponent reaction using elemental sulphur, an amine, and an
isocyanide. The thioureas are ordered according to their use in the catalytic scréenioggrview which includes all
synthesised thioureas is givenHFigure 19 andFigure 20in Chapter 4.2.1.3 The respective yields from their synthesis
are shown below their labelling. Detailed reaction conditions are sho@maipter 6 Experimental.
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Using this mul ti componentdirreatheormr,asgi elfdst
T10 wer e adShindgeivemat-ihsyd p bt3hvad satpepodor l y di ssol ved
di met hyl formamide (DMF) vaass -gaodtdypedotd ocitmg a e
homogeneouasndmirxgasuarletciomg eanfnr ah € @miMdtfuorre t he

i socyapwpideal | vy, muelatcit ci oonmpso nkeenrte f it f2fdm hi gt
Mor eoNviecrk,e schl eported that the reaction is a
enhance it s'%“sloweaenabitlhetsye reacti on condi

problematic dueand reacrantiedesebithigh’gf or e a

Il n t heheMCdRt, h eéerwerreca cutseendt si n mi nidmall 2 eexqgcuei svsa,| esnt
corresponding to the reqgqgamdedhamoesipre of i vseul
1. aQui vawhenhsproved sufficlleFitet ot @ad hti emee ha

were | argely unnecessary, as full conversion

The -nanol eophil i cdioazmamiodyacstée[i®.84 .DBJUY n dveacs a dd
a concent Matioomcoi vasteéa hstu | rpehditife iaamiemde i n t he
reacwason nsufficient f orTheef faccttii wat isoun pdifurs ual
visually noticeable, as the °FP¥Addteiron hrei xatduri €
of D&EW,] our change occurred i mmedi ately.

FoT6pur i fi ccaotliuonmn bcyh r o mahtaovger appehdyd unod gwla e s s .

obtained by precipitation, and liitguisd. |ri &sil d/u
Further attempts to recover more product wer
was used i n Tt3heamsd ntthhes sriesa cotfi on was conduct e
of all reneaanaho bieditthieed r easd olowmetdniantdiree wa:
mi xture was then kept stprrecemg toavter ni ght whi

4. Syht hesi s volda mdlieoauuwleaar reacti on

Thi o ucrcematsatihnei mog s (t ri f |l uormwemet Ipy liep @b eambyl| e cmuoli aert
reaction between t e sqdammdrd auioaloimetaydadlphdeng |
t he r es p eacst isvheS vahneilBnae
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CFs CF4

+ R-NH DMF, Argon atm. S
2 rt, 1-2h MR
FsC NCS FsC N N

H H

Schemel3 Overview of the reaction conditions applied to synthesise thioureas bearing the bis(trifluoriphetiyl
moiety. The detailed reaction conditions are present&hapter 6 Experimental.

The reactitdhm opmgdcdaeéces nucl eophilic addition
carbon atom in the isothiocyanate structure.
i ntermedi ate, whi chc atté@alnypumd et g s cam eamir raen g
the thiourea pHRiogduBcet , as shown i n

S S S

RP (M H

Figure 13 Proposed reaction mechanism of the bimolecular thiourea synthesis according to Saatfall

The thioureas pramparesc Fingdd®@ehemahhegyr t he me
wel | suited to synthesi sggnd hgteat svampiletcy tgt
high yields wer ®alolpa dlhreest epgetenpanarer i ed out i
concentraMiwint ofre&ga&ésrd to the amine .and und
Typically, t heed a<ta cdw i Hodnu npsr oacte erdooon heamplky at ul
conversion accordi 8g ntce TLWbC oma reiatse ruashulgpel layn dr e
nosensitive compouowdads oft hdhepuenriufdiec product we
next dayerm$sit@emtfi ndhe r eactlinon hi citafisfreiecaufl t i es
separate the preoawuatced fgtoar ttihkbgmmmget hal pubpctct
procéesstaking interactions breetaweteend nirhgeh tt tha notus
have caused thaedeffdreul liower agiledds c wleuw mn

chromatographygads shown in
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CF, CF,4 CF,
FsC N” N FsC N” N FsC N” N
H H H H H H
T8 T9 T10
86% 89% 88%
CF, CF,4 CF,4
FsC N” N FsC N” N FsC NT N
H H H H H H
T T12 T13
87% 61% 81%
CF,4 CFs
FsC NT N FsC NN
H H H H & o
T14 T15 \]4
83% 83% HN CFs
CF,

Figure 14 Se of thioureaghatwere synthesised through the reaction between an isothiocyanate and arhnaiaetions
were conductedt room temperatungith 1.10 eq. obis(trifluoromethyl)phenylisothiocyanate as reactantwaitial 1.00 eq.

of the respective aminia dimethylformamide (DM with a concentration of 08 in regard of the isothiocyanate and
under an argon atmosphere
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4. No3 el MCR ap prhoadahs yfod rh etshiis

This chapter is based on restThgrsadtyi cSalmomo uw
iVerutnigesfpr akof k8 mmon Werling and the bachel or
csupervised by the author of thi pet hesms.

preliminary i nwvaesmdrgeeats ontsaitmavalrel ssvyimmt hesi s
mul ti component reaction. The author of this
pl anned the experiments, and assisted in eva
overview of the synthetic proongdure, and a <c
Originally, It was anticipated that amines

chosen for the SYheéhiescesr pbr ahionrefasnatural
derived amines into the <catalyst structure
sustainable chiral building blitbdeksytnohheersh &n ©
catalysts.

| n t his comnt ey pt omearatl e, derived from t he
Lt ryptophan,i seexreampelgiyf.i es t h

Thus, the symMwlasesiasttemptlkedouheaever, Il nstead
formation, an -dlndgiamp |l prcaadeass rangurred durin
corresponding tahs ohawaiddamy attempts to syt
thiourea iUnamdmporadiichgmet hyl ester-lsasuesdi ng t

mul ticomponent reaction were carried out an:
i ntermediate thiourea pamdunt rrcromiseaguleshbbyr
forming thiohydantoin each ti me. Still, t hi
generating thiohydantoins through a multico
sul ghwamsfer agents such as btohni odpi hsdidl gpehnied,e i t s

Thiourea
COOCH, COOCH; CHa

3 .
COOCHj NC o X COOCH; NN

4

Thiohydantoin
O COOCH;

Hg\/4

N—< />

HN\«

S COOCH;,4

5

Schemel4 The MCR of elemental sulphur, dimethyigbcyano isophthalate and methytryptophanateesulting in a
thiohydantoin compound instead of the targeted thiourea.
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Thassumealbosi ng reaction thadvbdgeaneedttelsr d g ol

pl ausi ble mechanisms. To simplifmormdédeeampil rvest
reactants Svehreelmbiclhlosssetnr.ates the reaction bet"
el emental sullLplrwr, nande, mstehyelct ed for the scr
o S
/\NJL
o~ O/ C11H23 NH
CiHzg™ NC + Sg + ——
NH, 0
6

Schemel5 Model reactiorof the optimisation of the reaction conditions aiming for a more sustainable thiohydantoin

synthesisvia a MCR approach. The reaction involves dodecyl isocyanide, elemental sulphur andlretigyhate as
reactants.

Schelndshows the first usuotghgeesse erde arcetcehmatns ,s mwhi c
f or matdatomi oawfr ea as .Swmbsiengtueernnieldyi,attehe car bony
attacked intramolecularly, resulting in the
thiohy®¥antoin.

s
0 Ji
N
CiHag” ONCS  + \(\Hj\o/ Ci1Hag NH
NH o
A
N
_C. Co_

/\
CiH™ NN
SN
(0]

Schemel6 Depiction of one plausible reaction mechanism for thiohydantoin formation according to &iaistt To
present a more streamlined mechanism, the reaction is shown starting from the isothiocyanate intermediate rather than the
isocyanide, as the MCR generates the isothiocyanate as an intermediate.

The second plausi bl e r eSacchtein@®rh i me @hodacritiwsang i S
according to the -degtreardaattei oknn oanind Eadinsaagm ni ncl ud
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thiourea interimdcatde BHowehher, atom of t he
intramolecularly attacks the ester group, ge
undergo a rearrangement ¥2éaé¥F&nr dar rfamrgne me
reaction depends on the chosen reaction cond
thiohydantoin was descri?bed to be the domina

S
O
_ C11H23/\N//<NH
CyiHoyy” ONCS  + o — o
NH,
‘rearrangement
| o
SO 0] S
BLL — U
C11H23/\H H C11H23 N

Scheme 17Second plausible reaction mechanism of the thiohydantoin formationréBttson mechanisns described
according to th&dmandegradatiory?!

Not aibh ybothsttahei oesacofsont mechanakmt hi ohydan
shown without stereochemical information, ev
is a chirahecbompmandon of the heterocycle |

thi ohydantoin product. This assumpetti ganliins ba
which a si mil arcltobsiimhgy draenatcotiino nr iunngd e r compart
aprotic solvent and base)(ded@a®BCtebut e@eB DY &4
at2 AC°The original scres:nigngemethod Tondopt D

out at slightly elA€yat eFdurt ampenacagtlkgsccO4ddi
achieving signifircaqui eeasantemnyesticorgcleasses,
( Na3Py.z386

The initial aattheimnphy d @on tsoying thie@li sgewe e i cwopr o

il l usthiaguwkrde Tme pri mary objective was to pr

thi ohy@&drt ogsnt abl i sh a <calibrationeawatriven f o

monitoring of optimisati snepcmpeociendgygs e Marse

comparative approach to evaluate the advant
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benefited from prior investigations by the M
synthesis of3%3 sothiocyanates.

1. reaction step

10 mol% DBU SCN” >CyqHas
DMSO, 40 °C, 19 h 31.5% yield

CiHas ONC  * Ss

2. reaction step >
. Ciq H23/\N/[<
0 NH

o~ WJ\O/ o
Criflg™ NCS = NH,  DMF 40°C 18h 6

13.6% yield

Figure 15 Overview of the initial twestep procedure for thiohydantoin synthesis. Equimolar amounts of reastaets

used in both reaction steps the first step, dodecyl isocyanide is converted to the corresponding isothiocyanate following
a modified procedure from Meiet al383 In the second step, thiohydantoin is synthesised under the same conditions in
which the ringclosing towards thiohydantoin was initially observed.

Each step r eqwicaod di mmu rcihfrioaraattiogm aphy, resul ti
generation and increased |l abour. First, d
corresponding isothtedwpanpkbetdrdfeovi thignat el vy
only 32@®ragciheiledvend, compared to 87% ye®l d rep:
The literature méas otdh e mpd loweerdt ,Cywmleinlee sD MD O ki

as a polar aprotic alternative.

I n the next step, the isbatbuocwanatenwBMFr ea
t hi ohy@wintthoian yi el d of 14 %. Overall, this mul
oM. 3%. The unexpectedly |l ow yield was surpri
and amino acid metshylbl esheds i ard heellliterat
synt h°édstihée. | ow yield motivated the devel opme
approach as an alternative. The primary foc
simplifying the procedur e, i mproving sustair

reacdgadatviei ocyanatesilbby.sgémer ating them

The multicomponent reaction approach was su
ratios of the reactdntagabndy d Hre[n®.r4g. 808 bupnadieec
accel erat e nt hteh er @ anci ttlilbanisad g ttotinenifpadc used on s evVe
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conditions, incluselngc sticcbmmpesrrta tcuhrcei, c ec,0 nbcaesned r a
concentration. After muslutsit@li @madvernedryi mdgs tthe
the solvent and base guides proédwhded by eGS
summar SshelB@were i ¢t ified.

0O S

1 mol% NaOH CiHo //<
P - 1123 N
CuHzy YCN  *+ Sg * NO MoOH. 40 °C. 20 NH
NH

2 6 O

Scheme 28 Overview of the optimised reaction conditions for a synthetic MCR approach towards thiohydantoin.

The procedure presented here represdretps a ¢
synthesis with its |low yield, though it stil

was switched to methanol, which pMES®ewnts f e
DMF according teel et iG&BKAUdoltvieomtal | y, met han
boiling point allows for easie#oiémmgalDMFr onm

DMSO. The thiohydantoin product was observe:

|l ower temp@Cat wmresat( high concentrations, er
significantly reducing wast e compar ed t o

Furthermore, a more sustainable basd® heatal ys
reaction proceeds efficientlmolwi.t hWi@dealOHs at a
were ovbitahM@R dap prao axcthbst ant i al i mprovement o
Il n conclusi on, a reaction procedure with sat

of toxi-tr srud fpehruragent s and igemseéRaut ung T e86€EHA
should focus on iIimproving the overal/ yield
conditions and environmenltyal Ityh ef rvieernsdaltyi |rietayg
approach can be further validated by screeni
esters for thiohydantoin synthesis.
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4. Chapter s$8ymahegsi s of the thiourea

A selection of tshd oimeassuwaequeegmt heait al yt i
sustainable synahmal ti cagporppr omemt reaction to
thi owaeasd wher*d fpdahebiMCRR was not feasible,
were obtained instead by a straightforward
and ami nes. While this bi mol ecul ar approac
provided a qusiycnkt haensdi se fnieitchioedn,t t he MCR r epr e
alterhati vetstaweedsithe use of highly hazar
i sot hi ocyiam ddfFetsrut chrelrymor e, it was demonstrat e
el ement al sul phur and i socyaaitdheisgh ydad tdo iard s
the usual amine is replaced with amedanano ac
enable the synthesis of thiohydantoins in a
to 61%. Nonet hel ess, the versatility of t h
demonstrated.
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4 . 12nvestigation into -3@GR asymmetri

This chapter provides a concise summary of t
t hree compoinne ntth er eparcetsieoonce of thiouresas as o
reveal ed that thioureas aPraes sAeoiRarbi¢d yf @ed d ® ctt h &
shifted towards the asymmetric conduction of

i nvestigation. First, a design study of thi
insight into their modéeeygf iadtliuem,c enp eadhiefsit ea
reaction mechani sm. Subsequentl| vy, attention
enhance catalyst performance. Finally, a sul
scope and |l imitations of this organocatalytd]i
A pseci al thanks go to Aasruwpe rSveiisdieorn, owh ot, heu na
thesi s, contribbhbeeexpiegnimentant wprkorel at ed

the thbhotatPpscs@®@CKrsi€bapter) .4.Rhids 2wor k was p:¢
during his role as an assistant researcher a
The author of this thesis was responsi bl e

experiments, and evalwuating the results.
4. 2nitial screening and design study
4. 2Thelmodel reaction and analytical met hods

ThRass-8€CRarieaa ctthipotm c e e d se senm @ ¢ #o lpy dumalat al ysed
reaction condi tions, maki ng tihtvsai ghltyl ghiat
pat h®flyer ef ore, the model reaction was inten
| ow outputs and owWerralilnspgamnrc epe rtfheer maemocd.i on
by factors such as t he reactant concentra
stoichiometryThit® @&masner eas ftehwat the catalyti

catalytic reaction pathwazytadriysiedt ertalcyt i ocoomp

remains unaff eX®f cerd tbhye tihrei tciaglal sysrteeni ng, a r
acetic acid, octanal, and benzyéScihseinpey ani de
The reactants were used in equimolar ratios.
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]

5) ¢:
- «LH
)J\OH SO Hy-10ml) /\/\/\/C;Nl//o

acetic acid octanal (isocyanomethyl)benzene

CN

r.t.

7

Scheme19 Model reaction for the screening of tiasserin3 component reaction. The reaction was conducted in
cyclohexane with a concentration of 0.025 wiof.

Sser

Ne x
ens

reactions were conducted at rovarmh ht eemper
centration “af TOp PaasIsign®Rarie conducted I n
centration incpmpamhaeppe)suitbh? a8 dérthd of o me
rahydrofuran, et?hgylc laocheetxagpned ,@ara amoem hiydc es b
del i berately chosen to avoid optimal rea
hydrogen bonding afuea tpotpemttiixl’°Fthleivewnrte
ndar d reaction procedurPas $S-®€CRundidhed ti me e s |
rementioned reaction conUettn adhesc ama, witalse c
ndarsubstance inert under the reaction co
nt i fviicgaatsi oahr onmawagy r aveh yg haeldnli n¢ wii mg .

radecane, being a I|iquid, was added wusin
ended and actual mass of the i@wasnal st
culated and applied during the calcul atio
iven reaction ti me. Subsequentl vy, a thiou
ution with 10 mL of cycl obhrdkanlee mhet ad @
rred for 5 minutes to ensure homogeneity.

Vi ntgs aamplteh,e t o monitor the conversion of

t, the carboxylic acid was adrierdyt easndt a h
ure homogeneity. The iIisocyathsdmpMWeés st hen

time to monitor the conversion of the isocya

sea
was
The
eva
dir

|l ed, and the reaction was stiGQaeadal gsi sBoor
taken after two hours of reaction ti me,
reaction mixture wast hyle na qgaiteantceh,e da rbdy tdh
porated until theLvollThmer wa s ltthepdagrcieidixetdor &
ectly by column chromatography to obtain
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The Passerini reaction f oremsspeatisvaeglicarisomr
highlagttBedhelBle during thaddutl enppbiolifice i soc:
aldehyde. The aim is to influence this react
chiral thiourea organocatalysts. To quantify
obt aPaegsleri si wpruébd lectt ed to chir al HPLC anal"
enanti omeagd cofexocreessof( the.resulting enanti omi

For monitoring of the conversion and yield o

anal ytical tool . Therefore, al-( dbeelnizbyrdlaatmi onmo ) c L
oxon&yéamc et7ravtas created wusing the i1internal S
calibration curve enables the analysis of mu
purification oficadlhemmeraldreo patoadgarcdaphy, thereb
resources. Six samples ofedatrhreg tomeseneaah
establish the calibration curve.

Each sample contained different amounts of t

the internal standard. Tetradecane provided

detected by a flame i onizati on nddthectGdr ahRll ¥
For each sampl e, specific volumes of stock s
| S in ethyl acetate were added to a measurin

a total volume of 1.5emth Jampeeaaandcomposot
anal ysis resul tTsabdreeThses mmas ulsteidng ncal i brati c
Fi gatr e

The GC analysis yielded different mratldrosi of
and the inteyrnhodotr steaocodasdmplAed] Oiag tedme irtaht meotsi
was calcul ated based on three measurements f
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Table 1 Sample preparation for GC calibration

sample ~ “tirear %h%gg_y,ﬁéé@é %h:% _ ﬁ&ﬂ. L T
1 1.40 4.70 3.36 1.40 1.480
2 1.20 4.03 3.36 1.20 1.314
3 1.00 3.36 3.36 1.00 1.015
4 0.80 2.69 3.36 0.80 0.807
5 0.60 2.02 3.36 0.60 0.608
6 0.40 134 3.36 0.40 0.399
7 0.30 101 3.36 0.30 0.288
8 0.20 0.67 3.36 0.20 0.208
9 0.10 0.34 3.36 0.10 0.103

Each sample contained a constant concentration of t
Passerin/). pibducesqgl tiolgremgnagr améj osoirnesphending t t
represented by &Mheadriutl mmetdi d rmeman hr ee measurements for

1,6 1
Gleichung y=a+b*
. Steigung 1,06038 + 0,01824
R-Quadrat (COD) 0,99941
1,4 1
1,2 1

signal ratio
o
0
|

0,6 1
0,4 -
0,2 .
| e date points
0.0 - linear fit

T
1,0 1,2 1,4 1,6

1 1
0,0 0,2 0,4 0,6 0,8
ratio of concentration

Figure 16 Calibration curve of the Passerini produg} @sing an internal standaftS). The curve was generated by
applying a linear fit through the origin, based on nine measured data points. Each sample was measured three times, and
the arithmetic meanij)lwas used to construct the calibration curve
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4. 21 hiRinallinigse art im¥fegdgthiegati on

The initial react i onesf faeicniei dv etnoe sass soefs st hti hoeu r gee
organocatalyst under this reaction setup. F
Ssubstoichiometric amobu®%ts,Laseeciifn seéhliys 2rC
Chap4e2)2. efforts wer e made to reduce t he
sustainability, while demonstrating its effe
2mol % was chosen initially to ensure that a
ThioureaTlan2ibhotka gihifyewer e selected for the

COOCH,

OO CF, CF,
COOCH N~ N “CH, FsC NJ\N CF;
H H H H
™ T2

3

Figure 17 Selection of thiourea organocatalyts the initial screening of theasserinBCR

Thi oliwaas synuihahei MER approach u'SsTilngneaiemsnt ¢
el ecwirtohndr awi ng met hynhetmasdietri ognr oafpst hen & rhyel

previously studi This tmoei Mecati gm owas cons
alternatievsttabl it Bedebi s(trifluoromethyl ) phe
T2! IM2i et . ademonstrated that thioureas wit!
metpadsi tion of the aryl ring resulttin sigr
Quantification of hydrogen bond doMMR stren
anal ysi s, following aepratwcoh adaptag!| f pom
(PQEtas the hydr®dpPenghomd! sadbelpwedrt hat cat al
could be correNBRedesol pbosphohespresence of
acce’dMeretr. afound that aT2t hbwtureantsaimiilag me

groups instead of trifluoromethyl groups, ex
strength, but represented a mMédre sustainabl e
I n this initial screening, three reactions w
Chapter,hédr2aflltér retandaddt escaseenh@mgé preaectdiu
was performed without a catalyst, serving as

was carried out Tinathehipuesgandeaesefl on c¢comi
O(Fy(baphthyl )ethylamine. The othefMT2aseacti on
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benchmar k T Ziast a h-% swew thiourea named after
Schr &% htee .initial resTdlhdse are summari sed in

Table 2 Results from the initial screenimg the RisseriMi3CR depicted itscheme 19.

Entry Catalyst Yield 2h [%]  Yield 20h [%] Yield 44h [%)]
P-01 | : 5.1 26.8 432
P-02 ‘ T1 4.9 255 40.5
P-03 ‘ T2 38.6 59.0 67.0
The reactions were carried out i L't gkl owemagmearad sac rceoenncienng
procedulrhee thioureas were used in amounts of 20 mol %.

The uncat alB0s)edy irelacceed 03 .(2% after 44 hour s,
of 40. 5% was obtained IiThad htehereasteanlcyes to.f Nt
yield was achi evigd linn rtehleatp rvees epnecres poefct i ve,
in yield by incorpdetattcngmmt2h ghutr ot ghhebrgmoerleg ¢ tcroa
t hi o Ulraenad?, it is highly | iwkietlhdrtahwaitn gs tgrroonugpesr
ar e essenti al for effective That admplicy edn
3-bbs(trifl uorgormeutph ywasp hbernoydd!l y di scussed in
aprivileged foarn | tdh ingu bé @& Hkr giasn occoantcael i yvsatbsl.e t h
performazhesei afl uenced not -dedliyileytt bhaetyt wono e
also by thewsthdodngwehgcabiohi ty of the triflu
foll owing chapter on ctaheewgybBskisgakset uddysofnthbi
explore this aspect in greater detail

4. 2DésBgn study of the thiourea catalyst

After obtaining promising results from the |
catalyst design was pursued. A PastsBE€CRAI t hi
i s deiphiicgtuetde AL3t he centréehoburkea tanatysnais
i nteracts with the reactants and i nter medi
stabilising théomameoit efor. 4t &t e .

To the left of the-dehicuraa @rolp moartgl ésct
the hydrogen bond donor <capabilities of the
explored wWwithdebhwchgogroups pAoOditieocalk by yt
thiourea is bound to a chiral scaffol d, whi
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ates i n tl
tchamsduct

catal yst, reactant s, and intermedi

synt fehei ss.e eebxnpde rsii me ntthi s chapter w s

aspect.
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X N N Scaffold
H H
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whet her a hdiegfhilcyi eenlte ctthrioonur ea i s necessary fo
reactThiomi4ddeoaes not possess any EWG at its ary
as reference for the other ht Diul3srea avyse st Hatr
comparison between aromatTlke amaes wlltiphaft i thibs
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Results and Discussion

Mo s t of t he t hioiug e9asse rey retsdedndiesdi ng t he proc
descr iChagptieanldesls t hey wer e pludr chiras gmdo \ciodnenc r
cowor ker s. Sp®ci alClahaniBebegpt £ weisodi stl lyi swrnd ahse
T4T5anW2°3 - Wi* h her tplee mavatsh omnM,eased t o incl ude
study, as they fit perfectly into the screen

Table 3 Investigation of the electronic configuration of thiourea organocatalystfdsserirBCR as shown in
Schemel9.

Entry  Catalyst Yield 2h [%] Yield 20h [%0] Yield 44h [%] ee[%)]

P-01 - 51 26.8 43.2 0

P-02 T1 4.9 255 40.5 15

P-03 T2 38.6 59.0 67.0

P-04 T3 4.8 316 459

P-05 T4 4.9 310 44.5

P-06 T5 38 253 384

P-07 T6 4.8 322 47.0

P-08 T7 4.7 319 449

P-09 T8 17.3 487 579

P-10 T9 210 511 585 7.0
The reactions were carried out i ALt gl owemamddme ermi concen
proceduroer reasons of compatibility, previous results were
20nol %. For achiral thiourea catalysts, no chiral HPLC anal

Comparing the results from the GIC3TSraaceni ng,
onlmaragi m@aact on the yields obtaithheadsaesé&s er 4 ¢
yields were comparalbstdced 1t ®©®0hiosKo(odb [T¥,e tumicoau
which features two methpdoogl teeher sgoweaedsai nel &
8% yinelodanparP®d ttom contTaets,ulttreidoumea 13% dec
comparP®dafttoer Zhehdurf § er einocueTébaesivesermttthh i but e
to the hydrogen bonding strengtwi,t hwhiacwhi nrge s
groupsmetpadshei on of the aryl ri ngE-NMRhi s i s
measuremenes. BywhMeifeound t hatTéhadasora i ;mls% amicgeh
donor <capabBiTlhiitsy htibgghner donor <capability cor
acti*BWittyhis point, it canTbmé ghpealblsat é&d nwh &t

the substrates without enhancing the overall
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Upon in®&péict inye presemheaohotabhloer eacrease
conversion and yield was observed. The <cat al
achieving a yield ofd a7 330% dafitnecrr ejats®et ctowng al
reaction without a thiourea <catalyst. As th
recorded after 44 hours, representing a sign

These resul t sPacsosrefCRmnin etfhiatts tghreeat |y from t hi
hydroogoaendi ng capabilities, particularly w
3-Bi s(trifluoromethyl)phenyl Tgr oTuhpi,s afsi nsdeiemg
further coROZ2mBlroohedde dayt a@irni ng a chiral bui l
from naphthal end&.anfdfe diiwof etrheido uirne atsh,ei r EWGs
Tlf eatured methyl TOsaeér t gr Dupasr D waxtihHitd® d gr ou
significantlaynyhieg desr, aa&n & mtop carbd ryi,c vamgcess 0
obsemMhed suggests tbhbhoantdi sntgr ocnagp athyidridagers ar e
catal yandde hiagnstereo induction with thioure
i Riguries Ip&ssible.

