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Abstrakt

Organokatalyza spolu s katalyzotephodnymi kovy a enzymovou katalyzou hraje
vyznamnou ulohu v asymetrické organické syntézegamiCi organokatalyzy zaujimaji
duleZitou alohu aminy, které sasto vyuZivaji jako organické katalyzatory.

Tato prace se zabyva jednak vyuzitim gkmnin hypervalentniho jodu v kombinaci
s aminovou Kkatalyzou a téz vyuzitim Morita-Baylighdanovych karbondit v ramci
organokatalytickych allylovych substénich reakci.

V prvni ¢asti zangiené na sloteniny hypervalentniho jodu byla vyvinuta metodika
organokatalytické enantioselektivnoi-selenyl&ni reakce substituovanych nasycenych
aldehydi pomoci 1,2-difenyldiselanu za vyuziti mirnych @&idich vlastnosti
bis(acetoxy)jodbenzenu. Reakce je katalyzovana kim#iedostupnym MacMillanovym
katalyzatorem prvni generace. Produkty reakce lafgkany ve vyizcich 51-70 % a
enantiomernichigbytcich 95-99 %. NavrZzena metoda byla ri@r& na derivaty oxoestera
katalyzy terciarnimi aminy nebo kvarternimi amoryiow solemi. Vedle selenytaich reakci
byla studovdna moZnost tvorby C-C vazeb za vyudliticenin hypervalentniho jodu.
Konkrétre jsme se zasfili na elektrofilni alkynyl&ni reakce vhodnych nukleofilnich
substral pomoci slodgenin hypervalentniho jodu nesoucich acetylenovalngtku. Jako
vhodné substraty se ukazaly fluorované derivaty nyglfonyl)benzenu, a také
enolizovatelné heterocyklické skmniny, jako nap derivaty pyrazolonu, rhodaninu,
oxindolu a azlaktonu. Alkynylované produkty reakedy ziskany ve vyzcich az 95 %,
nicmér¢ v nizkych enantiomernichigbytcich éeaz 62 %). Vyzkum reakiho mechanismu
ukazal, Ze v pibéhu reakce dochazi k desilylaci vychozi skewniny hypervalentniho jodu
(TMS-EBX) terciarnim aminem za vzniku reaktivnihmermediatu ethynylbenzjodoxolonu,
ktery nasledé reaguje s fisluSnym nukleofilem.

V druhé ¢asti prace byla vyvinuta metoda organokatalytickgngetrické allylové
substiténi reakce pomoci Morita-Baylis-Hillmanovych karbtinga katalyzy terciarnimi
aminy vedouci k enantioselektivni tvérsazby C-C a C-N. V ramci enantioselektivni tvorby
vazby C-C byly jako vhodn€-nukleofily vyuZity cyklické3-oxoestery. V optimalizovanych
podminkach reakce poskytovala dobré hodnoty diessetektivity (az 10:1) afslusnée
allylované produkty byly ve&tSirg piipadi ziskany jakaisté diasteromery ve Wku az 82
% a enantiomerntisto® az 95 %. V ramci enantioselektivni tvorby vazbyNGyly jako
vhodné N-nukleofily nalezeny silylované derivatierc-butylhydroxykarbamatu, které za
katalyzy B-ICD poskytovaly allylované produkty v enantiomemipiebytku az 90 % a
vytézcich az 94 %.

Absolutni konfigurace novych stereogennich centga lv pripadt a-selenyl&ni reakce
uréena na zé&klad chemické korelace s popsanymi derivaty, iipgac allylovanych
[B-ketoestel a derival Boc-hydroxykarbamatu byla potvrzena pomoci rentgeukturni
analyzy.



Abstract

Beside transition-metal and enzymatic catalysig/plarganocatalysis an important
role in asymmetric organic sythesis. In the fielidooganocatalysis are amines group of
compounds commonly used as organocatalysts.

This thesis deals with the use of hypervalent iediompounds in combination with
amine catalysis and also with the use of MoritalBaillman carbonates in organocatalytic
allylic substitution reactions.

In the first part an organocatalytic enantioselexti-selenylation reaction of saturated
aldehydes using diphenyldiselenide and iodobenziaeetate is described. Reaction is
catalysed by commercially available first generatidacMillan catalyst. The products of the
reaction were obtained in yields 51-70 % and epamgric excess 95-99 %. Designed
methodology was extended on the derivativeg-kétoesters by catalysis of tertiary amines
and gquaternary ammonium salts. Apart from selemylateactions we have also dealt with
the possibility of C-C bond formation using hypderd iodine compouds. Particularly, we
focused on electrophillic alkynylation reactions @ppropriate nucleophiles using
acetylene-bearing hypervalent iodine compounds.oriflated sulfone derivatives and
enolizable heterocycles such as pyrazolone devesitirhodanines, oxindoles and azlactones
were found as suitable substrates, affording threesponding alkynylated products in high
yields (up to 95 %), but with low enantiomeric esgdee up to 62 %). Mechanistic studies
revealed, that in the first step desilylation @rgshg material TMS-EBX occured in presence
of tertiary amine leading to reactive intermedietieynylbenziodoxolone which subsequently
reacts with appropriate nucleophile.

