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4 .l ntroducti on

One of the most i mportant challenges i n mo
highly valuable molecules in a way that r ema
I n the fields of drug reseaaggi, tnadrea iiad sa sgi
for -dedlilned, functi onals psenchiifbilcngil ealul ast it hiat i

prepared using modern and sustainabl e techno

Heterocyclic compounds play an important r
di versity and favourable pharmacol ogi cal pr o
building blocks in modern medi cini(Na&lontdiemi $q¢
heterocyclic compounds are also particularly
skeletons of various natur al product s, acti v
i mportant compounds. The intoaddetifamcofopab
these structures offers further possibilities
stability, structur al di versity, and biologi

compounds amdnt hef detVEel opent synthetic routes
Mor eover, these efforts are increasingly su
technol ogies, suadsiastendcreavavieoft MW)r obnti nu

only enable more efficient reaction control,

My doctoral research was carried out at the
(BME) in the Innovative Pharmaceutical and CF
B8l int, as well as in an indwmstReisalaremviamadn De
Ltd., under the supervision of Dr. Levente Sz

group of Dr. Erika BS8lint during the spring o
assisted soyunhlkeeserocygtleari After starting my P
Cooperative Doctoral Programme for Doctoral $
began my i ndusbhtarsiead ,r ecsaerabrochhy dprraotjeect t her e.
Wor king at the boundary of academic and |
shaped the direction of my research projects
extend beyond scientific curi osigtiy atlo faeddr éd
My research at BMEt focampetde @miNd eneebr noewc | e
including phar maceutically rel evant Compoc
bemil soquinolinone phosphonates and phosphi

di hydropyridine bisphosphonates.

9|l nt r oduct i o



I n addition to batch synthesis, flow chem
wor koutgiftevneoapanofef fi ci ent and scal abl e pr oce
and related capsaicinoids.

Since small mol ecules such as capsaicinoid
i mportant goal of my doctoralAcworki wgbky,t ot h
cycl odexptarsiend (sQp)r amowbhecal ao ismteyd g psrea@tbDsch pl a

are cyclic oligosaccharides that can encapsul
mol ecul es and therefore improve the solubili
sol ubl esvVvampomajdeoreil tayt eaf r@éBearch i s associat e
CDs:;b-angCDs, which differ in their number of

to explore the features of alll the three maj

i nclusion conmgpaedC Fwi rtnma tdiiofnf eafentt elcatgSBigtct m o
invol ved the synthesis of-( ®ulrfawaslcg aaxcmabd)e »x
connedthed stymt hesi sg®O dae r¢d vieng Icladgdaynma sl e o .

The dissertBmaon, coombsetedothapters. Foll o\
ATabl e ofanidlbing ttenb$ o afblbnrterva daut ti toondsiwa e & gt dbend al
di f fteorpeificc my fesebkbdogket her with. mfhpersenébl mov
AObj ectiveso awhd chi gshulmingahrti ztethe mai n Tabpedthieve
ALiterature reviewdo summarTaeson dleudea ctkigiro uak
present thBRSacgetsuésissodcmmpdiepgbemal wdrdkhies fiiRers
section describes the work in detail fiweghl:i
subchapters caorerpagmdredianmg itcd efsiiveeach subchapt
and concl udes WwlhfExg egh oredn t pad mmiedcggs oan short d
mai n instruments and analytical metalods awaidl.
in the attached Supplementary Materi al of m
summary and conclusions of my research are pr
by the AThesis poinekceérentesd anhdpubhakhyi 0AB

To i mprolvedicd ardtt ynumber the simple startin
revi ewdo and ARe&ult & deomd redaissiceurs sriecandoa.bi | i ty, |
of the comiRes mthdsidn ssdcdwstRiedaeroences t o my own ¢

form the basis of the thesis.points are marke

19l nt roduct i o



5.0bjectives

The pri mamydoacitnor af work was to develop
industrially relevant synthetic strategies
di vanisieol ogi cally relevant sdmal thbrosmdilceaahelms s .
and iywdusht ra st rootnagn reasgytma hhied i ¢ or gan-basebdemi:
supramol eculbaat ha ptpa oadcdchreess s ¢ hal I|-seonlguebsl er esl naatl
mol ecul es and -basedpimper new gDofiling strat

First nef odl lIbpbbeceamaisueda he desi gn Mikads sa psttiendi z
mul ti componevCtR)Sfroeractthensy n{N-heseésooyfclneosv eilnco
phosphonat e or phosphi rsaic ho x iacke i fswn mntdiod n a
bemiZl soquinolinone phosphonates and phosphi
di hydropyri di nédFilgils @ hTohsepsheo nat rsct ur eost heer e
phar macol ogi cldhet enpwc ¢ @bnicteéh ewidra f Hiod dsr el evanc.
c h e mitsotgreyt,htelre wa athehret ibaelnef i ci al physicochemi
of organophosphibdeugoslb swiadit fufonetasyita toinw & v $
mayo thwuodegh envifrroineopedrtdaltliyons, preferably
catalysts, or additives, thereby aligning wi
included systemat § cteaxestioodmasrd g triumitzauataildry d
|l i braries, and mechanistic investHogwmehpepnts t o
broader sigeasé i olamekest oofmltahdvancing sustainal
synt.hephwrepared mol ead wlbderews ttrawucgairesi niti al i
possi bl e bi ohnotdJa cambs éorevhea vp-eofufterteinadls ,s twhu ccthu rmea
as useful starting points for future studies

A further major objective was the develop

o

apsaicin and struc¢(Furgdlrleyh e ea iam éwaabatprsaatti ocra yn

(7]

cale batch transfor mat e m nf |i oBiy o persaot caébsi si-esdiri antge

(7))

teptekcowbohegwoukalmonstrate the feasibility

(@]

hemi stry to thedpeddsmad .lonmolfeval &e

Recogni zing that many biologically active

n

ol ubility, another objective wasthtece pamlean c ¢

o

apsaiwcdimipdsed supr amoOuerc udiamo vwsayssvteesms .gat e i
ompl ex foUmamGCsnndvittthei rt al eirrtphasg e ®ss sol ubi

(@]
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and stabilityandfd ucameai ceivnadiudast e t heir poter
agriculture (Foirglfroeod i ndustry

Il n an industri al cont ext, a further obj e
characterization of a-(MouMdli ng g dnmeaeldde xk mpuel 8
the producti ofFi gi)Mhieg aamma eweaasb [tiosh a r epr oduc
routa nieowpupr obyi de full anabdgpsdlupg@dr tc hmpharcmaa ¢
gual ity control and regulatory compliance.

ol Multicomponent reactions (MCRs) = pEes Continuous flow chemistry it ~,

/

. }
[ |
1 o hf 1
! RO @ ,
! |11,o>'g d I 2 MeO. 1
1 FLOR, ‘ ‘ o 1
! Ry 0 “oR, \ i
| -Y v N !
! i
! 1
! i
! I
! 1
! I
\ ]

ofy
» Capsaicinoids
« Pilot-scale technology
%Y - Efficient and scalable process J

* N- heterocycles
* MW technique
N = Molecular libraries ¥

_____

~

Modern synthetic
strategies

# i!i«"

Host-guest interactions ' .
.‘ Impuriy profile investigation br'dlon

Analytical techniques

Fi gipkdee key objectives of my doctor al
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6.LI t errad wirew

6. Mul ti component reactions in gener al

| hhe 22980 with ngnecm@emiessure on therpgpmar mace
t hhentroomhcé¢tgihaoroughputt Eea uege mdijssygnaivheertyi fca caeghde mi st
ma jcohra | Theorwg @ o |parrogdeu cveo | iesosh ewr chemr anal tédmti ti e
are as diverséfaadgnptwlsickbeéeepa Inlgy tcdchiea npdr occoessts
efficienhi aspwalt beicdieahmader n chesnexal synt.t

After aidghavats triemme®,gnorzcan ¢ dbdagt 0 n e wigide et | c
met W aodv ericnbogmi s i ndus@verpladadenble n ¢ hlgge a-f D ur
component £rRdhacst irceomae ncefd t h eu sreassMRviRibdbe Ihyce ac ade

r e s eaanrdc hii rad u satprpTh £ead d toiccere poaampopaemit se, carbo
compound, i socyanitdea,e tabned gclaer breexgyrl tombahad cpilt de)p

di veasoghee pt ii ke pTrhoed urcetascotti @m baldae gne, di ver se r
| i §,baits al so conup dtiuphiceei whah group?>s and par al

Typical |l yoneME€Rr avsleegryfer ee ,oresmeenr ®subsventes
react withneachiogherwhehesti onf vebheselat oms of
substar@t encorporated(Fi g®.bp@anmmalrttt mabki pabdmet |
MCRare highly atom apdoendegy awiftEthchiegict c hai
regaond ster elolseeyamapphvi €ég siymtdheasebrsadli ng t he d
anal ogmuatsu roafl producitand pneopstti dibimeponeti amcit yon
heter awiythambét functi dnal scaffol ds.

Besides the fUgiMC&Resaalrs®atul and efficient
synt hesi ssyonft ¢dveetrpscautnsdugeihg iarBlealnlt iZMacnhn,iPcats,s&r i ni
Ste c KBe | s'SBaurcth;Be g'd BewadKd ndfaemd domaob® ons.

|l necentegearshers have i mpmovede MCIRsi ¢ ot ma t
more vablueabllkeat hsoafgholkdyg. clo upd i inagsayrneraatts r,ii ocn
synt has-msedl at edorr ecaycct li tdhodsdei atvieorn,s .t he effici enc
further eqnlhcaecedd o lbdyViteesc hfidg ud n combinati on

chemt’sdfrgng with green chemic® and sustainab

13Li t er atur e r ev



A—h + Bp + c—p _CR

A—p + B + c—p + D—p R, A—pd—oc

FighBehaetm c 1| IMIGRsr ati on of
(€R = -¢dhmpenent -CrRe aec-¢foomuymro ndnt. reacti on)
| n manyn e acsfe st,lste> bhersav & ooél ecti vity,t ochemi:
sMWassi st ewdhiM@ueesr,y s ifmgpdte shapdhodluci wara ewiyde

f heterocyélic structures.

c

o

MWs are | ocated between the infrared and r
spectrum (between 300 MHz and B8dO0nd&GHrzHaghk n c
energy to bredlitthteena & aiprotheorabksawnlde, g cwa nldi d
cremmal ecul gr whriisthoildemalt 2&éTnheee & b 7 doinr, etcteer gy
effiMWemdati ogly sambeetoee selectivity, yield
shorten the reacti onbdsdinmddsnshirden rifdafftsi ams mi n

The I|fabrosapipd i ¥ at-a sosnic dotdendMars r v e e n nd it 9108 Sadsisedd
howetvleag ,r eact i onsn vheorbdWWechamxinidt e dubuBny temperat.
cont®By .t he early ,2®6EpoingpMVe trecsdsdtinered me avail a
on t hef omartketth academic ,amd t odaypgarMGResapgp!| i c
cuttingclkeodglkogy foandapktengsapméfafrHR

=) ]
5 i e
- : |
CEM Corporation Anton Paar GmbH Biotage AB Milestone Srl
= — . -
a— — = =
FigB€emmercially avail able MW react
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The onatyiadmd micteal il Edghnol sgyulpesduehet o t he |
geomettrhyye magnetron coi l and theowaneomeal t hoif
l'imitati oh| MWoneiaotous nadeqspaltogdttPdoen . a

Continuous flow processearpbag aneampoft ah
fine chemi @alds e cyaairheyilbdsmog e esaiveerdi fi cant atter
phar maceut P€ain icoddt dtesgditta on al batch met hoc
i mportant par ameters a,raen d & @ goecant cag rutrreg t i roeng ct
c he mitshter ye, x pcean meentisnfl uenced by the flow rat
residence tilme figpmowclkssl eactomrs of the starting
passed through a syst,einmsqf trhaer rcowmvteulse o nby fa
desired product occ(risgddIeriamdg caaatt iengaocadsh ifd v
genesmhl ¥ amounts of materi al react at, the s
selectivity, andwdlaffgdhesoogmt@titdeat obnshi s techn.
are that i1t can only be used with homogeneou:

equi pmemngtener ally expensive

Reagent (A
9 (A) (2% Heatable tube reactor
T-mixer F—{HW { E ; I@'Q > Product
Cooling BPR
Reagent (B) @—

FigdAegrec@ahti nuous fl ow system (BPR: bac

6. Pmportance of nitrogen heterocycl es
Since thhelmagstcal |y active compounds cont a
most common heteraamonder n,Nbhaesgeedd ehsentgesr ocy c | i c
is one of the most important and3%heaeidi adolfe e
| iifgel sondamental, as they are essenti,andbuil d
arael souind vi tamins, coe*fzYmes and hor mones.
Statistics aalssiognshfaoaw ainht a taarso uthe @ rocfa t reeds etaor
devel opmenNheotfermicwelnedi ci naverchemes fffdyst de
Accor dimegc &mf°@ag ¢ou & y-maoimad U lnee wdl ryu gadpeotr wevesid 2 0 1 3
20 2c30 ntNehient er pcypaldeseWbdealkroaoyeli c hanbaeleln mol
appr o\ F®O® U yS. Food and DmugRR@i%i strati on)
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N-hegacycl es

baer cea wusne gtuhee he lrceadmorbo@re n |l y ateept

prosst ohoweverengagaaiwealks o ntleerngydtriogregsii polhe s,

di pobrecehsydr op
i mproved,tshdlywn
t ar.ddetlsar ge

phar macol ogi cal

number

hApopbider oaMataif’Frhsa nk & r ft eva tauhrdesseé hei r
[Wihlwigthyh a fvfaormesntzyy ntes amd i rod oegp tcarl
of thei torephedent atiiveas e

ef f€anilli® i monltu@reardtpirbieea’tcjud aarrc

antiarflagt hmiarnabiaanit,i diThet irc apfpft shogdgainadn t he

phar maceut.iTicsad
(herbicides,

d onnpugsd ird/® ama & ynproorl taagnate ¢ h e mi ¢ a |
fundl eadodyMa@aytepesi vei ceosnmponen

modeérerc hnaeluadinasy anieni titiigmg diddes (OLEDs)
Oncology Rare disease Hepatology
F3 C/'\NH T
A on D
N
NC N N
K )\ O\( 5/ I °N cl |r:l| o
~ o N’l*o
H
vorasidenib arimoclomol resmetirom
(Voranigo) (Miplyffa) (Rezdiffra)
|DH1/IDH2_inhibitor for Niemann-Pick disease type C THR-B partial agonist
Servier Zevra Therapeutics Madrigal Pharmaceuticals

Hematology Cardiology
o] HN Br\(QN
I
Z N
N
N HN__ O
)l\ Br \/Séo
NZ o H,N
danicopan aprocitentan
(Voydeya) (Tryvio)
complement factor D inhibitor for hypertension
Alexion Pharmaceuticals Idorsia
Fi gbFBPA appwdhedenecycli ci 3smad24 mol ecul
6. Zompounds with isoindoline scaffold

AmondineumemMNbhes er oon g c b ks$ ihgn imfuiddsa rsitusc tiunrdeo | i n

and its

me mb epryerdr o | i(®i

modi 6 e edy estpiewca b il loah awe

due

troo ltrmhaetiiumr al |

i sgmevrhifcehemd kol hgesystems buil-d fromn
Q@ &litnhgpough unsubstituted isoin
dtsagactecamt i fic 1in

y o ausr rwenlgl aal sk ai(fo ic@ys$h& het i c
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; o

6 7a 1
o Cow (i
N 5 3a 3

H 4
Indoline Isoindoline Isoindolin-1-one
Fig6€bkhemical structures of i-hadmeé i ne, i so

Seveauwatl hoAPIzseldahawiosnodio | icrosreer u€Cuunrent hgre ar
t eaeppproved drugs on the market which contain
chemscal%®t ur e.

Thdbekbhoawnd pr obcadrdtyr onoesrtsi al me hie ekwieadvin t hi s
t hal i (Forgid'@he resul tinngos kddiome iscsh&fdlhdg a
was primarily recommended for panic i swerlder
asgamaoshi ng snakes s gmamdnt mearsk ehedhe | ate 19
aGer man pharmaceuti caGeneampleaallyi, d camild e db eChaenma ¢
wor lbeé&ssel!l | i uptdrdugg wa,s ‘oienmveads idi slc9ovler ed t h
watsetroag @mlda rnggenb ee r ioldiurst h defects Rppslheedebsn
have 6hragwghat dengtereoi somers of +PReecneammitc otnhearl ii
acti vemoargnaiinngs tswtt iKija®dsnsa ntiiso nteers p o h e r hitesfgfbencrt i t
Howe,vesi nce t he atceoongednratny iitoloee risdent i fi cati on
pur eRt(hta)l i domi de dotesr amtod g en ii ol ondhat ged et i eshairmya nst
regul,jiat ioamas beéedbuvead mafle¢lple mygelrommai and skin

Ot hexampltehsex of s ofi anndiolh yliunddeo pr oaf emonster oi de
infl ammatory tétéatg h@as& de@pt nd | ammadopwpi nkille
rheumatoi(@di qpftidHoO We Vv dhra,s Wwieemdr awn fromothe m
gastrointestinal toxicity and safety issues.

Apremcbatbaaontihmegri di zed i soindaol snappktedocy
treat meotr aafiamfmat or y asud as ennaufnfee(Bdtig B.9’et he sk

Lenali domi de and phosmet are two further f
currently |l eading drug for the treatment of
against c@EdbDh® mot hs
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Oncology/immunology Inflammation Immunology

(o} o]
0 0 o} )LNH 0 o
NH
N o N N /O
OH s=0
) o o /
thalidomide indoprofen apremilast
(Thalidomid) NSAID, COX inhibitor (Otezla)
for multiple myeloma and skin inflammation fully withdrawn PDE4 inhibitor for psoriasis and psoriatic arthritis
Celgene (restricted use) Amgen
Hematology Pesticide
(0] [o]
N (o] N—\ \/0
NH S—P\=
NH, (o) o) /O
lenalidomide phosmet
) (Revlimid) insecticide, acetylcholinesterase inhibitor
immunomodulatory drug for withdrawn in EU

multiple myeloma
Bristol Myers Squibb

Fi glhuet hobi pedgi cal | y baecatraiznego ¢ o0 chp o a fnfomled

In t he Isiotmer atxwries,0i ndol i ncea rdbeorxiyelia tcc aaedcsiodc y In |
acathide function have alsvabibewsd mgj o.eFtoerd eand
ex amipt €, uasrktll ysw acrokseyress h z ed pr dmtaggian gn sa a nigdoil on
ovarian,,ahpngst stké®hmar diero mae 8 e & e tab pseedrd ueps o f
oxo0i sodlodoborami cefsf ecti ve aitKivdr 5hybtvhtntikcer a § ¢
Ma ¢ saantdicn | | syt enersa lzgas i dNawel .i ¥ aifdi wielisist @l s k|
t hiam the case of biol ogiUami hygplcsdagvien sop eernu sc
anal ogllaend nofmagi &is so eR hiTbhiesyt @watrited o/ i &4y eAnlz y me
particularly of ami nDapnetpitifddoatSecssphyd opbcspbats
colfbantican¢erg.agemgtas nst breast?Fico®.deap and
publicati enes bi @p 09t a@ihn-thacitéi rvpi htoys pdhf@-aimd lecg u as
oft h@eboment i oomplooneéent indggm eainrt i mi c rpoabriaaaln,td i ant i
anti canyg’®dwhidet ipuitheen ti nl\e e mit dhice mp capodt @inant
growth r%®gul ators
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H,N HN P
OR
Y Y o8
R R
a-amino acid a-aminophosphonate
(o) o
-OR
_P.
ZIN\
0" or
Y = OR, NRR'

isoindolin-1-one-3-carboxylate  isoindolin-1-one-3-phosphonate

Fi g8s8er uctbamieawmifdJamignhoos phamattelsei soretat edor
anal ogues.