SinTczeT8 damwaleach bearingitsidarstfd arog o3 b hyl ) ph
consistently enhanced reaction performance,
buil ding block into the thiowrédacecanal msty,| m
would be sufficient for designgnghe cetaltyo!
i nduci ngo nsttreorleeo This approach holds promi se
devel oping thiourea as Pasw®abbmpooanal ystactfonp

After obtaining pdriomdlsu chignegdnai tthhmé UTH, eeast thlet s
influence of the chiral pbdl yt dhyec Itihci oaurr ma tciact
systematical Fpurexphooedsas awedr e¢e esymretdheassi c a
il 1l udtikriagtelde These thioureas vary in the size
ranging from benzyl fT0wasnhbifmdeder vAdadist iao nd
compar Tld,onaltloowi ng for the i nnveasrtdmatsitem. of
This exploration apmesdi-lBloadkisc@r nnwareadhtiron
structure of the aromatic ring, as compared
an i mpact.sstdheesuimnmarTcasbd. ebe f ound i n
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CFs CHs CHs CH, CHa
CF, CF,
S * * * *
FsC NJ\N'* j\
3
H H O FsC NT N CF,
H H
T10 T11 T9 T12 T2

Figure 20 Selection of thiourea organocataljst the catalyst design study whibkar aliphatic or aromatic ring
structures

Table 4 Results from the investigatioof the of the Rasserii3CR depicted inScheme 19using chiralthiourea
organocatalystbearing aliphatic or aromatic ring structures

Entry Catalyst Yield 2h [%0] Yield 20h [%)] Yield 44h [%] ee[%]

P-01 - 51 26.8 43.2 0

P-03 T2 38.6 59.0 67.0 -

P-11 T10 19.2 52.9 64.5 0.5

P-12 T11 24.6 55.4 65.3 3.3

P-10 T9 21.0 51.1 58.5 7.0

P-13 T12 27.6 63.9 74.6 11.6
The reactions were carried out i L1t gkl owemamearad sac rceoenncienng
pr oceduroer rcecamnspoantsi boifl it vy, previous results were included a

20no |l %. For achir d8@noScchhrierianle rHRLhG ocaunraelay si s was carried out.

A distinct trend is evidehabduvepondireat eawsg ng
aromatic ring structure outpeffohm®mddambdei essp
P-122are compared for .t Heni rb oetnha nctacsoessp, b efaibd he i yt iy
Schreinerm2af ttehweodld leme as uMElde mbustonated t he a
i nduce enantioselectivity.s3Tdheaad mel ofy Ot 59

entPrli s negl wigi bie expgefAismevet plr ogmrak sesned o nap
ant hracene deraitvadtyiswies idf bteltemes apparent t
building bTbekinsroductabn of more sgatially
he thiour eai ncorieetitgye dlce ahdnsn dedodnteon to this o

ghest yield was dt&2hisuegdassi hbeepdBs8nohbheebD
Furt hell2ayoared,ded t he highedtl%é&nanti omeri c eXC:é¢

|t i's noteworthy PlhOast L bwemoafdernobmppantedg t
corresponding other entries. This can be att
reactions. Unfortunately, the |l aboratory | ac

resulting in a r odmhitgehnepre rfadt-ulr@d &chtaito nwas % h e

other appsoaathgsthe room t-@mpACathreughogest

This higher temperature ma&y vexdpl ain the incr
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|l n summary, an initial understanding of cat
cruci al structur al mdeffesrbeifsi(t3Iihéudi gmeétyhye
group, and (ii) chiral polycyclITihce saer cerheetmemt Ix
have proven pivotal for catalyst design. Wit
the first screening, the focus of the invest
t hPeass-B€CRNnThe aim was éosgandi agdekepeheuwdr ki
t hi ourea or gaPaoscsageaal eytisitosn ,i na st hwee | | as to ide

that drive the MCR towards higher yields and
the uncatalysed background reaction.

4. Dpdi mi sation of the nRResd8C®Rm condit |
This chapter aims to systematically explore
reaction in the presence of thiourea <cataly
enantioselectivity. The inveshi gatei bgpbéepasi
these catalysts exhibit high activity in the
kinetics may provide valuabl e insights for f
sol vent ssa@amdandt berueresmisn g eprti sead as cycloh
subopti makemper atowe react-i emper Subsegseneeéwyi
conducted, whil e the next step involved exa
reactant addition toythéeheeaddi onomi nfuanddiF
on <catalyst concentration, was explored. TF
reaction performance and minimising catalys
approach.

|t iI'sS notewoIrTtOwgs tha@n s it hti erutr leya sautsieadn dpurrd cnegs s
despite being |l ess effectTlv2e Tthh an cihtos c & n twhars
purelyeffoectcovyeness, as thsengmihest wequhireudr
significantly in price. It was assumed that
given condh®Reong, superior in terms of yield

4. 21 Bveéstigation i nPtaos st€hr@Rnkii neti cs of the

The catalythcoafwavisygroeedned, focusing on tl
react i oni,nfaesrhraetd whe t hi ourea i s primarily ac
hour s, witbcr elsastaefrgiogn .ag sumpti on was made in
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frdmablien 4whi ch the rel ati ve dticfaftearleynsceed breetancet
was most pronoundéki nat iitnecs tuaddeydn reixmge.r i ment s
without a catalyst as a reference, T@and wit
respedt imoeley.detailed GC screening of the col
product was conducted to gain f uFitghuerre i2nlsi g
illustrates the evolution &funmmaerdy irelsd | dwerc a
be foUab3 ®Bynpi cally, t he pylic{dddia bdifath at oy reao wtt H mie
beginning, followed by decreasing product fo
reactlTadhret sgreydi d pil agie¢gd dreepr esent s conditions
catalyst, while the red and brhale% cainrd/ elsO @c omor |

ot hTec at al yst, respectively.

80 -
70 +

60 +

Yield [%]
5

30
20 -
10 = 0 mol% Cat.
® 20 mol% Cat.
A 100 mol% Cat.
0 -
T T T T T T T T T T T T 1
0 500 1000 1500 2000 2500 3000

Time [min]

Figure 21 Evolution of the yield of th®asserirBCR over time. The dataset represents conditions without any catalyst,
and with 20 mol% and 100 mol% of thiour€@, respectively.

Table 5Kinetic study on the PasserBCR, as showrin Scheme 19

Entry Catalyst

5 10 20 30 45 60 90 2 3
min  min min min mMin min  min h h

j N S
N
o
S
N

T9
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P-14‘ - 00 00 09 14 19 25 37 49 7.1 88 28.0 430
P-15 ‘ 20mol% | 29 53 84 116 146 171 21.2 23.7 285 31.1 493 57.9

P-16 ‘ 100 mol% | 9.3 129 185 221 279 31.8 378 418 48.2 51.3 68.2 73.0
Thereactions employed acetic acid, octanal and benzyl isocyanide in equimolar ratios. The reactions were carried out in

cyclohexane at a concentration of 0.025 xiol. The yield of the Passerini reaction was determined by gas
chromatography (GC) and is based on the implementation of tetradecane as internal standard.

Reviewing the outcomes arfe tehlva dleinr e ttihcats cerl eeevn
| oadings correspondoft ot hen arnedaachteagnhtesony e es$ dsn s
as the reacda omeracshcagwaesb s ateed. Thi s phenome
attributed to a decr eaasnidn gv ecroyn cteynptircaatli ofno ro f c
reac.t Mointsi component reacasoa@BLRnisneh ga&nertahle
di sadvantaged by the depletiomeaft|l yedatoanthi
concentrationdRenernthedaewaltommegnt s in invest.
the Passerini reaction usi ngeddheatsidar fauxnycltiico
not only participatesbutn dlh®eo refafcd d toinv ealsy ac
formation t hr oudg® thjed raougtetno rbse eftivarnhtghi enr tahses earbts
of addi tional carboxylic acid molecul es, t h
Mumm rearrangement is so substanti @2F2-€%at th
Consequenst hg, reptt mmnt concentrations becomes
i n Ralse e3rCiRnibut i's counterproductive for t he

Passe&rCiRsi due to increased backgocomuananirreatcit o ro:

The results from the catalytic screening can
a clear catalytic effect can be observed. I n
was detected by GC analysis alfdiemg 2&® gni qarud
corresponding to O0.9% yiel d.9 dxwulctoend riarst8. 4%
and thosmow®%wthnl@0B8. 5% yield, respectively. T

illTustrates this, withrthe dhepprlesiemgesiognit
Whil e it became evident t hat the Passerini
presence To)f pgaritoiuowlaarl 'y in the early stages

to determine whether thlisesadahaghed ecataalt ytoisa
This experiment f ol | ®&é&dutt hwea ss ainnet eprrroucpet deudr ea
after two hour s, foll owed by workup and proc
analysis was then prepared ftroonnv etshhe giag el amheec
the purification process has ,amniommact ram I
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conducted in which purification was avoi ded,
and comparison. Thé&ab&sesults are presented in

Table 6 Influenceof the reaction time onto thenantioselectivityf the Risserini3CR depicted irscheme 19

Entry Catalyst Yield 2h [%0] Yield 20h [%)] Yield 44h [%] ee[%]

P-01 - 5.1 26.8 43.2 0
P-10 T9 21.0 51.1 58.5 7.0
P-17 T9 20.6 - - 5.9
P-18 T9 20.9 - - 5.6
The reactions were carried out i L1t gkl owewmamaearad sac rceoenncienng

procedurroer reasons of compatnichiuldietdy ,a sp rwevila u sT hree st uhlitosu rveearse |
2ol %. APpAfMwasschi ntersected after two hours, puPilBi ad and s

crude sample was submitted to chiral HPLC analysis after t\
Whil e enhanced conversion and higher yields
no i mprovement in enantioselectivity within
t hat puvicholcuamini oavhr oRvlayt olyacaphyg €ffect on t he
outcome of the reaction, as Ph@® wkeswue ttshevecre

sample was anal kpgs@dwhérfecompraaledHPILOC was perf
andeah 7. 0% was measuwraeldy e ssaofd h%.lH%% | wevee obt

after 2 hours, respectively.

These results indicated that the thiourea c¢
|l eading to a specific enanti omer, but al so f
racemic Passerini product. tenoitalkrr wacdisont
under the given conditions. First, the react
thiour ea, but this pathway is kinetically ou
by the catalyst. Il re trreacpgrn emnercae e@fi tthleiropreoa
product formation or towards an enantiosel ec
appear to occur simultaneously, l i kely due t

energy barnmtéwaysas nbotit vepthiourea.

According etto*dthivsekinetic behaviour <can be
assuming that the reaction and its selectiuvi
ocan either reactin owhfiocrhm oprrloyd uocnte enanti omer
on the catalyst used), or reactThe rMfeaan iaomnm é

are given i mquahsd bsoul bl soewgi unegnstkri cheert i rc@ae i dn s :

represent the rate oamdat arnetssp efcotri vtehley .f or mat i
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Q6 .. (Eq.3)

96 0

Q6 .. (Eq.4)

s °°
From transition state theory, the rate const
coeffdwhieah is wusually taken a®, utnhidg yahbs dlhwet

t empeiYatturee PI &c kt Ite ngsétfmnndomdntearhqd‘cﬁaencd@ner gi es

of the activati @mndorr etshpee cgteinveerlayt.i on of

- fQ"YQ ¢ (Eq.5)
0
o {2 e (Eq.6)
o
Il n a first approxi mati on, the trangmvesi on
temperature. The product ratio can then be c
6 Q _ 1 (Eq.7)
= == Q
o Q
The difference in the awiisadescréebedgwnsfor
Wi owd d (Eq.8)
Techni caglulaytiisotnbel y valid for a uni mdPecul ar
However, it can be used otsopeadilfuiscaalaltye, tthhaet rt

enantd,onmebrt ai ned from t he widghmmatrreiag raemalc tt ih@r
product 6,mi at eobpe generated Vhaagegmmiattahliyotuirce a
pat hovagpends on the energy difference betwee
t wo pathways @d®nhotead fiese approxi mation it
equati cofog deor rgaction Pas$ &8C€CRs idnecsec rtithee NOQR
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nceivabl e that achiev-cagahygbhdr Pasan
requires a more significant differe
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n

e possible reaction plagddwaytso W®Bthel paes
on of one enanti omer. |t i s require
0

nding transition state, thus alterin

he rotation of functional groups wit
non generates different conformations
tion of the rotating gmouwg dduwel dc alted:
ely resulting in enantiomeric excess.

sti gtate otnhiiommuroea catalysed reaction m

apter aims to provide a deeper unders
ni reaction, of fering initial I nsigh
on the different conforam=ttiloense aarde oa
i ficantly | mpact -ctatealsytseade oFsaed seecrtiinvii ti
expresses gratitude to Sonia Dhull

hnol ogy (I NT) atr eknltT,r omthaomecFe&h rcalfl att keido
heir respective energies wusing densi
ration seeks to elucidate the reacti

e of thiourea organocatalysts.

ti al findings from these DFT calcul a;
ts with the aldehyde during the reac
es i sA%2iamMEt utrhdi codumaehal. e of donating
eracts with the oxygen atom of the al
di ng compl ex that increases the el e
re fosteksngBpuobliedpinigl it dthteaccar bon
t stabilises the transition state of
mo denvhitl ei dowruenad & oni ghe dl debtydéhe nuc
h fr oentaatsipoenc,i ffi &voouriing the format.

ot her .
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FigaRel ustrates t Rbeo npd eadu sdiibneer hbyedtrwegeenn al de h
as wel |l as a plausible tUadditiom oft atlee i ns o
the aldehyde occurs whil e nbdoiucnadt etdo itnh iooruarnegae.)
to exemplify this interaction. Thial darhlyad eyl i
heterodi mer via hydkaager i mon girrog edwsr.i ng t he

\\\ /// //:: \ H
)'O\ o '2;/\" CN
Ry H A “Rs

Figure 22 Plausible activation mode of a thiourea organocatalyst and an aldehyde, in which a hjpdragnomplex is
generated. While bound to thiourea, an enhancement of electrophilicity of the aldehyde is expected. Additionally, a
plausible transition state dfie U-addition of the isocyanide in presence of thiourea cat@i§ghere in orange colour) is
shown.

To support theHNMR dBHNMRB|I akpenbments were ca
gain a better understanding of the potenti al
For the proton NMR experiments, al |l the re
i socyanide) and t hdcucaote swercd | meea sPuarsesce rii mi d gu to
in absence as well as TiZanTSh eTlpiresiemces toif g d thie
to uncover i f any shift in their respecti v
surrounding, miaghf avoueied dipdi egt mode of th
reacdawntd special focus on the aldehyde.

Unfortunately, t he thioureas exhibited i ns
investigation into peak shifts during the ex
t hat previous —reaction screenings htald consi
catalysts had previously rendered a homogen:
mi nutes of reaction ti me. Pl ease note that t
to the i dedhtxfaineataisom dfelt e r edutlriveggt yt chleo i NcMeR
experiment, the thioureas displayed compl et
product was present, suggesting the formatio
carboxylic oxygen atoms of rtdaes.e Bhpiexi esmmlna
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potentially facilitated solubilisation in c\
mi ght have been carried into solution whil e
this effect was absent when tuhnemaarcyi,d doeru ttehrea
cyclohexane proved to be a poor choice for t
measured due to solubility issues. On the o
preferrettohgdgdnggemteractidonshdeadaweemydd i our g

nomol ar sol vent s.

Subsequentl vy, t he experiments wer e repl i cat
solubilising thioureas. These experiments w
t hi ofuz elantri guingly, WHRaelnomeaisdeg i aage ttihd oaicied
of the acidic proton peaFk gardelwlid 9 5p rpepvm oauesd S
reported that thiourea catalysts could benef
di meric compl ex, resul ting I n augmdamtge d y i
asymmetriToentdh saippearance of the peak sug:q
bet ween the thiourea and the carboxylic acid

"H-NMR of thiourea T2 and acetic acid

* *
"H-NMR of acetic acid —

120 115 11.0 105 10.0 9.5 9.0 8.5 8.0 7.5 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 25 2.0

7.0
[ppm]

Figure 23 'H-NMR of acetic acid (lower spectrum) and of an equimolar mixture of thiol@eand acetic acid (upper
spectrum). Both NMR spectra were measured in deuterated DMf@cIdic proton peak at 11.95 ppm ceasedpletely
in presence of 2, indicating the possible formation of the shown hydrogen bonded complex

FurthermoreNHpbodaek tobhoumed =sPp@lhtSiwheh measur

thiotua2weaa h t he Passerini product or the ald
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Fig@hdsechows the interactioin2 o®neocttlhrenadt menrd h
detectable peak shift was observed in the pr
CF3 CF,
TH-NMR of thiourea T2 and octanal F3C * I\H J’L[\‘} * CF:}
*H Hx*x

g |

CgHy3 ‘

A% | M

* * * * x

J (S Ll

* * %k

"H-NMR of thiourea T2

T T T T T T T T T T T T T T T T T T T T T T
115 110 105 100 95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 1.0
[ppm]

Figure 24 1H-NMR of thioureaT2 (lower spectrum) and of an equimolar mixture of thiouf@aand octanal (upper
spectrum). Both NMR spectra were measured in deuterated DMSO. Slight peak shifts were noticeable.

SubsequfeMMR yexperi méguse Wk&ee conducted to i

compl exation has an i mpact on the chemical s
catal yst sTrriufcltwareae t2h a&2n a2l was used as an in
mar gi nal peak sbufttd hwemosobsaergwned, cant s hi

measuring al omyls i=dpep nA)cdeotri ct pec iadlipPeiyd e (
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19F-NMR of thiourea T2 and acetic acid 15F-NMR of thiourea T2 and octanal

19F-NMR of thiourea T2 8F-NMR of thiourea T2

Figure 2519 NMR spectra of equimolar mixtures of thioufigawith either acetic acid (top left spectrum) or the aldehyde
(top right spectrum). The bottom spectra show thiolizalone under the same conditions. All spectra were recorded with
2,2,2trifluoroethanol as the internal standard.

Collectively, based on the outcomes from bo
thiourea |ikely engages in hydrogen bonding
i n Rdhxes-BCRNDODNn the other hand, Ta2t owghes 8Bheéi
aldehyde was detected, since str bfNgwR peak

experiments. Thi s suggests t hat the thiour
calculations, complex the aldehydeondabgeque
intermol ecul ar inter dotnidoimgi, heéegactsoas) cduh
nucl eophilic addition. Alternatively, it 1is
bet ween thiourea and acid significantly inf/l

acidity %% the acid.

During the sRasese8n@ingit hoft htihobeur ea as an or ganc

apparent that the reaction benefits from its

reacti on rat e, and s mal | enantiomeric exces

thiourea cateldysnhstihmedrilgatifliictayntt ost er eochem

the Passerini product. Addi tionally, It i S

possess rotational fr,eewimch nr@ecudeas nt tsdirrucd\
l eads to the for matiioguGadeh v & hii owis%9%2 A0 IczZameal y S t

are shown. 1t is proposed that the hydrogen
with the sulphur atom (indicated by a purp
cat &9 yW&ftr.t her more, it is assumed that the bul
bond between carbon atoms 13 and 14, with

atom 15 and carbon atom T3Behtvies alblmiordvapgl

results in a series of potenti al rotamers of
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'::?)C/ﬁ:L )17\1,\7)13\' /CL )46\4[.\7 43 ‘

Figure 26 ThioureaT9, here shown with atom labels (blue colour) and intramolecular hydrogen bonding interaction
between thertho-hydrogen and the sulphur atom creating rigidity in the catalyst struétukecordingly, thioureal 12
is also shown with atom labels (green colour) and intramolecular hydrogen bonding.

Fi guisénoBvse r el ati vefl&nserag yf udnicatgiroanm of t he tor
funct themaly cal cul ations provided by Sonia Dh
CisNisbonidn t he adigh edroafT 9¢ 6:N:eG1$Ce)a n t he gas pha
assuming the rest of the molecule remains ri
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Figure 27 Relative energy diagram as a function of the torsion aradtmil
rotamersare optimsed using the B3LYP functional with the D3(BJ)
The temperature was set at 298 K

']

ated fothioureaTl 9 in the gas phas@ll catalyst
dispersion correction and-81656d,p)basis set.

The variation of the torsifomptaugli dl| eed ot ame
t hi oY eahofingu#ne AZcording to calcul at]

Rot ad@whi ch has the | dwasti |i¢haisveuencesgy ul
i nduction in the Passerini reaction.

curve i s observed. The torsion angl e
therefore be aswouuntedd atphpaeta rt hnea €Echunrsviee st mat | y f
steps were used in the <calculati on; however
resulting infilnndgteead | afulcaariroyni g noeut rigio
another approach could be to apply a
rotation step, resulting in &Gdesmoetrlggr dcuhrf ee
bet ween the rotamers were found to be

kcal / mol sThhatsmgygesPliked gt amexsg saf under
conditions (e.g., room temperature).
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Fi guBsehoadvs t he rel atTi®s ea efrgryc tdii @amg,wadhfincthif e t o
was <calcul ated accordi @l yHetr @@ wioloeh bghee sgywed e
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Figure 28 The three possible rotamersTdf2 if the rotation around th€i N bond anglés simulatedvsia DFT calculations

in the gas phasé\ll catalystrotamersare optimsed using the B3LYP functional with the D3(BJ) dispersion correction
and the 631G(d,p) basis set. The temperature was set at 298 K

The simulati ©oh2 ¢ vwe avldpghoisosuirbelae r ot amer s, wi t h
di fferences between 22 and 27 kcal fwmosle,) i ndi
compared T6 (Thiicuredd ect is |1 kely due to tl

anydgr oAagdi t jroemcadd ed r ot arteisounl amh® rfernereedgoind cat a
whiehpl| Bi'2ss superior performancebtaaidneéd ghert
Passerini Theadhtgfggr@dupompared to theT9%aphthyl
provi des beft ttehre srheiaecltdiionng pol ane, effectively
to the aldehyde ( whl)2 et ob ofuennde r Coom i derinic nagt ¢ ® n 8
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optimised structures @9 tamad KatTd)dyes b Lt (lORohat
naphtmhyadsvel | asydrhe@pn)2 shield the downsi de
functionalityanpNhn ¢ ep tihe &lasgeabl e to shieloc

space, the gmalulperi snamHhtyhyalb|Tehitso rsehsitleréildcytoi noen
favours a colndfadgsurtad i ome t hraé frea mrteido nieorr noavt @ ro r
ot her .

Generally, the rotation of wvarious functi ona
For instance, the orientation may be respons
to one enantiomer by | ower iay, trhaekiancg iivtathk iom
mor e f ati®lutriandteel y altering the energy | ands
on the reaction outcome. Several fact-ors inf
covalent i nteracti ohn-sst(eckji.ng,hydrr ogeem ddem dWa
steric effects that can block certain reac
phenomenon that may be influenced by reactd.i
cruci al for future research to i nivnegs toifg atthee t
mechani sm of thiourea catalysis in the Passe
4 . E2pBoring the choaseed@Gmsol vent for the P

2

Anot her cruci al parameter for the reaction o
reaciTme.sol vent can directly affect the con
asymmetr i3¢Gerarcalilonm, solvent effects arise f
dielectric constant, coordination ability, C
previously employed <cyclohexane has proven

i nvesti gdadt itone catal yti c Paabsisti€CtRinddsnf off t tuhabatl

cyclohexane possesses a disadvantage. Cycl o
6 .ArC, which makes its usage at | ow temperatu
t hseame time, asymmetric catalysis often bene

enantiostleWdrievfidrye, amsi peedooifghantti oannot her
sol vent for the cathRhdyd8 €Rmrsicea feietnd ngr oBi pala
sol venitiss aganer al | y-p dlaasrtietry imeda ulmow i t i's o
dichloromethane, ethyl acet?@t &hledisotl veint et lue
for the screening were chosen with respect t
as possible to allow | ater screenings at | ow
are ei-pblmhrexgame, toluene) or slightl)y to mo
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wer e cAhdodsietni.onal | vy, cBesi desr nheasetesteon o
standard screewveirnegellabii@eummasathe findings fro
screening and all owst ha ccuatepphy 58 8 @mtrbije@tdve enst b
P23 and highlights the catalytic effect on
enantioselectivity.

TablSecr7eeni ng o3CRbkeshR8wbhelmPwnit h vari ous sol vent s.

Entry Catalyst Solvent Solvent m.p. Yield [%0] ee [%0]
[°C] 2h 20h 44h

P-01 - Cyclohexane 6.7 51 26.8 43.2 0

P-10 T9 Cyclohexane 6.7 23.7 49.3 57.9 7.0

P-20 T9 Toluene -95 2.2 16.0 26.6 3.8

pP-21 T9 Dichlormethane -97 2.7 19.0 32.3 0.2

pP-22 T9 n-Hexane -95 20.1 42.6 57.4 9.3

P-23 T9 Chloroform - 63 3.5 21.6 355 0.6
The reactions employed acetic aci d,atoctthaen aslt aanndda rbde nszcyrle einsionc
The reactions were carried out in theéLlreBlpecprovduchol yeatd

calcul atedambalsesi cosnastdme aaeureRIL&Iyt ecrhidrdalhours of reaction ti

By reviewing the obtai nemhexemad ettse ronfi mtehde asso |
solvent of choice for future cmhedand cr esxuletee
imcomparabl ¢ hgi e€lad aft ptadyc | roeh@&tinenb 7 ih.d %

FurthecompaeewntP#lyy) t he rnehaecxtaincen iind b iweirdlydsl ed
aftkPourRs and haduros adft ere BdOwafoteert i pneol onged r
times, the differencePba@anzknbeeh eacgl| it go bdmpr

only a 0.5% difference in total

Thusin terms of conversion and yield, bot h
regard to thenhexaannd oisse |l mocrte viiawgur abl e. The
tochexanerledditnticrsaase i n enaJrtuird herhesodraieye t y of

a better solvent <choi ceud otro fiutrd hrmuc it alt awert i
0f9RAC. The difference in theisd imeHttliyngl owédrntps
ofrhexanwhen comparéef® to cyclohexane.