In the second part an organocatalytic allylic sisbn reactions using Morita-
Baylis-Hillman carbonates witle- and N-nucleophiles by catalysis of tertiary amines was
described. In case of C-C bond formation cy@i&etoesters as a suitab@@nucleophiles
were chosen. In optimized conditions reaction aféor good diastereoselectivity (up to 10:1)
and allylated3-ketoesters were isolated in most cases as a msteikomers in the yields up
to 82 % and with enantiomeric excess up to 95 %ake of C-N bond formation silylated
derivatives of Boc-hydroxycarbamates as a suit&blaucleophiles were found, which by
catalysis of3-ICD afforded allylated products in enantiomericess up to 90 % and in the
yields up to 94 %.

Absolute configuration of new stereogenic centeas W case oft-selenylation reaction
determined by method based on chemical correlatitm published derivatives, in case of
allylated [3-ketoesters and Boc-hydroxycarbamate derivatives watermined by X-ray
analysis.



1. Uvod

Organokatalyza je oblast organické syntézy zabgivag katalyzou za vyuziti malych
organickych molekul. V minulosti se organokatalygzyuZivalo gedevSim fi syntéze
achiralnich slotenin. Rozvoj tohoto od#vi se datuje od roku 2000, kdy byla popsana
enaminovaa iminiov& katalyza aldehyid pomoci chiralnich sekundarnich arnifTyto prace
otevwely prostor pro rozvoj asymetrické organokatalykiera se vyvinula v prosperujici
nastroj organické syntézy.

V ramci organokatalyzy nalezla uplam cela Skala slaenin. Vyznamnou skupinou
slowenin uplatiujicich se jako organokatalyzatory jsou aminy, gkoprimarni, sekundarni a
terciarni aminy, tak i kvarterni amoniové sole.amci aktivace reaguji aminy se substratem
jak kovaletni, tak i pomoci nekovalentni interak¢epripac kovalentni interakce hovione o
kovalentni organokatalyze, ktera se ufalge u amiri primarnich, sekundarnich a terciarnich.
V pripact nekovalentni interakce hokime o nekovalentni organokatalyze, ktera se vedle
terciarnich amit uplatiuje i u kvarternich amoniovych soli.

Chiralni sekundarni aminy nalezly vyuZziti zejméra gktivaci aldehyd. Jak jiz bylo
zmireno vyse, rozliSujeme dva zakladni nikoliv vSak pedizgisoby aktivace pomoci
sekundarnich amin— enaminova a iminiova aktivace. Enaminova aktvae uplatuje
v piipadt nasycenych aldehyd které reaguji s chiralnimi sekundarnimi aminyvzaiku
nukleofilniho enaminového intermediatu, jeniz@ reagovat siznymi elektrofily. Zmigny
zpasob aktivace vede ke vzniku substituovanych aldéhyai-poloze. V gipad o,(-
nenasycenych aldehyde uplaiuje tzv. iminiova aktivace. Elektrofilni iminiovyniermediat
vznikajici reakci aldehydu s chirdlnim sekundarrdminem niiZe reagovat s nukleofilni
castici. Tento zfisob aktivace umaitije pipravit aldehydy substituovanéBspoloze.

V pripact terciarnich amifh se uplaiuje jak kovalentni, tak nekovalentni tzob
aktivace substratu. Vifpact nekovalentnich interakci se vyuziva bazicky chiarak
terciarnich amitt umoziujici deprotonaci nukleofilu a jeho reakciiggtusnym elektrofilem.
Tento zfisob katalyzy se uplatnil zejmén# fgonjugovanych adicich pifpadré aminanich
reakcich. V pripad kovalentni aktivace se vyuZiva nukleofilni chaeakierciarniho aminu,
umoziujici reakce s karbonylovou fuéki skupinou, fipadré polarizovanou nasobnou
vazbou. Tento Zisob nalezl uplatmi nag. pii piipraw N- a O-heterocyklickych slogenir?,
Staudingeroy syntéze p-laktami®, cyklopropanani reakcf, piipadré pri Morita-Baylis-
Hillmanovy (MBH) reakc& nebo asymetrické allylové substituci pomoci MBHbHaaf:
nebo acetaf.

Zajimavou volbou je kombinace organokatalyzy seic&ninami hypervalentniho jodu.
Tato ¢inidla nalezla v organické syntéze vyuZiti jakokelefilni zdroje vinylové skupin¥,
piipadré trifluormethylové skupin¥’. Nekteré slodeniny hypervalentniho jodu mohou
vystupovat také jako mirna oxittd cinidla™ V piipads tvorby vazby C-heteroatom nalezly
sloweniny hypervalentniho jodu vyuZitfivzniku vazby C-$’ pripadre C-O***°



2. Cile prace

S ohledem k poznalkn znamych z literatury z oblasti spojené s tématiko
hypervalentniho jodu a organokatalytickych asyrokfich allylovych substituci a také nasSim
zkuSenostem v oblasti organokatalyzy byly stanowiwe obecné cilefpdloZzené disertai
prace.