6.21.1.Mul t i c o mprotnleentti s aippo o xitariBprhdos phonat es

One of t heannio sa rkdn owalrdM@ER e foegdnopghosphor
chemif 9t p y éastairdia mo n o p h o § difso ntahtee sika kada dispir&s p h a
Mannich, rewactdhewaseriw IRwusMa®@r5tn n( | .) aknadb aacnh n i
Amer i Elaini s( KS%h é&miedtdsiInyl e peeancdhe N8t helnd t i s a
condensatioboa@ar banoyl onompound prai haeahyder osecke

ami nea>Pgdmd H .reagent

Ry
R Y_ 0 ' v
OZC\ + R3—NH, + /P\ —_— R3—NH—(i:—P\
R, v N H:0 LY

1

Schdrmehe KalbRicehlndsk. reacti on

The condensation reaction (Bieh &piddiccmradmagpr
t pat hway nAthe first step, the oxo compound r
in the fordmgdromyphoaphonate derivati(ug. Sul
can be obtained by adding lapnatahmjamnteh® nf iar sstubs
the rreakteisobnpt ween the o0xo0 conmpeosuunigtiimimgdeat he

i nt er pieodilactweed by di mé kgdidiphioephot e or second
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OH
Route A \P//\ Ro—t Ig/Y
/ H 1 | \Y R3\NH
/ R, N
R4 20
/ R
0=C{ P\
R2 0 R3—NH-C—P{
R3 Y\P// Y
“NH, / >H 2
Route B %/20 Ry Y 1
R;—N=C{
R,

Sch&meacti on me bkhaabnaiddarmeédkfd s r eact i on.

I n the | iteraturpeubltilteanre oase mpuomebhiesg t
Kabadhinelkds Hoewaecvteiron.i n mostt meeacheopsblwecaeat
ouitn the presence of,i ac$ akyegesnivaierdd nome mt alalt ya |
catsdP¥antdal ogenattédéswkelVie nad dhdairtei oenx ampl es abou
of iloingluti& phase tr &% aof etrhecataaslty stttsrshavegear s
hi ghdd gpkhkabb a nkikel ds arsemoanbonosel ect ilvoegiscyan tlhye
actUavnei nophodhhocai esdangof yameéé&retardant s

Durmgpgresearch weliokirzph dep h(eZhaiddmil Al-danorlei n
3phosphi n@) wexiedepr epheedXabgchni kT Fi el ds rea
cycliafat @ omy |l benzoic acid, pri mamys exminmays .y
phosphinef oktilddarsec hare a few examples in the
possi bl pawdystdaam beslizound in Tabl e

I n the fiOrsd: Jeeldaorhgub e kcearsri ed out t h-e cond
formyl benzoic aci d wiflok xaedmabif & y & Mi@atbd sep &ln d €
enttPThe dessoia@adodx oyl derhiogilomes gr epar ed wi t
useamsfol vent s iar a@ﬂi:tEdVbMWEeaathO@@oer mi nut es,
with bpeewdBon829% hyef ur ti mevre st ieg actoendd etnts-at i on
formyl benzme tch oaxcyibde,nz# |1 ami ne or ami noacet al
di met hyl| (TpbhdeepHYThee r eswerncéaos m i e MWo letacitrora wi t h
angol vent and catalyst amtihes5diessOdhr dadmBil® mi
phosph(anetoamso pt aii nieal ds of ,06 %p agpuiodélimg,yt o
the short Tlracyiehdd i maproved to moderate Vv
experiments wereasepestdtledenn. méEt hahby, the r
by conventatwnbOn Mm@atti,cogtodidt yoes ds were only
reacti oomotuirmeandt herhe@roamauacendensati on r eac
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optically ,adTfoadvieetanyilTnBeys r emernt é omer f o rwmetdh a't
l ong reactii3onhaqgtarmmg st h(el (Rnwedwctissolcaaleudmnaf t
chromatography purification Wiot¥) mader aad ey
di aster eome2i98®) excess

Ord-dfredz his group e2ftemmegldbéemzroreaaci odnawnd
tepeci al p rain@ani y o a Al ackeleed IrSFTHY experi ments we
out atf o&®» MCnutes in methanol as a solvent
oxoisoindol i fyWe rpeh oisspdchloantae(dBli3A gldwrlg yriiedrd sr e s
groMp)] &@&md hwosr keearsri ed out t € orcroynldleenrsadii ®na
chl oroaniline, ianndt hdei efrhdyslesnpahgowopfhy k phosphoni c
(F)as a dehy@rbdbileenidfTahgee nrteact i op f hiunx eedrhey |waasc e
for three hour s, yi eprdoc@2 }&22% i afer srhe ®aarxaue
i soindol i nofé&)nphohsep hpareasteensc e (0 & b keretcraStDadr)yi sntg a n «
t hei rl . efourikd-f @r myl benzoic acid and cycl ohexyl a
of di methyl phospihmtthat plilaodenit eanpdelra ttuhhre amo
of catalyst was not sypieeclidfpimoeddd RPwpadst B Yopnru rai f i c
recentHasnmdindlyghiossip reported a vetyp soufilialbadmrksyn
Yent r PUMJer -aoldvedmt abyssridki tiistenim®Rdb b s ph(onh)at es
were synthheéediezed#dacmylomemfoi2c aci d with aliph
equiv.) and diet gl SidomiEp.hfouer ( & oR umng uthter p ma't
desired Cavapeumndyli aetl @8 8whit h
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Tabllkkabachni k1T Fi el ds r eaatciodfioor rmyll H eerwzai d ya «ciyd

ami nes, and dial kyl phosphites
(0]
COOH
R (o}
@ + R—NH, + 2°\P<, _ny @N—&
CHO R,0" H OR
=R™2
A B c O bR,
2
Molar . .
Entry R1 R2 ratio Hri?)tégg T, t ig‘;‘:ﬁg Solvent \E:J/i;d
[A:B:C]
Ph,
4-MeOGsH4 70 °C .. . )
[89 1 . . )
1 3.4-diMeOCHs, Me 1:1.1:1.1 MW 10 min I I 22182
3-FsCCeHa, 2-Py
" 55 °C, i 19 0or 30
4-MeOCeH4CH2 10 min .
[90] ’ . .
2 (MeO)CHCH, Me 1:1.2:1.2 I MeOH | 50 or 78
50 °C, . )
D 5h I 87191
(9/(R)-PhCHCH,
4-MeO-(9-
PhCHCH, 80 °C
301 (R- Me 1:11:1.2 D 1-3h ! T T 40i 80
CH(CH,OH)CsHs,
(9-CH(CHs)CioH>,
(9-'BUCHCH;
[92] (CHy)OH . 55 °C, . ,
4 (n=2i5) Me 1:1:1.2 MW 10 min I MeOH 73i 93
. 77 °C, | 1.5 equiv.
[93) _ - ,
5 3-CICsH4 Et 1:1:1 I 3h T.P® EtOAC 82
6% ‘Hex Me | 1.7:1.7:1 T 23 hC NaH MeOH 18
Bu, Rent,°Hex, Bn, 80 °C
7173 (MeO)CHCH,, Et 1:1.11.2 ) 1h ! i T 70i 88
4-MeOCeH4CH.

| n s oméd &caabsaecsh,nitk T Fi el ds r e acotfif )@r nfyad | bleonwzeod
acwdasl so st udiiead kuysl iapghprspshp it eEawd °er 2Pafbent s

Sinmilktya t he omrdg viiembiscsol | eagues carried out
di met hyl |, di et hyl , and diisoprocp)fngEﬂmhcestmryilte
acetat gTash@léet e WETA® corresponding isoindolinoi
(3wWere obtyaiead™d® 219 4a fhirresoeu r se folf uThhieg tye tl ds wer e

achiwivelde cdonoant i ng a@&@nidesstsiatstt epgrdescd .ami nes
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I n arxtamemn eAmer i can crag g etehde @ ud if owpnyfl b2 nz o
aci d, primary amines, and trieekypypopbaosphieka
si lgiel ®S8J)) aaat arl ggfslhgx | n (TabMeanh oy TR iexodol i nyl
phosphonat(e3veee i vaol attsd aidt &r haur sa e 6 &n at iy mi

Last but not | east, | & afnu ratnh e re seexaamemlag swiath
triethyl (Tahdepthriy®®Dai)r i ng their experi-ments,
formyl benzoic acid or their stwubisphbwpwadst der i
stirred at ambi ent utnednepre fsaotbuvreea tfaolry s4t@ hferi eneu t ce
desired( wWeogcu otbs ai négd8 W) tyi éali gdh (89

Tab2kabachni kT Fi el ds reaco®fomr myll H erwzai d ya «ciyd

ami nes, and t.rial kyl phosphites
R1 R1 0
Ry COOH Tt R
+ Ry—NH, + ROLORy  °° N—R;
|
CHO OR; _b-ORs
071\
3 ORs
Catalyst/ Yield
Entry R1 R2 Rs T, t Additive Solvent [%]
Ph, 2CICeHa, 3-CICsHa,
4-CICeHa, 4-FCeHa, 2-'PrCsHa, 15
2-NO,CgH4, 4-NO-CgH4 : reflux = .
[93 ) ) i )
1 H 2-MeSGHa, 4-NCCeHa, Me, Et,'Pr 3h e_lgl;)g/ EtOAc | 40192
2,6-diCICeHs, 3,4diMeOCsHs, 3
1-naftyl, CH.CeHa, CH1s, 'Bu
Ph, 3MeOGsH4, 4-CICgHa,
CH.CsHs, 4-MeCsH4CH> reflux 5 mol% ,
[95] , , ,
2 H 4-CR:CeHaCHs, Et 2.45h| osue | FOH | 82496
3-MeOGH4CHj, allyl, "Hex
Ph, CH2CsHa, 2-CICH2CeHs3, 25 °C.
3% | OMe | 4-MeGsHs (9)/(R)-PhCHCH, Me, Et 40 min i i 89i 98
allyl
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6. 2.Slyn2t.heti c appr o-&a m&Epsh otsop hiisnoei nodxoildiens

There are no known egam@piepg thesprepatannt
phosphi fet)oagindeldseab adhinelkds reaction foll owed
formyl benzoic acid, primary amieres ama crelcy |
al t ernmeatthiovdes pfr e p a,blatéh eepent e ® ¢ eadrue eqggui t e c o mpl
invol ve severakxaemptesoareltcewp.scribed

Denuiaamd khwiosr kpeesp@ax @idsoi ndol i ny( 7upshangpWwo ne ¢
stapymmet ri Schyeditdhre stitse pfhitrhsatl hsjtederpa\zd3diey e s
reduceNdaBadtt hO AC aBsalevd@mapdthei che mi ami nal i nt
(6) The r3dyudlrtoixyyg i spObwalrod | hbepaes aeglkerceddaviy h
phosphine oxides i mpitld upmesas @H afeddamneod( %
tol uEhree.desire(d7wenr @d uicstogli setl edtsi8 6% n i tgho o d

di astereomeri9dd % xcess

OR
o ?R N2 0 ?R 110 °C,3h o |
=, M 0 °C, 30 min », H 1.1 equiv. Ar,P(O)H ., M
/ 1.1 equiv. NaBH / 10 mol% TsOH
N—N" a % > N—N@ > N—N@
MeOH PhMe
o OH Ar-Ps
)
> 6 OC¢H,, 2-naftyl o
Ar = Ph, 4-Me , 2-na -
R = Me, CgHsCH, 85-87% o g i

Sche&me tasmMoep asymmetric slyom@&hkess gshiof7g i ea0i che

I n sever alCoputtbuhried il i s @swear chers pdeplared i ¢
phosphi f@l)aspedeal osi@Bg hsd®@P® n the fUamitdo eacH
phosphi {é&werxd derseparsdke pbys gabmmelgtuient | vy, the r
these coddpPpaosundasrri ed out UAndieorl usemeec isaoll udad mdi -
bis(trimethylsilyl)amide (KHMDS) whenaadmiede t
der i ¢ &bnidveerat mos p-A8r AC ant arnlede ¢ thieon mi xt ur e was
2 hours at room t empemn&trwibwmh asne t hearnpPshiesrenc a&
i soindolinone( boephsokbabrddaettteffi9fpis.i fi cati c
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Ar

R. O .78 >25°C,2h Ri o
1 2 equiv. KHMDS R,
R: N(RS 2 equiv. 18-crown-6 N—Rg
_ PhMe-THF R3
R3 Rs ,IP\ Ph R ozP’Ph
R O Ph 4 \
4 Ph
8 9
51-94%

Ry =R, =R;=H, MeO

R4 =H, MeO, BnO, OCH,0

Rs5 = MeO, F, Cl, Br

Rg = Me, CH,CH(OMe),, CH,C¢H3;0Me, CH,CgH;Me

Schetme speci al r e a oogfiaonhi odsou rpehos @hi ne oxi de.

6. 2C@2mpounds opdietite opeun mol i ne scaffold

After describing t he structur al and pha
cont atihnesogndol i none memrtff ftomaeinmg irteliat eno,r trhu | t
N-cont ai ni nigd eireitveatoicwecd .

Sucdimpounds choefize i 8 06 O raarneawviozie € s 0 qu icnoolei non
aral partiicmpartngamty @i edgwh etrylbea sk el aestsoud ym p |
condensed, @&igmaE®Padnhiri ngtructur al extension
di stribution and reactivity, waAdctchvisies§ten a

Bendpiisochrtoynqeernode(t avc & tyippeersu d ti upraer)t ilg-Bl ar
naphthal iic aan byedraipsy &e dot oi H¥'%inakteoyr sc,omponent
in the modificati opA®amfe |pfoilayeneenisc ad n & (st g mecde s
9.1%Moreoverdpi begmothyoplei nomepadtygpsm stispetiuably
1 -mapht hathawé dael so gained signifi cduteo stchieeinrt i
wi deangeap@f iscaas i amt i c af%lecrhne o ¢SS polsy mer i ¢
mat e¥®i%slod atPocelelimng bt i ng deFiig®sd®i n OLEDs

= Q.Y
(o] (o] ' 8 _9 P-Y
o4 04, L
' 2
':«(0 N_R : Ga 3a1 N_R
W W W
. 3a
(0] o] E 5 4 o]
1,8-naphthalic anhydride 1,8-naphthalimide ' its phosphorous derivative

Figsl®eér uct urap hotfh all,i8c -rmanphtytdhra Idiemi dle ,8 and it s
derivative

| nt er els, gifdampdltyh,al i mi des have beenntwerdedlyatiin
and topoi-tsameetaisreg | dhlitSiew @neadi rvsalt @ @netssentti vi ty
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i nn waindr @r ecl ibnutitbali r satplpd n esldili noint endd gbpye nddoesnet
t oxyiFcoirt exampl e ndnmoanfdipiee @t €ed échitctad tdiidl s,

not repxpernowal due (Fiogliloxi city i ssues
Q o % o y
:::N—/_ \ Q N_/_N\
§ 2%, P
H.N O,N
amonafide mitonafide

FiguoSrusofuramome and mitonafi de

Since the intamipoomhoomhornfaten or phEsphi ne
posintaiyomr esul tstirnucadidiatli oreaalt ures and unique b
i mpori awe g tremgrattdege shdgnizsodqui nol i none phosphonat

Fi g99.Mereover, this family of compotuonddsatheas no

6. 2.2y.nt.hetic apprdeachego ntbtewd beatroples

| n t he l i terature t here i s no exi stir
bendwpwifsoquinolinone phosphondathes eorar p h osng lyi
publ i cmenbneni ng somet hofgosrt hethiec synthesi s
bendmwi[soquinoline derivatives.