The other tested siommprremtesmedntd inmtt Hee arde a cot iaon
them resulted in higher yieldsat anysaederye avet
which was conducpPell Furectphwermbereaneh({orinate

dichl oromethane and chloroform had a negatiyv
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ficant enantiomeric excess was measur ed
ion, with only 26preo%aycnecd mf a3 t &%, 4ma khion
l'y half as effective lats cdane loea isgp encaul aatpe
i pole moments of the solveaddi inoceriferte
rini reaction, as both chlorinated sol v
t Asveak eno.nsheaguaemesdveacst edd as the solvent

guent screenings under standard condit:i

véstigations into the reaction temperat

nflulkbaece d @afmpieomt ur e on both yield and

togaesd tthheathylpoweéreisng the reaction tem
round reaction that d oFeosr nionts afaarl@aouwc etdh
rature could Iimit the rotation of the
yst, due t o t.heThliocssvemmsbgeinlee gmo atvaehabye
red rotamer of the ttuafe rtehae d regaadn oncga tt aol
tial suppression of racCeamipd e2c)a2da2l yt i c
elrenoirrecr dased rigidity could i mprove thi
ant s, potentially resul tinglhiemr edmh a&n c e

niwas spearifesr madinaarbi@)seeadoveri ng the tempe.l

romom tempe®Et unes@BEpPsSs
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Table 8 Screening of the PasseHBCR, as shown iSchemel9, atlower temperatures.

Entry Catalyst Solvent Temperature Yield Yield Yield ee
[°C] 2h [%] 20h [%] 44h [%] [%0]

p-22 T9 n-hexane r.t. 19.8 42.6 57.4 9.3
P-24 - n-hexane 0 1.4 12.1 234 0.7
P-25 T9 n-hexane 0 6.8 35.9 47.9 11.9
P-26 - n-hexane -20 0 5.6 14.8 0.8
P-27 T9 n-hexane -20 2.1 18.8 35.3 11.6
P-28 - n-hexane -40 0 25 5.8 0.7
P-29 T9 n-hexane -40 1.4 8.6 16.5 10.7

The reactions employed acetic acid, octanal and benzyl isocyanide in equimolar ratios. The reactions were carried out in
n-hexane at a concentration of 0.025 riol The product yield was calculated based on-&@lysis and theewas
measured by chiral HPLC after 44 hours of reaction time.

Given the nature of slighd ovaematwwi ohsnia ect
approximately 1 percent due to measurement

peak awmi@kiyciAaBd it I s reasonable to believe thi
empl oyment resulted in no discernible excess

The resulhtas dreower at2uk@ sd ilrdewBmdl thp Heame ment s i
enantioselectivity or overaaltldry it dre2einn f ac't

anP2demonstradedf dméirdetb aAnmveqyall desult i s
comparing the apRoCRNesaACdPM uxcittend cantl y a nec
di fference in enantioselectivitACHebnucte,a f3o6 %

subsequent scr eeniOA@smeastgalsow htee mmpd regtalkerseed,0 i o
the best combination of yield and enanti osel

Accordi nget.oalGahwd epyr evi ous(IEyd (Qh s gdusd).ed dequat i
the product ratio of a reaction under Kkineti

not |l ead to impr¥®ved enantioselectivity.

o

(Eq.7)

o) e}
Q

0
0

Temperature effects must beenpchbyded- tempbe
dependent. The following equation dé@®onstrat
with react@Qomnant@®malrpyy( (
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w0 w0 Y'Y (Eq.9)

The combiBgaanBagol efa dBsqlDo whyaryr@na@wYr epr esent t he
di fferences in enthalpy and entropy ©6or the

ana respectively.

6 Q d d Eq.10
6 0 G g (Eq.10)
Q
| t i's i mporttgh0 ndo thakekby thlhéeé enthal py term
dependent . Accoetdi m¢g enbhadapwl egontri buti ons

stereoselective reactiond®Ontthhheght héi shamsdno

to remember the approxi mations made with the

EqlG esults in a modified form of the Eyring
|ﬁ W @O (Eq.13)
Q Y'Y Y

PlotadQf@ ver plisof t en r esluilnesari nberhoarvi our acr
temperature range, and the modified Eyring i
known as the invVBelsownam@makoaeéutkris inversi
enantioselectivities are observedcafAabymeddg
Passerini reaction, the ACvermdConad esmpegeadtue
empirical data. Generally, | ower temperature
help control the conformational flexibility
particularly by rteiset rbiud tkigm gi aphtehheydd att a loyns to .f

4. 2E2pbor inmpa ctsth@ fc hi o meR asys @m@iRntih e

To explore the impact of the stoichiometry c
out with altered stoichiometry, in whilch one
ot her reaction paramet ennd % dfhas dhcd| yonhsadded

the reactTheeesmitxtswrntdis scr sanifianbg. ear e summar i
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Table 9 Screening the impact of the stoichiometry on the Passerini reaction, as steteimel9.

Entry Stoichiometry Yield 2h  Yield 20h  Yield 44h ee
Acid : Aldehyde : Isocyanide [%0] [%0] [%0] [%0]

p-22 1:1:1 19.8 42.6 57.4 9.3
P-30 2:1:1 27.2 63.6 73.9 10.7
P-31 1:2:1 30.5 67.7 77.9 12.3
P-32 1:1:2 29.5 65.8 76.0 11.4
P-33 2:2:1 37.6 85.0 96.5 7.6
P-34 2:1:2 35.8 79.9 90.6 9.5
P-35 1:2:2 42.2 89.7 97.9 10.4

All reactions used acetic acid, octanal and benzyl isocyanide as reactants and were conducted in pfESeaxe of
organocatalyst. The reactions were carried outliexane at a concentration of 0.025 wiof.

EntP2y3 erves as a reference point, employing
trend emerges when compared to other reacti
significantly PSmh&xesThihe gfifeedt (i s further
reactants are used Iin excess, |l eadiPBgp to nea
which used higher amounts of isocyanide and
entPr38 where both the acidhandvoaledehwde eme se ¢
96. 5%. These enhanced yields can be expl ai ne

product formation, in |ine with Le Chatelier
However, using higher amounts of t wo react
excesses. Notabl vy, when only oR3el,r etahcet alme s tw
outcome in terms of yield was achBiaeved aitn vteh

increase of BB3MW tbmpguéedotar raR3bshi bdtdedi o
the highest enarmteifosle2l.e3c%,i vrietpyr,e sweintthi nagn a r el

I n general, the best results in terms of ena
acid was present in a smaller amoPBnandcompar
P-32. This suggests that the wuncatalysed back

smal l er amoecompafedcid t ®ehaat hteor croemapcettaen tvgi
catalyst for product formation. These findin
group, which suggests that t hae f-Bhbauimmpenent r e
reaction, in which the carboxylic acid acts

competition with®t he thiourea catalyst.
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This effect is more pronounced PBlliemstheagdheof a
i socyRaE dewh{ch I ed to the hypothesis that th
vihaydr ogen bonding, thereby enabling the cat
el ectrowihihl ihcigthyer amounts of aldehyde presert
i's more visible and highelhiesn ahnytp ocotshed seicst iwai st
by DFT calculations cofbdnstedutbyg dafheNAWeotzet]
during an ongoing coll aborative ett.uaflyoumdhi ch
that thiourea is most I|Iikely to bind to the

4. 2|1 lmpédtdditme aci d cwenrpoanne netxt ended peri od

Il furtheratwBsesci nv,evht ichhatiddadit eechet hddcar boxpfi
acoder an extemnaredaftfianet petre rodbFsoerl etchtiisv iptuyr pfoe
the carboxylic acid hwauwrssachded cowyen ngepeuimpdt
at the beginni nagveorfy tshnealrle aacnioigpione,s edirt [tyhEBhias i d
potentially hel pedsurpapcemnsisc tFhaes suenrciantialryeact i o
the catalysed reaction pathway involving thi
by Wangmho reported that such a del ayed addi:
in their approacPassc3CREihdenanhtTiwbdgbéeapbies

this method with the Rasnsvgehi n doenra It heen asntt a nodsaerl

Table 10Investigation into a delayed addition of the carboxylic acid to reaction mixture of the Passerini reaction, as
shown inSchemel9.

Entry Catalyst Notes Yield 2h Yield 20h  Yield 44h ee
[%] [%] [%] [%]

P36 | ] 35 25.4 41.8 0
P22 | 9 . 20.1 42.6 57.4 9.3
P37 ‘ T9 Sl R s 15.4 46.9 56.1 126

time period of 2h

The reactions were carried agcording to thetandard screening procedureat room temperature at a concentration of
0.025molxL"1 in n-hexaneThe reactants were added in equimolar ratiosiarghse ofP-37, the carboxylic acid was
added over arolonged time period of 2 hours.

't is evident that the reaction in which the
houP-3Y (performed al most as well in terms of
were present fP2n tAdckdibthigo magBlidyy it prer f or med t
reaction conductRIp , ,widdmiugviangc aat al 4% uhhiggher
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The appProzaniBeé&showed di fferences in performanc
which can be attributed to the | ower concent
oP37 Due to the syringe pump's gradual addit
component was only reached after two hour s,
P-22during this peri od. However, as the rea
di mi ni shed, and compamea®dd.er ¢gd el ds were event

Not a3 &xhi bited a 36% I mprovemenkP22 nwiethlanai o
total enantiomeric excess of 12.6%o0ovEhi@a cl e
l ong time period i n daare helgp nsnu Mm@ dodrse tatlcheei rowm
pat hway to some extent.

To further explore trBBs wasf eomduaznetdthewhre &c
acid was added over a prolonged period of
Enantioselectivity was also monitéred dbhreing
crude @minxt wekailehi r al oW HPrLCt he fir st four h ot
enantiomeric excess. The cbablesepbnding resul

Table 11Addition of the carboxylic acid over a time period of four hdarthe Passerini reaction, as showSahemel9.

Entry Yield 2h Yield 20h Yield 44h eelh ee2h ee3h eedh eed4dh
[%] [%] [%] [%] (%]  [%]  [%] [%]

P-38 ‘ 10.1 48.8 54.8 15.5 15.2 14.8 14.4 12.3

The reactions were carried out at robemperature at a concentration of 0.025hol. The reactants were added in
equimolar ratios and if not otherwise stated usingtardard screening procedureThe carboxylic acid was added over
a prolonged period of four hours using a syringe pump

The extended addition time resulted in a sl
the yield progression. Due to the slow addit
10. 1% hedures @f reaction time.e Thfi sb2pcempat
to the apphoachawdwidPByan2andma @(@00% decrease

approach where the carboxylic acidP®g@s added
However, comparabl e yiel dshewdroen gultteirnm t esluyg ge
the effect of extended reactant addition i s

di mini sheesunsé$ter 20

The delayed addition of the acid component
reaction. hAfutreg aalnustofonk5. 5% was measured, r ¢
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increase compared to the approach where al/l
begi nR2iPn.g Howeeveearl, ueshedecreased over ti me, an
result was obhlh@aumeaddist R-&Wji.tahfepe2oaokieg¢ti gati o
t hat higher enantioselectivity can generally
acid Iis present in the reaction mixture, as
was sl owly added.

Furthermor e, these results align with findir
where the best outcomes were observed when
hi gher amounts relative to the catrlbhexyame ac
direction, one objective for future research
reaction mixtur e. I n both the altered stoicl
sl ow carboxylic aci d addi tMaowra,s aséedt alThcoen
concentration was initially chosen to ensur ¢
analytical devices and to slow down the wunca
't may be worth investigating whether a sl ow
would yield better results i f the overal/l C «
The hypothesis is that small tporotrieomgsui afk | gci
the other reactants to form the Passerini p
catalytic pathway, as the thiourea catalyst
and previous results stgaetnee,r at hygt ouhe ompeé té:
catalysed in terms of kinetics. As a result,
rather than remaining in the mixture where
througoataahyni c patchowadyi,n gi nt owhMocrho kauema t wo
carboxylic acid are net*dé¢swary hfocapadguctc *b
i mprove i f at the same time the addition tin
represents a promising tool fParss@€iRan daihreg t h
presence of thioureas as organocatalysts.
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4. 2EpVoring the impact of additional drying
This screening series foltd%mbathdrgeasgrapgehno
reaction mixture positively influence the cl
Pass-28€CRnTherefore, commonly used drying agen
in the respective approachtees rnesulntvesdri ggadiem
Tabl2e

Table 12Exploring the impact of drying agents in the reaction procedure of the Pa8&&Rnas shown iBchemel9.

Entry Catalyst Additive Yield 2h Yield 20h Yield 44h ee

[%] [%] [%0] [%0]
P-36 - 35 25.4 41.8 0
p-22 T9 - 20.1 42.6 57.4 9.3
P-39 T9 MgSQy 17.6 46.7 56.3 14.1
P-40 T9 NaeSOy 16.0 45.8 54.0 14.4
P-41 T9 MS-3A 19.7 50.6 60.0 10.0
P-42 T9 MS-4A 18.4 48.8 58.1 9.8

The reactions were carried out at room temperature at a concentration of 0.825'nthe reactants were added in
equimolar ratios and if not otherwise stated usingsthadard screening procedureP-39 andP-40, each used 0.4 of
manganese or sodium salt respectively, while alsg @fimolecular sieves (MS) were usedPid1 andP-42.

Comparing the yields that were measured, all
performed very sPR2d |ahil gh todi cappotoaempl oy dr
apprBatrhin the presenceld3jof pneorlfeocrudeadr ssliiegvhetsl yi
a 5% idncyrccealsgeaP@ fTdve reacti on 23 @p etrhfeo rpmeeds e n
slightl yPadrwiet h handecrease of 6% in yield a

Mor e interestingly, drying agent s i ndeed t
enantioselectivity of the reaction. This eff
mol ecul ar sieReBnRi4a2bappwasacheghly noticeabl e

magnesium sul phate salts were wused. Il n bot
exceeded 14 %, | ead(P-BBantdo @8 me @annantofome2 oc ¢
respecStuicvhelay .si gni ficant effect avads henasxapect
help stabilize tUunadtirtdrmsi, t icomtsti dtud ionfg tthoe hi
Anot her explanation |ies in the nature of ¢t
from their ability t d&fatcti sasp lhayudsriobgleen tbhoantd t

agents created drier conditions within the r

water residuesse Bmiys hwauwulod emi miomidi ng i nterac
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creating a |l ess disruptive environment for t
as a hydr ogen bond donor . Consequentl vy, t h
performance. Further research is needed to e
4. 21l avB8stigation into the catalyst concentra
Il n this screening series, thecatguyried efftat
investigated. Sever al reactions wer e per f ol

reaching from Whitloe 1@®i mtooai%ni ng standard scr

vari abl es. Reactant conversion and vyield we
stereoselective outcdmavigashs rdét edrPmhiCn e dT haef treel
summad iTaml 3 which also includes previous dat

Table 13 Exploring the impacof differentamounts of catalyst on the Passerini reaction, as sho8chieme 19

Entry Catalyst Yield 2h Yield 20h Yield 44h ee
[mol%] [%] [%] [%] [%]

P-36 0 35 25.4 41.8 0
P-43 1 5.8 31.2 47.4 2.3
P-44 5 11.4 40.0 54.6 6.8
P-45 10 14.8 43.0 54.3 8.8
p-22 20 20.1 42.6 57.4 9.3
P-46 100 225 68.9 79.8 11.8

The reactions were carried out at room temperature at a concentration of 0.025.ndle reactants were added in
equimolar ratios and if not otherwise stated usingstaadard screening procedureDifferent amounts of thioure®9
were used. The exact amount is shown in the table.

Reviewing the daotmacémbmat hencataégsing, it b
a catalyst concenttdat i an sdfi goinl ywal amgtl %c (ef
Compar edP-3f0 vemitahy was conducted without any t
observettoafrser a4dng with a modest enanti omer
catalyst concentrmaliPdndP-4pbett@@eni ® bdedamm@ cl e

hi gher catalyst concentrations primarily i mp
t hier dhtouz2 s of the reaction. Subsequently, <cor
instancépuakteachdshowing at | east a 29% inc

Il n contrast, whenfow8d wReEHGH Ohetlcadat gat’' s e
was margi nal after the first 2 hoR2Z,0mwith a

the other hand, the high catalyst concentrat
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representing an appr oxiPhmaa el nl 0t0e% msn corfe aesnea nctoi
a clear trend emerged: higher amounts of thi
wi PPAGhowi ng ueeitiobh 110T®@%mol %

Given the previ ous TRBcyaptoa |hyessasss-8tChReaau It thii plue e a
pat h@#dysading either to one émnaetiremed ter fa ol
concentration screening align with that theo
rate increases, resul ting finthhda ghec elydredtdesd
generation contributes to stereoselective pr

Il n summary, catalytic effects were observed
catalyst comoe e r dHtoiwenwe rof f br nfodt% rog itnhvi eosutri
wi || continue to be used wuntil a more compr .
process @asndohi giheed enanti osel ectTihvea tuses o0fn

20mol % ensures the catalytic effect i's cl ear
substoichiometrila &dmownmtt eanvioird datffaoliyhsata. théeal y s
be easily recovered from the reaction mi >

chromatwigrlaphyrecoveryi saassome®3%t hat this

higher 1 f the gradient of the chinbtmasogtaplki
ot herwise, the crude product is typically pu
acetate. During this process, the thiourea I
be isolated for future use.

4. A. 3screening series of t hi ourea <cat
features

The optimization of the reaction conditions
of the aPaysm®@Rmict he presence of thiourea <c
screening series was conducted to fTupdt her ir
and regiolil349omért&dm {somers of tAOFipg@ve ously
shows the r esTplexndlvde wiwheiapeue weisssunstlhyesi zed and
now being used forTdiThet cabmprstisodeavre wet dred:
reaction conditions,i mall 4 b et tbeers uclotnsp aarraeb iplrie

previous results are included.
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CF,
S CHs

CFs CFs
J@L IS Ye J@L XS J@L Ji
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Figure 29 Thiourea organocatalysts that follow the same structural moti® aspresent stereo and regioisomer3 @f

Table 14 Investigation into thiourea catalysts with similar structural features in the standard set upafsbenBCR,
as shown irscheme 19

Entry Catalyst Yield 2h Yield 20h Yield 44h ee
[%] [%] [%0] [%]

P36 ] 35 25.4 41.8 0
P22 T9 20.1 42.6 57.4 9.3
P47 T13 20.5 51.4 62.7 7.9
P48 T14 23.3 49.8 58.9 5.4

The reactions were conducted at room temperature with@entration of 0.025 midL  fdllowing the standard screening
conditions Negativeeevalues were obtained when the second of the two enantiomeric peaks in the chromatogram showed
a greater response in the presence of the catalyst, resulting in a higher integration value for this pealeeRakitge
indicate that the first enantiomeric peak had a higher integration value.

The screeni ng-asndr iseaserwiotis dnegisd iorf medh i tolua te aa |
the stereochemistrySdefri vh®i cteRidehg svyBX)3 vem (t h
directly influences the stereochemistry of t
t wo enantiomeric peaks detSebt abh%f eearicn tchhei r al
formati on of t h(er esperceosnedn teenda nbtyi otmheer s econd en
HPLC analwhsé&tsga ®Tulrgraomot es t her aprieofnerofe dt hgee n
enant(moengemresented by t he Thiirss talelnoawst ifoomre rdiicr e
t he stereochemical out come of t he Passerin
stereochemistry of the catalyst

Additionall vy, an investigation was conducted
influences <catalyst desi gmm.l &vBes fiadirloidtuacteed ta
organocatalyst for T6&occnprepraigs@opre wi t h t hi our ea
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CFs CFs
FsC N7 N FsC N~ N
H H H H
T9 T14
1
oV

Figure 30 Thioureaorganocatalyst39 andT14: Variations inpositioning of thenaphthylgroup.

|t

was TfTtommetchdamapht hal e;mes igtoiooap tat btbkea?

(T1)d s | ess effective for catal yst design. T
decreased shielding of one plane of the cat a
connected twitdhtgeolkbtilflidoounTd@ st eri c bul k of n a
connected te®lptolsiiduroemg antayttprovi de better shi
resulting in a more favourable orientation f
the naphthyl group may bei gnodesthi mdeured, f drea
4. A ndhestigation i nto t hPeasrseaCiRnaint var |
Despite sever al advancements in catalyst des
the sterRossd@Reimaiened modest. I n a comparis
the Bin Tan group, a key differeeteatwpoesen
used chiral phosphoric acid as an organocat
predominantly employed bul ky and spatially d
as opposed to the acetichaghdensadi osetbhCcsi!
9 9 9.

To ensure that the stereochemical out comes i
of reactants, a systematic study was conduct
the reactants that are essent.i aForf otrhiasc hp ey
reactants of increased steric hindrance c¢comp
benzyl isocyanide were investigated, such as
benzal dehyde. Additi omnlavdd ,ugsihreg sgrewvineoungl B e

catalRsssB8€RerBRCti ONnNs with those bul kier reac
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results and trends when one substituent was
phenyl acetic acid instead of acetic acid.

Fooompa,pl ®e@ase refer to pheviessl chapt erbewhe
the i mpact of the size of the pol yfapdlei & aro
while the inflaredcree@inoitdhenledtey mdodvmicaa nhd yst
Furt heTanolrem,Bt ai P2 2emwhi xh serves as a refere
performancéda 9wrderhiotuaredard screennhmhgx amendi t i
(e5d. 4% yield and 9. 3% ee)after 44 hours of

4. 2Vd4l ldation of previous results with bul ki

| mpact of the carboxylic acid

This screening series focused on the exchan
demanding option. The reactiosnandveanre <amreaeaerei
procedmhexane at room temperatur e. Phenyl ac
i socyanide were used @che2ddlc¢ ana ti bTsacbagTee nltl | u s |
summn@as he results of the respective screening

B

NC (0]
o 0]
At o 5 — S0
OH

Scheme20 Reaction schemef thePasserinBCRinvolving phenylacetic acid, octanal and benzyl isocyanide.
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Table 15 Investigation into sterically demanding reactanphenylacetic acid

Entry Catalyst Conversion 2h  Conversion ee
[%6] 44h [%] [%6]

P-49 - 10.8 63.6 0.3
P-50 T10 30.9 75.0 0.7
P-51 T11 40.7 82.7 0.8
P-52 T9 37.4 75.4 7.7
P-53 T12 38.6 80.6 13.1
P-54 T13 35.7 77.7 6.4
P-55 T14 29.8 72.8 0.1

The reactions were carried oatcording to thestandard screening procedurein n-hexane at a concentration of
0.025molxL-1. Phenylacetic acid, octanal and benzyl isocyanide were used as re&itesgsno calibration for the GC
existed, the reaction progress was meashyescreening the conversion of the aldehyéer. this purpos, tetradecane
served asn internal standarahdwas added to the reaction mixture.

Pl ease note that in this approach, no calibr
reaction progress. Her e, the progress is e:
component , cal cul ated using tetr &@&deadaredayazr a

conversion can serve as a reference to appr
Si mme maj or side reactions that would consum
exper iTrhentps.i mary focus of thiesekbteeenvingyser

Overall, the results obtained are consistent
from the outcomes of the screening series
di screpanci es Talrdin®é.4 wh drh icrad tad fydsieds n dite meseulot
a significant enantiomeric excess when pheny
acetic acid, which achieveldl2zZrad@%ee meorstti o m
significant devi dtldan evbtbs swhbseovedawiibsel ec
obtained, i n contrast to thePBBlWThchidvefer
hi ghlights the <cruci al role of the positio
organocatal yst. I't i s conceivable that ster.i
phenyl acetic acid and theeadpght htyphoes g oo p, a
preventing stereoinduction. N3 akelgwpr dangat &l
conversion of mphe i slodehwider, tihB-4d@mncatal ysed r

Anot her notable difference from prevlious fin

compartende tacceti ¢ abedaneprewatd eldinrgdnelrue of

9. 3ént P-¥y2Tab8)esddms that the small er, |l ess st

was more suitable for achieving higher enant
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t hi ofur etahe al dehyde, and the isocyanide crea
state Uafdditthieon of the isocyanFdegurtéeon 22he a
Chap#derR) .2.12n this arrangement, it may be adv.
small er in order to fi-btondietdo ctohnep |ceaxv ictrye aotfe dt

reactants and the catalyst.

However ,Tk&dhiueawead hi gher enantioselectivity
P-13vhen phenyl acetic acedfwads8. A@%ed] tredout dn
apprbBh%khs conducted in cyclohexaneR53&sad ther
challenging due to solvation effects, whi ch
out c ome.

| mpactabtiebhhde

The screening involving benzaldehyde was in
progress, | eadi ng Ptac st8Cd? naecsn cnlouts ipano cteheadt etf Hf e
benzala® hiytdewas al set i%lpowetved, by awWwamgi nvest i
that the reaction with benzaldehyde is possi
detailed investigation into Cthhagptiemgalct2.aef t h

| mpacti sbcybari de

Next, screening focused on the exchange of
demanding option. The reactions sweanedaacarr i
screeningi pheoxamdaraet room temperature. Aceti

i socyanide were usedi chea2ddlc ¢ a a8 i bTsacbaglfdee nltl | u s |

summari ses the results of the respective scr
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0]
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Py ~0 O/ - g HN
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Scheme21 Reaction scheme of tligasserinBCRinvolving acetic acid, octanal and cyclohexyl isocyanide.