1. Prvnim cilem bylo prozkouméni vyuZiti st@nin hypervalentniho jodu v organické
syntéze za vyuziti konceptu organokatalyzy. V rataboto cile bylo hlavnim z&rem
prozkoumat oblast stereoselektivni tvorby vazbyef@ztoatom u nasycenych aldebyzh
katalyzy sekundarnimi aminy a oxoefiten katalyzy terciarnimi aminy. Zaraveyuziti
slowenin hypervalentniho jodu pro tvorbu C-C vazetedpvsim vazeb &sp, bylo
naplni tohoto cile.

2. DalSim cilem disertai prace bylo studium vyuziti Morita-Baylis-Hillmanych
karbonal v organokatalytickych asymetrickych allylovych stitucich vedoucich ke
tvorbé C-C a C-heteroatom vazeb. Vramci tohoto cile Wyhden diraz na
enantioselektivni ipravu slogenin obsahujicich kvarterni stereogenni uhlikové
centrum, a téZ na enantioselektivitippavu slodenin vhodnych pro ffipravu malych
heterocykii.



3. Material a metodika

VSechny chemikalie byly zakoupeny z kokréch zdrofi (Sigma-Aldrich, Acros, Strem)
a pouzity bez dalSihorgisteni, pokud neni specifikovano jinak. Vybrana rozpédia
(tetrahydrofuran, diethylether) byla vysuSenaetipténa destilaci pod ochrannou atmosférou
argonu ze sisi sodiku a benzofenonu.

Sloupcova chromatografie byla pro¢ad na silikagelu Kiesegel 60 (63-23@n) od
firmy Merck nebo Kiesegel 60 (40-68m) od firmy Fluka. TLC byla provasa na
hlinikovych destikach potazenych silikagelem Kiesegel 60 F254 (Menelbo Kiesegel 60 s
fluorescentnim indikdtorem 254 nm (Sigma-AldricK)detekci latek na TLC deskach bylo
vyuzito UV z&eni (model NU — 6 KL; o vinové délce 254 nm) a #&me cinidlo AMC ¢i
roztok KMnQ, a nasledného z#dti horkovzduSnou pistoli. Detiki ¢inidlo AMC bylo
piipraveno z kyseliny fosfomolybdenové (25 g), hydrairanu cetitého Ce(S@),.H.O (10
g), kyseliny sirové k5O, (1 |, 1,2 M roztok). Rozpou&dla pouZzita k chromatografii byla
preciSténa destilaci. Odgani rozpou&idel bylo provedeno na ratai vakuové odparce
(RVO) Bichi Rotavapor R-200. Produkty byly dosuSaawysokém vakuu.

'H NMR, *C NMR spektra byla #fena na spektrometru Bruker AVANCE IfiH_ pi
600 MHz a™*C pri 150 MHz) a'°F NMR a®*'P NMR byla znéiena na fistroji Varian UNITY
300 (°F pri 282 MHz, 3P pi 121MHz). Latky byly rozpudny V d-DMSO nebo CDG
(ob¢ zakoupena od firmy Armar Chemicals) a referencgvaa residualni pik pouZzitého
deuterovaného rozpodsta. V pipads F NMR byla jako externi standard vyuZita
trifluoroctova kyselina (TFA). Chemické posuny jsauedeny vo jednotkach, interaki
konstantyd v Hz.

Spektra infrédervené spektroskopie byla némna na spektrometru Nicolet Avatar 370
FTIR. Metodou pouzitou k #ieni byla difuzni reflektance (DRIFT) v KBr. Vitty v
experimentalnéasti jsou uvedeny v cm

Specifické optické otavosti meiené na fistroji AUTOMATIC POLARIMETR, Autopol
Il (Rudolph research, Flandres, New Jersey) jseedeny v jednotkéach [1iDeg cnf ¢g*].
Vzorky byly méteny v chloroformu a koncentrace c je usda v jednotkach [g/100 ml].

Enantiomerni febytky latek stanovené s pouzitim kapalinové chtografie na fistroji
SHIMADZU s detektorem SPD-M20 na chiralni stacionidézi kolon: Daicel Chiralpak IA,
IB, IC, AD-H bez kalibrace.

Hmotnostni spektrometrie s vysokym rozliSenim byl&ena na fistroji LCQ Fleet.
Vzorek byl do stroje zaveden ve fa¥moztoku chloroformu nebo methanolu.



4.Vysledky a diskuse

Enantioselektivni organokatalyticka-selenylace aldehyda [3-ketoestek za
vyuziti slowenin hypervalentniho jodu

V rdmci vyuZiti slodgenin hypervalentniho jodu v organické syntéze byjainuta
metodika enantioselektivnia-selenyl&ni reakce nasycenych aldeliyd(l) pomoci
difenyldiselanu 2) a mirnych oxidanich vlastnosti bis(acetoxy)jodbenze®). Reakce byla
katalyzovana MacMillanovym katalyzatorem |. generdd) v prostedi toluenu fi 0 °C.
Vzhledem k racemizaci ffslusného aldehydu bylofiptoupeno kn-situ redukci pomoci
NaBH, v prostedi MeOH za vzniku ffislusného alkoholusj. Reakce byla nasledmisgsns
provedena na skupiraldehyd obsahujicich alkylovou, alkenylovou, aromatickptipadré
esterovou funéni skupinu. BEslusné alkoholy byly ziskany ve wytich 51-70 %
v enantiomernichigbytcich 95-99 % (Schéma 1).