Twor esear sthawe ociumpWad yipgatM&€dR asy at petica bl e
the prepar atdPpoins oogfu itnboel ei bnéoseeh gonfe&° 521

Z h anagn d haver kemasri ed oo mpanenhtr eeglea8cti on
napht hal al,dewardiicusacpgrdi mar y iaminmeetsh aanrod iasso ca
(SchespeThegeats in teiqgwmdl e patoipoowed tempiegat ur e
resulting imMdeheodesnoéedirild®@pz geri8eilddd.ov e 88

Ra
HN

(0]
Q CHO 25 °C, overnight Q
+ R—NH; + R,—NC > N-Rq
e o
(o)

R; = CH,CgHs, (CH,),0H, “Hex, propylimidazole, ethyl-3-indole 10 .
Ry = (CHy),C4Hs, Bu, OPr 38-84%

Schénmere -tlygpe reaacatbpbn halt ald&hydic acid, pr
Il socy.ani des

2L 1 t er at ur e r ev



Hul aned hpsst wdioendt rtahnredgecobaoddnBapghtomal al de h
acidycl opropy |Bomoit mleutan o x ypcraa theo@iyd dcyan-opheny
car bdSmranheémM@The reactiomtiwsm$ cariroerdf ouébhgenpes!
solvent at room temperature for &ihduros.oeS uhbas
solution was addaedendirttroo gtemme artereocstpihcerr e, and t he
further 15 minM¥tres.éd topadrr2i0f iAcCat uoeon byhr omat ogr ¢
desired (ddRsvasioveat edl%wi th a yield of 5

HN’ 7/:
Q NG 1)25°C,3 h =N
CHO CF3CH,OH Q
3 2
+ [>—NH, + @ > N—]
O COOH NHBoc 2) MW O
120 °C, 15 min (o)

10 mol% TFA 1
CICH,CH,CI 51%

Scheémer mati oo dd] ias dedezno Ylalbgwnwe he rle-8cti on
naphthal al dehydi ¢c adielut g iscolcdyparnooppyhleannyiln)ec,a ral

Theamesearch group al so carr inead hda thtal tah @ ehe
ac,iteebbut yamihzbi met hy !l pheawyBi)scoacrybaannmaptéeat ah b e s a
reacti on(Scba)xTthieonfsi n@Pwps oidsick amede MaT B%)y i el ¢

(o) /—/_/
1)25°C,3h NH
Q CHO IINHZ Oc CFCHOH Q N
+ + >
O COOH NHBoc 2) MW O g
12

120 °C, 15 min
10% TFA
CICH,CH,CI 58%

SchenmdMdCRITf -ntaBht hal al debhwtdyalmi{@zbd d, tert
di met hyl pheayld) slacypamapent ane

Kl umampd hwosr kea s SB rufdin setde dtphsco e e @ iacdno | e c u |
cyclizaanNwancyof mi n(ilud®cheldn® The desdirphzngd,l 3
di hydrdopiesnapldo m@l wmsuccessfully @orempas pandirmgr
acylimigiLam awmbi entwiitédmp evioa thworuea s , in .ohe pre
trifluoromath@mkm@Hsul foni c
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O . Nﬂ 25°C,2 h X Q N@
O CF3SO3H (40 equiv.) O
o cI” (o)
13 14

65%

Scha8m&kSeH-Promoted cyc-hcybht mo@Bam aonN

Researchersepomontmed st laae |bacdmpzdemo ¢c omoménone de
(181 Mg MM OfHo|l | owed by HCheEkMa Oveniccmthite desi r ec
bengpi[soquinol i (@@ hedisBfbenexact temperature

mol ar rati gaaoafl t haer ey enaottehndte.e c ni bed
OMe

aae &
o 1. NHg/MeOH NH

O 2. HCI/MeOH O
o] o

15 16

Sche&meni datai obnenozfo[ de]J i sochr®®menone der.i

Boj iamadv hi se moaatulpd r essyunltzhsehdpid orceysee ntt hat en
yelgoeeingim@ont ai ndpi sboegnudi onf3d losnaeaef ($ © h elnpé24: 125
| n t he tfhceo & d e sarseaggboend wtereen i 41lr-mBa p ht hal i(cl A)nhydr
antdhaep pr olpe m a ¢ ted d raizvoeetecea e si e d0 oAu@ faair n18lg lha air & |
acetias aacisdol vent . d(h& DYPwewices o In amoeddee dit &t%y i el ds
anad9%)he second step was a nucleophilic ar oma
gr csap hient er meedieapleaced by an altihdr mit mendgr ovu
allylamine at roomi heihlhgrat dregf boiad 3 6d-lmoma ;mpo
bendmpi[soqul 130 loinee d¢ 20y Al lyM eBod ndl2% respective

28L i t er at ur e r ev



! NO,
0
NzN\ N
\N/ o
OH

62%

18
69%
+
H,N-CH,-CH=CH,

DMFlZS °C,36 h

DMF |25°C, 36 h
NHCH,CH=CH, 17

Dl

l NHCH,CH=CH,
o
HO N

N N O
= ) :

<y N )

Me OH
20
72%

68%

+

H,N—CH,—CH=CH,

Schem@eEwetep synthesis of fl| ubyrdd o2 Ibenzo]

Oshchaploiwios kismvee |l opredi-falucow ssynt hesi s for t
1 -nmaphthal i mi(ReB)dredi® Blié veynt hesis is based o
4chl-or-mdr phdl-n8aayht halic anhydri de(awil tyh awma mieo &
di amitmesf)orm the @a@ampheh@dnadi @ 2ZNed ireatcit vens
per fousmend a continuous fl ow micr o)uenadtetrer ( QI
foll owing conditionsl:0 frmodw ferqaitnevnef h ®n&h dnd @ Imu t
temper atACr e Thfe T®&r r eSd>DNad tnayi mpe o @i9c3t¥.i el ds of

0._0._0

R 0.25 ml/min |
L NH,
Solution in EtOH (p’

N

o e A
A R R

P HoN" T NH, ®7 ™\
H,N N or _ 0.25 ml/min R=CLN

n=2.3,4,6 \_/
Solution in EtOH  Solution in EtOH 22

5-10 equiv. 62-93%

Schem@onti-huows sy ntnhaepshitsh a@fg nii,d8e s
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6. 2SBi.rooxdiimdadlrepyridines

Whil e isoindotdpnsogsi malde madn&d et eabhi c pr o
duet he®i r ext endsetdr wottoweadgeibcy riinncg easi ng' -t he si
el ectron system and modi fying, t &cpyicebiecc torxa midcc
provide new structmposadi bainldi td censffaokrogoenitdiastqm @adou c
' i nkedst.Blhthg ss part of ,myrr £eeas chuotghoee &8 ytnot hsetsu
of v asrpiiagws-dii myaodld efprya mel\wanre ksa ritsi cpul ar loyit hbeecaus

systnmemst iaorneedl i nked by a c¢common-b®ihrtedtbuornayll m
groui=0ONunit), which is noénbobmte yaa lafsuanldeamema la
buil ding block of many biologically active ¢

AmonNjhet er oicyad ¢ fes@iBh ylH-r n doalse a partially
het el ccyscdsitdefnult $y aromati t?2{( dredzmygruree p e ensdeonl te

hi gherysatil e phaawinaeoplommges oWwi tplh airnmatchoel ofgiiecla
medi ci nal(Ficdiemehset riyndol e scadvVvehdai sbhifoudmsl at
hor mesmuess easot oni n, tmrey @titarpyiptna ma meé 2¥dterii vy ad i 9 ¢

known A&Pd namamnaetli ¥nd -haenptaid n uig@snp-it m f | a yanad or
anal gempo,unocintaisoanttabacterial *@nd antiviral

Impor oanhtaz&ldsogue adoexienddbd i@h y2d-r o L@Iin e ) and
i satHi md@ldd onewliooh ai n ax &2e@@3 ppo s(Fit g bjines

4 0
3a
5
N N N 6 1
H H H 77N
Indoline Indole Oxindole Isatin

FigulteChemical structures of .indoline, i

The oxindole structanalterodniatp gorangaside fasun

ropi niwhisetubedat Parkinson's disease, restle
(Fi guP8Bunit*Bnidbni htheammliibed he treat ment of
cancer, such as breast, lung3fd iwsad iamdt Ise&ki:

of bipol &rgtdi2sorder (
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0O X i

Neurology Oncology

el

ropinirole sunitinib
(Requip) (Sutent)
dopamine D2/D3 receptor agonist multi-targeted tyrosine kinase inhibitor
GSK Pfizer
Oncology Psychiatry

N
NH
/ AL

N

CL e
MeOOC N
nintedanib ziprasidone
(Ofev) (Geodon)

tyrosine kinase inhibitor Atypical antipsychotic
Boehringer Ingelheim Pfizer

FiglbPAeat hori zed drugs contain

Under nat ur slaticsnaidmltyo dd g @dni idud o

dation @nocesasnesal so be detecte

organfBms.characteristic reactivity

carbonyl germaulplaerswdnui € hnucl eophil ic

t herad b yotwh en gp r ephaurneetrgsxoinn d oslpei raonodx i n do'.f% t3Per i va

The

i ncl

synthetically produced spiro

i ng

Inay

an

mi

d in
pf3i mar i |

addi

t

0 X

s mal

i on

oxindol

es

uding derivatives-iwiftammat enyj alanaanmi tu

nervous system effects. Their wepentieéeeg

eff

Ci

ent preparationFiodupéverse mol

/N

antitumor anti-inflammatory antibacterial

neuroprotective

FigbBeBiologically.active

ehahb
ecul ar I
Spirooxi
e r e v
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The biological ss gand i £ @inrcse oad ifsnoa ot lihegsd cElaec €& d
t hat tfhhaymmdatrlee structure of s evfeirdallnarcatmu mel
rhyncoehygmilrseeand ot hhé% al kal oi ds.

Over the pansat hfeerw fyaenairlsyddi anfy do conppy-® t RId 3n,elsa ( €l
alabtracted siginéegdi € asitsr dadtisgeomeé many @ Hirruigesal |y
i ncladiodi pi nef elcd dnivpficendpnpmi ene di pwhiendar kaateed as
cal cwihtamnelf drtercekasdriear di ovaBEcglER®*®di sorder s

Hypertension

o™
(0]
\/\NHZ
amlodipine felodipine nifedipine
(Norvasc) (Plendil) (Adalat)
Pfizer AstraZeneca Bayer

Fi glbdle-DIHPs as marketed calcium channe

The combinati onsoéafitbheed sdwson tvveards astpiilreoo xi nd
di hydr oplyaridaditephough a shateanslhpéebhed Car mani c
ok pi r ook,jidh choylder o pryhreiscei megs uatewr synphevi de c hal
|l ead to compouna® rdaivtehr seen hbgdoriod endg isiarechths aas ant i
agett g4t hol i nes ttdrra saen tiimn irolricdub@iFubsy LB e

Byolfl owi ng t het heemrHdiioelro cgagnpad roageykit myddrt egp yorfi di
di carboxyhatl eglaas nd@fpho splsodheteddad pien exampl e
Shararmad hi s groepe repumpsp eddmthi f ungadfaiangsetnt
dermatophyt (Fd g ilhé*ébotwieoviesr , t he Dbest of our k
Uami nophodehiswetreoodi hddtrepyridinbabé sphospyle
been descri bedntihnayteher pf o mieminugfeoarx pl or at i on

nNumemowseylnt hedad rdds inndgn r e vpeled rema c ol ogi c al effec
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Ry
A
N’ ) N
Ph— / o HaN Nﬂ N
Cl W / NH /
o 5 NC / EtOOC /
N R NO, R COOEt
(o] (o) \0 (o)
N N N
JO H H H
anticancer o cholinesterase inhibitors antimicrobial antifungal
R=H,F Rq =R, =H, Me, CI

FiglhbBei ol ogi cal | y adcith yvder osppyirriodoixn ensd.o | e

6. 2.Mullt.i component syngimietoaxiarpgpaoloa chiesart o
their related derivatives

In t he f ol |l@wkv nhagne soevcetrivoine,w afs éwdar itdwes pMER=a T
of spirooxindole di hydrhegyruicdiumrea ldiyc areld cax yelda
partrefieaealciet etroattuhr eeldmtd achg |l ne®é gr ch wor k.

Ther e are | oneéeaxtduwpd ¢ e ofpr epar ati on of
di hydr ogpiyori diend axiyrn awtelse hr e av@trii mnusofi satin d
substituwedhkabhokabesybenedaroceanbiotdi é®t e

Sharama fwiog ksgtousdi ed ohaerreaddmbBati tuted ani |
t wo e@oduiev hyl uadetro dioe tSothmedli@¥tlansshoul d be not «
experwmert perf or medJidWonv ean ,c ownhveernet itoenmapler at ur e,
could not be accurately measured or controll
guest iDwraibnge .t hei refwerckheadatfer egeneasandolcilayce
mi newaall soves.tmygmag etdhese, Montmorillonite KSF,
8B94% of theadpr b@iBitchGs hor 567 e anc ti inb aneftihmen ol s ol

R2
MW oven / N
. 0 NH; o o 138 °C, 6-7 min Et0OC /
1 Mont. KSF R COOEt
o + + )]\/U\OEt - o
N MeOH N
H (2 equiv.) H
R, 23
R4, R, = H, Me, CI 88-94%
Schem@gn MCR carried out in the presence of &
MW oven.
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A Chinese resesarndmhefsgnmzeed@ir r o okii mydod epyri di
tetracafBdrhylt Actewaacbiusnishtin derivatives W
t wo eogfdi met hyl acet Y3 emeng*®cTareb orxeya cattiwcere e
refl ukiecdhlionr banet aabhethignoen ( 240 hdwer sp)resence of
50 mobhdx on trifl wOKl dees ea kicatigndeyes(tBE e TY5 ®] ds o

o
Ry NH, COOMe reflux, 24 h
o + . | | BF;0Et; (50 mol%) .
N CH,Cl,
\
R; COOMe
R; =H, Me (2 equiv.) .
Rz =H,Bn 45-55%

Ar = C6H5, 4-MeC6H4, 4-0MeC6H4, 4-0EtC6H4

SchedBehe synthetic pregamhnhgtdir otpeytori ads aori@io o w i atd e

Anotrhelrat ed examplmeorien cclouptpetferamm eveear s f r o
repor i{CRkdf ai glait mar,y amicrmaegsb,only,l3 dpmpa@¢gbds, And
tripsehykphanrnheltihde®aleImEd*Theeacti ons were ca
undreefil uxdetyh,aamalf ti€r h®dduodacti,on tsiemed es of spi
deri v(a2bgvrees pwephr gdi8I5ds of 74

(0]

o] PhsP:>:o reflux, 2-6 h
O + R;—NH, + + >
N 1 2 )J\/R2 Ph MeOH

H

(1.2 equiv.)

25
74-85%

R1 = Pr, iBu, Pthz, 2'C|'C6H4CH2, 4'C|'CGH4CH2, 4'Me'C6H4CH2, 4'0Me'C6H5
R, = Me, COOMe, COOEt

SchemMereparation of v@rpshtolgeghsaCGR oopl @xl o4

Yaand hwosr kikowes tainga t#Caif n4 whsahi ns, lenzohy
acetylenedicarboxyl ate, awer emadpmplealedmnmti | eemoun
t podultbeenzami dosfi-gyrfi dqid@cshjela®&¥ ' The reacti on mi
were stirred at r oomES&NS npe r2atnihries MENr it rhge tph eisre
the dynamic edgtwmi&amdf oumadi onh(h2e6a st hael spor osdt uucdti se
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COOMe

R, 7 S cooMe 25°C, 24 h
~NH; EtsN (20 mol%
o . N « + RyCN cl ),
N EtOH
Ry

R, =H, F, CI, Me

R2 =H, CH2C5H4 65-84%
R; = CN, COOEt
Ar = Ph, 4-Me-C¢H,, 2-C5H,N
Schelm&he reaction of i1isatins, benzohydrazi
mal ononi tril e ar et hyl cyanoacet.

Further related spi(rd2dwihlddobewdi ydrdpsared
Bazgmd hibsy @a otaiprigs@ae nasmi nes aiSdc hneb@¥dinn ttrhielier
wor Kk, two diffemertstisgahecdgesaeqgfwbdebsti tut ed

mal oni tri |l ewasancdarernnabndilneeust n t he ot her case, t
equdfami nocr waenist nidih eldd thle yc avoe kkefdl tax ttodimper at
propanol i n2®b%o fpprreos! el vaied!| haafaga ti imEN0( hh.our s)
1st strateay

o reflux, 10 h R
R4 : 8

o . NH, . NG~ CN L-proline (20 mol%) .
N )\/Ra PrOH
\R2

R1 =H, Br, N02
R, = H, Me
Rs; = CN, COOMe

2nd strateqy

0 reflux, 6 h

Ri NH; L-proline (20 mol%)
o + K eon d »
N\ PrOH
R, (2 equiv.)
29

R; =H, Br, NO, 73-84%
R, =H, Me, Et

ration of f@sBt)e®rtbeBeiro

SchemBeynt hetic pr a
a ma bupsnieniga mdél ieeserent strat

ep
reaction of ,apdt
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6. Bycl odextrins

CDareycl i-cedwmoinng ol igosacbbghucdegr amargpe s
l inke8dlg4)ycosi dic bonmer | Fhemaomdhiemgtehe dieat mi
ref efrrsantzo Sclfd@ndAwmgteri an microbiol ogist who f
cyclic oligosacchraydcelso aiifoyal sobsdehseiam | gyt r1@OOwr e
are cyclic famanso goue)aonolmgapsneen & -crad tl lerd@bDysatd o e
consisting of 6,iU07,,&amseDisa rgel utchoes emousnti tcso mmo n
hydrol yti cl asrtgeelyxi ldaywogWwiafh obhi dio géhgel u coooshreber | e f
signific@nghplet - dnter

o on
o HO (o]

OH OH

°g o y-CD o

OH OH
OH
OH/ O
OH OH OH 0 % OH [o]

FiguéeThe structsur e native CD

CDs have a-shapgde (trampgame c)d, vahteenreec ttulrei r o]
surface is hydrophilic due rtiom twki lhey drlobexy | e
hol | oegraiviihiys cavitythe Bpokarolyeémod@em oamt @ms
glycosidic oxygen bri dmgresvtihdehnoleet heuhffdcexg
pol ar properG® esavédsaahyesoaphilic exterior a
all owsincéapdttar guest mol ecules or parts the
a reversible nét%usion compl ex.

The narrower rim is bounded by prhiomarey eldy d
bysecondary hyTdhreo xfyrl e eg rroautpast i on of the hydr ox
slightly narrows the rim, while the intramol ¢
stabilize It maki ngilhe hby drtaguecnt ubendnbreet war
nei ghbmpluwdmsge uni ts i & hgeGDmtoil ewlwlH retsdydsechea e n g
sol uBiTlhiet w.avity size increases wintghhent hes inomb
compl exfadai g@ar mouéetbkes ud a.iSt aslulbaunda dmpluadt dy a
formed h guest momoéeclue aar B0 Davoefpar t i al

compl exfatliaamger moleenc urleepso ritdesw , &klewsheetl@e t or s ar
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physical

fitdndptres enhcyedrod biac *%Puefoaded.i s
t he phamdnaicredidecdora mectoiscnse,t i ¢ s,

prot é¥%Thbe. schematic

parecpdp s gd CDs

agriculture,

strucRiugkiywdhfi | EDd hies ge&h

cyclodextrin

spectrum of

fractions

glucopayltdlndsheyd erlmsehy CiGdlgeéd
intramolecul arl>*Theansgpiycakylkdt@aigashd esceiuersc,e sa nadr
stanchwirdeir(moy ebupdsaceesns
c an bael sseddh)@, -abnodC D

can

be

properties offab3hei ve CDs are summar
\ b
<a—>
Primary side B ]
| :
Secondary side - -n
Figlb¥ylTehe uni-gghuaeped ngt rsuepueaekbohg@WBiutcltosae uni t
n = number of glucose units).
Tab3lSsome characteristic physicochemical
Characteristics U-CD b-CD 9-CD
Number of glucose units 6 7 8
Molecular weight [g/mol] 973 1135 1297
a: Cavity diameter [nm] 0.470.60 | 0.650.80 | 0.831.00
b: Rim diameter [nm] 1.46 1.54 1.75
c: Cavity height [nm] 0.79 0.79 0.79
Cavity volume [nm] 0.18 0.33 0.52
Number of water molecules 6 11 17
encapsulated by the cavity
Solubility in water [g/100 cm3, 25 °C]| 145 1.85 23.2
pKa 12.33 12.20 12.08
The iIinsdusltei ppodcC®sicoar ri ed out enzymati ca

d e

or t aj

obtained fr

rlieywel eoni ve,coomsplagxegtaipmamido sru s eq@ume i st i | |
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of the compl eking ageontrsant to note that nat
gl obal volume, while their special derivati ve

CDs are also excellent candidates for <che
one primary and two secondary hydroxyl group
cas &, 9ghndaCD, respe’ctfivedeggree of modification
degree of substitution (DS), which refers to
per a CD mol ecule. Their basic classi-brcatio
per sub)s,tigudidtdiaoondom or i somerically pure) ar
ionizable). By introducing ionizabdepsutesnt t
charge. Neutral substituents incladghalfiade kX
or azido groups, whinlcd uitlemri zeaxbalnmep | sey b sctair tbuoexnyt
ami,ma( hydroxy) al kyThemrendi fJremuaplisthees pr epar at i c
numerous neutral, hydrophobi c, hy krnoopatsi | i ¢,
second generation CDs. Today, whhoesreepl arceat mor
depends on the desired physicochemical prope
bili%t&%Fym.t eresti ngdloyufe Ghemgt bbha |l wasp persa x inmaa teedl
$8. 78 billi expiecdg 2@ 24 nemd liys $16 .reH rhkeislelnitd m gk

al most two%°dl d increase

Q

6. 3AnL.overview of the history of cyclodext

The discovery of CDs dates back to the end
Ant oi ne b\ielrlvieedr sa new crystallfiemmremes wihastphbieamé od
starch, whicehi m¢AdAsamedgh its e xyaekth osvtir U cattwerre
turnedtbus shaéast anCl. was a form of