Table 16 investigationinto sterically demanding reactaiitsyclohexyl isocyanide

Entry Catalyst Conversion Conversion ee
2h [%] 44h [%] [%]

P-56 - 5.1 50.7 0.4
P-57 T10 27.1 71.2 35
P-58 T11 33.8 74.1 6.6
P-59 T9 30.4 67.7 13.7
P-60 T12 34.2 75.6 19.3
P-61 T13 327 75.5 7.0
P-62 T14 37.3 76.6 6.0

The reactions were carried oatcording to thestandard screening procedurein n-hexane at a concentration of
0.025molxL-1. Acetic acid, octanal and cyclohexyl isocyanide were used as reactants in all appr&actesio
calibration for the GC existed, the reaction progress was meadsyeteening the conversion of the aldehy@éer. this
purpog, tetradecane serves as internal standamhdwas added to the reaction mixture.

Al so her e, the reaction proa@arlashiydas cmonier s

which was assessed across all approaches

observed in the presence of the thiourea

ranging from 6880 uros 70/f% raedacetri odhdhel hhcount ea
catalyst, only 50.7% c®b6ersion was observed

Overall, the results from both GC analysis

findings and support the conclusions drawn

catalyst. The results f rTam3vwehree saca refeinri megd s etrt

with overall better <catalyst perfor mance

Revi ewing

t hd mpe aoswerde renmtnse,r es ebé ai nedt i @as t h

of the thiourTeSanidli@gm nroeclaa tavleyesttpgsepis@eicous r es

EntP6y0 s particularly noteworthy,T1A&se stuhlet ibnegs t

i mre®al ue

of 19.3% and an aldehyde conversio
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mar king the most favourable outcome thus far
i n the tr anbsoitthi folnu esntcaetder évwgacsitydcdtobhelxhy | socyan
t hset eric demands of the catalyst and further

Fi gB8ilper esents a comparison between the HPLC
conducted without aRypthiackebhicdilddemdriybhesnct

P60 red I ine). A decrease in the first peak,
compared to the uncatalysed reaction, iI's evi
Enantiomer 1 Enantiomer 2

1,04 1,0 —— without catalyst|
—— with catalyst

o

5]

1
o
w

o
[}
1
L
=)
L

=
ES
1

nomalised Intensity
o
o~
1

normalised Intensity

=}
[}
1
=
()

D:D T T T T T T T 1 0,0 T T T T
156 158 160 162 164 166 168 170 25 33,0 13,5 34,0 345 350

Time [min] Time [min]

Figure 31 Comparison of entryP-56 (black line) which was carried ouwithout thiourea catalysind P-60 (red line)
which was carried out in presence of 20 mol% thiodrea Usage of thioure@12 led to the observation, that the second

enantiomer peak is growing in its intensiBor better clarity, the respective peaks are presented in a zdéomiegv and
the peaks are normalised

Previous té@sabdtesr érebbrdated by the catalyst
of bul kier carboxylic acids and isocyanides.
of the catalyst and the restr iChtaepdt errp tda t2i.o2n :
the choice of reactants has a maj-oat almpaed o
Passerini reaction. Therefore, the foll owincg

depth by conductigng a substrate screenin
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4. 2l aAvestigation into tthico-scathaslPyrsagdd CRciope of

The following investigations aimed at deterr
and at i1identifying the types of reactants t
both aliphatic as well as aromatfiio sdomepfdwrds
mad e by selecting al dehyde and carboxylic
properties, b-eiob eckptookrec gtuaadthreamor e, substr

steric wleerneanedmspl oyed to comppaial tlheranffkbment
react ant3CiRn tSheecke compl etely new compounds w
of the rewittheo®GE el bdration was not applica
of the aldehyde or the isocyanide was wused t
reactants showed good detedetadti dintyarmdg tGCei mw
wassielay determinable with the empl oyment of
trsamplFiomgal |Is csruedbesntirmmgef i chentcodbut | ess powerf
TO9was used, despite t he mor e promising en
anykount@dgart,

Structural wvariation of the i1isocyanide
Sinceubs&eitution of benzyl i socyanide with c)
on the stereochemicab , bpatheomeiadfi at hscreaat inc
investigate steric effects. For compari son,
i n Ttahbd &1 JBaschows nvlesi sgpayadi de compounds.

CN
CN/\/\
CN CN
IC-1 IC-4

IC-2 IC-3

Figure 32 Selectionof isocyanides employed in the screening series for structural variation of the Passerini compound.

Benzylocyari)dda s(Itthe standard isocyanide used
serves as a referenc2) EhdanywlheixXsiddy amiedasede
to explore the steric impact when the i socye
bul ky el ement -2 Bayn38c olmfjoareinntg allC el ectroni c eff
versus the aliphatic cymBuwthyelx yils ogtr)ygbuepa sicea n( 1bG

sterihcaldleyed aliphatic isocyaenihdka, sitseri mt eerf
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influence the reaction at all. dhemaessédsi o
Tabl7le 1
Tabl7rfentestigation into structural variations of the isocyar
Entry Isocyanide Catalyst Conversion Conversion Conversion ee
2h [%] 20h [%] 44h [%)] [%0]

P-36 IC-1 - 35 25.4 41.8 0.2

p-22 IC-1 T9 19.8 42.6 57.4 9.3

P-56 IC-2 - 5.1 - 50.7 0.4

P-59 IC-2 T9 30.4 - 67.7 13.7

P-63 IC-3 - 0.8 4.0 7.6 03

P-64 IC-3 T9 34 20.6 33.6 13.9

P-65 IC-4 - 5.5 32.9 57.3 0.3

P-66 IC-4 T9 28.8 59.7 69.6 9.7
The reactions were carriedt according to the standard screening protoashexane at a concentration of 0.025 riof.
The Passerini reaction uses acetic acid, octanal and the respective isocyanide mentioned in the table in equimolar ratios.
Since no calibration for the GC existed, the reaction progress was measured while screening the conversion of the aldehyde.
Therefore, an internal standard was added to the reaction mikt@renantiomeric excess was determined by chiral HPLC.
Upoannal y ienglata of the isocyanide screening,
| danldd resulted in comp.arlarh|eaecmhanawers etl heacyt i
those-20fan3C IWChi ch also showed compaTlhibd e r
cCircummit @tméc eex pl ai RElds bayp etehsee n't bet ween the
functional group and t-beosp el Godll |IyO eareemawma s r
no di fifnersetnecreeosel eP2avRiGGgndnbéetheeant phas i c
of i socyamndo bauntdantene( Iplhenyl|l gr-typpgedddt.ibveenlzyy | [
Howevédere, i socly aamndtieldeddle t hei r -4weaamotrievirteya.ctli @ e
resul @i mg giher conversion (69.6% after 44 ho
aliphatic cyc( b&)e xwhli cihs olceyda ntiodesi mi | arly hig
67. 7 %. It becomes apparent that aliphatic is
and product yi el-B)sr t & aoomeatroomaitnigd HIQBa@ry ani de
insta#dlced t &€ a conversionidfe33yCi. dlodadten!| W43
of converted al dehTyhdees ei nr etshue tssa naer ep erni oadc.c or
publicatiestn8filhd KayY®wNho i nvestigated into the
aliphatic and @&rwdmat iad iipshady aniidescyani des be
gener al
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|t shoul d tbhee naobtoevdev adhiastcsu sfsoerd react ant conve.
from reactions T®9ans tah ec aptraelsyesntcled lonf heh e ad & 8 n ¢
significanwhiyl d oiwerfi9ae cprtasdgnce eff fread on t

obseiliwnedl | approaches. The most remad3 kabl e e
as a reactant; here, almost no cPhFemwsitdn oc
conversion still bel otwe 18étsitesvrapp parfotdecrh 4l4e dh otuor
ealue of 13. 9 %, very comparable to the 13.
(1-X) .

Overatbkbsuthse Bangreasateecehat an aromatic moi et
i socgmaohoaps a significant I mpaotl o8B tUhsadeaat e
r product formhasPBrGRnh wsan crad cad oyisreg backgr o

S
0

and | eadi ng teow aal uhe gihn otbhsee rBreecicetad@ pypéarcsatahs
h
Y

the enanti os eladadiitvieons toefp tohfe tihseocyani de i s
spati al arrangementhaonf btyh ei nstuebrsmorlaetceusl,a rr aitnht
aromatics during the redaetcitagro.nilct pir-oipegndeisv
in close proximitynegfati vel ysadyamcofsgttihep nu
i socyanmiedarl ting IContowerny,reéeaetiwnftupyesntceemof t
on t he -grsoowpy ainm benzy) iisoaxaysammade t(d Cmuch | ow
to the spacer i n between.

Structur al vcaarribaotxiyolni cofa ctihde

The following screening series was caried ou
' i mitations of wusing di fTaebrl®snutfnncaarribsoexsy |tihce arc
of this respective screening series. For con

are alsoTabtFut@Bdeionws t he investiC¥Phat ed car b
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Di scussi
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(0] O
O O OH OH
)J\OH OH
CA-1 CA-2 CA-3 CA-4
pK, = 4.76 pK, = 5.20 pK, = 4.20 DK, = 4.37
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pK, = 3.41 pK, = 4.82 oK, = 5.30

Figure 33 Selection of carboxylic acids used in the screening series for structural variation of the Passerini compound.
Furthermore, the pkvalues of the respective acids in water under standard conditions are shown.

Table 18 Investigationinto structural variations of the carboxylic acid

Entry Carboxylic Catalyst Conversion Conversion

Conversion ee

Acid 2h [%] 20h [%] 44h [%] [%0]
P-36 CA-1 = 3.5 25.4 41.8 0.2
p-22 CA-1 T9 19.8 42.6 57.4 9.3
P-49 CA-2 = 10.8 n.a. 63.6 0.3
P-52 CA-2 T9 37.4 n.a. 75.4 7.7
P-67 CA-3 - 4.9 50.2 70.8 0.5
P-68 CA-3 T9 28.6 58.9 70.8 7.5
P-69 CA-4 = 1.8 115 45.2 n.a.
P-70 CA-4 T9 20.1 51.1 62.6 n.a.
P-71 CA-5 = 1.0 7.1 29.1 n.a.
p-72 CA-5 T9 4.1 23.6 42.6 n.a.
P-73 CA-6 - 0.7 9.9 20.3 n.a.
P-74 CA-6 T9 18.8 49.7 60.4 n.a.
P-75 CA-7 - 1.9 15.8 28.7 n.a.
P-76 CA-7 T9 20.2 51.1 61.7 n.a.

The reactions were carriedut according to the standard screening protdnoh-hexane at a concentration of
0.025molxL-1. The Passerini reaction uses benzyl isocyanide, octanal and the respective carboxylic acid mentioned in the

table in equimolar ratioSSince no calibration for the GC existed, the reaction progress was measured while screening the

conversion of the aldehyde. Therefore, an internal standard was added to the reaction Thigtarentiomeric excess

was determined by chiral HPLC.

Il n this screening-1s,etX1,fe-€ A -BAtdndlamhmdti icc (Ca

aci ds3iCB8RA) were selected.
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el ectronic propaearitciheds(, CAeri tphdemrc te)lGcAcweoe used
Further mor e, substrates wbpdosidtiifdreremttlsé¢ en
empl oyed.

Unfortunately, much of the data from the chi
di fficulties in performing the analysis, whi
the reBpesprn okuct sobnseernewendohh e dBV E Vit meg HRLC

system, preventing gquaMits daintgl tyitomrc adf dtahea e 153
not appl i cTaabbl Ige (Ars.r&e.s)a bitn al | aspects of the
respect to the enantiodiesecsseodt yHoigaatsdhire, r &ma
chromatography was stil/l possible and provid
reactants under the respective reaction cond

=}

terestingly, despite the I-9tmertieda ldlayt ad e mahr
acetic -lacigdavieCA he highest enantioselectivit)
of hdbdr s, achieving 9.3% enantsomgrpbeaytass
acid2fyCand ben89i ¢ceauaild edCAn slightly | ower
7. 7% and 7.5% respectively.

It can be specul ated that sterically demandi
nei t higpro stihte-30)n ndBpro s h € i-d)n o fCAt he carboxylic a
nfluence on the stereochemistrmyteenamaecinagl |y
ctants such as octAdmsal iand hlkee nmzeyclh aing ®any a
okatmd®?l fh®e enanti oskhdsesaGRnityesoffrtdm t he
angement of the reactabaddidtuiromgt a htehe rias
wi th the abcandd ehdy diroo gteme al dehyde, forming a
t i f the spatialanasr-édasgamdainntg.oft maén the
boxylic acid is of Iimited importance. F i

o

i ti onal results in |ine with this observ

Q

ti-demgnambmgy cac acild (wiuchh aasmoCAe steri ca
e (e6pyg.JjnCA more complex spatial environn
cyani de are al so st esripcradviiyo udselnya nsdui gngge. s tAedc
advantageous for the carboxyl ide maanidd ntgo b
order to fit into a hywboihetbcadi ogvibythb
ring the trbBadditiioonsofatehefi $ belyyanmaree Co
manding car boxwndfiav,oaurieds | mafyagvlmeim ed ktasal )

® € S5 ® »w S 0O Q
o

pat hway that coamptedleys edot mealdited asirten such assul
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cal cul ations should be carried out in the fu
in the trand)atdonhi eshate of the

Upornevi ewdagatheom the GC screening and comp
val ues wiofh tthhee rpeKspecti ve acids, para@orrel .
nitrobenz®i)¢ adcitd (v uleowestalpdK t ested car bo
to a conversion of only 29. 1% after 44 hours
phenyl ace®i)¢ aadfth CAK | eledto ¢dhrvaersioond valL
't was initially speculadteald wt hdt sthioplaenmga hiyd
interactions between the substrdbwsvand tls!
conversion rates with respect to the empl oy«

di scernible trend.

Nonet hel ess, i n nearly all/l cases, a catalyt
conversions measured during the GC a3a, ysi s.
where the catalytic effect was visible only
over l onger reaction times (44 hoecuartsa)l,y tries u
reactions. I nterestingly, whepdomdatrimvatfiwvest io
group=l) ( GA -wil telcdmawmi ng f un-5t ivoenrael ugsreodu pass (rGCe/
neither a benefit nor a disadvantage was o0b
cases, | owsevre r @0 mwearsairemn . One possible expl al
aci dsoaA (aA)CwNere poorly soluble i n the reacti
a suspension was still visually observed. Du
reactant conver.silonns uchasnt ibteuteaeds beendztoh e atch ar |
di ssol ved betnmeedri a,n rtehseulrteiancgt iioon a cl ear r eact
reaction ti me.

Structural variation of the aldehyde

I n this screening -1s)erdred , arbomat-Racl 38lLhdveeiryed e sA |
selected. eAcdcderioomiae mayt, i ¢c aBelwepdes i hAlestiga
their enhanced el ectrophilladdittyi owa so fe xtpteec tiex
From previous screenings with aromatic ben
al dehydes appearedrteachevlie¢e dmdgeaeni cendi tnmo
this screening series aimed to explore the p
demandi ng aldehyd®pr Wiktei cocalmehalhy dlessL from t

Fig@wkehows the al ddlpli®s mmaebdeewbslbets of the
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screening. For comparison, recent results f
Tabl®
Cl
0
O 0]
H Cl H
Al-1 Al-2 Al-3

Figure 34 Selection of aldehydes employed in the screening series for structural variation of the Passerini compound.

Table 19 Investigationinto structural variations of the aldehyde

Entry Aldehyde Catalyst Conversion Conversion Conversion ee

2h [%] 20h [%] 44h [%]  [%]
P-36 Al-1 i, 3.5 254 41.8 0.2
p-22 Al-1 T9 19.8 42.6 57.4 9.3
P-77 Al-2 - 0 0.9 2.6 0.1
pP-78 Al-2 T9 1.6 15.7 215 9.8
P-79 Al-3 - 1.1 11.1 21.1 0.0
P-80 Al-3 T9 5.8 40.0 54,1 4.0

The reactions were carriedt according to the standard screening protoaehexane at a concentration of 0.025 riof.

The Passerini reaction uses benzyl isocyanide, acetic acid and the respective aldehyde mentioned in the table in equimolar
ratios.Since no calibration for the GC existed, the reaction progress was measured while screening the conversion of the
isocyanide Therefore, an internal standard was added to the reaction miXtgrenantiomeric excess was determined by

chiral HPLC.

Benzal dehyde was previoawms| gppuvadc hasnohh meat

Tabl®with nearly no reactant conversion, eV e
presence ToOP-7 famido urtesa c atPa/l8y sweed ev ecrosnidaurc,t ed i n
manner as the previous attempt. In that ear|
and no effort was made to isolate the produc

the stereosel ectitviime, otfh e hreedr ceteocaa sosnmo @lichia lesy ,
to a small extent, product formation was o0b:¢
the reaction mixture. For example, after 44 |
the uncatalysed reactinon nyiteiled esca noenlpyerd .o@d% c
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One possi bl e esxmlsaomatl i ofnl uicdt lerbpeeacrat of e ahloir @ m
experiments. The unl abell ed attempt not incl
a room temper at Pf7é ndeli7 8vlex feC,c awhrdreedasout in Jur
temperature difference may be suffiT®iment to
the second attempt using benzal dehyde as the

Additionall vy, one could hypothesise that t h
suppregdd siuggesting that higher enanti osel
However, HPLC analysis showed an enanti omer |
marginally higher tR&2n TWishrestuamnalagiannestumgy
the steric demands of the carboxylic acid,

influence on the over al ic ad md rytsie ahsi & labesasteitviiotny
| east under the given conditions and with

demands, such as acetic acid or benzyl i socy

Thd eededmnci ent -R) dpdairyfdeer MeAd much better unde
Nearly the same i socydm@iakse measwg@diwvadh eans Aidln
but without caPdRPystinptodeemcesenee of the ¢
54. 1% was observed, dstiggesnhtn@romati el attdeb
smoot hlbypaktdahyde. This effect can be attrib
aromatic ring, which i nfl uenecnehsa ntchien ge loerc trreodp
its reactiUadtdytitmwabygs nucl eophil es, dependi
containslomla¢ ¢ nigow rt hedlreaomirnagn gr oups.

Mor eover, in theT9r edvdrhcealafphihi abhedt manm l (
defici-2ntedAll ted in nearly similar I socyani
respectively). However, octanal was more r ec
2hour measur ements), and in the absence of

conversion3.rates of AL

Wa ngt. alhave previously noted that aromatic al
at al |, in the Passerini reaction, al though
obser ¥#teiren.t was demon sdterfatcd de ntt h aatr oenlaeg ¢ tcr car
indeed reacRagdsid@fmvhcelraesassi cor di nary aromati c
| ow reacti vityt hiinocutrhee®-myp.s e (ce of a

The react-Bonewuthedpioompaiyed %t o 9. 3% in the
using alipBRaiandcdaBtl wi{PliBbeBrzB8¢C deaAjnbea e
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reactive than benzaldehyde, it is plausible
pronounced, thereby | owering the overall ena
To conclude, the choice of react acnattsalhyasse da
Pass-8€CRnas demonstrated by the use of vari o
i socyanides, each with distinct properties s
el ectronic charact ema swdidc st. h aTlth,e ummodsetr ntohtea bd
conditions W9 thhehichwriea ddfhei goeywdreisde i mp ¢
stereoselectivity. The best emanunditsg weeat obe
in Wphoesi ti on of the i sSThey arhoo ifcwen cotfi oanlad e hgyrdoeu
pronounced effect on react a-nat e epoonoore rasri conmat iw
aldehydesipéef dlomenegr , the investigation of
acid remains incomplete due to the missing d
hi ghlights the fact that established methodo
adaptedefyrreacti cemriiers,a ascrtehenimeg hsodol ogy
Passerini compound' s @Dkeislpiittye ttd easkes arhlma | U\e/n\gie
screening clearly indica%ceadn tahcacte | telriad er etah ec
reaction and enhahoe pr odudte,t e foha tsauwsbnsntgr att t
versatility. The catalystoés effect on stereo
demanding reactants. |t i's hypothesised that
andriested rotation of their chiral building
Thpotenti al of thioureas as catalysts for t
demonstrated.
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4., ZuSnul at i gaet ioopnt iomi t he reaction condi

I n this chapter, the research focuses on con
conditions with the wultimate goal of - devel oj
catalysed Passerini reactions, haiigrhi nygi elod sa cahl
hi gh enantioselectivities.

Thetandard screevaisngnomli dd edluraes f ol | ows: The
octanal, and benzyl i socyani de were wused in
chronologically conducted after the optimisa

reactant froar déirei nogr ipgricnaaddur e was substitut
from the substrate screen2®gACAddstcbonakehy,

shown i mprovements in stereos eldeacpttievdi trye a cAtti
conditions were applied, ABewersulnibs freomat
Therefore, the r ea2x0 ifos eweerne tchoonudguhc tOe dA CGatwo L

more advantageous for conwarmdilaedan d eygihe ITh ew
most effectivel9%hTdba rwea ec autsaeldy sitns ,t hi s scr ee
direct comparison. P8heR82aspestmulaarbrideea d2t i ons,

Table 20 Comparison of the performance of th@ andT12 catalysts at lower temperatures.

Entry Catalyst Temperature Yield 2h  Yield 20h  Yield 44h ee

[°C] [%6] [%] [%] [%]
P81 | T9 -20 3.7 26.8 49.4 13.7
P82 | TI2 - 20 10.2 24.0 50.3 14.3

Thereactions were performed using acetic acid, octanal, and benzyl isocyanide in a reactant ratio of 1:2:1. The reactions

took place at20 °C with a concentration of 0.025 rhbt! in n-hexane. Both catalysts were used at a loading of 20 mol%.

The product yield wasalkns$ icesgl aash énde dvsausreedd obny GChi r al HPLC afte
ti me.

Il n both reactions, comparhadures ,y iveiltdhs aveglei gh
enantiosedattuieviofy 1. 3%) Ti.Zsenbdrealphysckeimcer od
catallfgasn®l,2 benefitted from theambdnds eldt ede a
nearly identical catalyst performance under

Previowsliynwglrlatv74l %%t of the Passerini produc
withofn 1dndeé&r standard screening conditions
reactant rati os ansde eatP-hrgdrayiml) @ edme rt dti 6r d nst a
edalue i mproved by 23% compared to the previ
a significant 48%.
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The reaction9qkR&)Y nghdwedbuaraeven more pronounc
the modified conditions coPRpaakilehede ssltwmendar d
increased byT®#s %p e rmfeammairgce I mpTa@sedi n wi lties

(7]
(@]

reening setup, although the yield decrease

bseqarwnthegr, approach was taken to combine
benefit the sRaged@GRri®eveénvalt yadijfustthneent s
mparR&8lanB82 Benzyl (il-4Chwaysa nriedpel aced with ¢
i socy(alii)deas t he | atutpert oh add”e% nhoi dgehteerd i ve per s
(Compare subsTakblteye Iscaceyan ale nkzaesnedi(ddCar ded

,_..
O O cC

| ower al dehyde conversion observedetnained, pr
as no other carboxylic iamprdeweadtaildedlyaet itwistt
yields a@&abaowd tHc@ampaAIPka bl @anld8 The al dgaiyde wa:
used wiomeoxlcde s s, wh i3c6h¥hirgehseurl tyei2iddndpsr @eaerssdd u e s
(comp-afTem b9).e Addi ti ona%®was Oadded odsaNa drhyei ng
reaction wasA@omasedednapr &vi ousl(yc oanpsagrev ed
hapter add4l.22)22 BT nal |l vy, aedtl|l ashbwiahewamnic mgal
pump owewra,péad omlr ol onged addition time of t
beneficial for the Ceénaagpntteirh sdel2ec2t.i6vi ty ( compa

This ti me TolnBas cuastead ,y sti nce the overall per f
enantioselectivity compared to the others te
imabl.e 21

Table 21 Performancef T12 at improved reaction conditions

Entry Catalyst Temperature Conversion Conversion Conversion ee
[°C] 2h [%] 20h [%0] 44h [%] [%0]
P-83 T12 0 16.6 54.4 64.8 15.8

The reaction was performed using acetic acid, octanal, and cyclohexyl isocyanide in a reactant ratio of 1:2:1. The reactions

took place at 0 °C with a concentration of 0.025Irhdlin n-hexane. The catalyst was used at a loading of 20 mMolkee

i socyanide conversionawatysadeabhdmédebasddbygncBCr al HPLC a
reaction time. The conversion of the isocyanide was monit ol
this specific PasS@wraisniusmprdo ditssc tdrex ingt sa.g eMah ocaunrd itnheraaild wa

Asobserved, the reaction outcome shows an ]
(e@al ue) compPd8Brzedvittdh emt riysocyani de hoamwer si o
However, while enanti os ePi8gc tai vmuteyw dllmpeeawaesd ¢
obtained wheP6 Qco@mapbal Nee dvtioch was carried out

standard screeni emgadateupfarn®d.\yBi% | déende arnt t e mpt
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previously beneficial adaptations did not | e
T1.2
This could be attributed to several factors

usiy | argely due to cost conlsydwelrdat pemfsor m
similarly under dd®ndiutti armhs so pmaismitsheed ffiarst t i
appl iTd® $0 differences in performance are no

By compar i ngP-82hewhdeartea owiltyh t emper ature and s

from the standard setup, it suggests that te
perfor manP-8&3anka2Thlodtans udAd @@OHC respeatnidvely
whislteer eosel ectivity i mproved, t heand csrteaaysse Vv

even bel owetnh el gd%Ee A possi bl e Texpdyanati or
perform better at Whiilgherd oweermp d reantplemreasd ur e s
enantioselectivity by controlling t he conf
i ntermedi ates, t heT1Ilewovuelrds iboen ctleonspeerr attou rreo ofno rt
mi ght explain the P8@eompansft®°tomsel ecti vity i

| t was missstuankeadn Ityh at t hlel dtnfiOwouw leda pceartfad ryns tesq t
wel | under the given Téaowiladn at¢csmdibteinoenfsi t a
modi fications made to the react iT8dnurcionngd itthieo n
optimisati dhesefeeajingsture research should
conditions Bp2cailftiecalnlgy ofndry one variable at
effect of each condition onncset.ereoselectivit
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4. Padseampaunans iava ewmai cogtonaviruses

The Passerini reaction tydppeptigeyiehdsshach
more amide groups are replaced by correspond

products are generally | ess apdgeralpmysidaleo dgio
condi’tNewserthel ess, the Passerini reacti on

peptidomi metics and is an i mportant tool i n
to Ilarge molecular |ibraries MAdti pooeralti n)

reaction simplifies synthetic routes*®% oward

or exampl e, the Passerini reaction is wutil
antiviral dr\VERT eeAReA opuerd & flfsH N S 0% JOH NS OfNO r

—t
-

eating hepattt®urst hCergnomet,y ptehel . Passerini r
synthesising halichonadimsmviB,t umiirclacdiermon gyt r a
vifamoi cancer activity’‘Agaimst hoatmabh|l eaapgelri c
synthesis of -meamlysteadi madroaycll3ic natur al p
fr&mrept omyceR3®3lr,y twhercrhus hows potential as
protease prolyl34ndopeptidase (PEP).