CH3
N CHj
T o
(4, 20 mol.%)
I(OAc), 1.p- nltrobenzoové kyselina (20 mol.%)

2. NaBH R

R. _cHo * (PhSe); + el - " OH
~ 1. toluen, 0 °C° SePh
ta-g 9 3 2. MeOH, -20 °C 5a-g

(ee 95-99 %, vytézek 51-70 %)
R = i-Pr, n-pentyl, n-propyl, n-allyl, -Bu, Bn, CH,CO,Bn

Schéma la-selenyl&ni reakce aldehyd

Absolutni konfiguracea-selenylovanych produktu byla aana na z&klad chemickée
korelace jakoZR).

Nasledr byla selenylani metoda rozgéna také na derivatyB-ketoester (6).
V optimalizovanych podminkach (toluen, 25 °C, kgtator 8) byl vSak pislusny
selenylovany produkf7j ziskan v enantiomernintgbytku maximala 36 % (Schéma 2).

7 Br
allylo
g
Q@ o (OAC), SN Q o
X 8, 10 mol% X
QG OR + (PhSe), + ( o (i OR
Y rozpoustédlo, 25 °C SePh

6a (X-Y = CoHy4, R = Et) 2 3 7a (vytézek 93 %, ee 36 %)
6n (X-Y = CgHy, R = t-Bu) 7b (vytézek 90 %, ee 7 %)

Schéma 2:a-selenyl@&ni reakce3-ketoestel 6a,n.



Elektrofilni alkynylace monofluorovanych deriviaimethylsulfonyl)benzenu a
enolizovatelnych heterocyklickych sknin

DalSim cilem disertami prace bylo vyvinuti metodiky organokatalytickéelkerofilni
alkynylace pomoci slaenin hypervalentniho jodu nesouci acetylen. Jalanh nukleofil
byl zvolen [(fluor(nitro)methyl)sulfonyl]benzen 949), ktery reagoval se sléaninou
hypervalentniho jodu TMS-EBX1() za katalyzy cinchonidinovym derivategv prostedi
toluenu i laboratorni teplat za vzniku pislusného alkynylovaného produktu ve daku
91 % v enantiomernimipbytku 61 %. Metoda byla nasledprovedena na vybrané skupin
fluorovanych derivat (fenylsulfonyl)methanu, kde byla nitro skupina regena za kyano-,
benzoyl-, acetyl-, methyl-esterovou nebo diethytiogtovou funkni skupinu. Eislusné
alkynylované derivatyL1b-g byly ziskany ve vyzcich 58-88 %, ovSem s nizkymi hodnotami
enantiomernichigbytki (0-37 %e@.

TMS
0] O\I/ PhO,S F R
PhOzs\rR E f katalyzator 8 (10 mol%) \?
+

F toluen, 25 °C I

9a-g 10 11a-g
(vytézek 58-91 %, ee 0-61 %)

R = NO,, CN, COMe, COPh, CO,Me, PO(OEt),, SO,Ph

Schéma 3:Elektrofilni alkynyla&ni reakce derivét((fluor(nitro)methyl)sulfonyl)benzen9y.

Metoda elektrofilni organokatalytické alkynylacenpaci TMS-EBX (0) byla rozstena
na enolizovatelné heterocyklické steminy, jako nap pyrazolony 12), rhodaniny {3),
oxindoly (14) a azlaktony 15). Ukazalo se, Ze na rozdil od fluorovanych detivat
(fenylsulfonyl)methanu probih& alkynylace heterdici§ch slowenin gevazri v polarnich
rozpoustdlech. Rislusné alkynylované heterocyklické steainy 16-19 byly ziskany ve
vytézcich 70-95 % (Schéma 4).

R o)
W Ph/w
(e N—Ph
N~ S
N \<S

Ph
TMS-EBX (10) _
12 13 EtsN 0
R
Ph Ph rozpoustédio AN
25°C
16-19
N vytézek 70-95 %
0 )l\ o ( y °)
N ph” O

Bn
14 15

Schéma 4:alkynylace enolizovatelnych heterocyklickych slemin pomoci TMS-EBXX0).

Alkynylované latky byly vyuzity v naslednych transiacich, jako nap kaplingovych
nebo cykloadinich reakcich. V naSemiipadt jsme se rozhodli terminalrni trojnou vazbu
latky 11a 16a transformovat pomoci cykloashi Huisgenow reakce, ktera nasla vyuziti
v mnoha oditvich chemié®. Latkallabyla také vyuZita v rdmci Sonogashirovy kaplingové
reakce. Ve vSechifpadech byly fislusné produkty reakc)-22 ziskany ve vyzcich 55-91
% (Schéma 5).
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Schéma 5:Nasledné transformace alkynylovanych defivitaa 16a

Pro pochopeni re@kiho mechanismu byla provedeftd NMR studie za nizké teploty.
V ramci ni byla zkoumana interakce mezi TMS-EBX)(a triethylaminem. Bylo prokazano,
Ze pi teplog& -30 °C dochazi kreakci mezi TMS-EBX a 3Bt vedouci ke vzniku
desilylovaného reaktivniho ethynylbenzjodoxolon3, ( EBX, Obrazek 1) vznikajiciho
nukleofilnim S¢penim vazby C-Si vychoziho TMS-EBX. Zivbdu vysoké reaktivity byl
vznikajici intermediat EBX v rovnovaze s rozkladnypnodukty reakce. f¢dpokladame, zZe
samotna alkynykani reakce probihaips reaktivni desilylovany intermediat EBX, ktery
reaguje s fislusnym nukleofilen8-adicné-eliminatnim mechanismem.

ot

23\\

Obrazek 1: Intermediat EBX 23) vznikajici i -30 °C.