I n the eamuygtrlio@®sphrcamadi Sdilosyai ldattngera t her
bacterium (Batell ks)omscagisamass capable of br e
forming crysit®Schiandgihdgverdr itrhsat. the resulting
ami xture of tlhenEtempoanenacsagni zed their compl e

Kar | Fr eaundde nhbiesr gc ol | eagues at Hei del berg U
three native CDs in pure form, and &%9B88ri ma
Al t hough they initi al&y@GDn ccoornrteacitnleyd afsisvuemeadn
units, respectively, tHhreesaRuuncdlusrheo wdaes elrari enre
actual number of glucose units and ex'@Pfored

Freudeanbseor gcorrectly described th@eD$&c!hani sm
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Il n the 1i9n5v0ess,t i pladac €Dapffl i cat. Fornesmctihe g h e
Uni versityCroafmairobvai daenldber g devel oped met hods
and puri€CbhDemalliecoxnploofred their physiléfan Bh%3 ,ch
t hey were the fCiDeotultdo ap®siontpl @ayt atnhatmpor t ant
by mproving tahned rstsaobliulbiitlyi.t y

Interest in CDs grew worl dwinde eiasi higé y1 6 @
ofi ndustries recogni zedChihreoirn vRhrasrmdhadcaeipi cdl
Compdrey) bysefalSgejitndltuhdee de @Ds oif pit h@r,amdnp any
induscai al produwdhtoirdd vy bé&h@Pesét erBzbpusl astic.
colddtt publicihy oamaCGbsanhdmgpani zed the first
confeamren@es questi onedc |Daikmaeér CEommgiheved t hei
|l ack of any adverse eff,ectthiansietniycaitaitnegd rweisteha rt

application in the pharmaceutical and food i

6. 3Tk2genearpapll i cayicobomdektrins

Thescef Gbhsrddteeo t he wi deavédaeabkeegt iofes, i's v
t odaasy t hiamgpr ove the solubility and stability
tastesdouwliney ar-solwableeq, bi ocomp anoishtllags, t el iecde

col our laendds u r T heesisr p r oedcuocnto,na@inctailes pr epar ati on
chemi cal ldye rmovdarttiiveetsi miglhigr st ructure is al so

They are applied in the phar ma@aaudt paalk agma
industries, as well as in the themndribgureed us:
18 There &eesak®onviecahhdd @sksadoown ar eas safc ha papsl i ¢
medi cal teohnohmgyi cal i mpl ant s to @mprove
nanotechnol ogy A{apnrde pmirarta oanp sbuhceensat ntiobed teeads e a o If
drgdmaterial science (smartf doreodurnil tetsi magn do rf us
repesuenhddaeehergy sector and ebfmdtecamiocs e i ¢
sensg™®rrs)in 3D pri iptoiwdge rt eecxht nSold solpyoiupéfst e d

| n 20245 ¢gr eaeesotCOusird s sonc i dtoeod wintwlumg triyc s
anfdousehol d chemitcalns,h ewipitilad ma c eawctcioaanlt si f dous

l argest?>har e
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\ o
Pharmacy & s . 7700 &//
medicine - ‘ o OH | V/lqsgi'ffv
e

Cosmetics &
hygiene

Household

’.,,/L HO | 4 «‘/h\
= b : Textile

Fi glu8Tehe vernsdautsifdmpet adod CDs

The most i mportant r ol estodévidDisztidre gtr haeth dfbd oed
componentfd,avsouccdsd aarsant s, ,an d aumisnast, u rsaaflt lud saft aet dt
resuhéesr ability to f ocamtirnicbluutseisont oc otntpd exree
favour abl e s eorfs oprrya dprcaepsetrsthidel st’fClimipé e mh 0o n
reduces evapocroampioostiatdisoests elsy, o kligegdkern z hweag , anc
all ows for the tarfgleaeamp acdimd s raalriessd pddil eaatsieo r

nclude the use of pacslhagico@tmat eviitdl € Dc @ mtma

and viemendpo!|l efstr@motlty pr oduaded ainmdg reegdgi ent s ; s |
autoxidati ondeolfi dartiisvggnidn @i édi; ents (such as
ostabilizing antimicrobial t'"gredients to re

I n cosmetics andChsowtsima® | dcafposrdluferdasg,r anc e ¢
sensitive actpirvoe ildormggsetdiinegnt sgr adual rel ease
oxidation and |light, odod®Tthiee edmoyba gt el unpl
e.mer f umes, deodorants, &adllrdanisndg tpernedwtct sa.i
in skin and or al hygiene produc@DBs fippreod wanst, h &

stabitlheecyi v & iamgleddrtc ent sprhiottaotsiemmsianad/i ty

CDs are also appliedyandddatei cgaxtri eesj nadauas
modi t8Tewresympraoye uptake, <color wuniformity, a
unpl easant odours and minimizing environmen

durabl e functional halulrdwcfeer ctame beorctrealt lead
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active ingredsewittsh. bGltsh csaynn tbhee tui ¢ and natur
polyacrylic, polyamide, cellulose acetate, n

CDderi varueswalfseent iimhalyyti cal chemi stag for
we.lTlhey are usetdt iacn antgiarsahalsresn(aG Cggr aepl huye n t (o
stationary pihras dpie@idadi mawves | i quidPL&Hmrdo mat o
supercritical f(ISCi) darmsd c d ma didbrg seeg geicltlioarrsy el ec
(CE improve the separation of enal'té*omer s,

6. 3TB3e. signi ficance of cyclodextrins as ex
industry

CDderi vartre vesi marily used i mst lee cfpdpra remla e e L
mol ecul ar e rAdcswistuh fada v opnr eaxlfirhaec o k i n eatnidc/ op r oppoeorr
chemical. slthebiflartngyati on of i nclusion compl e
solubility, stabi APIvwhi laen dr ebdiuocaivnag |iarbriiltiatyi oo
masking unpl eoadsoatrirts!&°a's®ta e € D & nodanpeaoki | nehii ribgh te
aggregation of peptides and ipmot leeinssalblahn,C h
amyloid, or certali®nl®hulti meric enzymes.

Today@EDder i vadc evgeéssedx chiypitemd seuwdn ep eners Mgen
(EMAar2enydr oxyp&cDo g0 )s,ul f o b biCYD( & BOEDr) randoml
met h y-b-GD e(dRAMEB dh y2d r o x yo-€ DOH®HCADIT her emoaeet han 25
CDf or mul adre dARIP I soommb itnhaet ibmoairékrea n and veterinar
wi mhl triputead miohi ¢otrradatsiaoln, dercmadpaoept a@rheely
are used in a wide range of dosage forms, i n«
creamsaaddtsyppaoss ivieolmli @y einrotursa nardduiun iad%3r at i o
Some of the fronoanul iamp aarmrrtsa iAo hg L@ Des
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Blood circulation Anti-inflammatory Anti-viral

2 -

vouRReK
O emcoed

a— A

= |
PGE1-B-CD Diclofenac-HP-y-CD Remdesivir-SBEBCD
. (Opalmon) (Voltaren Ophta CD) (Veklury)
limaprost, tablets NSAID in eye-drops intravenous drug for SARS-CoV-2 infection
Ono Novartis Gilead Sciences
Anti-fungal —
dorotls, A
j corocit
. e sninica s
Voriconazole-SBEBCD Chloramphenicol-RAMEB
(Vfend) (Clorocil)
for Aspergillosis and Candida infections, intravenous/infusion broad-spectrum antibiotic in eye drops
Pfizer Oftalder

Figl®éTehe most CDmpoed achtugatvwar mabdbeomar ket

Beyond their tradicteroésn aredped lassld esa siinp i teme
treat mentdi csfo.t Wl @ wsicluesst oma&r aehh wfe rsb-CIPP r ecei ved
amr phast dt bgecomi @@btatsheéed on t hé&CDar kecurrent |
to treaPi Nk etmapme C di sease, a rare neer elxagitc
mechani s@Dacfel ioow at es the symptoms i s moets yet
compl exing @amndopreohiyl iizsi inagy endpee r i phlecaattrmaiceo | ogi C
ef f18Axltt hough aiptpd ilcdast nolmaéady bdeceerp eap purnadvee ds,t atn
t hmeol ecul ar mechsanilsm | bafcokbibhigg bnhe eids f or f urt her

Anot her exad@Dl, e wihs cBBlbBas al so been grante
the treatment of Stargardt di seasée®8Yhae ruasree g
of ®BP promotes the complexation and removal
accumul ated in the retina, thereby sloging d
phot or eAd e phtodurgsh.i c al dsetvielllo pime nitthder segap d ®r € age
a very promising candidate.

The CGDhdresti vati ve devel opddaf ianse da nmeAcPhla nwistnin c
sugammgFdegp@ €T hi s compeu resyt s on al drug design

surgical anesthesia to reverse neuromuscul ar
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( NMBAs) , particularly rocuronium and vecuron
and inactivating these NMBAs through the fo
mostly with rocuronium, thereby eanraabllyisnigs rdaupri
surgical ®®Oneceduiés. major advantages over tr.
of significant systemic side effects, which
clinical practice. t3wegaonrmagdi enxi® e mprédkicuocnepda mboy.
mar keted wunder tﬁ.Asapand paonee Briiadmohas al re
China, awmdibapagaemmadaex @l odwdtys mdbides.e mar k
| nt er e@snt itrhgel yUrmpiatt edi t Stt & Ww ans gel xi t d husnl ta2mu2a6r y

NaOOC.

1 NaOOC
S Z
/%oe\ S
o Ho OHO O COONa
"/ on Ho OH /)
NaOOC~\__s§ o s
HO,
HO 0
OH

o
OH

s OH §7\~COO0Na
/,J OOH oH7/ o
- o oH O (]
I
o o 1
s - bridion’
| 100 mg/ml|
“—- = solution for injection
sSugammadex
- SO 100 me sugammaes (s sy sV
. trickort B 10 vial
COON = ‘
) ¢ m___a g 2 mi=200 mg
5

FiglbeSugammadex, Bridion

6. 3T,lhde. syntheticcugammpadaxi on of

Sugammaa®eXD idser whatealplai mary hydroxyl group
excl usi vnedrycmmdtph ohr MEABcadresult, a single is
t he-b-€Bb andbCORIETri vatwlviesh are mixturedegscof i
prepaca@ansionts of two main reaction staempd, f ol
crystalliesation process

I n the first step, €D bpeomevi v thewdrd owxy Inegr d
or i)ochi nehe preyéphe sRHFBN hien, pihidiad i @yl ogenat ed
der i Sacthielfige This i ntermediate is thenerigmcted
the pr &dasdmMadOMegi vee final compound.
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COONa

Z=Cl,Br|

ScheéemBeheynt heti ¢ @mgapnarégeixon of

l'ts synthesis iswguete dteat ght her ssemoiet hi
t he prporceesdeunrtesh adlilgdtdigneesthgent pri mary hydroxyl g
identical and sdgenoned e qtuheeni trlyiyrepsoa < d ti bva te& tnu tl iaa n
Thusi quei $ etah @r etolnd fcarumeaet iodni mpus &V d el repasd
i s crontd u ctoenpri ¢egise i f t he reaction con®t®t i ons ar

BriEIibsueIfsmcloelttw\keaﬁthyased i mpur ittheees.ur @aher ¢
analysis and characteri zaftapraniehttbsafiempyumrindy
espeaoialhlatvheeht new generic versions. Changes
expected to increase the impmbpeéermia&kfh ch @ 8 nuaentou |
necewsatehyo r ovuagl hil dya t eadnadt es emsil tyit v efacsru gna mima d s x

FigaakbowslPLICe c hr ormadeadrigdv aame | eth @ bhsmdgode
array det,ecveftr h¢ Ddidakfenipyu il toingshveiitrh chemi cal st
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l:![ ; v SGM Bridion®
—t—
L u “
8 v - vII
= VIl
10.5 0 5 12 2.5 4.0 1 1';J‘ 185 0 9.5 200 205
etention time [mir
0\ _/—COONa OH COONa _/—COONB COONa
Ng _/—cocma s—/_ o s I
o s o} Ho. 0, S
OH O
HO
HO o Ho oH 0 o oHp )
OH 0T, HO 7
OH OHp Ho 0
o s _/—COONa OH
7 7 s
0 8
I-1l (two epimers) ] Ho oR~o T S v
mono-S0O-SGM mono-OH-SGM OHY e
7 SGM/Bridion
COONa

v
s — SGM-S-SGM
HO o
H O
Ho
Hy _/—coowa [COONa
7
S

o
o
SH
s
S—§ COONa
] COONa ° 5_/_
e HO o o
o oH 0TS
HO o OHp| Ho °
o
oH™0 7 OH o
0
o
7 7

HO
OH

Vil
(SH);-SGM

i Vil
SGM-S-S-SGM SGM(SS),

Fi gRiTey piianplur i t islegsa mMmag enxghe s i s .

I n the foll owi ngs papebte, nmile talthfoaps felpyo xd ialequetr i b e
pr odtulcats arceo nmleatghesddyptr @ duugcat mnoandeadt@P A si de chai
arseensitive to chemical .modifications such a:

| narpt iiccwrltameg oxi dat RYH)defp etntdiianlg on t he degr
the react,vami oursddcdatneo Wwsptr imeedh a(sRAIR)u,| fsiudl efse ni
(RSOH) eg K®HOf,i nsul f onsHE , vaaor gl S(RBIGF i des. Whi | e
thioet herrseJWRIGtRDiIpDxcdas [ RS(O)R&FP* and sul fones

I n gewmlkefaxides ar e furstummil d e/t hsdpnrso m(e R SoRt &)ek d r
oxi data@onsodi um pe)y i imadhlter o(pNearl bGer@R B A Xt llmace d (
mo £to mnoyn w ®@dfenrt ssuch selective oxidation, a
sulfides to sulfoxides with®ult®® further oxi di

Further oxidat isarmRkdfdiszubhiga migéeyd @weir, 85
or OX2rKeriB B SABSQwi t wi bhout,caat al ¢ sfted reraalait mn
sul $'dhdh8der controlled reacti on ©SoH)dictainonsea dp
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the formation o) sutypincal laxidsi {qRS®@i | d oxi d
amount:® ofodi um pe)y,boodtfea°MNaBO

6. 3Thbe f ormati on of inclusion complexes by

I n aqueous sol@Ds ®inl,| end eveictalnmvh e apap kpeosl , a r
intersdevebapesulting in an enRemledc icvaatl eyrh e é
mol ecul epoWwat hgnentthkeng!| stapesni simgagas t8Pr mat

+ ‘ — ‘
) @
»host” »guest” inclusion complex

Fi gRPFeor mati on of a CD inclusion cor

Compl ex f orunsad asldlray i lair 22e dv ablye nth o hismtcdr aacst i
hydrophobi c, va-di peliheyWa aolge,n diomalse The proc
resulting in a, dwed@adicl egqui il $s bdewenr mi ned by
of the guest mol ecule, as well as the charac

Compl exes usualolnaartbiagitno ii cmhiiao nkebtl 2 @ Roa Ie,

c omprl @txiaogsl s o 2®%ichapiero.me f ot @l CD and t healgsuoe st

cruci almoleaetcdihdesti st a ofoi Isimatwhlé | CDi aaviwteyak |l y, w
i's totoo hlme genmddyattende swickiivdlcy CDECDiisalnayi.nl y
c a p a belnec agpfsginalt | al i phbaCtDpc e € ampianadighsnat i ¢ an:
heterocycl i c o@Drhaeyc ud recsia @ swgheid temo |l ecul?$, such

Compl ex formation is thermodynamically favo
elimiofAtihgmropholbventgulestver ac tGi dhsDs ) Trheee ene

formati on ofainnbereasept br water sogboedubey, S 1
sensiotfi ¢ihtey gufessrhe mef eeat e of | ight, oxygen,
its volatility and reactiWist,yctNMR,s!| specict o 800

of ten chd¥§@n atsh ewedtthheereel daaracthp [re&Dswh ecompl ex f o
act waltlay ye@r adfett me g udeuset b k ecelde % nf or mati o

Phase sol ub#kriotsy a moasmomp Isenfdmet hesdessing th:
stabili{yheomegtantre of ofasst paie®tdi oinnteelrraech g ok
devel olpkidg uacpidi. CA.n niom s1TOh6i5s appr oatchgeuiamt basaedyv
det eartmmoohn t hehoew t@@sgmprove the solubodgarwi cof
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compoid’Bygs a suitabletmemat gt ak ak oihse bdhétde rymiorfe da
pl ott edhcengaiersypton dicnogn caepnilirigdichi e -Checdmplge x i
soluble in the-t ape espod ausbend d it wm,d i Aldhrea nish r aeree nual
typesdiafgrAAnsy pleienear i ncredsyégpeosi sovebdeivint
Il i nearAvt ypreeagnadt i ve devi dtfi arhef rcooomplliernxe ahraist yl.i
the mediypm, dBagrams can be formed. These are
generally have ptoyopre wdaitaegrr asnosl ucbainl ibtey .f ugr t her

t yptehe compl ex has Bltiyrpitehedcosmpuki!| i s8yjnawodubl

Drug concentration

CD concentration

Fi gRBTey pephasfel ubi |l isty diagram

Thfeor mati on of inclusion complexes can be s
techni gunecsl iMliisn gs pleVdrtoruaod ceapyt,ransf or mFT Rfrar ed
di fferenti al scanwiaryg de dIf o micmeé tomy ( XR®E) , axXd
invessi gatrirmmor at eoft Hheexingthnaseocmaesi gms pfovi
insight of the struc¢cther stafditlledataepqaiaeed siCOMNMa
physical or chemical (ep.ra@fefrah aensgnech b $ &e,p tcioanp o

chemi calt hehrimfattsy,behavi our

6. 3Wabt-ensol ubl e mol ecul es: capsaicin and i

Capsaicin is a uni qgunegraddi eintd i dfpoaupnddehtedine m«
Capsigewmis wtgh e m utnh egiprefcdyay®@@urher rel ated capsai
as di hydrocapsaicin, nordi hydrocapsaicin,
nonivami de, also contribute (Riog2tthéd strong pu
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dihydrocapsaicin nonivamide
3.2 —
o

MeO

e N =

H
HO
capsaicin

Fi gRdTehr ee «@©aspanmomi noi ds.