During an ongoing <coll aboration with resea
previously synthesised in the Meier group Ww
HCo-229E an@Go8ARThe following s-eesponspresady
which the author of this thesis participatecdt

Phillip Bohn for his mentorship and t-o Nat al
response-ponatsienxglega i ment s. AdMantromndéil ger t &
Fl orian Dicks, who contributed to the experi
authordés supervision at the Institute of Or

t hht st

exampl

0

responsi bl e for project amnud errevs wslito ne v alxyeaetrii an
chapter contains unpublished data, whi
e

, the chemical structures of the hi't

A synt hetfioec dthreathéegy compound i itghhsr errd8disdi, na
t he préeaucaobaoccxdydls cs pendv h@asMiCR Thi s precursor
previousdseyd dDyntpreBoPhhni land provided Tbethe au
precursor i s thenPaustsi8l @ Roeidy iaesl d esatcrtuacnttu rianl av
hictompound.
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One objective of tme svagmriogstdaevaisv atoi vseysn tohfe
X7528 which the aldehyde chain |l ength was s
conducted-rasponsetuneestigati on tea eamgdsdiss t
variations on biological act i VAintoyx hermrd odff feecd ti
was to assess whether the d4ompobemeomearfilaena
antivir &l naettiewietiyn. t hxe7 5sRyBnvtohl evseiss ao fPasister i ni
was aile@oo utilise thiourea cataanldy sdtisr etcot |pye rifm
t hdee astereomeric eompouintdi on of the hit

Passerini three-component reaction (P-3CR) Hit Compound X7523
]
0 0 R3\NJ\(R2
Pe 2w —— »
Ry~ “OH R, "H H o\fo
R4

Figure 35 Synthesis strategy for the HiompoundX7523and its derivatives.

Fi guG®hoBws trhees pdoonssee measuremenX75agaitmet hi t
HCo%%29Ehi s sdamducitsed to determine how varyi
affect thetor qgearessmqpoarsa, ultimately identif
maxi mum therapeutic effectiveness. Such tes:

provides dosage recommeadbit wenessmiety @adsaes

g X7523
S 6004 .
= A viability
c
3 5007 } -©- infectivity
O

400
2 A
0 300
e
5 200 5
& 1004------ A—é—é_ﬁit .........
®
E O T T P———
S -2 -1 0 1 2

log 10 [ OM]

ICgq = 5.411 GM, CCqy > 100 OM

Figure 36 Doseresponse measurement of the-ebtmpoundX7523against HCoV229E.
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Theaxi s of the diagram represents the dosage
scale in micromol es. The coragsponeéeixmpg esss:t
percentage normalized to a DMSO congrol . T
measured at different drug doses are adjuste
DMSO, establishing a baseline at 100%. I n ph
parameters for evaluating a compoorunifdlos hielfifte
Concentration 50%, 0 denotes the concentrati
bi ochemical functi oX7B23&080ncomt Gvkotmiposru nalf

sufficient to achi Ve E50 % nionthhielri tkiegyn paafr aH@a \e

AnCytotoxic Concentration 50 %0 and i ndicat e:
cytotoxicity (cell death) in B\ %erfe creddess. s ar
to reach 50% cytotXxb2&hy bw stsgxiecsittiyngatt hahe
concentrations, which may indicate its safet
The -desponse pl ot al so il | usstlrogptiensy icrufrevcet,i v
infectivity decreasing as dosage increases u
host cel | viability, w hXi 7cBhX3fsiargset  urnitsids awi ¢
concentration FsgwBdachedombompaai en of high h
|l ow infectivity is generally favourable, as
infectivity without harming the viability of

Subsequentl| vy, st rXu7cot2u@ rad dyenti veadii sveeds tod eva

strucefitrects in thé&he RBasserral neacwviog. | e
product encountered significant solubility
reaction rate and achievable yield. Conseque
were Iimplementedutb foahmateomp. For instance,

sol vent mi xture of DCM and DMHRcea rob oaxdyd ri ecs sa cti
precwhsdore still maintaining suitable condit:i
an elevated reacAGC omas ermpeuiart eud et wifk GEOP t he
ti me fraanes o t2he reasdtoiwdry @nocoeede dt emper at
conversions observed by TLC anattggss even af

Anot her adjustment involved carrying out the
t hcear box yplriecc uacsiod, as the MCR only progresse
poor solubility, it is suspected that steric

Ultimately, tohtehiestoltggrani e &c taamndt & Bér arde € pe dbtei v
used iMhobhd3emlkss Lre Chfat el i er 6s principle a
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toward prodGoembifmirmagtalbh. modi fications to th
to 92% were achieved.

Additionally, thedafsieciodnta thhighurye & | ®rcgarmmnc a-
to further enhance product formation and to
this reuwpmx,tiwint setthe ulti mater gbobla¢ ofernrnedhs ele:
t he Passeri.niScrheraecitn €2wiass ttehpipd wryeead at 0. 20 eq

catalyst, butTlL&imorhiatdo rnioo gerf deecrti;ad 48al ong w
i sol ation, reveal edtnwi eyidéencal bf caatal yriec
thiourea was present, simi-diagilty da@awgerwemuet o

Compared to prehvaptuesr tthem2s mlgsenins used here
not favour thiourea cat apoylsars,s odhvicdnd s el rd frkaer
anmhexane. The poor performance of thiour ea
thiourea to influence the sttarechelde staimpil teys
hit coXpomady be of | imited effectiveness.

However, under the authorodés supeKvVvb®@e8oa, the
synthesised using aliphatic aldehydes rangin
were obtained in yields r aFiggiudtge f3rom 39% t o

(o} o (o] (0]
R i e L S e
H (o] (o) H o (0] H (o] o H (o] o
Y g Y Y

R1 R4 R1 R1

X26357 X26323 X26355 X26327

Figure 37 Structural derivatives of the hit compouK@523with varying aliphatic chain length resulting from different
aldehydes (black colouration) used for product formation.

Subsequemn¢espondoseand single point measur emen
synthesised structure deriv-aespensanmheasheryen
usi ng Reéndhees ifviirrst anti vir ado-¥a gternet@tdhdpeto.ved f
respectnesepodiossee measur emegud @amdet kehownnglne
measur ement sFiagru@a estBown i n
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Figure 38 Doseresponse measurements of Remdesiaf357, X26323 X26355 X26327, X26348against HCoV-229E

Upon reviewing the daé¢spmaasaurneende nftrso,m itth ei sd c

the approved antiviral agent Remdesivir sig
tested, particularly regarding the dosage

0.01M36 However, it is worth noting that R
undergone extensive optimisation and approva
in the early stages of testing. Neverthel ess
alternatives once fully optimised and tested
A clear trend is observabl e: as the al kyl ch
Passerini product decreases, a higher dosag
compoundsd effectiveness appearlsower dihhons hi cd
viabilities are observed at t heseX26e3ddu8c ed ¢
synthesised wusing acetal dehyde, was include
previously synthesised by DmedPRkiilniagp tRshn na
well with the trend showing that shorter alk
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S infectivity
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Figure 39 Singlepoint experiment of the Passerini products against SBR&-2 and comparison with Remdesivir.

Additionally, the respective PaGes®@rwusingrod
si nmdient measur ement s. I n these experiments,
appl ited gtgeesponse. For Remdesi vir, this reprt
(compared to iGVMsaglaGHBe¥R@fOED, 0 5®4 6 t i'S unsurnp
infectivity was achieved. Nonet hel ess, antiwv

product s, as shown in the pX2®bt304f88&at brt hg &k
shortest al kyl chain |l édhghlygedenil kgd fthamnad e
compounds with greater acti€Co¥®y armdcdubeffagtii
reduction t ®&8&apmrfexcxitmatigalyy compared to the D
PasseriniX2éd@mpound

Certainly, furthesat iadmptati bhe BRadsepinimi con
support effective drug devel opment against <c
already demonstwvwarty de arclty vittaygda noft hmesdi ci nal
be further sattriwont uafalt hogpte onmpounds to enhan

mai ntaining | ow toxicity toward host cell s.
derivative synthesis are planned. Given that
are knewhabol b under physiological condi tion
with more stable amide or ether groups, pot €
sbality and®effectiveness
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4. Zhapter Conclusion

To summari se, the investigation into the as)
thi ourea organocatalysts has demonstrated si
optimising the reaction's steraececdeloadt, i vaintdy .t
successful incorporation of the bis(trifluor
on one side of the thiourea moiety was <con
adjacent t o t he thiourea moi ety, arwmiat hc
grodmpsarti cuwlnagdmoyi étpyeoved highly effective. T
|l i kely <credtikeamaenzyme shielding one plane
i socyanide to attack the aldehyde in a ste
excesses.

However, despite these advancements, the ste
with the best result so far achieving an en
t hi oflulr2ed he primary i ssue appears to be the f
particularly with regard to the rotation of

the catalyst's rigidity and prevents more co

Further optimisation of reaction conditions

enantiomeric excesses, |l eading to a better
stereoselectivity. New procedures fefisedeen
approaches for future studies. Additionally
demonstrated the potenti al versatility of t
application to various carboxylic acids, ald
Furthermor e, medi cal studies on compounds o
conducted, and I ni tial resul ts demonstrat ec

speci HCac2a29%y an@oBARShe original ai m-was to
enriched Passerini compounds using a thiour e
conditions required by the reactants render ¢
f utiurveesti gations may reveal rebdcbuoeraccadat i
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cc1 cc2 cc3

"""""" H  H TTTHEN
g .
Ny -~ H
/\N/ H
HY
H cc4 CcC5
_H
N
PR
R H™! " H
N ‘o
ANERN N
\ N A
\ _H
N
I
H™ "H

Scheme22: Overview of the multitude of possible activation modes of the4Jgomponent reactiomediated by a
thiourea.(CC17 5), which werecalculated by Nziket al19
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Th
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di
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we
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e di mer iCC hsn@C@vwetrrer §sound t o have CllInmsost i de
aracterised bW twdregenvabeds KHB) from th
om of the i mine, which acts as a proton ac
tential | oMEPtacpg e bmespr esents the bond betw
arged and most negatively charged parts o
ndi ng e nkecragly/ nmoofl 9fCo6® tWid hdiamer&rcal gmnmoodf 9 he
meChas an al most i1identicad leinleelgy tamdbe sen
ring the reaction. This-NihHRBrand arhaglacngea:
akerlsS EBB. | nCChet da meaor di natnigd re, o @aanuwdr € haet s:
om of thiourea bi nudis\aHtSo HtBh e Tpghri st are safl ttsha r

favourable binding condi tkicmand mahd dhéoweon a

mo
St

Nz
t o
cCo
at
st
i n

S e

4 .

Th
ev
de
Co
t h

Fo
b u

deLC i t hkbakBmoC5wiankd orklcywl 1 md O, are signif

able and thusodretsesrdd.kely to be en

i ktodaels.cri bed how a thiourea can specifical
the Iimine is of cruci al I mpor #4&mMRce Bfyor t
ordination of the thiourea catalysdt to th
tack of the nucleophilic isocyanide <can
ereoselecti vikurwnyt hoedr ntolree , r eraeccteinotn .i nvesti gat

di cate -ddfait ciedretct rloino ur edaBGR¥sa nc ccnast eadiugesnec et |
emed natural -¢tataeakpsedeasmmmebuireaugi

Finhnhding a model reaction for the cai

e catalytic effect observed in previous r
i dent i n the-kmoene iscdhr eWwhitehle cfae &atll ywrseas t wo
ficient bis(trifluoromethyl)phenyl 1°%roups
nsequentl vy, this commercially availabl e th
e initial screenings.

r g ER creening, pbehab-thehrgxMhenzaledrethy de,
tyl l socyanide were chosen as theN(r2eactant

(tebut yl d-thdnred h o x y-pdiremngiNHpyt 10)l vy I ) b8Brazdeenp det ed
i 8c h e2nBe
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H,N _0 NC ¢ =0.025 Mol N 0
OH )< H.
_0 r.t. C\(O
HN

~o 7<
8

Sche2ng@verview of the model rlegadcCtRi on for the screening of th

The other reaction conditions were aligned v
of Rases-B €CRNThe catalyst was added in 20 mol %
whil e the other reactants were introduced in
i nmLOof sbkexane, (methanol or dichloromet hane

O. OnobL. The aldehyde and amine were added af't
standard tetradecane, i @8Cmanatypsi sheTheamit x0b
diluted with 10 mL of the respective solven
precondensation, p dPtaesrstiCadilmlidye sruepapcrtei sosni.n gF otlhle
the carboxylic acid and finally atp4&C®Rards,

The reaction progress was monitored by GC an

To investigate the mo s t suitable solvent f
performed. For each chosen doheenn, thwopreae
the thiourea cat al ystto adidr etchtel yo té@lsesrie rs\isil it lthoew tec
The foll owing sonhveexnamse wease psredwicawesd:studi es
t hi our eéPaass sti8rCRtnmet hanol , which is WgbQR to be
and also suppresses 2t%h&hdP adisehlli mri o rse tdhea nree, a cz
solvent of dhRhoi geoiump' tshestiBidgd ERabal gsgmmbiyr chb
phosphor$Tch éad il @dBaibd2es uzZnmari ses the results f
screening:
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Table 22 Solvent screening for tHggi-4CR

Entry Solvent Catalyst Yield Yield Yield P1 3CR
16h [%] 20h [%] 44h [%] detectable?
U-01 | n-hexane - 0.0 0.0 0.0 No
U-02 | n-hexane T2 15.8 16.7 18.6 Yes
U-03 | Methanol - 3.3 30.5 47.9 No
U-04 | Methanol T2 31.9 35.7 45.9 No
U-05 DCM - 0.0 1.1 2.6 No
U-06 DCM T2 14.0 14.9 17.3 Yes

The reactions were carried out in the respective solvent at a concentration of 0.825!riible reaction progress was
monitoredvia GC analysis. Therefore, an internal standard (tetradecane) was added to the reaction mixture.

From the obtained dantha,x ainte @dsin cwiEdolrr emmestomande
suitable solvents for further | mhextaingatiton,
negligible praducecdht offmmmathimoeo (catal yst was

when Schreiner's <catalyst wadsi cphrleosrgonmamn dhpprnaed
18. 6WwWhéxkane) were measured by GC analysis. T

met hanbdt only in the earl®y Ildwge,s a&fpnddckuat

31. 9% was obtained in the ptrceasteanl cyes eodf rtehaec tcia
resulted in a 3.3% yield. However, in the |
pronounced, and addteaeldyd 4 e mett heam dibee f oo med t
catalysed one by a slight margin of 4% in re

The Passperraductsiwlaes mhnel xya ndee taencdt eddi cihnl or o met h a
the presence of the catalyst. I n both cases
concentrations, suggesting that I mi ne preco
catalyst appeares tthoe mndoets i areldy rfeaccitliiothnatout ¢ o mi
only fohmgdnenand to a diuchl grehldtrehalkreteattali
was present, but it al so ie nspivdoesisnc thhoet. hf oo arsae s
This implies that the catalyst i nteracts wi
i mi’H% enabling alterwniddyidwe greema dtoinani nmat hwha y
|l eads to bot kprmmrdadcucti oamdAtgioche

Based on these observations, one potential d
of the side reaction. Since both the Ugi and
from the amine, it i's cruciatcumstealsmo eultlha

ext,enptreventing the aldehyde from reacting t
achieved by using more reactive components t
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the condensation time until compl ete conver s
the condensation reaction betwdeidhtbei amupe
coul d potcanmtciuanlvheyntlee addi ti on of drying age
water molecules and thus prevenfTothenakveest
i nitial Il nvesti-gat atpgd &R itthewdashi cdeceded t o
nrhexane as solvent of choice, since product
hi ghl y -delfd atti-Basnf-b3i,s5( t ri f 1l uor omet hlyd @ dihreghyt ¢ t |
assumption that the stereoselective outcome
if the reaction can only proceed through a ¢

4. Bcreeni WgdCGRNt peesence of chiral th

Af ter preolvecdigrfoincaent thi chheanri mngogmhaecdifalups
met hyl ) phenmedlf ¢ga toiuype w future investigations
i ncorporating a tahcednsel ebeaod aliemgt ibMedciknduct i c
formati on. To carry out these investigation
screening PassB€Rprofe empl.0gedr dgagthlyi, ot heas ou
TO9 i  Tl%ere tested aUgddCaisal wesThe irmestpheect i ve ca
i | | ustgraafniegd 0 e

CFs
SE PSS IS Jesve
S
* % % *
ALY
H H O
T10 T T9 T12

Figdffei ourea organocatalyst bearing aliphaWg4CRr aromatic r

As previoushgseenhi onedastvary in the size
rangi ng efnteemm alme lhzd dic € infelnGad d ydess gmee a®» a dir
compatdddnal Ifoowi ntghe i nvestigation of the di
"systlTdehm. af orementioned thioureas -AM&R,e amsdkd a
t he ssmmareisul ts Taml3dored foawmmpariend to the pre
presence dfhi®t2mmEheeuscatal ysed reaction.
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Table 23 Catalytic screening of the UdICR with chiral thioureas

Entry Catalyst Yield Yield Yield ee

2h [%] 20h [%] 44h [%)] [%0]
U-01 - - 0.0 0.0 0.0
U-02 T2 - 16.7 18.6 0.0
U-07 T10 1.2 4.0 4.9 6.3
U-08 T11 2.1 7.1 8.6 7.7
U-09 T9 1.3 6.3 8.2 10.3
U-10 T12 5.1 4.2 5.9 5.4

The reactions were carried out in the respective solvent at a concentration of 0.825.midle reaction progress was
measuredia GC analysis. Therefore, an internal standgettadecaneyas added to the reaction mixture.

The first notable feature of the screening s
one-b3 s§ftrifluoromethyl )phenyl grloupUi2wea e( cl ¢
iherms of yield. The chiral thioureas did c:
formati on vauwnldiekeecitrmtbthieey sednreacti on. Howev
of reaction ti me, only 4.9% to @nl6yo tyhied Wr ewe
organocatal ysts capabl-beonodf ifnotremmiancgt i sotnrso nwg t Hhy
and intermediates can effectively catalyse

3,6 s(trifiphemyrmetghylu)ps, exiiiomidt doantorro rcqerabh
and remains the benchmakgkd ClRor thiourea cat al

Moriemportantl vy, the chiral thioureas wused i
enantiomeric exaksss hehweenn@g. 3% and 10. 3%
By compari son, aromatic buil ding bl ocks s h
enantioselectivity observedtwHheamsdl8isedering
thiourea containignglail (pr@amabidgheophehyieglodr

1. 4%, which represents a 220w nitnécrDpedanstet ffree | at |
ot her hand, it can be assumed that the diff
i naccur aci es and consequently it i s concei\
determined by the bulky buildimgimlvesck ilgai mng
are required considerimedpeshi s esokcusr aaece. oH
t hi oTur evahi cha cmap fat myl greeaupl, uacdhfi ev0 .nPJ%.an

The trend observed®aiss-8CRawbereehigheonfenaet.i
were obtained using thioureas wis@bdmtregrer p
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4 )%as not replicated hearylgimb@Ep)Bhied deeesla amon't

value of only 5. 4%. Further mor e, this approa
after just 2 hours, as analysed by GC. Compa
a | ower enantiomelfTil@ kRuxteaslssoba ali anwar wyitdél d,
signals corresponding to side products. Il n t
detectable only aft&t@xii thiotus sa msegagteisvtii nyg It
t hlkgo4 CRnder these reaction conditions. For f
that the Passerini side product be synthesi
perfor med. This would allow for guanti ficat

investigations easi er.

At this stage, It has become evident that c
stereosel et4iCyR tay pirmromtitse ng resul t t hat open
future research. To dat e, only onlkg4d&€Rganocar
with high enanti osel3acntdi vtihtei ecsh ihraasl bpeheons prheoprc
t hat case represent the only <c¢cl assbadedorgan
MCR in an asymmetric fashion. By further de
catalysts -haodsed sMCEBabwade xpanded, potentially
variety of reactants and reaction conditions

4. 3sAhge of Dbifunctional thiourea orgal

After obtaining promising initial results wi
bi functional t hi othriesg tcoht aonbmgt hwlo) pah,ebny |
reactivity, whil e also incorpohatiaogmibi tés r la
of these featur-ebi aisk,2Magagawal by bdevel oped
Bay-Hi k|l man tfhicsti alowstai ns two thiourea group
3,Bi(st ri fl uoromet hyl ) pthhreinogir ®egapsu ps,epairabh etbotbly
scaff ol d dedriiavneidn ofcryocnt olh,eXiagmngkfle as shown in
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CF3
o8
HN S
HN\©/CF3
CF4

Fi gdfdNea g as awahdisoTuiridesdn eR,eRoinf or mati on.

To further investigate into teti s20 hmolr%, i Nat
modedg4 CRNd t  hesedummamuil t si Tamlddhbzfosead thioul
was previous!l RWRsgntbemasednin in

Table 24 Screening of the UgdCR with chiral bisthioureas

Entr Catalvst Yield Yield Yield ee
y y 2h [%] 20h [%] 440 [%] [%]
u-01 \ ] 0.0 0.0 0.0
U-11 ‘ T13 5.9 9.9 11.2 11.2

Thereactions were carried out in the respective solvent at a concentration of 0.625mbhe reaction progress was
measuredia GC analysis. Therefore, an internal standard was added to the reaction mixture.

The resul tlsab $deaorv@®r omi si ng. Usi idhi blagaeaawa0d sa
organocatal yst |l ed to enhanced yields and |
previ ousTablel3eu |Ahgshii mur ea out performs the pr e\
thi oumeas,r ms ofurpamswerdsiomny by2SaAddet nenats|l
the Passerini side product was stillkthdetect e
approsacThlgd € at aH wrstther mor e, a 19n% rheégahteirue per
was acWwheommar ed to the appgro@ueghn tuasihnnignugt e a n e
(T9) .

|l n thishasastepueonernat -tNhigalslBeaay 6 S nkldiusce st ereoc
i nformation not merely thr-baghdster@masehi @adct
i's susmhdmndd swidted buat poeentially by hydroge:
than one reactant or intermediate deurtilneg t he

spatial arrangementvianhyderomgeigndg rmetswdri lo.n Bh
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would be intriguing to explore further thro
future research.

The next step in empirical research invol ved
startUgdfCRt Bg extending the condensation ti me
had more time to react and form the i mine. A
reaction of the condensation could be furth
Fbl owing the succeRBasdu8€CRrmarsaudriisngf riormm tthhe pr
N aS Q 100 nBgQwmfs Malded at t het begaoni og att ein
amount equals three times the theoretical a |
formed during the condenishatbilsdde.Powhe resul ts

Table 25 Improvingthe reaction conditions of the asymmetdigi-4CRi n pr esence etHiourkhagasawabds bi s

Yield Yield Yield ee

Entry Catalyst 2h [%] 20h[%]  44h [%] [%]
U-11 \ T13 5.9 9.9 11.2 11.2
U-12 \ T13 5.1 7.6 8.1 8.9

The reactions were carried out in the respective solvent at a concentration of 0.825.nidle reaction progress was
monitoredvia GC analysis. Therefore, an internal standtettadecaneyas added to the reaction mixtufe. the reaction
mixture of entryU-12, 100 mg of NaSOs wereadded at the beginning of the reactand the precondensation time was
elongated to two hours in total.

|l nterestingly, attempts to i mprove t he re
enantiosedvatuiesi)t wefe unsuccessful and | ed
suppress the Passerini side reaction did not

|l ower vyield @mwdalaue@bbo Ftelvati ve t o0 wadeeprevi
obtained. The addition of the drying agent a
the formation of Iimine at the beagdinat enlgy odf tte
the addition of the isocyanide revealed that
the approach without drying agents. The al de

measure of i mine for mat i om,ehaasn dt,h ea nidninnoe GrCa sc
for It exi sts. However, this is a reasonabl
i socyanide, neither the Passerini nor the Ug
sampl e was taken. Tohuet coonmey apto stshiibsl es traegaec tw oounl
of the intermediate i mine. Il nterestingly, t
Passerini side product was nhever detected v
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reaction conditions successfully suppressed
not | ead to an i mprovermgnéeachi bhe overall re
One possible explanation for the outcome i s
conducted at room temperatur e. Unfortunatel.y
vary, as the | aboratory | acks suf fatcureent i n
throughout the year. For iUals2t atnhcee ,r odounm itnegm ptehi

was measured at 26 AQ,] whi lwe sd WBr iAnCy |aopwperro a cS

hi gher roomUtlénepseurlatteudr ei ni na | oawenr i ynitellid, vehi

This discrepancy might be explained by the
shown tlhgadtC Rtahnen ot proceed wunder the given r
suffici ewrtelfy cdleendt rtchn our ea catalyst I s presece
occunheaxane. It i's plausible that the altert
Nagas awahiiso lbriesa al so has a relative high act
concei vabl et htilbautr etahing glhhits pee&otmombet emperaat
potentially | eadd bhgt hoi hmpeomedof egduébhd and
approdeh It was already previously discussed
enantioselective reaction might bed tf Miusnd c o

mi ght be the 3€Rset hemrmoraes, wietl Ilcannot be excl

NaSQas drying agent mi g ht influence the rea
enantioselectivity while it pr overde atca i men , ef
thought. Clearly more research regarlddng t hi

screen various drying agents for their effec

4. I.he asymwmé CRi Chapter summary

This study has shown that the previously suc
Ugi reaction. -bBeeb mesbtyaompedmasster irneia c taina
Ugd share key mechanistic featureksnovwmdf drhi o

facilitating nucleophilic attacks on al dehy.
establishes a solid foundation for future re
potenti al-catfaltyhsieodur @a@i reacti emus eapatsena i me
organocatal yst to the 1|1ist o f truly enanti c
advances would broaden the scope of applicat
asymmetric Ugi reactions.
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As with the screening of the Passerini reac
thiourea catalysts with more rigid structur
thioureas tested here may face s.imFbathern mi
enhancing the réeqicuernithatof alidne medes are ki
rapodvow !l d I mprove reactant conversion, I nc
Passerini “9%de reactions.