Organokatalyticka enantioselektivni allylova suloste 3-ketoestel a derival
terc-butylhydroxykarbamatu pomoci Morita-Baylis-Hillmaych (MBH)
karbonat

Vedle vyuziti slodenin hypervalentniho jodu v organické syntéze hyladmetem
naseho vyzkumu i asymetrickd organokatalytickal@ly alkylace pomoci Morita-Baylis-
Hillmanovych (MBH) karbondt V ramci tohoto projektu jsme se za&ih na
organokatalytickou allyladt- a N-nukleofilg.

V piipact allylové substituce pomoci MBH karbofdbyly jako C-nukleofily vybrany
dolie dostupné cyklick§-ketoestery odvozené od cyklopentanofa-f), 2,3-dihydro-H-
inden-1-onu (1-indanongg-n) a 3,4-dihydronaftalen-1k)-onu (tetralonugo-q) (Obrazek



2). Cilem byla tvorba chirainiho kvarterniho a t@nciho atomu uhliku v ramci jednoho
realkéniho kroku a sledovani vlivu velikosti skelefeketoesteru a vlivu sterické nérosti
substituent esterové funkce na enantio- a diastereoselektigélce.

0 o 0o 0 O O
OR
6a-f 6g-n 60-q

Obrazek 2: Derivaty3-ketoeset vyuzitych v allylové substituci.

Ukazalo se, Ze samotnd allylovd alkylace probiha brelo v prostedi
terc-butyl(methyl)etheru za katalyz§-ICD pii laboratorni teplat (Schéma 6). Reakce ve
vSch gipadech probihala s dobrymi ¥geky. Vliv na selektivitu reakce ma pouzify
ketoester. Alkylovd skupina esterové funkce ¢maovliviiuje enantioselektivitu allylové
alkylace. V pipact objemnych skupin jakderc-butylové nebo adamant-1-ylové fuimk
skupiny obsazené ve strukturdfkketoester vedou k pisluSnym allylovanym produiin
v dobrém vyZku a s vysokymi enenatiomernintiepytky e 85-90 %). Reakce provéda
sB-ketoestery obsahujici tetralonovy skelet aulifn diastereoselektivitu transformace (az
10:1). V gipadt sériep-ketoestei s cyklopentanovym skeletem byl na rozdil od indenb,

Ci tetrahydronaftalenovych derivabéhem allylové substituce pozorovan vznik vedlej§tho
produktu26. Samotna substituce aromatického jadra MBH kartbosélektivitu ani vyizek
piislusné allylové substitni reakce neovlivnila.

Q 0
2 2
i?c)o\ﬂ)clm + X)OS/C(%RQ M C(\Y)_l/ic_o(zR + C(\Y)imjozR
S MTBE 2070 R cort P 1
COR
24a 6a-p »5 .
Q(( = CH,CHy, CeHy o ?51(3_1905:1% |

rtesek 30.80 9
n=CH,, CgHy vytéZek 30-80 %)

Ar = Ph, p-BrCgHy, 0-BrCgHy, p-CICgH,4, p-MeCgHy, p-MeOCgH,4, p-NO,CgHy,, thienyl, naphthyl
R' = OMe, Me
R2 = Me, Et, Bn, propargyl, i-Pr, adamantyl, -Bu

Schéma 6:Asymetricka allylova substituce b-ketoestepomoci MBH karbonét

V piipad N-nukleofili jsme se v ramci asymetrické allylové alkylace pombiBH
karbonat zan®fili na derivaty hydroxylaminu, konkré&n na kometné dostupny
terc-butylhydroxykarbamat, ktery byl transformovan nésusné dimethyterc-butylsilyl-
(TBDMS, 270, difenylterc-butylsilyl- (TBDPS, 27b) a triisopropylsilyl (TIPS, 273
derivaty’.

Ze vyse uvedenych silylovanych derivat terc-butyl[(dimethylterc-
butylsilyl)oxy]karbamat27c ukazal nejlepSi hodnoty enantioselektivity igakci s methyl-2-
(((terc-butoxykarbonyl)oxy)(fenyl)methyl)akrylaten24a) v prostedi toluenu za katalyzfy-
ICD (ee 77 %, vytZzek 86 %). DalSi optimalizaci (toluen, -15 °C) samioselektivita dané
reakce zvysila az 84 %. V takto optimalizovanychdmpinkach bylo provedeno vymezeni
rozsahu reakce praizré substituované MBH karbonaty (Schéma 7). Ukazalazeaeakce
probihd doke s elektrono¥ odtahujicimi i donujicimi skupinami prpoloze aromatického
jadra MBH karbonatu. #slusné allylované produkty byly ziskany ve &agich 61-94 %
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v enantiomernim igbytku 76-90 %. VyraznnizSi enantioselektivity vykazovaly reakc# p

pouziti MBH karbondt obsahujicb-substituované aromatickeé jadee@6-75 %).