The most att roac tciavpesiah pcp hhdbcieadtdi coond 1 ndustry,
just for theial Bsopi otyhheditra fper moepfdH tt o BehsEh ey have
strong antimicrobi al ntghnedm apnrtoi noi xsiidnagn tnreet&uf reaclt sp,
sl ow down etoén dagteh aondtMeolIr fe olviefre Isdovwee isrt wels teisg
their potent,sath heasasndtbaobbdelnieshinn tessr supporting a
thémteresting ingredients for(FfghE®ional f ooc¢

| m hpehar maceut,i ccadp siandcusnt riys best known for
muscl e oiff onrhoiichhtFiDassp pir,iow @ id c(Rit g20%'&St udi es have s
that it can trigger a ptohpotsoep iri ens it @htecréNadnrale asvoet ra,m ¢
thergrowimg evidence that it might help regu
potentialklhy os edivdbdéitie scfcs manid per sonracantsar e
and kalnmsolnstcai n cageal vl nteohaearctcinat aad as k ing
purp@sega¥Eapsaialil@ampedascti cal applications in
as natural deterrentdutengaihredtr pd s(foigRaii@ rh ¢ ram
Theryal s®ed in environmentally friendly repel!]

shown insecticidal, antibacteri &1 and anti fu
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Nutraceuticals Food industry

CAYENNE
J ~ PEPPER

Arthritis Pain Relief Cream Dietary supplement Spices, sauces,
Walgreens OnHeal flavoring agents
Heinz

Cosmetics Insecticides

Skin-activating oils, creams,
balms Insect/pest repellents
AG Organica Ltd. Avian Bio Science

FiglbeThe motp s@domut lmaconmmegrpc b dlbct s

I n tet mpihparmchh e mi cal ,iptr oipser kaonagppnaitchiak t s

deri vartd peghmidhéeégssol ve well i nr atahern onhahtser .a
T le r e fpooroer water stohlawibré | i hy f bbhit phar maceut i ¢
formul ati ons, and its irritating nature <can

chal |lemgersi, c2'&mduvref natdsd ravad e, uskadwenvcdrusi on ¢ o mj

for muP%t igoCévg dpir ovimdet apl e benefit option
Somestudies have shown that forming complexes Wiibs particularlywith HP-b-CD, can

greatly improvehesolubility, thermal stabilitandbioavailability, or even théluorescence properties

of capsaicinoid$?! 2241t hasalsobeerprovedthatt he i ncl usi on compCRxatior

can significantly improvéheantibiofilm activity againstlifferent bacteriestrains??®
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6. Background of my doctor al research

6. 4S.yInt hesis of isoindolinone phosphonates

Qur research group had pr eavsisoiusstleyda s ticuadtiael ¢
sol yemrte synthesis of ii(B3ppindoWwhnohel phbsphopasz
both my BSc thesis andiFdiedldema evaartk .onT e | K ahbn
off or myl benzoic aci d, di fferent primary ami:Hr
phenyphosphinate wdhx heinp.estOugatwar k( i nvol vec
optimization of a model reacti on, a broad s
reaction meichaBTTRmspeichngoscopy. | n-ugpd diint iao n,
continuous flow MW reactor was also carried
yi el di®48f ah@ characterized. Among t hem, 14 a

o
Mw
COOH o. vy . _
+ R—NH, + \\P\/ 1 60 °C, 10-30 min_ N—R
CHO _ H Y, no solvent v
(1.2 equiv.) O’/R/ 1
Y
R= Bu, cHeX, Bn 33
Y, OMe | OEt | O'Pr | OBu | OBn' OEt 70-94%

L P

Y, OMe :OEt:OPr: OBu:OBn: Ph !

Schemfiehe preparation of isoindol3i3gbgne phos
Kabadkhinelkds reaction followed by cyc

Dur i nign tBhileRu st udi es, t heormuplchewownobet aveiead,
and diethyl phosphite WmWag2feolhdweadde@iem d &net a

concentration profile of t hRi g2yae tNoo ni nctoenm pnoen
species (e.g. i mi ne) were detected in the
instantaneous nature of the individual react
resi dual i ntermedi at es nrigmanifn e eh Bb ealpopvhh btdhde FdTe
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Adueqlosqy

1400 1200

Wavenumber [cm']

Fi g fled Mdeependent I[-fRorsmpyelchheamz wifc 2aci d, butyl ar
antdhe paobdetctt in ethanol
0\\ /OEt /~__H4—7r____,_—-— ]
291 /P\ _—
H® OEt _—
1.5 1
g
E
g
g 1.0 4
S
z
5
e 0.5 1
0.0
0.0 05 1.0 15 2.0 25 3.0
Time [h]
FigRieoncenti snei dnagram of reaction cor
Next, a continuous fl ow MW-fporrontyd shse nfz@mn ct |
primary amines and diethyl phofphirteacwas , alwdh
was supplemented with a 8omaseciTalel ystawaiilnagb
were injected nto the reactor using a dua
continuously memi tloR esde nbsyora amui Itthe temper at
mi xXture was reduced by water cooling.
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During thachedgweapproauctivity calec2el ated

g/ hour, 1.4 g/ hour, and 1.8 g/ hour , -2frelspbect.
increase in productivity compared to the re.
g/ hour, 0.6 g/ hour, and 1.0ngtkourh)a.t Haowetvh
experiments, productivity was <calculated bas

reac.ti ons

60 °C, 30-45 min

COOH
©: (§§>_>_ Cooler

CHO
Pump A ((.)) AR o
in EtOH flow cell >< @dN—R
O, OEt Back pressure P/OEt
Np” regulator o” TOEt
N + R-NH
H  OEt 2
(1.5 equiv.) (1.5 equiv.) Pump B R=Bu: 2.3 g/h
in EtOH in EtOH R =°Hex: 1.4 g/h
R=Bn: 1.8 g/h

Schem@nti nuous fl ow MW p#Hoaamsyd bfemrz oti hce arce adc
amines and diethyl phosphite.

6. Syht hesis of isoindolinone phosphine ox
Continuing our work, we have -Alee mtevbbdp:i
the preparation of i s@idndal it heni&KiaplhadhphikEaet
foll owed by 4dyaclmyzatbieonnzoofc A aind, vari masy aa

secondary ph&shre2iee Iloxi des fhew procedur e, w

operational conditions (no speci al reagent s,
necessary, only a small amount of acetonitri
18 newoBdolylnphosphi3feveori dgsnt hesi zediin exc
99%) and were fully characterized.
o}
N2
COOH . :
@ . R—-NH, . Ar\P:/o 25 °C, 10-25 min @i‘éN_R
CHO Ar” H MeCN Ar
O‘P\
R = Bu, °Hex, Bn, Ph Ar
= . di . 34
Y = C¢Hs, 4-MeCgH,, 3,5-diMeCgH3, 2-naphthyl, CH,CgHs 04.99%
Sche&mehe speci 4RI Kladkbsacrhenackt i on f ol |l owed by
preparation of isoi@dolinone phosphi
Moreover, the pralNhetcalocoappléecsadhioani nédtWwa
of the i1soindolinone phoslpihgared ofxardes hevasyn
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monoddmtagaltset i nunB7anmdpliex crystal structure w
crystal XBDhanal ysi s (

N
MW N,
o} 140 °C, 6 h o 25°C,12h
3 equiv. PhSiH Pt(PhCN),ClI, (0.5 equiv.
N—Bu } > N—Bu ( 2Cla { ) » trans-Pt(ll) complex
no solvent CH,Cl,
_Ph . P/Ph 37
o= "R
Ph Ph

36

trans-Pt(ll) complex: O:lé
_Ph Y
C'\ / Ph : y
Ph_ / “cl Q\/ )ﬁ

;Qi:fz

Sch&mdul ti step syrnt(Hdgi(FE.oafplterxans

35

The biological activity ofi hhestogqpoyhdson
and antibacter-oxabdi acisyagpsh. o sigpehvienrealox3 des, mai n
Ssubstituted phenyl groups or naphtlgtmamngs
promyel ocyltcied | ({ EGE@&mi2& QY. ow?here the referenc
Bortezomi ho=Wi #BNaB. FON10They wetrieval agai nst
positiveBaaicktleu® Cmndb61iOMs2%here the referenc
Doxycywdltihsee@. 1 £6 [O. .0 2 9
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7. Result and discussi on

7. A. new and ef ffirceieendy ntchaetsaibsy sdfs o ndoa
phosphine oxi desFieids Kabachnoh f
cycl ilzlati on
7. 10.nt.roduction and objectives
During my doctor al research, buil ding on

phosphine oxides, we f-furrd e ek aliasllredsst kr ggaatced d otnh

by cycl ifzoartmyolnb eonffz ®2i ¢ aci €@ hamdal b wstecloamdiameg pdio

The incor pohiartalonpldspfhi ne oxides can sigr
diversity and enable the introduction of an a
Furthermore, the presence ofta stedgpobewi thepl

di f f esruebnstt iR uents affects both reaction effic

Accordingly, the aim of this study was to i
bearing different substituents on the phosphc
Al'l newly synthesized comMpbp&linadlbdNWER es faidtli yo £
as wel |l as by HRMS measur ement .

712Substrate scope forchihrealsying diiersd sl iofower g

The speci &li edadbsa crhemaickt i on f dlolronweé d bleyn zoy cl is
butyl ami ne was-clleixnelndehllosuphihmgbwPoxi dpkenylu)mh c
oxi dmet hay | phenyl ( ph e anyelt)hpohxoyspphhei nnyel (opxhiedney,I3)2p h o s
or-tddi fl uoromethyl phenyl (phenyl )phosphine oxic
or-ndpht hyl (pheny$gtpd@sphi ne oxi de (

Il n our experiments, the reaction condition
i soindolinone phosphine oxides containing id
applied as described in therpfevieocwarchapt eon

temperature for 10 or 20 minutes without any
Due teoesttereeoReni c cedturnectlionatled yi,n at he s
QAQalhwere formed as mixtures of two diastereol
resulting to si’Pi&| Woglpiecariaon in the
The diastedepomas ¢ NMRi B@ectra proved to be
of the isoindol ilbne howkPhenEoomedeas(mi xtur
in a ratio of 40: 6& oart ad-fnri hig] meomMimeeé hgd mgoon @
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atom was formed as a mixture of diastereomers
di astereosetl reicftli wer, mesmhhreynl pZhenyl (phenyleaglkoas ph
@9 in which case the diastereomeric ratio wa
groups on the mphophphygd o Bepth@iddio(y2dir ® o Flsy d |

phosphi ble, oxhdedi(astereomers could be success
Al toget hoeoi ®oiiphidplBosph(lalehbeanirdaeg di fferent su

phosphorus atom were syh8%esi zed in excellent
[0}
COOH Ph O
25°C, t
O w7 22 (s
CHO v’ H MeCN
P/Ph
0=\
Y
1a-1h
0 o o 7
o= o= o= (o)
: \ 4@ Meo@ FsC
Reaction time 10 min 10 min i 10 min
Product 1a 1b 101r:|n 1d
dr 40:60 40:60 . 35:65
Isolated yield 94% 96% ‘;55;? 97%
[0} o [} [}
05?@ O§P;/© O//P/O O//P@
F,C CF, Q
Reaction time 10 min 10 min 20 min 20 min
Product 1e 1f 1g 1h
dr ) 45:55 50:50 40:60 45:55
Isolated yield 96% 98% 96% 97%

Sche&emehreemponent -feamyi benaebi 2 aeccihdi,r ablut vyl
phosphine oxi des.

SR es u | t s and di s cu:



7. 1Coxn.cl usion

Al | in all, the simple pxocsdirnledpH osmp hti hnee
oxi was further extended by t hfeorimytl rbeemaloe cul
primary amdhmhmiersgl asmelcoPhdary phosphine oxides
reaction. Wi thout the wuse of any cati@2Oyst, é
min), a total (lathepgbavi desiyaunkeswn in the
with excelioe8ri) vyainedl dsar(yd4tg odsi.ast ereomeri c r &

SR es u |l t s and di s cu:



7. 3ynt haensdhnesc hani st iod iphmoisgphtbs ghosphi no
substitudids dewizwdI!finones

7. 2.nt.roduction and objectives

During my doctoral research, our -CRcus a
invol vmaghtlha&al al dehydic acid, primary amines
phosphine oxides, with the adp 0dqgporeplairn ng
phosphonates and corresponding phosphine o0ox
efficient preparation oftostauoaitugalhley ecomplkt¢
accessible starting material s.

OQur work began with the optimization of
experi ments approach, which allowed us to id
process. After establishing the oepxtp amad e dc otnoc
assess the versatility and | imitations of th

At the same ti me, our goal was to gain de
this purpose, a series of mechanistiicn expgear.i
FII R spectroscopyti wmédi mbnenabied okfathe react

into the formation of possible intermediates

7. 20pZ2.i mi zati on process f adrei ¢ & @ uliosmy@ ti me s i
phosphonates using?lexperi mental design

First-CRtbéna®»dh8& hal al dehydic acid, butyl ami
studied undei nMWheomdietsiemm £a rod an .fldhded ietratsvuad d ts
obtained ardaddbemmari zed in

Considering the fact that 1 n-aonudr sporiesvel notus
MWassisted method was devel-bpred hfoermp h{BHea t seysn t
first the reactions at 60 AC??fCarry¢i hg weute
condensation with equimolar amounts of the
only traces of -t htSylkdd siB3i rhegylH-bdinegpijgbdbgW-Rhd!l i n

phosphonat g2 aflaasb4 feoermterdy 1) . Therefore, I n or
of the omaercdaming Isasi ¢ @m da dvadirtddi cteecsakEadtll, y sstusc |
and pent amethyl diethylenetriamiTrseQH (2PMDJA)

trifIuoromethanz)asuelPE]‘Eﬂ'@IaéI;eehIE‘n)(.@’ﬁAr)iong t hese,
preserel%Eénobtﬁyl acetate soluti ondHi5s00%g-wi/mol,i

STRes ul t s and di s cu:



lonphosphHoatdtaemged siTghd eiead8nt.lewl N6 t he preser
equiV3PE,oa 0% converSabhewasrpbotainawthi (e i n
equi v. the @@wdg efdorpmed uict an evelm bl iegcemerr ypr
7) . By the further sFEnctrle@s@o e it hieo m mbiud t n wtf
(Tabd eentry 8).

Based on these expsFrsiorheurttiso,n M.r% veguitw. boef
additive in the reaction. Further s#Fspéuit memt :
in the presence of added sol vent Babdsaaemt raise s
9i11) . However, since these experiments yiel
additional solvent, the addition of an extra

TabdeWassi st-ecadampgdhnert 1lr-8apght mal alf, d edhuytdyil ca ma cnie
and diethiyh phespihtenerda ndaanal gddist i ve

o}
{N-coon e
. EtO, O 60°C,1h N—Bu

Bu—NH, + B

' CHO Et0" H //P,E)g:s t

2a

Added
Entry Catalyst/ SO|VeCO[n0\/L]e?
1 i T 3
2 10 mBIN% T 16
3 10 mol % P | 14
4 10 mos$ OH T 5
5 10 mol %2Z T 25
6 0.25 eRjui i 50
7 0.5 edffui | 71
8 1 eq¢tPFv. i 70
9 0.5 edffui Et OAc 71
10 0.5 edfui Tol ue 65
11 0.5 edfui Me CN 6 8
BasedthP oNMIMR.

Subsequentl vy, t he synbbhspix®,-ABi bfyld-r adi et h
benapi[s oqgdy khpphloisnp h(ppvaeada = f urt her optimized usi
design strategy. Potential factors influenci
(fishbone) diagram and then classified into

SR es v | t s and di s cu:



reactor, reaction parameters, human, environ

process Fsga&ewn in
Experimental variables Response
[ Substrates ] [ Equipment] [ Mw reactor]

Pipettes Calibration
—_— —_—

Supplier

Purity \ Tubes, stirrer bars \

Disturbing factors

agi
N—Bu
Tt
P—-OEt

2a O
Conversion (%)

Temperature Accuracy

Work-ups

Chemical hood

Quantity of amine Analytics

1

[ Reaction parameters] [ Human ] [ Environment]

FigR8leshi kawa di agr amrdifed d ytk3ypdx-2s-88n h vlds 0 s o f
benzo[ de]-i-slo)guh oo m.oanat e (

After analyzing the entemperpatowcrees,s, r d &ha teie

butyl ami inevegeantdietny i fi ed as the most i nfl uen
det ai | ed Oihmevress toikvear &1 o n f idlels i fganc twoarsi aalp p2d i ed, ¢
experiments in which each fakrtoas walgaehbliecbit ed &

TabShkex per i ment al variabl es at di ffer

. . Coded level
Experimental variables

-1 0 +1

Temperature [°C] 50 60 70

Reaction time[min] 30 60 90

Amount of butylamine [equiv.] 1 1.5 2
Il n addition, three repeated experiments w
mo d e | on three separate days. The conversion

2design and the data obtainedifffadhet he 11 ex

59Res ul t s and di s cu.



Tab6eh2éf act ori al design.
2% linear model
RUN T t BuNH:2 Conversiorf
[°C] [min] [equiv.] [%]
1 50 30 1 72
2 50 30 2 82
3 50 90 1 68
4 50 90 2 77
5 70 30 1 80
6 70 30 2 90
7 70 90 1 75
8 70 90 2 84
o° 60 60 1.5 95
10P 60 60 1.5 91
11° 60 60 1.5 93
BasedtP oMMR.
Central point (Standad d= de.w63R3) on of central poi
The evaluation of the dataset revealed tha
the relationship between the factors and th
compl eted with further expergmefbilse t o create
Tab7/pGe nt r al composite design.
RuUn T t BuNH: Conversiorf
[°C] [min] [equiv.] [%0]
1 60 60 1.5 91
2 76.8 60 1.5 87
3 60 9.55 1.5 90
4 60 60 2.34 86
5 43.2 60 1.5 71
6 60 110.45 1.5 84
7 60 60 0.66 58
8 60 60 1.5 93
BasetP oMMR.
6 QR e ul t s an di s cu:



After analyzing the centr al composite desi
were al so Qrieat2e8lc ddndgyiume to the Pareto char:
butyl amine are theée& ima@dte Tshiigsn icfoincca nuts ifoanc tiosr ss i
the 3D response surface plot, which is a fun
third factor (reactionFitg3nfee Fireanlali yn,e dt ae o ptsi
were also verified experimentTaabBye confirmini

Pareto Chart of Effects; Variable: Conversion
2 levels, 3 factors, 19 Runs; MS Residual=6.531505

Quantity of amine(Q) |

(3)Quantity of amine(L) ‘

Temperature(Q)

(1)Temperature(L)

(2)Reaction time(L)
Reaction time(Q)
2Lby3L _‘
1Lby2L ]

1Lby3L

0 2 4 6 8 10 12 14 16 18
Effect Estimate (Absoclute Value)

FigR®ePareto chart

3D Surface Plot ; Variable: Conversion
2 levels, 3 factors, 19 Runs; MS Residual=4.981962

R UOERND

Il >80
Il <76
B <56
B < 36
<16

Fi gBfiBeD response surface pl ot

6 1R e ul t s and di s cu.



Tab8@pt i mal

reacti on

conditions

deter mi n

Expect Measur
Experimental variables | Opt i my converl conve?r
[ %] [ %]
T[ AC] 65
t[mi n] 40 95.4 94.7
BuNH equi v 1.7
BasedtP oMIMR.
7. Sud.strate scope for t hedpks wmtqhleosni@ds | o f v

phosphonates

Based on the

1.7

equi v.
1, -mapht hal al dehydic

pri mary

design of experimentss* the r
amine, 65 AC, 40-CRi ), we
acid, priSmaegeami nes, an

First, -dutSphk9|-dBi h3H-be nkpi[sogudyhdl iprhosphone
awas isolated from the optimized model reac

The anal ogous reaction with cycl o@Bbixryl amir
a slightly | ower yield of 62%, cwhmplouintdhe r e a
similar yield of 81%.