Il n additiowmwesfiugathieon into the use of drying
opti mal conditions. Careful optimisation of
and this is expected to ydeetlal yvseld ailssleogsic yiamsi i
MCRs .
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Chapt@andcl usi on and outl ook
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Th
ca

is study demonstrated that thiour3@RB can ¢
d -4U3R . I n both | MCRs, a significant increa
thioureas, wi t h pronoiumcrega ssedact | 6 or matci
served particularly at the initial stages.
osen reactants and reaction conditions. k
i ldisvegse aldehydes, car boxgt alcy taicci desf, f eacn
nsistentSliymiolmagsdryyved. catalytic effect on p
I ocauateaal ysed Ugi reacti on, although only a
t hout varying the reactants. Future =exper
tal ytt icxteddfdesc to a broade4CR.anNet aldl y,e aicrt al
action, solvent selection played a critica
action whil e otni Itlo emalcleierdg itnh et hree apcrteis e n c
iI's strategic choice of reacti brxatahgiseidon
actionwtlpiagtdhuwady sl,ead t o high enantiomeric e»

wevert hiigwattdeesd gy s edeacti on, talse sR alsag ageiarcit i roe
served. This suggests that the thiourea c:
action conditions.piompoct awas$ynot hédePasted
c atFaultyusrte. experiments should aim to opti mi

upress side reacti on-cdrydecnosnatriodn ,i nwhitchhe won

ssi bil i tbya soefd aPl adsesheyrdi en i reaction to occur.

s unhmasr ys,t atdiydes a fluodafmemtlaér basvestigat.i
tal y4€@€Rs Uglit i s anticipated that with furt
nditions, thioureas could be established a
i roal p h o(s(PAosr)i.c Parceildismi nary experiments al
cess of 11.2%, an encouraging result for f

e t kiaduwarleyass e8 CRaatssepni mihowed great promise.
talyst design identified key features enat

3CR. Notabl vy, thiourea catalysts eldercdfriotned

W i
i n

y i

thdrawing propreegdogrsi.s elchebil g (tterriaftlurcer omet h
corporated into the catalyst framework, si
el d and enanhRO2sRElI0Eabllei Fhs@gggsts that th
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hydr ogen bond donor capabilitywidfhdrteawiorug e
Substituent s, strengthens hydrogen bonding \
achieving higheraemga&ntainas elteatiicwiltliyesd.emandi r
proved beneficial in catalyst design. The i
produced the most cafThMytrieokelrgt aceosel & dt o
thiourea was found to directley Hansfsleureinncie rtehae
(e.Tga.b,l , 1demonstrating that selecting a thi
theoretically enablef enftasntd osierd et taermwanitsiyommére

CataTlyathieved e¢eadepbrygbdst husgatalrysed thasue

r

- T o ~
® ® d H O

5 S

e

(¢

(0]

actions, with an enantiomeric excess of
ocyanides such as udy dlieskgad,a b |)e.s aByratnh elremavre «

e catalytic effect was evident with a wid
Il phatic isocyanides, carboxylic acids, and
t h erliecchh roamgpoereatrmommat i € decil wakidg esvdasvdr pl
nging from 3.41 to 5.30. Not abkhwowadomat i
mar kabl e reactivity(e.rg.Tamd7 pTraebsleencle®iafh t h
arly tenfold increased tbhwvaereseaomatal y $ite
gligible conversion without it.

action condition optimisation further hig
. ACTal)e & he use of dB@iTAapl|l prgdrnpdo!l (eang. ,
| ventnhekdamegi,e Prolonged addition of car k

mpactedeermrant ivobtly, (ang. catalytic effects we

a

talyst concentratiToanbsl)eof130. 01 equi val ents
summary, this work underscores the promis
t he -3RCaRs. s efrhirmiugh careful adjustment of res
itable reactants, both catalkyhiancadti Fiut w

udi es should focus on refining catal yst
| 1 aboration wWi(tiINTt h&Vv@&ahedl tgarobup hi our eas
nf ormations at room tempera@aturegi alueatt al yrso
nerally advantageous for stabilising trans
gidity on catalytic performance should be

Addi ti onalplry,pesttryuatedrag i onshi ps of Passerini

products with varying aliphatic chain 1|eng

effectiveness against cdD2 DB avainrdCe® ARSI nncl u
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coll aboration with Twincore. It was hypothes
roduct s, i nfluenced by t hiourea catalysi s,
ubopti mal r edarce s wfint acno gpdoi otri osnosl ubi | ity and | o
reacd Aanndered the application of thiourea ca
redesign the synt hesdast agllyasne d oP apsrsieorriinii sree ach
subsequent f un c tPhaosnsagh i iGadittt ioo ny i efl dt hene final
compoduinmontroll ed diastereomeric composition

The synthesis of a diverse ramgreseust atmallue e
multicomponent approaches and efficient bi mo
for catalytic screening. The multicomponent
sul phur and akbghbyitdhher arssge notfs , highlights

sustainable synthetic methodol ogies in moder
extending the wversatility of t bas tMCaRt etdo 14
adaptability, achieving yields of up to 61%
reactant scope and i mprove yi el dso tsoy nftilelsy s
thi ohyadantbass of compounds widely used in n
Finall vy, this study has provided valwuable in
the way for future research in asyi#mmesterdi c ca

mul ticomponent reactions.
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ChaptExper i ment al
6.Met hods

6. Xhemical s

Unl es s otherwise noted, al | sol vent s and re

purification. Di-¢ihd toirlolmed hane was pre

( ROmet Hiynlapht hal enemet AGR@Q®rRanal 1)cE R84, I-1) - 2

d amiciya !l oeh(edx6ap6bB C RHEMI CAL(SR, B-( 1) -d2 amicya | oeh e x an
(98%| SHERHEMI CALS R RB-( +1),-d2 p hertyhly | een d 19 & ®4iCrl

CHEMI CAUR RB-( +1),-d2 ami noc yed 197 BoeSHEORE MI CA LR, B)-

(+),-d®2 ami nocycl oAceo@rmca NI)®s8 )-( 1-c)iFlsami 20 ndanol

(9 9NGEMALDRIGHS @-( +),-d amicyc | oelf O ¥BOos HEEREMI CAL S

(8 Qcycl oh-& xddinaemi n eCHEBURYR) R ami nocycl ohexane
ACROSORGANINCS(R)-( +34-d met hy | be  DYWI¥8 mMAAL DRI )GH

(R-( +0 ,-dt met hy | be ( 98I%& @mMAALDRIGH(S-( -F}( -hap ht-hy )

et hy E@m8@LeWwWuR, (9-( -F)( -da p h t-ehtyH y) B @ T @H,E WU R, (9-

(TD)( baphtentyHye & 8%, SHEBGBHEMI CAL®-(-)-I-phenyl et hyl ami n
(9 8POSHEREMI CAUS-( +Bcy cl ohexy é(eq &qiBgiCamMi It A USI-

( +Omet Hylapht hal enemet hy | @&miorecHeEM PP %3, 5

bi 8 (i fmeu diryd )tphhi eonwyNitele ey 3-t B3i met hy é(butIagveeami d
ALDRI GHA-( -hap ht-ehtyH Yy b 6 B Bo,SHEGHEMI CALIS(4net hyl phenyl )
et hyl ami nSecMAAL 68, )CHL-( 4net hy | peh ehnyyeld)i9d, GMA
ALDRI)GH -bB s [-BBi,s5( t r i f tpthemo g tt hyiRouHECa ami (c9,856,
hexanolS cMMB%BRIGCH-(ant hr-&ycle)net hanaM™MeErR®&K 1-( 4 9 %,

met hyl pehehnyyl laymi n & GMAALOK| cH2-pr opanol FI(s%BRrR 5 %,
CHEMI CALS2 -db amippmnonel i c aciFdsSHERC3HIBW,CALS3 -5

bi s(trifluormet heg(9 Che yR, B-phetnlyil pcyygpnad@mni ¢ aci
FIi SHEGHEMI CALsni t roani ISiaGveALOQRIB®a mi noi sopht hal i c
(®,S GMALDRIHK @t i ¢ adigaHEROM .cAMBh zZiyslocyani de (98
FIi SHEOMEMI CALBpheny | ALAAMESSR | b (3456 ri fl uoromet hyl)
t hi our ed C(C»EMB &),1Bs0-Pr-OH ( 9G&i#NWuR, Bo-Tr-@H ( 97 %,
CHEWUR,Bo-¥aOH ( C8EWUR, hcor edf rGC99. 8 ArRMaRm %D,
CHEMI cALgcl ohexyl i SAOCR QR 6 AdNe ) & yor 9BUf, ©® 8 S .GMA
ALDRIGHedt erated cyABCHKRaexmw rcd,L s5d9I%,r o met hane (F
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gr a&& RCHEMI cALS dsopropy | aAMBIONREHENI Y, S thet hy |

sul foxi die sHEMEMI CTAbisthet hy | -ds6u I(fDAMBIOd 89 . 9 at om %
S GMALDRI G f mal de hyVdeHEORBMI%ALFSOr mi ¢ aAKCROS 99 %,
ORGANI)ChE-cy s teemien hy-hgdt ech|l oTCICHEUIOMBAMWIShi st i di ne
met bsytilehydr ochlP sHBrReEM( OB uecment hyhegdtechl!l or i d
(98%, SHERHEMI CALEphenyl-mkahyhheysdreac h| o rTiCd (96 %,
CHEMI cAlLg eletici n CHEQWDBgL-thr eoni ne met hyl ester hyd
Fl SHEEREMI CcAllLdr ypt emdaimyhedt ec hl| &IrSiHEREM T XL S

met hanol ( NRPMRCHEYTr @Adnsh,e x ane ( HN WRCHgG miaa)e s

N-Bo-b-t elrduci nEHEWIOR poe nt an aMERC)PTW,sphorus oxychl
(9 9MGMALDRIGpIOt assi um c &rsH€E€ErRBMI €A 6D EBPOUM chl ori d
(>99 FEMWEGHEMI cALsodi um hydrogen Romaf dbodiatum (>9
sul phat e BEmnaeRemJsful pbdur (el eme St aMALDRIEe hni c al
tetradecFasreCREMIOA, LN i ony | ( 8B EVAL DR CH

6. 1 nZtruments and Characterisation Mel

6. 1CAl tmn Chromatography

TLC silicaacoglebRIFBCHINA s( eisrealspd@bhti ve solvents w
HPLQurity grade unless otherwise noted.

6. 1Gadas2Chromatography (GC)
Gashromatography (GC) measurAkcmenB8B8 6 vegas per

chromatography i-Bis¢olumemt( 3v0 t meda) OhRBIRa rmem 1 O
i osati on detector (FI D). Sabnd8.eG oige rcedo mproarmalr e
i n nL 5 of et hyl acetatefii|l Al sdgammleaser wer

(pol ytetrafl3nordoieatmne@xleghnepor e AG LBNT, pPri or t o
measur ement-gti mgawdi d npleegi on setup or the <co

as follows: |1 ni@a®C,I| htecaBphedr gavt iutahe 2 adbnfii "h1l 5
retaiS@AG gf 2r 4 mi nAGvheht ahGlanti'dy 8r0e0t aiACi ng 30 (
f odrmi n . Thet riamjsd@trorl i ne t p@.r aMaia £u rweanse nst est

performed with: B spilngdg miafgrasg earh da sh erha kuem as ¢
wi to wa r a8 @ lonfi™hl .
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6. 1HRgPBer f ormance Liqguid Chromatography ( HPL(
Analysis of the enanti omeAGICERMRLCESEL1WASSeDIing
system with a G1322A degasser, a G1211A pump,
oven, and a G1315KAdRAceHa(daynns YOSBE@mrticl e
siz®) umn was used as stat i onrahreyx apnhed sies owlhriolpea
onhexaenhbadamnadlh -giPanMker e assenbbi.l e phase

6.1l Bfdaared Spectroscopy (I R)

|l nfrared spectra (BRBKEAW@m@&i nstoudthedt-oap@l yi
technology (ATRRef Aetehoma) eddnTathtequlency r ar

The band intensities were ichhtaegmasd esigredl i as
vsvery strong, s = strong, m Enmaddumj ow, =b
signalexpwessed by t.he term: br = broad

6. 1M3asS Spectrometry (MS)

A anss speciTHERMBIESIHESRI ENT) Flecqui pped with a HESI

empl oyed to record high iM8Bs(0-E8) i oGalkilkcariosmp
carried out ilB2t2h et sm/nzg rparnegre x7edHEe®B sWmBERat i 0N

SCI ENT)FICA constant lk\Yrarnyd vaoldiamen ©ifontl. &ss s he
empl oyed.enBh&RFS | evel was set to 62.0, whi |l e
2BAC. All samples were disdmli'vedaami atwuorc @it
and MeOH (3:2)smdbpeddwumht 100l uoroacetate ar
5¢Limi'hHi gh resolution mass spectra (HMRS) w e
ionization (EI) -WOFe FasbDrdedmobomb&Cdment (
were recorded on natKiumidired apnr oMAOTNn @Ot5ed mo |l ec ul «
by thée(MermH+) ] .

6. 1NRBcbear Magneti c Resonance ( NMR)

H afd NMR spectr a BrekmkRdiveaemacredeDP Xors pectr omet e
MA) wi-mh du&l proton/carbonHprobe5(68D12&00H.
and BeukeERdvance | dmim -ggri da dhi eant5 cryogenically ¢
(CPTCI, ®007MHZ MHz). THHENNMR esnp eccatlr as hwefrte froery

ppm relative to TMS (0 ppart) 70.r2 6t op ptdaaed nsdo | YMS
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2.50'pNMR spectra were reported in ppm relat
for &aDC1H/pm and of thedattpdet52opH-BMMESDat a f

were reported as foll ows: mul tiplicity (s =
m=mul tiplet, b = broad), coupling constant (|
2D NMR methods e. g. heteronucl ear single qu

spectroscopy (COSY) were carrieend awntd, sitfr urce
eluci déaticomformers (rotamers) dofe a os ubessttancc
rotation, all species which could be assigne
(a, b,Hecr.e beyt,c .t)hhe main conformer was | abelle

conf ormer with appendi x Abdo and so on.

6. 1TRAi A Layer Chromatography (TLC)

For TLC analysis, precoated al umerc@wTm G oi | s
Silica gel 60, F254, |l ayer thickness: 0.25 m
were firssdllyy viilswal éscende gghiu=emanh4 nfgl wodes c &Ji
(& =nm@BY5and then by staining with Seebach r
sul fate tetmnidMydHd2aQ)e, (68Ce5¢0 ammoni um heptam
( N#MoO2k 4 H2O0) , 225 mL water and Depeénmbingonc
on the r eavgaennislilaianismgsasloultuitggnomof | ilbmland 2.5
concentrated smll feu)rhiacnm oda&s tddMimn@i n2gs G oK Mt ®© on (1
100 BQ, 1.25 mL of 10@ Nea®OH,u28®d ma WHi sual i se
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6. 2xperi ment al procedures

6. Byhthetic procedures for the precur :
Synthesi s @amidtisompthit hlal &t e (1)

NH,

I n a 250botit omuigddski BoDB8oplitlBalbibec mamoil d 1. 0C

was dissolved in 65.4 mL of methanol. The re
to 0 AC. Then 7.2 mL thionyl c¢chloride (11.82
dr opwi se. Subsequentlogorm htee mp ert autr ler evasyv esrtnirg
the mixture was neutralized with potassium

carbonate soviautuieonwasT htehépfH wdjf bstped asei 8m c
20@L of each DCM and ditsa itthedmwatt ere wteo er &
precipitated salts. The organic phase was s
extracted three times with DCM. The combine
sul phate and were them foifl ttehree s od fvfe.n t A futnedre re
the purci pe tdogibkintgbo p h{ B5gh atlet. 6 mmol ) was obt ai
br owni gyhi esBodl )i %l

IH-NMR( 400 MHz-g) UpMBIO = 57 . By, (B. 42H,( 5. 7% , (s, 2H
3.84 f)s., 6H,

1ENMR( 101 MHz-gg)WUppMBO=5 1660.0,6 131711,152. 6
HRMEIMSm/ f M] cobht €diNQr2=0.06 88 f 2WM6E 9 6

| RATR pl ati muaodm34 @8no(hmd)), 34m)l, (8&F22 BB&p, 32
2952 (w), 1697 (vs), 1627 (m), 1602 (m), 143
1189 (m), 1127 (m), 1094 (w), 1014 (s), 989
(vw), 788 (vw), 751(wpr).5526(wWwm) , 58893(¢w),55
(w), 492 (w), 485 (w), 473 (w), 430 (w)
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4
@] O
4 1 4
~ ~
@] @]
2 2
NH»
3
2
1 3 DMSO
l HDO K
8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 35 3.0 25 2.0 15 1.0 0.5 0.0

“Topm]

Supplementary Figure 1 IH-NMR of dimethyl 5aminoisophthalate measured in DM@8@plotted as signal intensity
versuschemical shifin ppm.

T T T T T T T
170 160 150 140 130 120 110 100 =li] 80 70 60 50 40 30 20 10 0

Supplementary Figure 2 13C-NMR of dimethyl 5aminoisophthalate measured in DM$gXseptet signal at 39.58m)
andplotted as signal intensitsersuschemical shifin ppm.
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1.00 Iﬂ

0.98 1
0.96 - |L

I
0.94 ~

0.92 -

Transmission

0.90 -

0.88 ~ }

0.86

T T T T T T
4000 3500 3000 2500 2000 1500 1000 500
Wavenumber (cm™1)

SupplementaryFigure 3 IR-spectra of dimethyl-aminoisophthalate.
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Synthesis <dfordname dioylsopP ht hal ate (2)

Il n a 10 -brolt troanunfd ask, which was equigpmdeéd wi't
di mebadamilnoi so(bh t(hladl.a5% 7 mmo | , 1.00 eq.g), and 4
116 mmal , 8. 00 eq.) were added. The reaction
6A@Ntil full conversion. wasbs egquentleyd thlye Td)
acid was evaporated under reducdedne tplryelssur
5f or mami d o iasso pwhhtihtael astoel Pod ( B3gn, 3 &1 4y.i1e9 dmnoofl )9.7

IHNMR( 400 MHz-do)UpMSDO. 61,1 s, 1 HWBH, ( 8J371 (4,
Hz, °LH 8. 18H, ( 3.89 .(s, 6H

1&NMR( 101 MHzg)UWUpMBD&ES. 1, 160.2, 139.1, 130. 7,
HRME IMSm/ g M] cal culdaNQ d2=3006r3 7[f Q2B 6 2 9

| R ATR pl ati muacdmd@3 Béno(hw), 3275 (vw), 3069 (vw
2919 (vw), 1732 (m), 1707 (s), 1689 (s), 160
1401 (m), 1339 (s), 1316 (m), 1281 (w), 1267
1033 (w),830L#Hm) (mMP269(w), 919 (w), 899 (m),
(vw), 751 (vs), 730 (s), 722 (s), 693 (s), 6
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DMSO

HDO

JL T . o J

11.0 105 100 95 9.0 835 8.0 75 70 65 6.0 55 50 43 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0

Toom1

SupplementaryFigure 4 H-NMR of dimethyl5-formamidoisophthalate measured in DM8gplotted as signal intensity
versuschemical shifin ppm. The NMR sample was taken from the crude product. The unlabelled signals are residues from
formic acid.

L 1 .

T T T T
170 160 150 140 130 120 110 100 9EI[ ] 70 60 50 40 30 20 10 0
ppm

Supplementary Figure 5 13C-NMR of dimethyl 5formamidoisophthalate measured in DM8§(septet signal at
39.52ppm) andplotted as signal intensityersuschemical shifin ppm.
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1.00 -

0.95 ~

0.90 -

Transmission

0.85

0.80 -
4000 3500 3000 2500 2000 1500 1000 500
wavenumber (cm~1)

Supplementary Figure 6 IR-spectra of dimethyd-formamidoisophthalate
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Synt hesi s bofsodiymetoihpslopht hal ate (3)

\OJ\Q/N\O/

NC

Il n a 100-bomLt omuhdask, which was equigped wi
5f or mami doi (®ophth.a8 B8 e mmo | , 1. 00 még.DCMwas di
6. hbhdi i sopropyl amine (4.36 g, 43.08 mmol, 3
cooled -batfmntaoce AC. Subsequently 1g65 mL ¢
18 .nn7ol ,ed. BOwas added sl owly and dropwise a
stirred at room t eArpteerrawtaurrdes ,f otrh et hrreeaec thioounr sm
wi 68 sndaturated sodium hydmwagenrcadboétmet Bus bdh
ungiak for maBubageeqtelmeaediygani c phase agqsecepar
phase was extracted three tiphawewigtidevdDCM. THh
sodium aoWwehat €i ITher edwaesé htt hen uvervdaeprorrae ceuwc e d
prestlhie epur @i pnedithyde Ysanoiwap hd thtad ianed nas whi
a yielWd (oif. 8682 g, af8t.ébr7 cnomlodmn <c¢chr omadtolgylaphy
aceBaltReval ue ( cyectlhoyhle Qagtn@2 it ssad!|l by UV quenchi

(254nmy toreat menuvarmiiltlhi rs tsaadruamgpen) (yell ow
IH-.NMR( 400 DWHZ@e)Uppm = 8.28 8I421Hd8,Hz, 32H2 (s,
6 K3 .

IENMR( 101 MHzg)UWUppMBD&E3. 9, 131.9,. 131.0, 130. 2,
HRME IMSm/ FM] cal culHiNtQp 2+9 0958 LA 0525

| R ATR plati muadmd0 &@mo(mhmd), 3050 (vw), 3026 (vw
2923 (w), 2851 (w), 2791 (vw), 2781 (vw), 21
(m), 13%689(wyw), 1454 (w), 1432 (s), 1349 (w
(s), 1203 (s), 11272 (s), 1119 (m), 1107 (s),
(w), 767 (w), 749 (vs), 726 (m), 68a4lQw), 66
(w)
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3
HDO
@] @]
3 1 3
~ ~
(@] (@]
2 2
NC DMSO
2
1
. e {
8.5 8.0 7.5 7.0 6.5 6.0 55 50 4.5 40 35 30 25 20 15 10 05 0.0
[ppm]

Supplementary Figure 7 *H-NMR of dimethyl 5isocyanoisophthalate measured in DM8{plotted as signal intensity
versuschemical shifin ppm.

170 160 150 140 130 120 110 100 a0 0 70 60 50 40 30 20 10 0

Bl
Tooml

Supplementary Figure 8 13C-NMR of dimethyl 5isocyanoisophthalate measured in DM&§(septet signal at
39.52ppm) andplotted as signal intensisersuschemical shifin ppm.
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1.0 ﬂ

0.9

0.8

Transmission

0.7

0.6

0.5 1

T T T T T T
4000 3500 3000 2500 2000 1500 1000 500
Wavenumber (cm™1)

SupplementaryFigure 9 IR-spectra oflimethyl 5isocyanoisophthalate
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6. BZyht hesis of thiourea organocatal ysi

Pl ease noT2wa ptuhricohcaoseeade r i sHEGHEMI(CAwshi | e t he
thi ol4TesasTwempe ovi ded Bhara WBhhept ¢eiscodus|l y sy
them accor dilAgWitoh | he ertpea mawtsh aom eased t o i
thermiisninvestigations.

6. 2G8neégr al procedure forvitMCR synthesis of th

A literature procedet ewashsc c @ pdHliregdeno alNi skiil 9t
( 0.elgd , corresponds to 1.12 &eq. of sMil phur &
corresponding itm a(csobompanwiithéhe) Sedpegtuiend | y
(1.elgQ ) was added, and a dark br owni sh rea
Subsequentl vy, t he 1 s ocytahnei dcer i(népn @vitahl g . syeecaal aesdi
mi xture was stirred at room tenmpkb@tfurtheunt i
reaction di d not proceed s mootnkdliy i onrsder
1,-Bi azabicycl-Mme(nfeDB.B0a) uonrdgeadnwdsa saeppl i ed to cat
ring opening reaction bheeltem&onbakrgeabhphyr
solvent was removed under reduced pressure.

at A€G0Ofor sever al mi nutes and then | eft to co
and washing with mini mal amount of met hanol

product was obtained. Delighiedhnsi ofthdiseppe
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Synt hesis of thiourea T1

The synthesis was performed according, to t he
20mg of dii metclyyalnod somhohal a3 Mg (egement al sul
(Q4d4mol , e@. N1 41@8Bald (9-1-( naph-tinla) elrahna m(k8rag ,

1. inhol ,ed. 1 Ower e caswemrdeé S| ved ilmL aMenOKt ur e
antimL DMF. Foek t Me8zabi cycl-34¢ hl. 54m20,]1wéndoel c,
0.@2¢9.) were added and the mixttuweowras wsmntil
full conver sivoTaL Gvaan Adiblysseirsvieid t r ati on and was
amount of methanol, the sodduwmlatmevtdbsy Bel\apor at
(naphtiynwh) eththiyd gr ei dowa ss ophtt dhianead eas a whi t e
91 % 4m8y 8 0. 91 mmol ) .