OBoc o) B-ICD (10 %) BocN,OTBDMS

2 >L R e
CO,Me + _OTBDMS
Ar/\ﬂ/ 2 O)J\N toluen A CO,Me
H 15°C

24 27c 28c-j
(ee 66-90 %, vytéZek 49-90 %)

Ar = Ph, p-BrCgH,4, 0-BrCgHy, p-CICgH4, 0-CICgH,4, p-MeCgH,4, p-NO,CgH,, naphthyl
Schéma 7:Asymetricka allylova substituce silylovanyt#rc-hydroxykarbamédi pomoci MBH
karbonét.

Ur¢eni absolutni konfigurace produkiasymetrické allylové alkylac@-ketoester a
silylovanych derivatuerc-butylhydroxykarbamdit bylo provedeno pomoci rentgenostrukturni
difrakeni analyzy.

V ramci studia enantioselektivni allylové alkylapgme se dale zadtili na moznosti
naslednych transformaci allylovanych -ketoestel a
terc-butyl((terc-butyldimethylsilyl)oxy)karbamdt na komplexni molekuly sigazem na
zachovani enantiomerdistoty.

V piipact allylovanych B-ketoestek byly enantiomeré obohacené derivatg25f, 25n,
25q vyuzity pri syntéze laktonovych deriviaR9a-c. Priprava &chto derivat byla provedena
redukci pomoci NaBlHv methanolu p 0 °C. Vznikly alkohol nasledhspontans reagoval
intramolekulard s karbonylovu funéni skupinou za vzniku ffslusného laktonu29ac.
Prislusné produkty laktonizace byly ziskany ve &ggich 45-50 % se zachovanim
enantiomerngistoty (Schéma 8).

29a
(ee 82%, vytéZek 45 %)

NaBH, CHsy
MeOH Ph
0°C CO,But
29b
(66 91%, vytéek 48 %)
CH,
Ph
CO,Et
29c
25q (ce 83 %) (ee 83 %, vytszek 50 %)

Schéma 8:Transformace allylovanydBrketoestei 25f, 25n, 25q na fFislusné laktonové derivaty
29ac.

Daéle byla provedena redukce nasobné vazby vodikepaltadiu u allylovaného derivatu
B-ketoester25n. Stejreé jako v gipadt redukce pomoci NaBHv methanolu nedoSlo ankip
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této redukci ke zené enaniomernéistoty grislusného produktB0, ktery byl ovSem ziskan v
nizkém vytzku 35 % jako jediny diastereomer (Schéma 9).

r g <

Pd/C, H,
—_—
EtOH
OMe 25°C
25n 30
(ee 90 %) (ee 90 %, vytézek 35 %)

Schéma 9:Redukce allylovanéhp-ketoesteri25n na fFisludny alkohoBO.

V ptipact naslednych transformaci allylovanych denivirc-butylhydroxykarbamat@8
jsme se zasfili na jejich mozné vyuziti § syntéze heterocyklickych sloenin
isoxazolidinor, kterd byla realizovana na enantiontetistém substrati28c. Odchrarni
hydroxylové skupiny derivatu28c bylo provedeno pomoci tetrabutylamonium-fluoridu
(TBAF) v piftomnosti kyseliny octové za snizené teplatyX¥islusny alkohol31 byl po
precisSténi na sloupci silikagelu ziskan ve v¥ku 79 % bez ztraty optické aktivityeoem
transformace (Schéma 10). Samotridpnava heterocyklické sl@geniny byla provedena
pouzitim BuSnO v katalytickém mnoZstvi (10 mol¥ghyba! Zalozka neni definovana.
Vytézek isoxazolidinonového derivaB2 piresahl 60 % a enantiomeristota produktu byla
84 % (Schéma 10).

o
_OTBDMS -OH >L
BocN TBAF, HOAc ~ BocN™C _ BuSnO O/U\N’O
CO,Me —> CO,Me toluen °
Ph/k”/ CHClp, -15°C Ph/k”/ reflux Ph
28¢ 31 o D2 e
(6 84 %) (ee 84 %, vytezek 79 %) (e 84 %, vytézek 65 %)

Schéma 10Friprava derivatid2.

V piipact pouziti fluoridu cesného k odchim hydroxylové skupiny allylovaného
karbamat8c byl ziskan derivat isoxazolidifdB ve vy€zku 41 % (Schéma 11).

_OTBDMS
BocN CsF BocN~©
B ———
Ph)\”/ COMe DMF Ph)\g
25°C CO,Me
28¢ 33
(ee 84 %) (ee 84 %, vytdzek 41 %)

Schéma 11Fxiprava derivat83.
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5.Zawry

V ramci této prace byla studovana moznost vyudibucenin hypervalentniho jodu
v selenylgnich a alkynylanich reakcich v kombinaci s organokatalyzou a také
organokatalyticka allylova alkylacé- a N-nukleofiti pomoci Morita-Baylis-Hillmanovych
karbonéd.