When di methyl, dibutyl, or dibenzyl phosph

corresponding
chromat ography.

prepared

ph@dpghwenat ebtdaer neid@t3imeay it erds obd"

Ovdefri asl ol g-lro m3gp kiorm e w@réd )k vees o ¢

6 2R e u |

an d®PdH, a réincdil MR | s pelc biyoscopy,

t s an

as

d

wel | g
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Mw
65 °C, 40 min 0
Q COOH R0 O 0.5 equiv. T,P® Q
+ Ry—NH, + B > N-R,
Choo " ey " m™ Ch~on
(1.7 equiv.) /

Q OJ_/ Q 4 8 §° S
O N N@ N
) o
V O < O
o=R_ "

P .0
o=R o=R ~~
(o} (o] (o}
2a K 2b K 2c K

83%?2 62%% 81%2

O
2d 2e
72%2 90% ai ©) 2r
° 93%?

dIsolated yield.

Q 04/_/ . EOA/_/ Q 04/_/
N N N
_ 7 \ 7 P
(o) ’P\ 0:P\ ~ N
/0 (o)

Sche@eubstrates tested for tlloerEslyos hzsEbt eod be

7. Redacti on mechanism studies

The formati on -bouf t3p k-8 jd& thiyMdiv @ ndfpd [s o g-+i nol i n
yl)pho®2pwasaadkso studied through t w®cheehani st

I n the firsmtapapmradaddehy d8c acid was reac
the presence #Ffat0.65 Adquifw.r o0 Tmin under MW
expected forndégtisommubdbholbiemamdg (3) wd s o>y h odsept heoc
(Sc h e2rdBo u A)e.

I n contrast, under trhaep hstahnaed ad arediytdii @n sa,c i wt
butyl ami ne, ring cl MSurenadtycsursr erdeveamncd HRPOhE
i nt er Meu td3¥ ke d r-20,x3y h ylld-b ® ndzpoi[s 0 g-Ir0 me ISicrh e m2 4
RoutBe. Subsequently, this intermediate underw
affording t hé ud3pdidr-didh yid-beet niozyoi [s 6 B-bry INJop h ms phona
2R The reaction waS$ amoanl iPyWsoiNddRa bagye HtPLCscopy .
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Route A

Q COOH Route B
(%) oH
()~ o8 o
P '8y & 0“‘\

Et0” OEt oc,‘ '('5
Bu—NH,
(

1.7 equiv.)
MW EtO_ ,/O
65 °C, 45 min EtO” \H

8%
N—Bu °
5
P-OEt
(o)

2a

Scheniewo react i(dannBpfaoctrh wahyes f or mati on of t
benzo[ de]-losnegthos pl{Xmat e

A mor e det ail ed expl anat idopni s o fd-otndel i hor
phosphonatesePE'medahBedsby)w?éaicmi'm&ph@;ﬂe§eidst,
the reacrntapmt hodl all, Behydi c acid and d nprtihma mye
stegffstTabilize this adduct anldt é azinil de ait et &1t
| Itthrough the removal of water elimination.
phosphite afforddspitshoegUd-badphedsephbheantzeol[ 6 nNg wi
tripropyl trQ@PHhosphoepcadocadby§

H H

5o o )L
ooz | (o |z [(Qton | . 4
Cheoon ™| o] [Commm |~ 4

I I o 1]
I
H-~OR | -QOH
Q= bbb oR
~ 1071071 OH OR
Pr Pr Pr SN

N,
e
o=

o}

\%

Sche&mRroposadt.i bor T:RFme e i Boehatfi on
benzo[ de]-i-ce3phiors@ltiomat e

6 4R e u |l t s and di s cu:



7. 2ZT.lh%e. optimization procesdpifoaoqdidhm&|synnt h:

phosphiné oxides

The next step in our study wdpi soqi-inwvelsitm
o n&p h o s pohxii ndee s . The modalpht eattbi dehpdi d, &ci d
di phenyl phosphine oxide was first optimized
amounitFeonfd Tt he r&abdy eon ti me (

Foll owing the strategy used in ou-f-ompe& evi ou
3phosphi Bel otxhaelerseacti ons were first studied
of ethyl acetate to improve ?2Wiet hhoanorgeeangee rnty
1:1:1, at room temperature for 303PmiNMMR fawldl
HPL-S analyses shodWdpdsddhlaovooeino spbenne| wasde
formed as the major product 64qTatheent hgn 1) he

|l ncreasing the reaction time to Gb%e 90

entries 2 and 3). I n order todekempobpqgdensthenpr
3phosphi 6ep otxhe@eamount of butyl amine was i n¢
respecltaib® eleynt@r)i.esNod abl y, i n .dfhebwptryels@emicree oft

of compaonGhadass i nver tTadid te@enl32:y6 &) ( Mor eover,
was repeated w;I?E,thtIti)e5f@rqmawﬁd)atafﬁecammosndse
(4: 966ap9, éentry 7). Fursbhebngedi f eaat is®nsti me
|l oadi ng, or performing the reaction in tolu
compositionTahgene ifitilr@iaed | § (

6 3R es u | t s and di s cu:



Tab%hCGpti mi zati on

procéteos-imydphtihei ceacitdopnbof

di phenyl phosphine oxi de.
o] o]
(oo mo e (OO
TR e Teee T Ot O
Cc Ph® H EtOA Ph Ph
O HO ¢ P—Ph P—Ph
/7 /7
o o
5 6a
Entr BuNH:2 T3P® Added t Compositior? [%)]
y [equiv.] [equiv.] solvent | [min] 5 6a
1 1 i EtOAC 30 58 42
2 1 | EtOAC 60 63 37
3 1 i EtOAC 90 59 41
4 15 i EtOAC 30 37 63
5 1.7 | EtOAC 30 36 64
6 2 | EtOAC 30 32 68
7 2 0.5 EtOAc 30 4 96
8 2 1 EtOAC 30 9 91
9 2 0.5 Toluene 30 11 89
10 2 0.5 MeCN 30 8 92
BasedtP omMMRhere was no change after |l onger reaction t
7. Sutb.strate scope for t hedEs wmtghléosni@ds | o f v
phosphine oxides
I n order to further expand the reaction s
@68 hwere al so sy-@GRhe®miaptm haTtaeé deéhydic acid w
amines and secondary phosphine oxides were
equi v. of pri mars§f, ammbnAE,ScB&Pme gAfite.r Tour i fi
col umn chr omat og-bap3pkd,-dd ihglHebreynz pif(s2o gd-i nol i n

yl)phosp@ipmas oxsdleat ed
remxphtomalod! deBy di c
di met hy-) pbendppB( Byl )phosphine

| n

8 09 2 %.

t he

Wh e n

i n a

-©Y c | boehnezxyyl la mi n e

yield of

® b6 d @

replaced

8 0 %.

acptdo llayn b)i- 8 08 y b ¢

yveelldsed
bbut yl am

naphthal al dehydi e oracibdds @& ,d%5 ydipphheennyyll) phosphi

correspond(besghwpr edobt ai neid® 5i%n
N,N-Di met hy1 elfi mam en e

an

el evated

phosphinedié o xi degodiB5¥iel ds (

yields of 70
was al so tested as the &
temperature of 60 AC was requir:q
80
66R e u | t s and di s cu:



The reaction scope was al so extemdled

t o

phenyl ethyl ami ne, &ilsinmh ya faf® @d eod® 2SR manmdas| y s i

all of théeésehpweamrpdwrdsed as mi xtures

a stereogedhnar icedtdependdieng on the substi

o wor ()4
. AN 0.5 equiv. T;P® N—R

R-NH, + P

77N o
O CHO (2 equiv.) Y' H EtOAc O e

" ﬂ°ﬂ
ﬁfﬁ 81@ 5

80%3 90%3 92%? so%

O
o3 85 84 B85

6e 6f 6h
72%2 70%? 85%* 76%?
o n— o N o -
Q N _/_/ Q N_/_/ Q N—/_/
O O

6l 6m 6n
84%2 81%? 90%?
dr: 63:37 dr: 83:17 dr: 74:26

dIsolated yield.
PThe reaction was carried out at 60 °C in a MW reactor.

SchemeCR 8 for-taydpht hoi c acid, primary
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7. 2Réaction mechanism studies

7. 2.l7delnti fication of possible reaction pa

Similar to the previously proposed reactic
al so investigated idpitshoeqdbynrphesiphi fe tokxe des

The dosing order of the reagents suggeste
formati on -bt t3¢ x-p hdé nhyyld-b(ehdi[s o qg-G-y npphasphi ne o
6alSchenfe I n the fir sna pphatthhanaayl,d enhhyedni cl1 ,a8c i d an
oxi de were reacted at room temperasPElhmeeﬁmryI3|
acetat e, t he f oolmad e dn i motiled imeda rayw lgfHhB-8p hor vy
bendgpi[socHi-oaoBefwas i deniMT iaenda Ibyps iINNMRaQB(P e Cct r 0S C
(SchemeuM&/This i(Bt erdreerdiragdaect ed with butyl ami
to form t hkpitsaoq@uweitn dleinmzoofeh.phosphine oxi de

I n the second pathwapght hadlealrdeeahcytdiiocn aocfi dl
butyl amine g emyed rddeeyk piftsloeggui3n ol i n odh e wéar chat
subsequently wunder went i n a nucleophilic at
correspondéatchredmdwBid / (

o] 25°C,1h °
. ® Q COOH 25°C, 1®h 2
o 0.5 equiv. T;P”, EtOAc 0.5 equiv. T;P®, EtOAc
- > N_
O Ph Ph__O O CHO Bu—NH, O Bu
F—Ph P o}

2 equiv.
d/ Ph/ \H ( q ) H
5 4
Route A Q 0 Route B
25°C,1h _ O N—Bu 25°C,1h
- Ph <
Bu—N-Hz /P/_Ph Ph\P,/O
(2 equiv.) o/ P \H
6a

Scheme@o reactimdannBpat owaybe (formation of
benzo[ de]losnegpbosphi(Bp oxi de

6 R es u | t s and di s cu:



7272.1 n BHtRUu spectroscopy studies

I n order to gain insights
t he synt hetic

il-debat hemeebhahti
pr oc e eduarpeh,t h & hal dreehaycdtiico na cofd,

di phenyl phosphine oxiidheBWdaRs sgplecd riomsweoptyi. g athe

were performed at room tempefsPEitnureetﬁl)nltdnceetpa
Based on the order of reagenibua3ptkidt-i3on, t
di hyld-benz2[ soquUyhdphosplipne amxipde®ceed in two
either Vi a t hehy diriotexeytjmi¢so quien4 Bi mane-t h(e 3
(di phenyl-pHh BB @ hdpilysl 0)c Hlo o0 Be G( S ch& nieds.
I n the first reaction pathway, t he
appr oxi mead enmhiyn 3iOnt er val s

start.

i n-napédthal adwWiehyg do c
butyl amiPne, 403)iThenydcphhediBep hThen otxli @ er dacti o

to proceed to compl etidemp.endreetc drRr ecppd@rideiang s3

Q COOH caui Q ’
i ® Ph_ O o
+ BuNH, 0.5 equiv. T3P N—Bu | + ;P:/ 25°C
O CHO (2 equiv.) EtOAc O P’ H

OH

Sche&mReacti on pat hdvhayyd rbobxmypoajgthe } heoqui nd.l i none

748 cm-! 720 cm-!
(6a) (6a)

2.0

1.5

e
sy

1

» ‘(‘

«

i
>

Z. 4333

i
G
4

(««((‘g

R

!

i

A

S

-

o
Absorbance [-]

gLl

N

R

0.5

S5

N

il
@

Time [h]
1

QS

©.0167

1600 1400 1200 1000 800

Wavenumber [cm]

Fi gBATd Meependent | R spectra.
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Mol ecul ar changes were identified through
reaction components and by aglptlerimagt imugl tli evaas
( MGRLS) <calculations. This analysion proviided
the inté&r memd at kéep( pasodactur{fcti on of ti me. Th
profil e HKisg8Zhewn i n

6 T T T v T T
7Et(?‘)Ac ‘ !
) BuNH, ' i ]
—_ 5+ i‘l {: : B .\_,_./"\"'/' } o
E | L NB
s 4T I T,P® L/ ~Bu 1
g ‘\ -3- i ' ’P'Err:’h
§ 3r I‘ l El o n
g ' | f
S | [ )
g 1F Vo I .
' L l
° 2I0 7 4J0 MTG; MV“/\E;;“#:E].O 12JO 7A14L0 1;5(; _1.8?0 260 .7_220
BuNH, T,p® Time [min] DPPO
Fi gBRConcentration profile of the reac

Accordi ng -ALoS tchael cMCRt i ons
significant

t heBFhalsarmact
effect-cboselet €HhHt matheoamwé etalEe ngi

and

t Begc-band at 1656 cmcil oshows steapbehakeehddghgd
and butyl amine occupP. oWiltyh itnh et haed dp rte soenn coef ot
oxi de, three new characteri sta3pevialbrsatripdn oant b6
748txlmng with a weakdm maahd-teadosndrdpttdiecrm cor r e
to the t arpagectonprionduvecdt t(o i ncrease toward the
I n the second reaction pathway;mitnhe nsttearrvtail
at room temperature i n hilae htfhoal llaolwdienhgy d ioc d

di phenyl phosp#j ned4dpxh By 2dd) Td e(n

t o

concentrat.i

proceed

the reactio

t o compl eti ordep€&hderctor t &s psopnedcitnr

on pro3bBh¥d2are shown in Figure

25°C
Q COOH P 0 05equiv. TP + BunH, —25°C
O CHO Ph H EtOAc (2 equiv.)
Sche&mreacti on pa3hdvapgharmylochlkdmB BEhpOoy d&]-i sochr

1-0 n(B).
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2.0

1004 cm-!
(5) 920-930 cm! 853 cm-! (6a)

15 {da) 782 cm  (6a)
g 10
3 ,
0.5 :
-
0.0 <
1400 1300 1200 1100 1000 900 800
Wavenumber [em!]
Fi g8 Ble mleependent | R spectra.
7 T T : T : T T : T T
| EtOAc . . .
=\ : e |
1 1 -~ 0
g s- 1| l Ph\P/,o l b .
= 1 V2 Il P —_— —
S Rul.E DRVt o
3 A RN o (Y
> i 1 ! —Bu
g sr \ | ! / Q Ph -
< | JF=Ph
@ | [ J d
22 L\ Wa | / B
E \\’\ \ i /
2 ]y —
0 -y i S M e e e S
20 40 60 80 100 T120 140 160
Time [min]
DPPO T,P® BuNH,
Fig8#eoncentration profile of the reac

Based on-AtLlse cMCRul ati ons obtained and t h:
addi tisFwasf fdund as the keychkoepreéentpatombea
formatii antohe iHtedtiteadndataet (1004 cm T was i mr
after t he 3@fdtdoi ti be oéacltiomaphmtihxdlualededfydil ¢ 8
di phenyl phosphine oxi de. Af ter the addition
appeared, accompanied by a ddecThaseéeamedve a hien
absorption at ©UTBactami sttyptionésfohedidest & ® «
prodéugc.t TThe strong absorptii®@839 a&tm 5% acmal sar
to the unique vib6ational bands of product
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7. Xo&h.cl usi on

In this chapter, | have il |l ustrgtneed ivaittend e
ongot ,cbmMpeerent approach was systematically d
of compound-o,r haosdpubinocnylyIn ad B izseodqg ub 2ndd @mad n e s

6 86 M I n ourasteadegl reactiontwaes popsiemceedf ¢
addi tiamed then by a statistical experiment al
met hodol ogy. I n order to unders#andhthe eaecadt

l1-"Bapht hal al dehydic aci d, butyl ami neiandgidiuph
FIT R spectroscopy, where t he f(#daniamaiso no bosfe rtvved
Al toget her ,dpd s ogediiomiBgp hmEep ho-phosephibfeée2drddes

66 hwere synthesized in high orl rextcleé | femda mgwet
cooperhagtm owiytt bd o xsioaded lye cotfeld i b e g-@-@ fEplhioms phi ne
oxi des twesd eadl scaande@&lf If, elrsiumcéhs a s -7H sabnddV T VMECFT

is a triple negative (TNBC) p53 mutan hsman
a human breast cancer cel Uglliuce coxpgri esosidn g nas
recept-64ts.i MVa bmypehleonnocinyepcikca ¢éBni a cel | -l TThhe car
mut ation associated with poor pOwvgnabkl s aatpd
6dhs the most pbeoamisapdghygbnsdubatiet uensthsowend t he
enhanced activity acrwistsh sl UG refe TabEHO. T&
Hs 57 8T ,a medixlhaeltbihnrte | owest cytotoXihei refteowarcad mme
for the Hs578T cedl 1. BedMNwaAs 6F7oretinib (IC
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7. B. catahgssdlreemtBl@Wi sted multicompo
for t he synthesi#$¥asefd gdpihyaaoxipry
bi sphosp*Honates

7. 3.nt.roduction and objectives

Our research al so focused on t he synt h

bi sphosphonates as another new family of com

a MCR involving vari ousb-kiestacotp hnoss,p hprniamarsy, &t

eftcient synthetic route to structurally <cor
phosphorus functionalities.

Using a model reacti on, first we aimed to
systematically evaluating t he effect of k e
determining the opti mal reacti on p ardeende tbeyr s,
varying the isatin, p rciomarayy namgne,ompodemptho,

synthesis of a diverse series of previously
mechani sm was proposed and subsepqbieanttyosal

(DFT) calcul ations, thus providing theoretica

7. 3,kh2e. optimization process for the synthe

bi sphosphonates

OQur study began with the optimizat-4 on pr
oxopropyl)phosphonate and butyl amine. Sever
varied, including the stoichiometry atfurteh,e s
the reaction time, andTa bllde c Sainccee ddfo tdhi fpfheorsep
derived fr-oxmomraegyly)lphd®2sphonate are incorpor
e quafv btkiree ophosphonate were applied in the st
monitodPedMRy spectroscopy.