IH.NMR( 400 MHz-g) P MBD=80 ,{)s,, 8LH37(8,Pz, 81138
(s,,32Hi88 .2132 (“)m, @HOS4 ()M, TZZHE560 ()n, i@6HA4138
(m,,”MH 3.8% ,(1,J668 (8 ,Mz, 3H

1&NMR( 101 MHzg)UpMBDZE9. 7, 165.2, 140.9, 138.9
128.7, 12267,4,12®58,7, 125.4, 124.3, 123.3, 1

HRMSABISM/ z: [ M] c adHehbD.S]t 62 386 Of6@@RBd :137 5

| R ATR plati muehwd@8B8amotad), 3314 (w), 3289 (w),
3250 (vw), 3w), (¥wjs5 @wewnl, (3042 (vw), 3013
2972 (w), 2950 (w), 2929 (w), 1724 (s), 1598
1333 (m), 1240 (vs), 1119 ( m), 1107 (m), 103
901 (w), 79874 m)w) , 778 (m), 757 (s), 732 (w),
640 (w), 582 (w), 564 (w), 549 (w), 533 (w),
436 .(w)
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8
8
CHj,
0 CI) HDO
4
0]
& 3
H,C”
8
DMSO 9
4
3 6
5
1
2 7
A JL. L

T T
10.0 9.5 9.0 85 8.0 7.5 7.0 6.5 6.0 5.5 [DS,O] 4.5 4.0 35 3.0 2.5 20 1.5 1.0 0.5 0.0
pm

Supplementary Figure 101H-NMR of dimethyl ©)-5-(3-(1-(naphthaleri-yl)ethyl)-thioureido)isophthalateeasured in
DMSO-ds plotted as signal intensitsersuschemical shifin ppm. Unlabelled residues are caused by ethyl acetate.

L N

T T T T T T T T T T T T T T T T T T
180 170 160 150 140 130 120 110 100 i QCI1 80 70 60 50 40 30 20 10 0
pom

Supplementary Figure 1113C-NMR of dimethyl §)-5-(3-(1-(naphthaleril-yl)ethyl)-thioureido)isophthalatmeasured in
DMSO-ds (septet signal at 39.58%m) andplotted as signal intensitsersuschemical shifin ppm.
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0.95 4
0.20 4

0.85

0.80 - f

Transmission

0.75

0.70

0.65 -

4000 3500 3000 2500 2000 1500 1000 500
Wavenumber (cm™1)

Supplementary Figure 12 IR-spectra oflimethy! §)-5-(3-(1-(naphthalerl-yl)ethyl)-thioureido)isophthalate
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Synt hesis of thiourea T3

OB NG

)

The reaction was conducted in bulk in a 10 m
i socyanide (200 mg, €Ll .083 crymod lo,h elx.yd Gam dn.e) ,( 22030
1.&¢9.), and 65.7 mg eonolel eOmelmMt aelq .s)u Iwpehruer a(d2d5
mi xture was stirred at room temperature for
and the resulting mixture was stilre edr wdveer n |
product was then filtered (dusiing.& fmlLi)t &AMmdew
of the remaining sb}dienytc,| othfeswgptuibobdoar @ea dc @ <
colourless solid (250 mg, 1.04 mmol) in a yi
by repeating the purification steps from ¢t
performed here.

Rf = 0.37 in cyclohexeaenei/l/t Quwlenahe ngt et ( £:54)
vanillin staining solution.

IH-NMR(4 0MHz, DMSI@pm7 =06&=(8, 0, Mz, 424776 (m, 2H
), i11.973 (3, i#1H74518H(*)m, 110..39858H,()m,

IENMR(AMHz, DMEEpmM1I&0. 5, 2R5.F, 5.9,
HRMEIMSm/ g M] cabbt €dHobo®I= 241. 17330, found: 24

| R ATR plati muelis8R28tofan) , 2925 (s), 2851 ( m)
2783 (w), 2750 (vw), 2655 (vw), 1410951 m)v,s)1,3 7%
(w), 1360 (m), 1341 (m), 1323 (m), 1306 (w),
(m), 1154 (m), 1111 (m), 1090 (w), 1076 (w),
(w), 815 (w), 788 (w), 77&)(miooe6b®) (wir8lsgw
446 . (w)
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5
DMSO
5 5 4
4 O\am i aM/O 4 3
1 J’J\
5 ) ) 5
3/4 H H 314
1 1
2
HDO
r T T T T r T T T T T T
7.5 7.0 6.5 6.0 5.5 5.0 45 4.0 3.5 30 25 20 1.5 1.0 05 0.0
[ppm]

Supplementary Figure 13'H-NMR of 1,3-dicyclohexylthioureaneasured in DMS@ plotted as signal intensityersus
chemical shifin ppm.

T T T T T T T T T
180 170 160 150 140 130 120 110 100 a0 80 70 60 50 40 30 20 10 0
[ppm]

Supplementary Figure 1413C-NMR of 1,3-dicyclohexylthioureaneasured in DMS@ (septet signal at 39.58%m) and
plotted as signal intensityersuschemical shifin ppm.
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1.00 -

0.95 -

0.90 ~

0.85

Transmission

0.80

0.75 4

T T T T T T
4000 3500 3000 2500 2000 1500 1000 500
Wavenumber (cm™1)

SupplementaryFigure 15IR-spectra ofl,3-dicyclohexylthiourea
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Synt hesis of thiourea T6

|
(@) (@)
i )
o N)LN
H H
pe

o)

The reaction was <condulcn 8d AhGlansl 6 omyamrao i my
di met hyli $§dadplmbdlal atle 0@ eL e qo.f) , c y2c3 oh®&gy,l ami ne
2.16hmol , 1. 105nmygq .o)f, ed mrednea®naoll ,s ull.plhelwre p(e2hsd evd r e
i nmR of methanol (0.9 M cbirmeesptomaiingodcyyamiad e
l ow solubility in methanol, 2 mL of DMF wer
Furtheeof BBU (30.6 mg, 0.201 mmol ,r e(a.cltl oeng. )
The reaction mixture waeemsi#Siugpsteduantt gomt her
was evaporated under reduced pve®&elumn The
chromatography wusing silica gel cayncdl oehleuxta nneg
let hyl (AlccexlpTle puouodu(chitDi met hy!l iNSoypydhilt @ah ax el) )
t hi onuarseaobt ai ned ad¢gld@g closhmailr)l eisrs6 &.oiiedl d of

Rf =B8ibG. 2ycl ohexagel)et apdl sli¥clefuaine h( ng at 254
vanillin staining solution.

IH-NMR(4 0MHz, DMIPpm9=71 ,8)s,, 8.H3B ,(s8,. 1BH,(s, 1H
7.91 ,f)s,, 41LH9 ,( S, 89YH ( 21 .008L B,7) .

I1E&NMR(A MHz, DM#OpmlZ9.8, 165.7, 141.5, 130.6,
25.6, 24.9.

HRM&EMSm/ g M] cobhbt &H Mo»$i=[ 351. 13730, found: 3

| R ATR plati muaim8Bamod), 3164 (w), 3127 (w)
2980 (w), 2946 (w), 2927 (m), 2913 (m), 2855
1598 (m), 1530 (vs), 1448 (m), 1436 (s), 138
1249 (vs),3 1(1s9)5, (1s1)4,4 1(1s8) , 1123 (m), 1109 (s)
(m), 928 (w), 907 (m), 893 (m), 880 (w), 852
(m), 664 (m, 631 (s), 605 (m), 592 2w), 5772
(w)
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SupplementaryFigure 16'H-NMR of N-(5-(Dimethylisophtalate)Nécyclohexyl thioureaneasured in DMS@i plotted
as signal intensityersuschemical shifin ppm.

memm-w J th L.,tmmmmln T AN A
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ppm

Supplementary Figure 17 13C-NMR of N-(5-(Dimethylisophtalate}Né-cyclohexyl thioureameasured in DMS@
(septet signal at 39.58%m) andplotted as signal intensitsersuschemical shifin ppm.

159



Experi ment al

1.0 -*ﬂ-w--«_-,l
ﬂ ff '

=
=2
E 0.8 1 |
E
i
=
o
P_

0.7 A

0.6

T T T T T T
4000 3500 3000 2500 2000 1500 1000 300

Wavenumber (cm™1)

Supplementary Figure 18 IR-spectra oN-(5-(Dimethylisophtalate}N&cyclohexyl thiourea
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Experi ment al

Synt hesis of thiourea T8

CF3
Q O
FsC N” N

The reaction was conduz3d&dycilnohae x}® 8dmdner i( mp

2.0bmol , ed.n10and et hyl acetate (3 mL) wer e |
33l -ilsot hi @¢hpias@ttroi fl uor 4meét Hy iBigb emmmwdne 1(. 00
was added. To moanliatyoerr tchher orneaatcotgiroanp,h yt h(iTnL C) w
a solvent mi xtaurde aotfb fchytcel oihne xaan2e: 1 r ati o. Aft
was complete. Following thismL wadacech) .anTdh e tagyu
phase was extracted with ethyl acetate (2 I

After drying over sodium sulphate,Fithal bp] ve
the crude prodecltumasclpuomdti egdr aphy (cycl ohe
The pregdBthdbts,(tti fluorBaeametl ohlexyghemylour ea, was
white solid (p7i7n mg86Y%elbé& onimol

Rf #Z2 @G. cycl ohexag@ell)et opydl Bl¥eclegfuatne h( ng at 254
vanillin staining solution.

IH-NMR(G OMHz, DdSIPpm9 =85 ,t)s,, &M% ,(s8,. 1% ,(s, 1H
7.70 ,%)s,, 4LHS) , ( €11905HL B, °).

IENMR(28MHz, DMSPpmlZ#9.6, 142.5, 130.9, 130.7.
124.8, 122.7, 120.5, 52.8, 32.0, 25.6, 24.9.

HRMSE IMSm/ g M] cubbt &dliMM8]=[ 371. 10111, found: 3

| R ATR pl ati muadimd2 &@mopdy) , 3190 (vw), 3164 (w
2933 (w), 2859 (w), 1553 (m), 1524 (s), 1467
1337 (m), 1269 (s), 1244 (m), 1177 (s), 1125
993 (w), WO, (8®9, (9s0)5, (874 (w), 862 (w), 847
679 (s), 617 (w), 588.(w), 570 (w), 551 (w),
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DMSO
2
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FiC N N~5 HDO
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10.0 9.5 9.0 85 8.0 75 7.0 6.5 6.0 5.5 5.0 4.5 4.0 35 3.0 25 2.0 15 1.0 0.5 0.0
[ppm]

Supplementary Figure 191H-NMR of 1-(3,5-bis(trifluoromethyl)phenyh3-cyclohexylthioureaneasured in DMS&@s
plotted as signal intensityersuschemical shifin ppm.

L L JL L.

T T T T T T T T T T T T T T T T T T T
180 170 160 150 140 130 120 110 100 90 80 70 60 30 40 30 20 10 0
[pom1

Supplementary Figure 2013C-NMR of 1-(3,5-bis(trifluoromethyl)phenyb3-cyclohexylthioureaneasured in DMS&s
(septet signal at 39.58%m) andplotted as signal intensityersuschemical shifin ppm.
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Supplementary Figure 21 IR-spectreof 1-(3,5-bis(trifluoromethyl)phenyh3-cyclohexylthiourea
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Experi ment al

Synt hesis of thiourea T9

O
Q I
FaC M

N~ N CH;
H H

The reaction was condlc#i9-1-( ma@ah-l-@la)mélhlca m mp \
ami fle. §0.7@ mol P0ed.and di met hy3nfLor maeni de i ni ti &
introduced. 1Suibls e-flesethhl Behpiasn(@ttroi fl uor omet hyl
2.61 AMAM6BIY &g.) was added. Tloayeni ¢tlbromatoge
(TLC) was perfor med, usi ngarmad set vyehtelmi xtar
rati odhdAdrme,r the reathe oxno lwaesn tc owrgpsd erceendo v e d

pr esskuirneal | vy, t he crude vipgaoldumn wlaso mau roigfr
(cyclohexane/)et ik @EeldBdotbs,( trifl uor3ddrmet hyl ) g
(naphdywh) enhy,| )wdhs oawbteai neldd. 4a%d. ;padguhi heasypi eldc
0 B9%.

Rf 23 @. cycl ohexagel)et apydl sli¥cleguatne h( ng at 254
vanillin staining solution.

IH-.NMR( 4 M6z, Dd)FPp M9 =93 ,{)s,, 8L 77 (8 ,Hz, BLRA4
8.14 (3m, 3BH978 (@), 1HJI898(dH, Pz, 71HD ,( §,. 615H
7.51 ("m, ®W6H3169 (¢m, 1LB656 (8 ,%Hz, 3H

IENMR(AMHz, DMS@PpmlZ9.9, 142.4, 139.1, 133.9
126.2, 125.9, 125.0, 125.0, 123.7, 123.5, 12

HRMSE IMSm/ g M] cubhbt &HifM81=[ 443.10111, found: 4

| R ATR plati muecim8pRaBoaedw), 3089 (vw), 3081 (
(vw), 1555 (w), 1528 (m), 1471 (m), 1376 (m
1205 (w), 1168 (s), 11102835 ((ws),, 11012009 ((ws)),, 110007
930 (w), 913 (w), 882 (m), 860 (w), 847 (w),
699 (m), 679 (s), 656 (w), 619 (w), 539 (m),
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Experi ment al

DMSO

Supplementary Figure 22 H-NMR of (§-1-(3,5-bis(trifluoromethyl)phenyB3-(1-(naphthalefi-yl)ethyl)thiourea
measured in DMS@s plotted as signal intensityersuschemical shifin ppm.

e

T T T T T T T T T
180 170 160 150 140 130 120 110 100 i 90] 80 70 60 50 40 30 20 10 0
ppm

SupplementaryFigure 23 13C-NMR of (9-1-(3,5bis(trifluoromethyl)phenyh3-(1-(naphthaleri-yl)ethyl)thiourea
measured in DMS@s (septet signal at 39.5%m) andplotted as signal intensitsersuschemical shifin ppm.
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Supplementary Figure 24 IR-spectreaof (9)-1-(3,5-bis(trifluoromethyl)phenyh3-(1-(naphthaleril-yl)ethyl)thiourea
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Experi ment al

Synt hesis of thiourea T10

CF4

/@\ S CHj
FsC J\ )\O

N° N
H H

The reaction was cond@8@e9H-1-d¢ nc lao Mekamiierodr a rmp
(20Mm@g, MmMm®dl7Q0edamd di met h@2ImLgr nmeaemiedel ni ti ally |
Subsequ286d.y,-ilsot hi 8¢hpiasi@ttoi f1 uor odn2righ,y! ) ben:
1. hmol00) &gq.) was added. T-bameni tromhéogeaph
was performed, using aandl a¢rty da4le xatt unroa oAff toey
4hour s, the readhe osolwasntcowmps et emoved wunde
Finally, the crudwiaptadactichwamapogi apley (cy
acetdafle, Thedywdi-(3-bbs (trifl uorr3d rhetcH ylh)epchyd reytIh)y |
thi gumwaeas obt ai ned5 asimghdwH iitre a88d.iiedl d of

Rf 442 @. cycl ohexadell)et tenydi slit¥clgguatne h( ng at 254
vanillin staining solution.

IH-NMR( 4 MBiz, DdMSIPpm9 =85 ,{)s,, 8L.H2%) ,( s8,.J68H ( 6,
Hz, 3L H 7.679,( #4 .36 (5m, T10H890 4H,%,. 1

1&NMR( @ MH z , Dd)S/Pp m1 &0 . 2, 142.5, 13a04.1, 139%. 7T,
122. 4, 122.0, 54.3, 42.6, 29.4, 29.1, 26. 4,

HRMEIIMSm/ g M] cobbt &HfbM81=[ 399. 13241, found: 3

| RATR plati muecim8RaBongev), 3061 (w), 2983 (w)
285116wWyY, (m), 1537 (m), 1467 (w), 1460 (w),

1271 (s), 1242 (m), 1183 (s), 1170 (s), 1154
1026 (w), 1000 (m), 977 (m), 934 (w9 907 (°
(m), 681 (s), 617 (w), 586 .(w), 557 (w), 535
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CF3 HDO DMSO

A j

T T T T T T T T T T T T T T T T T T T T
10.0 9.5 9.0 85 8.0 7.5 7.0 6.5 6.0 5.5 0 5.0] 4.5 4.0 35 3.0 2.5 20 15 1.0 0.5 0.0
ppm.

Supplementary Figure 25'H-NMR of (9-1-(3,5-bis(trifluoromethyl)phenyh3-(1-cyclohexylethyl)thioureaneasured in
DMSO-ds plotted as signal intensitsersuschemical shifin ppm.

L SRR W |

1
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ppm

SupplementaryFigure 2613C-NMR of (9-1-(3,5-bis(trifluoromethyl)phenyh3-(1-cyclohexylethyl)thioureaneasured in
DMSO-ds (septet signal at 39.51bm) andplotted as signal intensitsersuschemical shifin ppm.
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SupplementaryFigure 27 IR-spectraof (S)-1-(3,5-bis(trifluoromethyl)phenyb3-(1-cyclohexylethyl)thiourea
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Experi ment al

Synt hesis of thiourea T11

CF3

/@\ S CH,
FsC J\N)\©

Th e reacti on was
(20Mmg, mMm®&ISQ0e dqand

condu@tl@d(9-1-mh ean yliBa tmhla ec r i mp
di met h@2ImiLg r nmemiede ni ti ally

Subsequ2®@dLy, -ilsot hi B¢hpian@ttroi f 1 uor odnkrligh,y! ) ben:

1. 60O I0D &qgq.) was

4hour s, the readhe osolwasntcowmpsd et emoved

Finally, the crudwiaptadactchwasmapogti a&pley
acet Gt)le, The p®Aa-08kds (trifl uo3g hentemyll)epg hheryl
thiQqumwaas obtai ned5 b smghtwH iitre a804.ii el d

Rf 35 @. cycl ohexagel)et enydl sli¥clefuaine h( ng
vanillin staining

added. T-bameni tbr omheéeéogeaph
was per f orsnoeldv,e nuts immigx taua red od ¢ &ty &dlle hierk aan eAf t er

H-NMR( 4 M®iz, DdMS/Ppm9 =95 ,{)s,,

(s,,32H 7. 74 ,( s77 438 (5m, ®@MH.32L0

1H), 1J506(@,Mz,

1ENMR(AMHz, DMSPpmlsgo. 2,
128.8, 127.4, 126.7, 125.1,

HRME IMSm/ g M] c o b &t €d: Fis .8 1=[

3 H

| R ATR pl ati muaoimd@R2amobd) ,

1220 (m), 1129 (vs), 1107

891 (s), 8476 m)w) ,79%4 QA w)w) ,
(w), 533 (m), 522 (w), 5114

170

soluti on.

8L O07 (4 .,¥z,
BH.7H05

143.

393. 08546, f ound:

3223
29097 (w), 2976 (w), 1541 (s),

(w) .
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Supplementary Figure 28 H-NMR of (9-1-(3,5bis(trifluoromethyl)phenyb3-(1-phenylethyl)thioureameasured in
DMSO-ds plotted as signal intensitsersuschemical shifin ppm.
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[ppm]

Supplementary Figure 29 13C-NMR of (9-1-(3,5-bis(trifluoromethyl)phenyh3-(1-phenylethyl)thioureameasured in
DMSO-ds (septet signal at 39.5%m) andplotted as signal intensitsersuschemical shifin ppm.
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Supplementary Figure 30 IR-spectraof (S)-1-(3,5-bis(trifluoromethyl)phenyh3-(1-phenylethyl)thiourea
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Experi ment al

Synt hesis of thiourea T12

The reaction was condul.t@®®-1( antah¥yaddc)estk hamn i mp
ami @e Bhthol QQedand di met hyllOhb)y mewemr deini tially |
Subsequ@e@tilsygot hi B¢hpian(@ttroi fl uor b.m®% hgtho b,eh7 e n
110 eq.) was added. To-l ampai t cahr 6t mat aogeraacpg h yon
performed, using a sql Ve tuemaex datinaite &td dtyideg .c | o h
Af tddour s, the realhteti conlwantc wastd geend verde usnudre
Finally, t he crude pvricad ot umnwashr pmati é g e
(cycl othcelxwmenrtegf /] 7ackt ahe, (Brlg duacntt,h¥yd c)esi3-hyl )
(3bbs(trifluoromet wals) pibd ray In)etdl6B&u MEahi t e s O
in a ybkeld of 61

Rf =2i3h cycltoHaepdanyel/ AacZ) atseedv NGl quenchi ng a
25Mmand vanillin staining solution.

IH-NMR( 4 M6lz, DMEEpmM1IE. 13, s, 9I#HO06 (4 ,Hz, 81HEG6
i8. 50 (m, 8H29 ,6 (8,J438H¢4 ,52H. 70 ,{)s,, 7LH6456 ( m,
4H), i76.186 (m, 1H927 (d,Wz, 3H

IENMR(A@MHz, DMS@Ppml&o0.5, 142.3, 134.5, 131.8
129.1, 128.2, 126.5, 125.4, 125.0, 124.9, 12

HRMSE IMSm/ g M] cubbht & fM81=[ 493. 11676, found: 4

| R ATR plati muohw8i2émofadw), 3252 (vw), 3244 (
(vw), 1528 (m), 1473 (m), 1460 (w), 1380 (s
1170 (s), 1127 (vs), 1109 (s), 1076 (m), 10:
882 (m), 860 (w), 847 (w), 800 (m), 780 (s),
656 (w), 621 (w), 539 (m), 518 (m), 463 (w),

173



Experi ment al

DMSO

L |

T T T T T T T T T
10.5 10.0 9.5 9.0 85 8.0 7.5 7.0 6.5 6.0

T T T r T T T T r
55 50 45 40 35 3.0 25 20 15 1.0 05 0.0
[ppm]

SupplementaryFigure 31 H-NMR of (9-1-(1-(anthracerB-yl)ethyl)-3-(3,5bis(trifluoromethyl)phenyl)thiourea
measured in DMS@s plotted as signal intensityersuschemical shifin ppm.

T T T T T T T T T T T T T T T T T T T
180 170 160 150 140 130 120 110 100 i 90] 80 70 60 50 40 30 20 10 0
ppm

SupplementaryFigure 32 13C-NMR of (§-1-(1-(anthracerd-yl)ethyl)-3-(3,5-bis(trifluoromethyl)phenyl)thiourea
measured in DMS@s (septet signal at 39.5%m) andplotted as signal intensisersuschemical shifin ppm.
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Supplementary Figure 33 IR-spectraof (S)-1-(1-(anthracerB-yl)ethyl)-3-(3,5-bis(trifluoromethyl)phenyl)thiourea
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Experi ment al

Synt hesis of thiourea T13

CF3

oS iJe
FsC N” N
H H

The reaction was cond@8®KER-1-(i ma mh-iiydla Jnelh hcarni mp

ami fle 00 gnmobQO&4 and di met hyflOman) maneirdee 1 ni t i &
i ntroduced. 1Sdtis e-flsenh hl Behpian(@ttroi f 1 uor omet hyl
1.4 BmMdPRP &g.) was added. Tloayenitloromateoge
(TLC) was ©perfor med, Usi ng aands caltcvieggriatt emiixnt ua
6:1r at i o4dh oAufrtser t he r ealhtei cmlwantc waps!l eteenov ed

pr esskuirneal | vy, t he crude vipaoldumn wlaso mau oigfr
(cycl| dentelxyaln éa i e tTdhtee (R)-1e( dBthdbts,( t r i f | uor3g het hyl ) ¢
(naphdhla)enhy, )wWwhs oabeai ned. d8Damitn@li tien sol i 0
yi el do.of 81

Rf .=2i3d cycled Hwdeatbeel p, Svdr sBlAValguenchi ngndat 254
vanillin staining solution.

IH-NMR( 4 M8z, DMS@Ppm9 =93 ,{)s,, 8LIMF 77 (9 ,Hz, 8118
8.11 (m, BHI7THEH,FH, 7.J898(H,%Hz, 71HY ,( <, 6BH
i7.47 ("m, ®@WH3260 ,(m, 1B656 (8 ,%NMz, 3H

IENMR(AMHz, DMS@PpmlZ9.9, 142.4, 139.1, 133.9
128.3, 126.9, 126.2, 125.9, 125.0, 123.7, 12

HRMSE IMSm/ g M] cuobhbt &HiM81=[ 443.10111, found: 4

| R ATR platinmucimeémofoaw), 3252 (vw), 3244 (
(vw), 1528 (m), 1473 (m), 148BD4Q@w)im),13BD2G s
1170 (s), 1127 (vs), 1109 (s), 1076 (m), 10:
882 (m), 860 (w), 847 (w), 800 (m), 780 (s),
656 (w), 621 (w), 539 (m)w) 518 (m), 463 (w),
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SupplementaryFigure 34 H-NMR of (R)-1-(3,5bis(trifluoromethyl)phenyh3-(1-(naphthalerl-yl)ethyl)thiourea
measured in DMS@s plotted as signal intensityersuschemical shifin ppm.

. |

T T T T T T T T
180 170 160 150 140 130 120 110 100 20 80 70 60 50 40 30 20 10 0
[ppm]

SupplementaryFigure 35 13C-NMR of (R)-1-(3,5-bis(trifluoromethyl)phenyh3-(1-(naphthaleri-yl)ethyl)thiourea
measured in DMS@s (septet signal at 39.55bm) andplotted as signal intensitsersuschemical shifin ppm.
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Supplementary Figure 36 IR-spectraof (R)-1-(3,5-bis(trifluoromethyl)phenyb3-(1-(naphthalerl-yl)ethyl)thiourea
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Experi ment al

Synt hesis of thiourea T14

CF;

FsC N" N
H H

The reaction was cond®98@HI1( ma ph-2iyda ) nellih hcarni mp
ami fle 00 gnmobQO&4 and di met hyflOman) maneirdee 1 ni t i &
i ntroduced. 1Sdtis e-flsenh hl Behpian(@ttroi f 1 uor omet hyl
1.4 BmMdPRP &g.) was added. Tloayenitloromateoge
(TLC) was ©perfor med, Usi ng aands caltcvieggriatt emiixnt ua
6:1r at i odh oAufrtser t he r ealhtei sl waantc ovamluectestto v e d
pr esskuirneal | vy, t he crude vipaoldumn wlaso mau oigfr
(cycl| dentelxyaln e;a i e tTahtee ,(BFlg B dts,(t ri f | uor3g het hyl ) g
(naph2hZlk) enhy,| )whs oabeai ned . dsldadadli tien w0l i 0
yi el do.of 83

Rf .=2i3d cycleathgXamelddt asvd sBl@BValguenchi ngndat 254
vanillin staining solution.

