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ABSTRACT

This thesis describes the investigation of mechanochemical reaction in a mixer mill for the synthesis of new mono-
functionalized hemicucurbiturils (mixHC[8]) from enantiomerically pure (R,R)- and (S,S)-cyclohexa-1,2-diylurea and
biotin via their condensation with formaldehyde to macrocycle. Reaction conditions were optimized by screening of
various templates, ratio of cyclohexa-1,2-diylurea and biotin monomers, temperature, and milling time. Additionally,
use of 6- and 8-membered cyclohexanohemicucurbiturils as starting materials was investigated. It was found that the
best outcome for formation of 32 C-N bonds in one-jar reaction was achieved in the presence of strong mineral acid
HPF6 together with KPF6 salt as a template. The influence of screening conditions on the formation of mixHC[8] was
evaluated by specially developed quantitative HPLC-UV analysis method utilizing an internal standard in reaction
mixture. An efficient purification methodology was developed to separate (R,R)-cyclohexanohemicucurbit[8]uril side
product from the target mono-functionalized (R,R)-mixHC[8], which was isolated in 16 % yield. The same reaction
was also used for the synthesis of diastereomeric (S,S)-mixHC[8], which was isolated in 11 % vyield. Structures of
both new mixHC[8] macrocycles were characterised with 1D and 2D-NMR, HRMS, IR spectroscopies and their
optical properties were described by optical rotation. The greenness of the developed mechanochemical synthesis was
evaluated by green chemistry metrics and it was proven that the mechanochemical approach is more environmentally
friendly than solution-state method. The mono-functionalized hemicucurbiturils developed in this thesis are suitable
for attachment to a solid support and can be utilized for selective capture of guest molecules and other supramolecular
applications.
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LUHIKOKKUVOTE

Kéesolev magistritdd keskendub kuulveskis teostatud mehhanokeemilise reaktsiooni uurimisele. Eesmérgiks oli
keskkonnasoObraliku stnteesimeetodi vélja tddtamine uue mono-funktsionaliseeritud hemikukurbituriili (mixHC[8])
slinteesiks enantiomeerselt puhastest (R,R)- ja (S,S)-tsukloheksa-1,2-dititiluureatest ja biotiinist ning formaldehudist.
Reaktsioonitingimuste optimeerimiseks varieeriti mall-lhendeid, monomeersete tsikloheksa-1,2-dilililuurea ja
biotiini suhet, temperatuuri ja jahvatusaega. Lisaks uuriti 6- ja 8-uhikuliste tsukloheksano-hemikukurbituriilide
kasutamist lahteainena. Parimad tingimused 32 C-N sideme moodustumiseks Uhe-kapsli reaktsioonis saadi
happekatalliisaatori ja malli, mineraalhappe HPF6 ja KPF6 soola, kasutamisel. Trende reaktsioonitingimuste
muutmisel jalgiti selle t66 kéigus valja tdotatud kvantitatiivse HPLC-UV anallilisimeetodiga, kus kasutati
reaktsioonisegus sisestandardit. Tootati vélja téhus mixHC[8] isoleerimise protseduur, mis vdimaldas eraldada
korvalprodukti (R,R)-tsiikloheksanohemikukurbit[8]uriili eesmarkihendist. (R,R)-mixHC[8] isoleeriti kbrge puhtuse
ja 16% saagisega. Sama reaktsiooni kasutati ka diastereomeerse (S,S)-mixHC[8] sunteesiks, mis eraldati 11 %
saagisega. Molemad uued mixHC[8] makrotsiiklid iseloomustati 1D- ja 2D-NMR, HRMS ja IR abil ning nende
optilised omadused kirjeldati eripédranguga. Vélja tootatud siinteesimeetodi keskkonnajalajilge ehk rohelisust
analtilisiti  Rohelise Keemia mo&ddikute abil ja tBestati, et mehhanokeemiline ldhenemisviis on palju
keskkonnas@bralikum kui lahuses labiviidud siintees. Selles t66s valja todtatud mono-funktsionaliseeritud
hemikukurbituriilid sobivad tahketele kandjatele sidumiseks ja seda saab kasutada kilalismolekulide selektiivseks
aratundmiseks.