V prvni ¢asti byla vyvinuta metoda na enantioselektivni redhbeeci enalt pomoci 1,2-
difenyldiselanu za vyuZiti sl@eniny hypervalentniho jodu bis(acetoxy)jodbenzeakoj
mirného oxidaniho ¢inidla. V rdmci optimalizace reakce se ukazalonggepSich vysledk
bylo dosaZzeno za pouziti MacMillanova katalyzatopuvni generace, kyselinyp-
nitrobenzooveé, bis(acetoxy)jodbenzenu a toluefid FC. Vytezky piislusnych produki se
pohybovaly v rozmezi 51-70 % s enantiomernim obehias 95-99 %. Nasledrbyla tato
metoda roz$ena na fipravu selenylovanycl-ketoestel za katalyzy terciarnimi aminy a
kvarternimi amoniovymi solemi. Vifpad selynylace oxoest&érenantioselektivita reakce
dosahovala maxim&B7 %.

V ramci vyuziti slodenin hypervalentniho jodu v oblasti organokatalymga vedle
tvorby vazby C-Se vyvinuta metoda tvorby vazby CkGnkrétré se jednalo o elektrofilni
alkynylaéni reakci pomoci slaieniny hypervalentniho jodu TMS-EBX za katalyzy
terciarnimi aminy, fipadré kvarternimi amoniovymi solemi. Jako vhodné nukiledflatky
byly zvoleny fluorované derivaty (fenylsulfonyl)lesmu a také enolizovatelné heterocyklické
sloweniny, jako nap pyrazolony, rhodaniny, oxindoly a azlaktonyidRisné alkynylované
produkty, obsahujici nova kvarterni uhlikova centrgly ziskany ve vyku az 95 %.
Enantioselektivita reakci dosahla maximalni hodi@yb v ipac alkynylace fluorovanych
derivati (fenylsulfonyl)benzenu a 14 % vipadt alkynylace heterocyklického derivatu
pyrazolonu. Hslusné alkynylované derivaty (fenylsulfonyl)methama pyrazolonu byly
pouzity jako stavebni jednotky v nasledné synt@arminalni trojna vazba deriviatbyla
transformovana pomoci cyklo&di Huisgenovy reakce atiplusné derivaty triazolu byly
izolovany ve vygzcich 55-92 %. V fipad alkynylovaného derivatu pyrazolonu byla
provedena také Sonogashirova reakceislysny produkt kaplingové reakce byl ziskan ve
wytszku 61 %. K objasini mechanismu alkynyéai reakce byly provedenyH NMR
experimenty za nizké teploty. Ukazalo se, Ze igidi@ krokem reakce je &eni vazby C-Si
v TMS-EBX pomoci baze vedouci ke vzniku reaktivnintermediatu EBX, ktery nasle&n
reaguije s fislusnym nukleofilem.

V druhé ¢asti disertani prace byla vyvinuta metoda organokalytické adyicie
allylové substituce pomoci Morita-Baylis-Hillmanaly (MBH) karbonél jak C-, tak N-
nukleofili za katalyzy terciarnimi aminy. Jakbnukleofily byly zvoleny cyklické oxoestery,
které reakci s dab dostupnymi MBH karbonaty poskytuji v ramci jedaakakniho kroku
chirélni kvarterni a terciarni uhlikové centrumoptimalizovanych podminkach za poufti
ICD jako katalyzatoru derc-butyl(methyl)etheru jako rozpoustia bylo dosazeno vysoké
diastereoselektivitygeaz 10:1), enantiomernihdgbytku eeaz 93 %) a vyku (az 80 %).
V ramci allylové substituce byla provedena i studareiend na prozkoumani reakho
mechanismu dané transformacehdém které se prokazalo kinetickép&ni vychoziho MBH
karbonatu fi reakci s pislusSnym oxoesterem. Ved@&nukleofili jsme se také zaili na
dusikaté nukleofily, konkrétnna silylované derivatyerc-butylhydroxykarbamatu. &em
optimalizace reakce se ukazalo, ze dimethgd-butylsilylovy derivat terc-
butylhydroxykarbamatu poskytuje viifpmnosti toluenu f -15 °C za katalyzypB-ICD
prislusny allylovany produkt s nejvyssi hodnotou etwanernino obohacenéeé 84 %). Dale
byl prozkouman rozsah pouZiti reakce ptang substituované MBH karbonétyiiBlusné
produkty byly ziskany v enantiomertistot 75-90 %. Vybrané allylované derivaty byly
vyuzity jako stavebni jednotky pro néslednou symié? piipact allylovanych oxoestér
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nesoucichterc-butylovou esterovou funkci byla provedena cyklzaeedouci ke vzniku
prislusnych laktofh se zachovanim enantiomer&istoty, v @ipadt allylovanych derivat
hydroxylaminu byla provedena transformace naé¢ dweterocyklické sloteniny,
isoxazolidinony a isoxazoliny, v zavislosti na pwé@zmetod. V obou gipadech doslo k
zachovani optickéistoty grislusnych heterocyklickych sléenin.