IH.NMR( 4 001z, DMS/Ppmle&. 02 ),s,8.18437 (49 ,PHz, 8115
(s,,2,H 77 .9%6 (*m, ZH7D ,( 977 .68 (°m, WIAM5H4 ( m,
2HKH’), ®5.780 (m, 1B606(9,MHz, 3H

IENMR(AMHz, DMS@Ppml&0.3, 142.4, 141.4, 133.3
130.5, 130.1, 128.5, 128.2, 128.0, 22718, 12

HRMSE IMSm/ g M] cuobhbt &HiM81=[ 443.10111, found: 4

| R ATR plati mucodmd2amohw), 3244 (w), 3145 (vw)
3052 (w), 2980 (w), 1623 (w), 1600 (w), 1528
1273 (vs), 1226 (m), 1170 (s), 11223 (vs), 11
977 (m), 90, (wHH M3, 850 (m), 817 (m), 747
654 (m), 621 (w), 592 (w), 576 (w), 570 (w),
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DMSO
HDO
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[ppm]
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SupplementaryFigure 37 H-NMR of (9-1-(3,5bis(trifluoromethyl)phenyl3-(1-(naphthalef2-yl)ethyl)thiourea
measured in DMS@ plotted as signal intensityersuschemical shiftin ppm. Unlabelled peaks are assigned to ethyl
acetate.
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SupplementaryFigure 38 13C-NMR of (9-1-(3,5bis(trifluoromethyl)phenyi3-(1-(naphthalef2-yl)ethyl)thiourea
measured in DMS@s (septet signal at 39.55bm) andplotted as signal intensitsersuschemical shifin ppm.
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Supplementary Figure 39 IR-spectraof (S)-1-(3,5-bis(trifluoromethyl)phenyhs-(1-(naphthaler2-yl)ethyl)thiourea
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Synt hesis of thiourea T15

CF;
oW
HN.___S
HN\©/CF3
CF;

The reaction was condustl(eRi Ry ca oH®E-dala ed rniemp v
150 mgmmollQBeldand di met h@2ImlLor mvemiede ni ti ally |
Subsequ4n8dLy,-ilsot hi 8¢hpiasi@ttroi f1 uor ommerigh,y! ) ben .
2. Mtho2 ,66.) was added. To-lmgreirt acrhrtohma troga atpih
was performed, using a asndl a¢rety aale xatit nroa OAff tcey
3hour s, the readbhe osowasntcomps eremoved unde
Finally, the crudwiaptadactichwamapog/ethipyed (cy
acetaile, The plr, lqR1B-t y c kalMe®Ri y| (BHHEJt+ i fl uor
met hy | }phhieonnaltejagght ai ned as6 la2 ,onighthgl| 3 ol iad y(i el c
of %71

Rf .=6i1d0 cycleathgXamdmedgt asvd sBl@BValguenchi nggndat 254

vanil |l isolsutaiion.ng

IH-NMR( 4 M1z, DMSPpm1e. 13, s, BR.BAG? (M, BH69 (s,
2HY , 4.39,(<L,. 1HH ( &1 .7685 ()m, (PLH32B3 (M, 4H

1&NMR( @ MH z , Dd)S@Pp M1 &0 . 5, 1423.01,8,1313.01,5, 130.
125. 0, 122. 3, 119.6, 57.3, 31.6, 24. 7.

HRMEIIMSmM/ g M] cobbt € Fls&*F 657. 10105, found: 6

| R ATR pl ati mueiw80R & tho f av) 3246 (w), 3233 (w)
3194 (w), 3153 (vw), 3141 (vw), 3124 (vw),

1687 (w), 1623 (vw), 1537 (m), 1471 (m), 14¢
(m)y, 1172 (s), 1nOAB (vwy),, 100OX®R7 (W), 977 (w),
755 (vw), 720 (m), 701 (m), 679 (s), 656 (m)
525 (w), 516 (w), 465 (w)
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CF
3 7
3 2 g 56 7
)L 4 HDO
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2 H H
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SupplementaryFigure 40 H-NMR of 1,1%((1R,2R)-cyclohexanel,2-diyl)bis(3-(3,5-bis(trifluoromethyl)phenyh
thiourea)measured in DMS@s plotted as signal intensityersuschemical shifin ppm. Unlabelled peaks are assigned to
ethyl acetate.
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SupplementaryFigure 41 13C-NMR of 1,1((1R,2R)-cyclohexanel,2-diyl)bis(3-(3,5-bis(trifluoromethyl)phenyh
thiourea)measured in DMS&@s (septet signal at 39.55bm) andplotted as signal intensigiersuschemical shifin ppm.
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SupplementaryFigure 42 IR-spectra of 1,1-((1R,2R)-cyclohexanel,2-diyl)bis(3-(3,5-bis(trifluoromethyl)phenyh
thiourea)
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6.23Synt hesi s procedures for thiohydant

This chapter is based on previDbhel § Verutbil @ fsér
thesis of @aneoemupWerwnvliisemg by the author of thi
t hesi s devel oped the synthetic procedur es,
evaluating the results.

Synt hesis® batfthyid8xmoi decyl i-omeazol i din

S

P NG
NJ{NH

0]

The reaction Wwé&s mtoodvihanfecdahvwaaisg @ed wi th 0. 14 e
of el ement al sul phur (corresponSumgeduwe nlt. 1y2,
7302 tif socyano(do5d.edc ame, 0. 3®&aananatéa tlh.e0 Or eeaqc.t)i
mi xtMe GWatshedded to achieve a €sespcganndbden an
Af t er,w@r @ sprge wifousl ymdeh-ybtonatted (@942 mmol
were added, 1ead winyga Iwdat@d bCnd0e acTatea lryesact i on mi X
was Stdio rle@ ocaitfetraliwent evheprourdaet iwam,dpwerti fi ed
column chromatgo@rdamhy wvoilcwgddao eigdathgrl e acfet at
i n a 17T h3e rpautriedi BrodAtuhyitdtxroi decy | Hdmoindwazsol i di n
obtained as(79m@Q.etv@odwdemi t 61%. yi el d of

Rf 29 Om. cycl ohexahBYyessaglilhdceguanehi ng at 254
KMng&taining solution

IH-NMRA0O O MHz, -dOidP @1 &. 38,2 s, 4 15 8(.bd, #) 9 Hz, 1
3.7®. 66, 32 H i11.9717 (*)m, il1H6411 (m, BHBI) (sQ. 93
i0o. 79 (m, 9H

1IENMR(AMHz, DdSIppm18&2.9, 175.6, 57.7, 31.8,
29.4, 29.3, 29.2, 29.1,22.90.,0,142.74.6, 26.5, 24

HRME IMSm/ g M] cabh bt EdsM0S1=[341. 26211, found: 3/

| R ATR pl ati muceiw8i 8 tho 1f an) , 2999 (w), 2962 (m)
2874 (m), 2849 (s), 1742 (vs), LmpP5 @@B8 &2

185



Experi ment al

1370 (m), 1360 (m), 1345 (s), 1335 (s),
1216 (w), 1191 (m), 1172 (m), 1131 (s),
932 (w), 884 (w), 858 (w), 843 (m), 632 ((mw)

621 (m), 594 (m), 551 (vw), 514 (w),

6 6 6 6 6 3 S
P N P
7 6 6 6 6 5 N 2)NH
0
5
7 4

1 2 3 HDO DMSO 4;J
] N W A

T T T T T T T T T T T T T T T T T T T T T T
10,5  10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5[ !]3.0 4.5 4.0 3.5 3.0 2.5 2.0 15 1.0 0.5 0.0
ppm

Supplementary Figure 43 1H-NMR of 5-isobuty}2-thioxo-3-tridecylimidazolidin4-one measured in DMS@is plotted
as signal intensityersuschemical shifin ppm.
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il , JMW

T T T T T T T T
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0 a0 80 70 60 50 40 20 20 10 0
[ppm]

Supplementary Figure 44 13C-NMR of 5-isobutyl2-thioxo-3-tridecylimidazolidin4-onemeasured in DMS@ (septet
signal at 39.5pm) andplotted as signal intensityersuschemical shifin ppm.

N

1.0

0.9 +

0.8 A

0.7 1

Transmission

0.6

0.5 A

T T T T T T
4000 3500 3000 2500 2000 1500 1000 500
Wavenumber {cm™1)

Supplementary Figure 45 IR-spectra ob-isobutyl2-thioxo-3-tridecylimidazolidin4-one
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Synt hesi s of4 (dd Hnd3e/H y) ImeBohxydt hi ox oi milg& 3 o0l i di n
i sophthal at e

O0—
0]

S
N)\\NH
G

O O

/

The reaction Wwé&s mtoodvihanweahwaatsg @ad with 0. 14 e
of el ement al sul phur (corresponfumgeduwe nit. [1y2,
83. 2 dmgmeotfihsydc yYsan o i (sC.ph& hnanhocahaes didtebd tene. ) eact i
mi xt Me®Hvas heamdded to achieve WM Etohmenhyhtio
5i socyanoi.sopht b®Wwatdsmpgr evfi ousl y nideetphrylt onat
Lt ryptophanate (Were andnde¢ d, Neadludinwgag Wpt@its 0a fO a
ashase chhal yetacti on mi x4tOMC e o wessh § sgthitrsroeldv eantt
evaportehtei odhe waodpoaoti fied by columnadbabeat o
sol vent coyixltauumeesdbohfe| a t erfaatTilee.i pumré( H1 ddHuct

i neByll ) meStolxygt hi oxoi miydRA)s®lpihdwassl ad ket ai ned as

powd%ed mgQ. lhrBol ) wi th%a yield of

Rf 44 M. cycl ohex allleviiestshaylilhVa cgeuteantcehi ng at 254
KMn&taining solution

IH.NMR40 0 MHz , -dDdP @1 &. 93= (2d.,4 ,%z, 1DH,2)3, (&. 4 1 H

(ds 1.6 .Mz, 71184 ,( F,IJ527 (d,%z, 7878 (@&,Hz, 1H

)y, 7J472(4,Mz, 7048087 .(a, 8 )Hz ,6JOH7 .(a Bz, 41H3 (t,
J= 4.6 ,%z, 3L.H9 ,( s33 .LQULH, 13 .

1&NMR( @ MH z , Dd)S/@Pp M1 &2 . 0, 174. 3, 165131. n,36. 4
129. 8, 127.5, 125. 1, 121. 5, 119. 0, 118. 9, 11

HRMEMSm/ g M] cubbt €dN:@831=[ 438. 11182, found: 4

| R ATR pl ati muaicdB d6oa), 3289 (w), 3227 ( m)
3122 (w), 3100 (w), 3071 (w), 3063 (w), 3050
2871 (vw), 2859 (vw), 2851 (vw), 2845 (vw),
(s), 1450 (9 ,( mM)4,3213(5s1) ,(s1)3, 1312 (s), 1269 (
1174 (s), 11258 (s), 1129 (m), 1105 (m), 1092
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952 (m), 928 (w), 907 (w), 889 (m), 874
724 (m), 701 (s), 666 (s), 638 (s), 627
(m), 483 (w), 465 (w), 424 (s)

(w),
(s),

11

DMSO
3

I [y

T T T T T T T
1.5 11.0 105 10.0 95 9.0 8.5 8.0 75 7.0

T T T T T T T T T T
6.5 6.0 55 5.0 4.5 4.0 35 3.0 2.5 2.0 1.5

10 05 0.0
[ppm]

SupplementaryFigure 46 1H-NMR of dimethyl 5(4-((1H-indol-3-yl)methyl}5-oxo-2-thioxoimidazolidin1-yl)-
isophthalateneasured in DMS&@is plotted as signal intensitiersuschemical shifin ppm.
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SupplementaryFigure 47 13C-NMR of 5-(4-((1H-indol-3-yl)methyl)-5-oxo-2-thioxoimidazolidin1-yl)-isophthalate
measured in DMS&@s (septet signal at 39.5%hm) andplotted as signal intensityersuschemical shifin ppm.
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Supplementary Figure 48 IR-spectra ob-(4-((1H-indol-3-yl)methyl}-5-oxo-2-thioxoimidazolidin1-yl)-isophthalate
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6.2.3.10pt i mi sation of the reaction wadaaadM@R ons f

The foll owing tabl ecopnrdeistenotnss aslclr etemes dr @ ac tiic
conditions for thiohydantoin generation

Supplementary Tablel Summary of the areeningof the MCR for conditions suitable for thiohydantoin generation

E S T B Cs Ci Yin Y2n Y3n Yan Y 2mn Y 70n

[°C] [eq] [moll]  [%] (%] [%6] [%6] [%] [%]
1 n-hexane 40 DBU 0.1 0.2 1.7 2.3 3.1 - 2.9 -
2 Toluene 40 DBU 0.1 0.2 0 0 0.8 - 1.0 -
3 DMC 40 DBU 0.1 0.2 - 3.7 - - 6.6 -
4 DCM 40 DBU 0.1 0.2 1.5 2.0 2.4 - 4.9 -
5 THF 40 DBU 0.1 0.2 0 1.0 1.0 - 1.6 -
6 2-MeTHF 40 DBU 0.1 0.2 0 0.8 - - 11 -
7 GBL 40 DBU 0.1 0.2 - 25 - - 4.1 -
8 Cyrené 40 DBU 0.1 0.2 - 0 - - 13.9 -
9 Isopropanol 40 DBU 0.1 0.2 5.0 18.7 27.8 - 52.4 -
10 EtOH 40 DBU 0.1 0.2 0 4.2 - - 47.1 -
11 MeOH 40 DBU 0.1 0.2 0 0 - - 65.5 -
12 | Ethyl acetate 40 DBU 0.1 0.2 1.3 15 1.6 - 2.2 -
13 Acetone 40 DBU 0.1 0.2 1.6 2.8 3.7 - 12.4 -
14 DMF 40 DBU 0.1 0.2 3.7 4.3 4.4 - 7.7 -
15 DMSO 40 DBU 0.1 0.2 28.4 425 52.6 - 65.3 -
16 Water 40 DBU 0.1 0.2 0 0 - - 15 -
17 DMSO 40 - 0.1 0.2 - 26.8 - - 49.0 -
18 DMSO 40 NMI 0.1 0.2 - 254 - - 44.6 -
19 DMSO 40 DABCO 0.1 0.2 - 30.1 - - 49.6 -
20 DMSO 40 DMAP 0.1 0.2 - 235 - - 41.7 -
21 DMSO 40 K2COs 0.1 0.2 - 33.9 - - 53.2 -
22 DMSO 40 DIPEA 0.1 0.2 - 17.2 - - 36.2 -
23 DMSO 40 TEA 0.1 0.2 - 27.2 - - 48.6 -
24 DMSO 40 DIPA 0.1 0.2 - 19.9 - - 41.1 -
25 DMSO 40 TMG 0.1 0.2 - 20.9 - - 39.4 -
26 DMSO 40 DBN 0.1 0.2 - 27.8 - - 42.4 -
27 DMSO 40 DBU 0.1 0.2 - 42.5 - - 65.3 -
28 DMSO 40 TBD 0.1 0.2 - 314 - - 41.5 -
29 DMSO 40 NaOH 0.1 0.2 - 215 - - 44.5 -
30 DMSO 40 KO'Bu 0.1 0.2 - 25.3 - - 40.7 -
31 MeOH 40 - 0.1 0.2 0 0 0 0 - -
32 MeOH 40 DABCO 0.1 0.2 0 0 0 0 - -
33 MeOH 40 DMAP 0.1 0.2 0 0 0 0 - -
34 MeOH 40 K>COs 0.1 0.2 0 1.8 3.6 8.6 - -
35 MeOH 40 TEA 0.1 0.2 0 0 0 0 - -
36 MeOH 40 DBN 0.1 0.2 0 1.0 3.1 12.0 - -
37 MeOH 40 NaOH 0.1 0.2 2.2 14.9 35.3 55.0 - 64.6
38 MeOH 20 NaOH 0.1 0.2 0 0 0 - 24.1 -
39 MeOH 30 NaOH 0.1 0.2 0 0 0 - 51.0 -
40 MeOH 50 NaOH 0.1 0.2 0 1.1 2.8 - 15.3 -
41 MeOH 60 NaOH 0.1 0.2 25 7.9 21.3 - 44.9 -
42 MeOH 70 NaOH 0.1 0.2 4.7 9.3 11.1 - 26.2 -
43 MeOH 40 NaOH 0.1 0.4 0 13.8 23.3 - - -
440 MeOH 40 NaOH 0.1 0.8 0 11.6 - - - -
45 MeOH 40 NaOH 0.1 1.0 0 - - - - -
46 MeOH 40 NaOH 0.05 0.2 0 7.2 19.1 - 39.9 -
47 MeOH 40 NaOH 0.02 0.2 0 1.9 7.4 - 50.4 -
48 MeOH 40 NaOH 0.01 0.2 0 0 1.8 - 60.8 -

The reaction screening was conduct edL-mesti myl dloaddweaiyr atie oaxs ami
Unl ess otherwise stated, as tli0Or miL n

gr bap sencdu icvvalsegretdau wdfp leedlOenr
sul phur (equivalent to 1.12 equivalents of sulphur atoms).
was added via an EppendorfE pipette to faciflipgradcduanonyitelrd
by GC aMeaxdty,si’s..00 -egoacyahecdtdodarne was added to the reactio
to achieve a cionceydmado dinc adfieh s e Wagnti evyat s 1 odptrhoet omrada e d
amino acid methyl ester were added, and the solution was t
mi xture was stirred at the respective screeniagdtempesamplr e
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were subsequently ané&l ysrtdr Shoyil:vGetme @5 aB @ sne d: a tBaalsyes tc;at al yst
concentration i nCt hh®&vereallti conménxtuation WaskRmdoddwctt hyei eilsdo
determined blykn GChenabyseéstration screememgc MApmtr iple ®tdtaecre  ma |
precipitation and solubility issues preveoan aq uwaretqluya,t ei ts cw
assumed that the tirndt¢tfibsriolcy aolo do sMemaso emocsetn G6s.ud t ed .

6.24Synt hetic procedures ooyl dxeyg Pamisee |

6. 2Géneer al procedure for the synthesis of Pa

The general procedare ousr Passesymit h@siosluat s
nompti mal conditions. This procedure was use
organocatalysts. During the reactionQL progr e
samples taken at 2, 20, and 44 hours. The r

Firstequl.vlad ent of the respecti vmdhexlacehy dendw

t he mi XxXture was stirred for 5 mi nut es at ro

1. 6Quiwvabéenthe respective carboxylic acid w
agai nmifrout es . Egoavhyeni. 00 the respective i
crimp vial was then seal ed, and the mixture
Afterward, the reaction mixture was quenched
was evaporated until mhe Vbeéeumeswhsti ngdmcetdu

directly via column chromatography to obtain
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Synt hegibenafy F220mibo d )-t3r,i6chl or ophenyl )ethyl ace

o)
Cl Qk
C

o]

52mg of -teR2i8hbor obenGmdIdedqg.d)@ DRo2A50acet i c aci
( 15mgQ Cnmbool , eqla)o@0O4 of benzy(l2amglo cInBodii,d e
1.660. ) usvedaenLOhnex &€&l owing the gener al proced
PasseriniThpger ofdiurcals. product was vohbaumaed af
chromatography (cyclohexametepuhygl paoduat ewds8
as a white pomgdeddsdls)olwidt h( 289 .y7i el d of 31 %.

Rf i M. cycl ohexa¥tell evtshsyu &Nacepu et ehi ng at 254
KMn O

IH-NMRG0 0 MHz, -dDdP @8 =79 (t, J) = B.=208H¢n1, HzH, 1H
2y, 7.54 (d,®)J ¥7.8%7 MHn, 6H8H ,(4,. 3BH (ddd, J
15.1, 6,91, H2z., 19 H s, 3H

IENMR(28MHz, DMSPpmle9. 4, 166.2, 139.0, 134.4
131.5, 129.7, 128.2, 127.3, 126.8, 70.6, 42.

HRMEIMSm/ g M] cuobhbht &HiE@INGs)*f 386.01120, found: 3

| R ATR pl ati muadmd 3 2a4mo(nw), 2950 (w), 2925 (w),
(w), 1565 (w), 1%8%3,(4n3614Mm7,(WwBB88L14wWq3, 137
(w), 1316 (w), 1302 (w), 1279 (w), 1263 (w),
(m), 1082 (m), 1045 (s), 1020 (m), 1002 (w),
736 (m), 697 (6Ws7) ,(nm)7,5 509mM® (w), 590 (w), 576
485 (m), 450 (m), 403 (w)
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pom]

SupplementaryFigure 49 H-NMR of 2-(benzylaminoj2-oxo-1-(2,3,6trichlorophenyljethylacetate measured in
DMSO-ds plotted as signal intensitsersuschemical shifin ppm.

i 1l 1
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SupplementaryFigure 50 13C-NMR of 2-(benzylamino)2-oxo-1-(2,3,6trichlorophenyljethylacetate measured in
DMSO-ds (septet signal at 39.55bm) andplotted as signal intensitsersuschemical shifin ppm.
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Supplementary Figure 51 IR-spectra oR-(benzylamino)2-oxo-1-(2,3,6trichlorophenyljethylacetate
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Synt hegibenafy l22omibpbéeényl et hyl acetate

?
CH

X
(Tt

o

The reaction was condu88@ld dfn kme nE@rfigdle hy die mj
3. Mol 50ed. ) wer e 2dniLs-ox aree, iamand the mixture
5mi nutes at room temper atu4@L toof eancseummgesc haocniodg

25 Gnmmo | , 1.00 eq.) were added to the mixture,
ensure homogéh®Ltgf BenaVyil3y@gs8 odma@alni0d . )

were added to the mixture. The crsitmpr rveidalf owa
44 hours at room temperature. Subsequently,
with ethyl acetat e, and the volume mblas redu
remai fédds mi xtur e was vipaoil uimad chroematlogr

(cyclohexane/ethylndéeeéetpautre Pd/oadVxTIF/ 4mba)s obt a
powder Y608g2 . mbol ) witl8Ba yield of

Rf £1 . cycl ohex ab el/ evisehsyu BhVa cgeuteantcehi ng at 254
KMnpO

IH-NMR(5 0MHz, DMSPpm8 =80= (6,0 ,Bz, 711586 (m, 2H
), 177..4324 ()n, T187H3204 (“)m, iP7TH2149 ()m, M7H1183 (m, 2 H
6y, 5.8%9 ,( #4.37H (M, 2HI%W?.(s, 3H

1IE-NMR(2@8MHz, DdMSPpml#0.3, 168.6, 139.5, 136.3
127.9, 127.4, 127.2, 75.6, 42.3, 21.2.

HRMEMSmM/ g M] cobht @&dH: MQ@*'= [284. 12812, found: 28

| RATR plati mueaie8Bamoa), 2925 (w), 1738 (s)
1602 (w), 1586 (w), 1528 (s), 1495 (m), 1454
1347 (w), 1312 (w), 1294 (w), 1281 (w), 1251
1074 (w), X0¥M5 (©OF)5, (Wg28 934 (w), 924 (m), 8°
(m), 701 (s), 675 (m), 617 (m), 601 (m), 570
(w)
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Supplementary Figure 521H-NMR of 2-(benzylaminoj2-oxo-1-phenylethyl acetateneasured in DMS@ plotted as
signal intensityversuschemical shifin ppm.

170 160 150 140 130 120 110 100 9[0 ] 80 70 60 50 40 30 20 10 0
pom.

SupplementaryFigure 5313C-NMR of 2-(benzylamino)2-oxo-1-phenylethyl acetatmeasured in DMS&s (septet signal
at 39.52ppm) andplotted as signal intensityersuschemical shifin ppm.
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SupplementaryFigure 54 IR-spectra oR-(benzylaminoj2-oxo-1-phenylethyl acetate
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Synt hegibenafy Fllomiom®dydn dodecanoat e

The reaction was condau&dLe docft §3n8algl O PMA9I9,c r i mp

150eq. ) wer e ldmls drelxwened,i mnd the mmxbhutres wast

room temperature to 40m8gorideo dlrecrange@eamatcyj.d Th e
1.00 eq.) were added to the mixture, whi ch
homogenei t36.@LFiori albleyn,zy3d5miggo éPahboed. J wer e

added to the mixture. The crimp vidalf owas tt
4Mhours at room temperature. Subsequently, th
wi t h aectehtyalt e, and the volume was redibtced by
remai fédds mi xtur e was vipaoil uimad chtroematlogr

(cyclohexanelWé/t)hyHeapetatpr 8duct was obtaine
sol79hgd . miol ) witiB%a yield of

Rf 385 M. cycl ohex a6l el/ evtsehsyu BhVa cgeuteantcehi ng at 254
KMnQO
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Supplementary Figure 551H-NMR of 1-(benzylamino)1l-oxononar2-yl dodecanoateneasured in DMS@ plotted as
signal intensitywersuschemical shifin ppm.
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Supplementary Figure 56 13C-NMR of 1-(benzylamino)l-oxononar2-yl dodecanoateneasured in DMS@s (septet
signal at 39.5ppm) andplotted as signal intensityersuschemical shifin ppm.
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SupplementaryFigure 57 IR-spectra ofl-(benzylaminojl-oxononar2-yl dodecanoate
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Supplementary Figure 58H-NMR of 1-(benzylamino)1l-oxononar2-yl cyclohexanecarboxylateeasured in DMS&@s
plotted as signal intensitsersuschemical shifin ppm.
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SupplementaryFigure 59 13C-NMR of 1-(benzylamino)l-oxononar2-yl cyclohexanecarboxylatemeasured in
DMSO-ds (septet signal at 39.51%m) andplotted as signal intensitsersuschemical shifin ppm.
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SupplementaryFigure 60 IR-spectra ofl-(benzylaminojl-oxononar2-yl cyclohexanecarboxylate
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Supplementary Figure 61H-NMR of 1-(benzylaminojl-oxononar2-yl 4-nitrobenzoateneasured in DMS&s plotted
as signal intensityersuschemical shifin ppm.
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Supplementary Figure 6213C-NMR of 1-(benzylaminojl-oxononar2-yl 4-nitrobenzoateneasured in DMS@s (septet
signal at 39.5ppm) andplotted as signal intensigersuschemical shifin ppm.

Supplementary Figure 63 IR-spectra ofl-(benzylaminojl-oxononar2-yl 4-nitrobenzoate
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