Il n our model r e a eotxiopm,o piyd gtpihm,spthioamah el @2
reacted in a 1:2:1 molar ratio in ethanol un
of priqdakltdte entry 1) . By increasing the tempe
22% was dahllPeveendl My the. case of the first two

to highlight that the temperature was .measur
In t he furtha&%rOOeA/\/;FéIniEi:anies &iVur ppetl owid tRm a |
senwa@as applied, all owing more precise and re

73R es ul t s and di s cu:



I n contrast, pemfar Wiwo g ghaicktiocantt yoanhance
of the(@pr odeucutl ti ng i n a TaADUPecomivrery s3pon By tex

reaction time, a further iIincriadE@ emt ity ed).onk
on these results, MW irradiation was used in
To further i ncrease the reactiohs@H i tvenc

triflate §PAgsOTA )d e haynddr alt i ng TadH@et e mit@n) iee $Vh% b e s
BrRnsted and Lewis acids resldied nion @mloyno m
formation of (TheAtddrgevonpltbgpuct he usstdamd t he
PMDTA also resulted TiamlQfeaeryt rlioavs cd nared s9pnssS
catalysts increased signif-spanbbyi htdtel €odimhy
bi sphosphonaulesdquent reactionfsrevereomairtrii @ms

At a higher temperature of 120 AC, a reac
however, parti al d a blb0mpeonstirtyi 0In0 )o.c cSuhraretde n(i n g
2 h, resulted in a slightallgblh@ géretrr ycolnlv)e.r sF
increasing the temperature to T&a01l0ACnterdy tlo2)

Next, the effect of applying different mol
Using 1.2 equiv. of both compolmediifesent hg & 38)
Changing their excess to 1.5 equiviablldesult ec
entry l4YuriHdhwevemcreasing the excess to 1.8
and reduced the amouUdmifl 4 blffe tehnet rdye slibr)e.d produc

Based on t hese resul ts, t he opti ma
the synthesi sbuadyidicent-R-doegdHts gi r o([18' Rptyorlit8rien &
diyl)bis(pmhmpsphenaatse) f o(l | ows: 1.5 equi-v. of

oxopropyl )phosphonate and 1.5 equiv. of butyl
2h  wi t howvands ocl tedlteseént(ry 14). Thhe wassiirseod apE
ar70% yield after column chromatography.
During the optimization process, the rea
established opti mal -ohelacrtaiosnatcionndihadwewvserysit
desired7pracsdwsdtgni fi cahaldllye eowery (L&) %) CoOnseql
shorter optimizati on was carried out for
stoichiometric ratio of the halogenated i sat
to 63%, and theptwageits @loantpda blide (ean t4r8y% 1ly7 )e.l d
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Tabll@®@pti mi zati on

process

-d lolr o rt chies a teiarc,t | dine t
and

oxopropyl )phosphonat e

butyl am

(o)
o o

R/@Ho v 2 )l\/l';(gE: + Bu—NH,
Ent | R hfoaltz?l Ir—ln(é?thi [TAC [th] Catalys Co[n%]ear
1 H 1: 2: D reflll 4 i 0
2 H 1: 2: D 100/ 4 i 22
3 H 1:2:| MW 100 2 i 45
4 H 1:2:| MW 100/ 4 i 56
5 H 1:2:| MW 100/ 4 10 mbds$ @H 56
6 H 1:2:| MW 100/ 4 10 mol % A4 50
7 H 1: 2: MW 100/ 4 1 equf v. trace
8 H 1:2:| MW 100/ 4 10 mBiN% 38
9 H 1: 2: MW 100 4 10 mol % P trace
10 | H 1:2:| MW 120/ 4 i 42
11 | H 1:2:| MW 120 2 i 54
12 | H 1:2:| MW 150 2 i 20
13| H | 1.2:2 MW 120 2 i 70
14 | H| 1.5:2 MW 120 2 i 8 47 n
15| H | 1.8:2 MW 120 2 i 78
16 | Cl| 1.5:2 MW 120 2 i 30
17 | ClI 1:2:| MW 120 2 i 6 (7 p

BasedP oNMMIRN

Et OHDeclowm@oisi ti offi swd atelSlgsioddadt..e d7 O/%.e | d:
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733Substrate scope for the synthesis of v
bi sphosphonates

After determining the optimal reaction con
prepare a broader set of spirooxindole dihyd
i satin anal ogueusor @iceghdlto rag i-cstdlt d mmq i-csl@ltdr oi sat i
5br omoi satoidm, s abiitnr,oi s@triinf,| uo#® o menteht yhly)liissaattiin
5>met hox,yaindmelt hyl i satin along with aliphatic
di al kgkoptdpy!l )phosphonaotxeosp) ghwlks phdnat ayl d(
(20xopropyl )phosphonat e SitahwedPeal so been i nvest

't is worth menti olmmibti@ge t Batinasbeadiogted
aromatic ring show higher reactivity than ¢t}
substituted isatins, the use of a stoichi ome
efficient ipam.dulct domtmaast , bNonh eht huynl si usbasttiint ust|
reduced reactivity, so 1.5 equiv. of isatin

First, the MCR of i satin dwirtihvdarta wiensg csounht sa
was studied -osopgopyletxmlydsph2onate and butyl
resul ts, the halogengtedulsgpi be dgnihasti zed
yi el ds2%)46t han thosé& hconrt atirniifnlgu o )iotni8a8H4dy | gr
yields) . Il n t h-&o i asneentghdybldme®st heolxeyd tsrad(f pnder i ve
7K moder at e t600 gaododtl, yrieeslpdesct( vel y) were obt
substitution of the nitrogen atom o) theti sa
tihseaction required the use of 1.5 equiv. of

The scope of the amine component was then
i soptqoapyclycl ohexyl ami ne, no product formati o
hi ndrance. I n the case of pahesadomaproaati ni
together with -osapraopgphjplbdosesphghat@ resulted
derivd@atmryesn (sl ightlig2tpbwefdThgi ebdst (@8 was a
amino alcohol7p,etwharcd!| pondbwe tdeidn tehey ipal d of 2

Final Ibjk,et bbbosphonat e component was vari
oxopropyl)phosphonat e, resul ting i n t he CC
bi sphos glgbm aiitdeds208yi el d, depending on the isat
(&xopropyl )phosphonate proved to be somewhat

than its diethyl anal ogue.
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o o o Mw
D OR, 120°C,2h
R14©j:§=0 + 2 )I\/P\ORG, * R4—NH, no solvent

(1-1.5 equiv.) (1-1.5 equiv.)

23%° 32%° 23%P 20%%¢

?molar ratio of isatin:p-ketophosphonate:primary amine=1:2:1
Pmolar ratio of isatin:p-ketophosphonate:primary amine=1.5:2:1.5
Cin the case of ethanol amine 4 h reaction time was needed

Sche&mlenvestigation of the substrate scope
di hydropyridin@éa/bsi sphosphonates

7JRes ul t s and di s cu.



7. Redaction mechanism studies

7. 3.l4d.elnt i fication of possible reaction pa

I n order deep@rai nnsai ght into the possi bl e
investigated the early stagesxopropgl yphosph
and but$ydaeniae (

First,-as8estMM condensation of i satin witt
optimized conditions, applying 1.5 equiv. of
et hanol to obtain a $omd8rRe nA)e.usHavwewdri ,ons im xe

in ikabd eqt hebrieamti on proceeded without se
analysis, resulted8irn4d& %hpi, xtdun eni nfe (@B BBEC) Mi rae d

Next, 1.5 equiv. of isatinoxwepreop)yla)cdhas paic
12MC fhori n2 ethanol, however, 9 havafsommAd lidemeeaft e
3IRouB@lhe addimoilo bouft y20ami ne as an organic ba
either. According to the |iterature, the Knoe

easPdwt, if ketophosphonate is added instead of
due to thKeahugherf-omapprtdyyl Jphosphonate (15. ¢
acetoacetate (10.7).,FsaftmpaecictieadikwtMagvitmak

partner is required for the reaction to succe

Finally, t he readtilbmnt yo familn &o fweiqtdhh &t2hy B qu
oxopropyl ) phos pShcohneaniRe u @a.s Isnt utdhiesd E-JIlsGa aa dmi X
@i mi nophoé&p@hboinmtt er nfedi ates was obtained i n a

conversion of the starting material s.
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AN
0 MW N
N (1.5 equiv.) EtOH
H

] 8
1. A
(1.5 equiv.) Not selective?

0
o o MW [ DoEt
Tl oEt 120 °C,2h
o+ Mikgy —<— ° @
N OEt
H

EtOH

=z

(1.5 equiv.) (2 equiv.) 9

MW Busy o /Bu

9 @ N N O
i 120°C, 2 h Il_OEt
Bu-NH,  + p OBt 120,20 Il__rZ and | L_OEt 0

“OEt TOEt “OEt

(1.5 equiv.) (2 equiv.) 10a 10b
55%" 45%"P

Conversion: 100%

2Based on HPLC-MS (256 nm).
PBased on 3'P NMR.

Sch&8rRossi bl e i ni (AiCaflorr etalced | foor ma teipsn7 @f t he

Af ter studying the possibthei spti g@toxshdpk
di hydropyridinga,bispdospmphate €ynthetic pr
(Sc h e3nRe

As a first sB)-@ma addniidd(tfuylet yolfi rhi no) propyl )
1A0b intermedi ates was prepared with quantitat

using t he appropriat-exopmopiyt 3 phoodspboetabhgl a

Subsequentl vy, 1.5 equiv. of isatiinnwenrmedidaltee
1A 0andO0)b, and the reaction mixtureA®@®as aheMW ed
reactor. Under these conditions, the 7MWgesired

was ddrwi th a moderate conv¥Pr sNMRn sopfe ¢k 3%,s caosp

These resul ts confirm that t he reacti or
i mi nophosphonaltOeanid®)b. e rHoenkeiveetres i(t can al so be
pot MCR is significantly more efficient, aff
conversion observed in the stepwise approach

79R es u | t s and di s cu:



Bu

N O

| Il_OEt
“SOEt

Bu
10a /
(o} N
MW and MW EtO_ 11/
(o] P (0]
I _OEt 120°C,2h 120°C,2h EtO L OEt
< + Bu-NH, ——M —  » Bu - = N
OEt N/ o o O OEt
. | 1_OEt N
(2 equiv.) (1.5 equiv.) P H
OEt fo)
10b N 7a
100%32" H 53%"
(1.5 equiv.)

3Determined by LC-MS measurements.
bpetermined by 3'P NMR.

Sch&8féompl esepept wgtnteh esspisgeotdfxi ndol e di hydr c
bi sphospmonat e (

7. 3.DAFT2.cal cul ati ons
Il n order to understand the reaction mechal
YBO97 XD/ def 2SVP HiegB8H e oFort hceoompyut(ati onal ef fic

bearing methyl groups instead of | arger al ky
was found to be thermodynamically unfavourahb
of +4.5, klcawdvwvrl, the equilibrium is expecte
to the continuous removal waterat the applie

The mechanism begins with formation of t he
(1), foll owed by proton migration to genera
kcal / mol higher in enelr,gy23.i9% kacbale/ mool )a.tt ack

Two possible mechanistic pathways have be
first one, the abrkiene prhomisethy natttea2kas btamel lo we rd«
proton migration affording-3)1I landallh dreisnigh sx@lqu<s
with | oss -40f bwatherr e(quS§ re very high activat.i
pat hway wunli kel vy, even under MW heating.

I n the alternative mebkanopgmospthenatnel ernfg

nucl eophil e. Protonation of 11 promotes wate
t hat can attack the isatin corta awistihowtn &t it
not be | ocali zeédnemrnagy ed axfealcgogoseaniiahdi cat es

After formation -»Y, Vproiog ctassfer (T8I YVI 1)
step6) TISead to t henopriondgu ctth.atl tt hies cwonptidt ed ac
exceeds 60 kcal/ mol, which 1s stil]l too hig
conditions. Howeded, shygtdamgeatedohydnbogen mi

QR es u | t s and di s cu:



substantially reduce this barrierOn the othe

energy barriers and makes it mor.e favourabl e

N"N\_i-OMe
N
OMe TS-4

F103.7%

1855 %

AG (kcal/mol)

é-/IZ \>/QO
[CIY, o
@] ..
o | =3
G
N [N
LTI
e}
(o))
]
11}

Fi g88Ccomputed react¥yBOnfXmndehaBVEmM at

7. omn.cl usi on
Il n summary, we h-asei deeg-danadpsHhaebitiet hod f o

preparation of spirooxindo(VMa/gdidaydaopyewi diam
compounds. I n our novel (Ag pweoraec hsy rnthtee siazgdckt
applying a reaction time o70%)h NI tbgmoder at
' i brary of 19 new spirooxi nda bwee rdd hsyydnrtohpeysrii zde

characterized. I n additiona a proposed mech:

with DFT calcul ati ons.
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7. Pi Isctal esscomt i nuous fl ow synthesis

their inclusion compl¥xl@tion with
7.4.nt.roduction and objectives
Smal | organic molecules with |lipophilic p
l i mited practical applications, or require ;
organic solvents, surfactants,r osrolnuoblielciutlyar :
and bi oavail ability i n aqueous Ssystems. Ca
phar maceuticals, food additives, and agricul
compounds. Moreover, their fine poWwdelted, fpo
safety concerns for workers during handling
Consequentl vy, enhancing the water solubil

mai n capsaicinoids have become a key objecti
an inclusion compl exalkarohCDs tdeedyi vwaittilvea wver i
throughobbhskity studies and the formati on
confirmed by NMR spectroscopy measurements.

Furthermore, stcal enabloadulcai ge&ar of capsaicin
piidsetal seomti nuous flow synthesis that enabl e

production compared to traditional batch met

7. Pr2x2l i minary results in the continuous f

Il n our previous work, we -hhow egyhabkbsshedf
and i ts anal ogues, t hrough t hree optimized
benzal dehydes, (2) reduct i onN-aocfy |ltahtel oonx iwmetsh ta
carboxytiAdd taci dsondi vi dual opabinje,zatthenprodc eesa:
i ntegratedcoinnttionuausemmil ow synthetic procedur
bet ween the steps. This approach esfiaanoed) at
eliminated hazardous reaggndtrogeunclkyasntdbreny
safer solvents such asmethyplrtoetyd aMeTdtdd)fod r aa
wel i naBydmuogen prodOJucbteiEmReram'r[aranThie process
seven of the twelve Ptnotuglerg whsgeepnevham
solvents, renewable raw materials, and safer

nsive commeéir diogletshyest,emshe fl ow process <

e
Y
research group -adstprilveldomped ypbowpyl ene r ea
expe

e

mo r environmentally friendly route to produ

82R es u | t s and di s cu:



Tabllg@pti mi zati on

summary f previously

N-acylati
X
N R'
R<E>A H
Asia® reactor

(2) reduction to

R H (1) oxime formation benzylamines )
i I} AT oo -
HO*NH?CI @ Asia® reaclor%PH-Cube Pro®
LR . reactor 14 examples
o gss;c, ilmi_n SOH 100 ;;J;?:isl )OL 70 °C, 8 min i
H .67 mL/min N~ a, 1.56 mL/min o NH, . . A 700 kPa, 0.25 mL/min N” "R’
RA@)L ¥ HO?NH?CI@ Rg 1M MeOH/NH; g : N\Q/N 2-MeTHF-IPA RgH
NaOH (1.2 equiv.) “'ZMS‘O‘:"') 81-95% 82-91% (1 equiv,) 54-86%
MeOH (0.1 M)
Reaction step | Reagents/catalysts| Optimal conditions Comments
Benzaldehydes, 25 AC, 7
Oxime hydroxylamine 0.67mL/min, Nearly full conversion
formation hydrochloride, 1.2 equiv. of no need for heating
NaOH reagent/base, MeOl}
120 Ac,
. Oximes, RaneNi 100 kPaHz, High selectivity,
Hydrogenation catalyst, MeOH/NH 1.56mL/min, in situ formation of H
1 M MeOH/NHs
70 AC, ¢
Primary amines, 700kPg Homogeneous
, CDl-activated 0.25mL/min,0.1 M mixtures, green
N-acylation ) : . . :
carboxylic acids, solution of amines,| solvent, good to high
2-MeTHF/IPA 1 equiv. activated final yield
acid

DI :Carbonyl diimidazol e.

7 .
Based

t he produ

di hydr ocldp saiaoaidn n(@®ci.v aOwird eg o a |

guantities

To

process.

achi

rai sed te

completely i

formati onl3o fr eoma imee d(

providing

P.i3sata l

on

seomti nuous flow syhthesis of cap

these previous results, our pres:i

ctividfVowfsyheheshsi otiotubreléa) key ce

was to prepar
for theilranidiCbsdgquenatine
t he fii step
ng t BSe he3memet Heorao@an ¢ @ milys dveapd
d. Si the | ar gl@r daindo umat odi
Me OH, swatvemtwadJsDHaded MmMeOHHLHe,
y

and

t abl
hi

Sui e

eve t S , r st was t o i

Dur i o)

nf ol nce sk

n

near | q uBafnltoiwt attu bvee ri ena

a yield of 98% a productivity
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(o]

MeO H
667 ul/min
HO
11 i®
Asia® reactor

2 M NaOH 25 °C, 3 min
(1.2 equiv.) MeO \N _OH
=—{m—, O
. HO
® O 667 pl/min V=4amL 13
HO-NH;~ CI 98%
12
(1.2 equiv.)
H,0
Sche&8mBeca-bpdoxi me formation in a continuo

I n the next-uptepnitboevosygalt deési slAof av akneiyl |
intermedi ate, was -QunbveesPorioy aneodousshygrbohgentt i
Raney nickelTadbdpaScatel yote reduction step t
amount profduby dmmoni a was added ©nt d hiend roe an:
selectivity. I nitially, we attempted to dire
previ oW hedhiep However, the inorganic salts
prevented continuous o glepwatsi dn.r sTh drseofl cartee,d, t
HO/ MeOH mi xture, and s pdplteanemb teado fwi dt ithm e&wpla
The resulting solution was pumped at a rate
no conversi dhabi¢edEowr 5@ wAC| 2) f ul | conversion
75 AC (¢(mwd@&ENt ri7zegs S3nce higher temperatures
selecTabmliZ2BEntries 3Jianer &@nt hydrogen pressul
|l ncreased pressure cons(TatbdEnk yiepmprdv ed et le
conditions (60% GC 1yikrRd .dy wer e obtained at 4
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Tabllg®@pti mi zati on

1 mL/min

of

H-Cube Pro®

e

L

NS
MeOD/\N,OH
HO 5
13

-€ th ke e FrcRorhat d tniumru ss theypd riorg et a

MeO MeO X OMe
+
HO HO OH
15

0.4 M NH; (10 equiv.) Ra_—:fipcat' b
H,0/MeOH 22s

Entry T (°C) HZ?I:SZ§ure Conve(zjoi)oan of13 Rat(i;) )0:14 Rat(ig/)0 ;):15

1 25 200 0 0 0

2 50 200 0 0 0

3 75 200 100 51 49

4 75 2100 100 52 48

5 75 4100 100 60 40

6 75 6100 100 58 42

7 100 200 100 41 59
aBased on GC.

The |l ast step of t heups yoritahteghdeiag i iomy o lwha & ht |
afforded the tlandg7e@c cedgeHdweiveoi, ddi rect
previous reduction step pr ¢Ovenkdtiamea aypnfdd as i
t hle6ida6acyl ating agents. I1Yhehred otree,be ainsdll ytl ed
purifNadyl atison could also be increased
(70 AC,Scthe3mlen)Af(t er i sol ati onl1d@)ad dpiuhryidfrioccaatpis
a 7)b, and natmMcvwaeriedeoht ai ned in good to
productiidi gh¥hto 3.3
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NH, 250 pl/min

MeOD/\
HO
14

®7

Asia® reactor

M IPA 70 °C, 8 min BPR o
MeO NJ\R
b= {—sk— " O
7 bar HO
(o] 250 pl/min V=4mL 17a-17¢
R r[\\/N 72-90%
16a-16¢c
(1 equiv.)
2-MeTHF
o o
MeO MeO

Sche&@8meca-bpaNyl ati on

7. Phdase sol

Phasel ubil ity

stoichiometry

of guest mol e

that one drug
on
| ed
pri mary
unsub s tiatnCdd
RAMECDra(ndom -
7.0), -bRAME av e
t h

he

det ai comp

represents
chapter, t
members of

The pri

capsaicinoid

mar 'y

t heupscaayretdhesi s

c alprsda7)cc wn o h d a

t he

17c
90%

step affor@viadct he t ar

ubbil ity studies
anal ysi s wi del

t he

i S t he mo s t

of i nclusion complexes and

cul es.iCDhe osnipd iexleiso mest ngyapm $c ad d
wi t h C
wh
| e xsaotliuobni | §ttwydieexsperimaesmtes WwWer 1
broad CD der |
-UCHD 2fydr oxyqat ppadyer age DS 4
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cavity size and the guest mol ecul essuThese (
for at | east the partUiCdDl ( ¥®n%¥ usbrpn a(oil0 . c6adp s
0.65 nm). These sizes correspondcecladselhyatt @
aromatic moieties of capsaicin and iguestanal
interacti-oesi med wehff2ekh’f oomdak alwans. a subst a
| arger ciAvBB8y nmmp, 7which is | ess opti mal for
mol ecul es, often resulting in weRkiey raatdh é re st
suited for udrkdeps wlratsitregilcral 'y compl ex compo
sized anal ogues, rietl at®fdalappl usadi onsfobdweyv
commer ci aCD caorsd tofe current worl dwide i ffic
the |l arge quantities as requir€d by BBheot en

dditive for the formulation of co&Dsaiscimoran

- o

avourably positionedwhienr et hiet pshearrvneasc eaust iac aslt ¢

roduc thiyodnr ooxfyo-@Dopgl a solubilizing excipient,

~ O

he API sugammadex (see Section 6.5.).

Analysis afolubel phpas d3B3gr arnesv e(aH iegdu rtehsa t m
bt ained atrepd)i,neawirt {f At he exception of a si
oni valnicden (t he UBbgeswhcehobhows a negative ¢
At ypri)g@Be-tApe diagrams are characterized
guilibrium concentration of the dissolved

ont mdytpe Aiagrams display negative devi at i c

- 0 o — S O

or mati onorafer hicphmgarlsexes at sehf or changes i

-

esulting in a less effective soPA4fthiel ipthyaseenh
solubility prd7al edsi hofd ricoidppaiadicm b@ &€ wa nihd et h(e
tested CDs are »B3g8sewhtiddke itrheFicapdrceud at ed app
(B and complexation efficienclybl@CE) values &

The following eda)atwems (Egdatoodst dr mi ne

stabil ity canmMdsttehret cloknpl exati on efficacy (CE)
Ks=—( Equation 1)
CE =—(Equation 2)

whernies St he intrinsic solubility of a poorl
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The binding strength between CD and the g

stability constant of the compl ex, but sever
solution (e.g. iMMolclbsisoomncacmmipé es® s FgnUEDEG r e g ¢
mol ecul e aggregates). Because of the differe
can be very wuseful i n the comparison of the
0.016
0.014
0.012
= 0.010
é 0.008
2
8 0.006
0.004
0.002
0.000 ¢
0 0.005 0.01 0.015 0.02 0.025 0.03 0.035 0.04 0.045
CD [M]
——a-CD ——HP-a-CD DS =45 ——RAME-a DS =11.0 ——HP-3-CD DS=4.5
HP-B-CDDS=7.0 ——RAME-B DS =12.0 SBE-B-CD DS =6.5
FigBfifehase solubil ity ldiaaagmnmd mki foffe rceampts aCGx i dn

Tabllgds CE makeStlatSa f or compllepaewi oli tcla@stae i @
water at 25 AC, after 24 h equilibration ti
error of the mean).

. HP-UCD | RAME-UCD | HP-b-CD | HP-b-CD | RAME-b-CD | SBE-b-CD
UCD | ps=45)| (s=11) | 0s=45)| ©S=70)| (©S=12) (DS = 4.5)
o 0.00004 | 0.00004 0.00004 0.00004 | 0.00004 0.00004 0.00004
(average)
Slope |4 1485 | 0.070 0.1724 0.1733 0.1430 0.3343 0.3067
(average) ) ’ ’ ’ ) ) :
| 4360+
Ks[M] 110 | 209030 5200480 52404170 | 417040 125504240 | 110604220
CEl | Q174 | 0.083t 0.208+ 0.2096+ 0.167+ 0.502+ 0.442+
g 0.005 0.01 0.003 0.0003 0.001 0.003 0.005
SmadSo | 14248 8143 17445 169+9 14545 332415 309+9
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0.018
0.016
0.014
0.012
0.010
0.008
0.006

Dihydrocapsaicin [M]

0.004
0.002

0.000 =
0 0.005

0.01

0.015 0.02

CD [M]
——HP-0-CD DS =45
——RAME-B DS =12.0

0.025 0.03 0.035 0.04 0.045

——a-CD
——HP-8-CDDS=7.0

—+—RAME-a DS =11.0 —e—HP-B-CDDS=4.5
SBE-B-CD DS =6.5

FigBiPehase solubility diddwaarsd odi fdfi earyedmrto c@Ip ¢
Tablldds, CE makoBdatSa f or compl ex & b onfi tdhi htyhder otceasptse
water at 25 AC, after 24 h equilibration ti m
of the mean).
. HP-UCD | RAME-UCD | HP-b-CD | HP-b-CD | RAME-b-CD | SBE-b-CD
UCD | (bs=45)| (s=11) | 0s=45) | (0s=7.0)| (Os=12) | (DS=45)
S0 0.00001 | 0.00001 0.00001 0.00001 0.00001 0.00001 0.00001
(average)
Slope 0.1871 0.0994 0.2382 0.2092 0.1776 0.3903 0.3318
(average)
Ks[M-] | 16750+250| 7750480 | 221004130 | 185704320 | 15660+190 | 451304310 | 34650+290
CE [%] 0(52030741 00' 1010011 0.3150.002 0620605; 0620203; 0.643+0.002 00'40%4;
Smax/So 541+8 273+3 662+4 586210 51246 1083+15 92448
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0.025

0.020

0.015

Nonivamide [M]

0.010

0.005

0 0.005 0.01 0.015 0.02 0.025 0.03 0.035 0.04 0.045
CD [M]
——a-CD ~o-HP-a-CD DS =4.5 —+—RAME-a DS =11.0 ~e-HP-B-CD DS =45 o~HP-B-CD DS =7.0

RAME- DS =12.0 SBE-B-CD DS =6.5
FigBfPechase solubility @& ¥agarnadmsdidff ercemitv aCndi dd
T a bll B, CE maknlatSa f or compl aX)eswiotfh ntohne vtaensi tdee

water at 25 AC, after 24 h equilibration ti
error of the mean).

HP-UCD | RAME-UCD | HP-b-CD HP-b-CD | RAME-b-CD | SBE-b-CD

UCD | (ps=45)| (@s=11) | (OS=45) | 0s=70)| (OS=12) | (OS=45)
So 0.00007 | 0.00007 0.00007 0.00007 0.00007 0.00007 0.00007
(average)
Slope 0.3644 0.29D 0.5253 0.1509 0.1129 0.2591 0.2158
(average) ) ’ ’ ’ ’ : )

Ks[M-1 7740+80 | 5570+80 14950+250 2400+20 1780+20 4720+110 3720£100

0573+ | 0412+ 0.178+ 0.127+ 0.275+
CE [%] 0.004 0.007 | 110620011 5001 0.002 | 0:3490.0051 4 559
SmarlSo i 15645 285+11 8313 6214 14049 118+10

The caK@awmldatC&d val ues-eatabhoshed!| yheembdyna
of association strengthrien as spr eaamalhd oyu lraerl esv
applied st wdingd e igprraavattdedrsac aurs e fQU¥ dacorsdif 0g
to their ability to increassewitthheo unta ttehre snoel eudb
solubility values. Among the tested CD- deriyv
UCD an®&®CDB)P provided the smanlelngstf og dl|Bumbpislaiitc
di hydroclafls aiacnidn n(d mMiclvremi de ¢p&8BPe woft h HRi gher
consi stest & lyd dinstwyearnatl se bweerrev e d as increased s
steric hindrance by the substituenGDcgrvotps,
The peekseseunlbtts clearly reflect this effect.

Il n contrast, the greatest I mprovements in

met hyl at ed CDs. -B@Excshowatl y,heRANEK hest sol
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capsali@a mn@ di hytl7)bcawlsiali-@&0dDRAWEES mo st effec
noni valmjcde FOI | owh-Glyy RSAEBME was the next mo s t
enhancing the sdl7aband tdi bhyditap&dms ain@ind v@ mi d

UCD providetlighessesohdbil i-U@Dincrease after

Among the studiedypempgluewves,waasn ukiquely
noni vadmidie (syst em. Il n this case, rapid preci
requiring a second filtration before HPLC mg
applied for the calculation of the stability

Il n concl|lbBCsD odner itvhaet i ves were the most ef f e
solubilityldd aondpslaihydid)mc awphsUaCiBe iamae( it s der i
provi ded t he greatest sol ubli7)jci t fhi snphehame I

influenced by the structur al c h alkCaDc tiesr i mdri e :
suitable for | inear beCr kcarvicthyaian d,0 wsh ifloeg tthee
fragment s, such as abbdn ztehmaee er ic@w@I s hAa vteh oau gmi, r
membered aliphatic chain, the terminal br art

prevents effectileD.colmplcecaxmttriaont windni vami de

branching, preferentiallldgDf orms inclusion co

It I's worth emphasizing that the intrins
influences the calculated stability7Z9egstant
di hydr oclarpbs &ixdhiihi ( s the | owest intrinsic wat
apparent stability constants for this compou
it is independent of the intrinsieneolalbiyl it

agreementsveail ub st healhKihgohuegsht tChE was ob@&ikcved fc
RAMEICD complex, suggesting particularly stro

Additi onablwuybi phagestudi es WEDei nam@r inead r ®
concentratiidsnmMmangenstr 8 ned by its Iimited a
for calpBaai di hy (dd @)b,apasnmad cnlomd(aami pEgBEBNEeEed Iin
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0.0018
0.0016 =
0.0014
0.0012

0.0010 o
—e—Capsaicin

Dihidrocapsaicin
Nonivamide

0.0008
0.0006

Capsaicinoid [M]

0.0004

0.0002

0.0000 ©
0 0.005 0.01 0.015 0.02

B-CD [M]

FigBffPehase solubility(@diaagdiahmsd rbd’thacaaspdsiadicn r
noni vhmme dbrGDh

Tabllpds, CE maSddatSa for compl exed 7iaf)ctvbiGtbhend caps
water at 25 AC, after 24 h equilibration tim
of the mean).

Capsaicin (L73) Dihydrocapsaicin (L7b) | Nonivamide (17¢
So(average) 0.00004 0.00001 0.00007
Slope (average) 0.2477 0.1883 0.2909
Ks 8230+ 10 23200 + 950 5860 + 160
CE 0.3293 + 0.0004 0.232 + 0.009 0.41M+ 0.012
Snad/So 30.7+0.7 67.3+2.3 20.8+1.7

Fob-CD, theseopbbhsbkity cegtrwees Eprxdifiibliga, -aanBd t
enhancingpCRfifecmbwgetdi 8gr gtmsp € )n aanred ycBar act e
initial i ncrease in guest concentration wit
decrease, indicating | imited agqgueous sol ubil
insoluble compl exeast idgd & shnisgehgeure n@D yg o maoe nfturr t h
were performed witlp (CIHEl sta@@, Beelst weu ggh ctal e ud a
' inear porti dbhsO@BCDOYhea ndu raiTaadlsga@vwo nign t he r e
b-CD forms the most stabl e l1@dbmphewe wart ht dea h@|
provide further i nsight. Since CE calcul ati
capsaicinoids, they better reflect the solub
noni vadmicdrredches the highest solub@l7iazyed amo

at 0.mPAOB cMncentration, which i ssoclounbsiilsitteyntc u
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Il n summary, capsaicinoi el airbd ekndawmpitcal beg

of ®1@M. For exampll7pa, i sagsaeciahly reported a

<0.02 mg/mL in watl #b,hh adsi haynd reovceanp slaciwceirn a(q u e oL
mg/ mL, whereas tmati sofalnsoonibvéaffoid e0.(02 mg/ mL.
However, our study demonstrates that incl

derivatives may enhance their aqueous sol ubi
(A@7a concentration reached ~4.0 mgboR @pP3 in

fold increase), it was fouddbfearsdedarter attoi orne
mg/ mL wi t-RCDRAMHELOIBB i ncrease)l7 @ad 9Nwndesaadiu
solubilizedOemghmhtguest-UCOn{( 8 SHwiitnhc r RAME ) .
while the use of unformul ated capsaicinoids
applying their CD inclusion complexes it i s
eabl es pharmaceuti cal and technological appl
the irritant nature of the free compounds, |
prone to dispersion by fine, airborne powder

7. Nux.l ear magnetic resonance studies

To establish the stoichiometry of the cor
spectroscopy, whtoch epgr cewiiidjeasa sreo loehau@lbDaarct i ons .
we applied Jobbés met hod, a cl assi wdl tthec hroit
concentration of host and guest i's kept con
formation of the complex is monitored (e.g.,
ratio can be inferred fmebars urheed nsoil gen & lr arce a cone
for example, a maximum at X _host & 0.5 indic

woul d suggestigue 2t orrat2i:ols,horsetspectively. Alt
l'imitations in sbmmbexi equiemabnisum sel i abl e
si mpl eigluels th ocs&@p | exes .

Jobds plots wereegeheedt lMRusesgna@dltiks of
17)c, specifically the terminal met hyl proton
capsdingdlCD (system, t-hedoomd!| ekami oal shift va
neither the aromatic nor the aliphatic prot
uncertainty (~2 ppb). Only the met hnfli grugsona
40\, the resulting Job6s plWCD iisntreeaarcitys folndty,

capsdifaimnder the conditions applied to yieloc
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For this r-@@GBowas RIAWMEesti gated next, sinc
hydroxyl UGhode@sr edses the polarity of the ca
environment. This is more consi s7)& ntwhwisteh |toh
al kyl chain promotes hydrophobic and van der
met hyl resonances exhidindedemdeahurall e Thempl
pl &i g@fBe showed a clear maxi mum at a mol e fr
1:1 complex formation. Simil ar maxl#dm awer e
noni vamicdeFiBRUa®RILD ) D confirming that al/l t hr

inclusion complexes with the CDs used.

b
o]

*mole fraction
o o o
B

Agearsaicin® mole fraction

mole fraction of capsaicin

*mole fraction

capsaicin
A naniwamide + pygle fraction
o c o )

o mole fraction of nonivamide
mole fraction of dibydrocapsaicin

Figd@peobds pl ot siCf coanpd &@ixeisnoibdased on NMR c

of the terminal met hyl group of the ¢

(A) Capsda)ideCDnB) ((Cap d@)iRAMBCD,C (Di hydr dcbpsai ci
RAMBCDD) ( Noni ¢ @iRiAMEBCO

After confirming the 1:1 complexation stoli
usedR®tbati ng Frame Over hgBOESYEffecygaiSpestro
into how indislda®t fcdapgcaditivion thied yst ems. Part
was directed toward how small structdgal di
di hydroclalfpsaandnndnd ad rhiece (¢ hei r UCDg I-UHPi on b
CD, andURAMElI nterestingly, and in contrast 1
measurements pewkasl ddhano worud sls support the in
of the capgadieciCDoTiddasy iatnst.eonce of aromatic i nt
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complexes is condbstumahnt evd t RHC & fheroewneckeh cafp s u |
fl exible |Iinear aliphatic chains rather than
We therefore started to st «0®whichhasasnglenpl e x e

well-defined chemical structure that allows the clearest interpretation. Among the three guest
molecules, capsaicii{a) showed the weakest interaction, with only a single diagnostic ROESY
crosspeak observed between the terminal methyl group of its alkyl chain and the H3 proton of
U CD (Figure41). This interaction suggests a limited, shallow inclusion from the secondary (wider)

rim, likely limited by steric hindrance due to the branched terminal side chain of the caSaicin

I n comparison, 1dbhwidtlocapsfaulcliyn s(at ur at ed
considerably stronger evidence of i nprdaks on.

bet ween its terminal me tUCyDI, carso uved | a mds tahded i H

weaker correthyi omes hy(Fiegnephe@dhese interacti

deeper and more dynamic passage of the al kyl

the enhanced rotational freedom of the fully

In the case of nonivamid&{c), which does not contain the sterically hindering terminal branch
found in capsaicinl(/a and dihydrocapsaicii{h), the ROESY spectra showed the most extensive
interaction network. Strong crepsaks were detected not only at the terminal methyl group, but also
at several methylene units located along the chain, including those adjacent to the amide group
(Fi g 4 B €hese findings indicate that the full aliphatic chain of nonivamide is accommodated
wi t hi-6D davityein agreement with the affinity trends observed in the siwhsiility results.

The NMR results clearly demonsltdf&ade i nhat

(O

1

UCD is strongly influenced by the fine str.

Branching and wunsatwuration towards the end

encapsul ati on, while | inear, f Ite xii ibd leu scihoan .n s

findings help to explain the variations in
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I n order to study the role of methyl subs

RAMECD were also studied. Random met hyl ati or

t h
ocC
mi
ch
t h

en
sSp
on
an
co
cr

ne
do
du

e CD, effectively extendHowewaad, ssigbél ype
curselnonti vel y, a mi xtur e of i someri c CLC
croheterfTdhgesneihtet.er ogenei tyesobmpl docavted$s 0 mi
aracteri zmhasen MWMR, iagsuiaver | appmenrgs shirgonaad esr

e peaks and di mi-peakesi nhh&@Dcbkbpectyaof <cros

However, at higher capsaicinoid celfCdDentr at
abled experiments due to i mproved solubili
ectral compl exi ty, ROESY measur emelmjasy r eV ¢

l'y verypeazdlkk wemssobserved between the ter]
d the CD cavity protons, confirming notab
mpared to théigtherl ndetrhesvadavesbi)b, diweyadkr o ¢
egpsesaks were observed corresponding to the
arby methylene protons, howevdFRi,g4diheBlRi $i ¢
es not indicate weak bindings, but rather

e to the microheterogeneity of the randoml
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met hyl

spectra
group, but
chaiencapsul at ed

th th

agreement wi

of

contr as tl ) c naognaiivna nsi hdoew e(d

noni vVUC®Di ddee rfiovrat i ves,

1Y)

the stelCiDgest i

r eled alnegle cthsosseoe andy waltl
al at

wi t h{(Fn g#diie Tnhoedsief i feidn dcianvgi st ya

SO mul tiple methylene

e WGCeDs,u | htisg hol bisgehrtviendg ftohre ncaotnis

regardless of methyl
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Fi géflehe det ewed &kds cirmstshe 1d7)HRA MHBOR apamp lcé n. (

Fi gdflehe det emge ®lds cirm sts H &)idchAoMB-CO/Da neiodrep | (e x .

Overall, the ROESY investigations demonst
capsaicinoid side chains and the physicochem

complexationd)CDWhai l ewsafiove cl eanr,erRAMpERctr al

99R es u | t s and di s cu.


















































































