V prub¢hu prace byly také geny absolutni konfigurace na riovzniklych stereogennich
centrech. V fipad® a-selenylovanych aldehyidoyla absolutni konfigurace ¢gna na zaklad
chemické korelace s popsanymi derivaty, u allylgeén oxoestar a derival terc-
butylhydroxykarbamatu byla absolutni konfigurace¢ema pomoci rentgenostrukturni
difrakeni analyzy.
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1. Introduction

Organocatalysis is the area of organic synthesishmiieals with catalysis using small
organic molecules. In the past organocatalysis used mainly for synthesis of achiral
compounds. The development of this area dates foathe year 2000, when enamirend
iminium? catalysis of aldehydes was described using chzabndary amines. This studies
opened an access for development of asymmetricnocgdalysis, which is currently
prosperous tool of organic synthesis.

In case of organocatalysis a variety of organic poumds found its use. Important group
in organocatalysis play amines, particularly priypasecondary and tertiary and also
guaternary ammonium salts. In terms of activatimmjnes react with substrate both with
covalent and noncovalent interaction. In case oflmt activation we talk about covalent
organocatalysis, which is applied at primary, seéeoy and tertiary amines. In case of
noncovalent activation we talk about noncovalegaocatalysis, which is aplied at tertiary
amines and guaternary ammonium salts.

Chiral secondary amines are usefull mainly in ation of aldehydes. In case of
secondary amines we distinguish two basic, butmbnly activation modes — enamine and
iminium. Enamine activation is applied in case a@tusated aldehydes, which react with chiral
secondary amines leading to nucleophilic enamiternmediate, which can react with variety
of electrophiles. This activation mode leads tonfation of substituted aldehydes
position. In case ofi,3-saturated aldehydes iminium activation mode idiagpElectrophilic
iminium intermediate forming after reaction of digde with chiral secondary amine can
reacts with nucleophile. This activation mode eealib prepare aldehydes substitute@-in
position.

In case of tertiary amines both covalent and noalemt actiovation mode i applied.
Noncovalent activation mode utilizes basic characté tertiary amines, which can
deprotonate nucleophile, which can subsequentlgt re@h appropriate electrophile. This
catalysis was used mainly in conjugated addifi@msamination reactidnln case of covalent
activation mode nuclephilic character of tertianyiaes is utilized. Amines can activate
carbonyl function group or polarized double bondiisTactivation mode found its use in
preparation ofN- and O-heterocyclic comounds Staudinger synthesis d3-lactame§
cyclopropanation reactidnor in case of Morita-Baylis-Hillman (MBH) reactibnand
asymmetric allylic alkylation using MBH carbonatesacetate’s

Interesting choise is the combination of organdgaim with hypervalent iodine
compouds. These reagents are usefull in organiesignas a eletrophilic source of vinylation
group® or trifluoromethyl group’. Some of them can act as mild oxidizing agénts case
of C-heteratom bond formation were some of hypemaliodine compounds used in
formation of C-S bontd or C-O bon&**®
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2. Aims of the study

With regard to knowledges known from literature lagawith area of hypervalent iodine
chemistry and organocatalytic asymmetric allyliyddtion and also our experiences in
organocatalysis were specified two general ainthiefdisertation thesis.

1. First aim was to explore the explotation of hypésma iodine copmpounds in organic
synthesis using organocatalysis. In this projec th@ main intention explore the area of
stereoselective formation C-heteroatom bond atratd aldehydes by secondary amine
catalysis an@-ketoesters by catalysis of tertiary amines. Alse af hypervalent iodine
compounds for C-C bond formation, especiall}:sp bonds, was the aim of this project.

2. Other aim of disertation thesis was the study &f ofsMorita-Baylis-Hillman carbonates
in organocatalytic asymmetric allylic substitutiteading to formation of C-C and C-
heteroatom bond formatio. In this project was ersg®al the enantioselective preparation
of compounds containing quaternary stereogenicocadenter, and also preparation of
compounds useful for formation of small heterocgcle
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3. Material and methods

All chemicals were purchased from commercially sear(Sigma-Aldrich, Acros, Strem)
and used without further purification, unless otfise specified. Selected solvents (THF,
diethylether) were dried and purified under argemasphere using distillation from the
mixture of sodium and benzophenone.

Column chromatography was conducted on silica Kjeke0 (63-230um) from
company Merck or Kiesegel 60 (40-@81) from company Fluka. TLC was comducted on
alumina foil covered with silica Kiesegel 60 F29efck) or Kiesegel 60 with fluorescent
indicator 254 nm (Sigma-Aldrich). For detectionTdfC was used UV light (model NU — 6
KL; wave lenght 254 nm) and detection solution AMECsolution of KMnO4 a subsequent
warm by heat-gun. Detection solution AMC was predarom phosphomolibdenic acid (25
0), Ce(SQ)2.H-0 (10 g), HSO, (1 1, 1,2 M solution). Solution used for chromataghy were
purrified by distillation. Evaporation of solventaw made on rotavapor Buchi R-200. Final
compounds were dried on high vakuum.

'H NMR, **C NMR spectra were recorded on spectrometer Brak&NCE Il (*H at
600 MHz and"*C at 150 MHz) and®F NMR and**P NMR were recorded on Varian UNITY
300 (°F at 282 MHz>*'P at 121MHz). Compounds were dissolved D#MSO or CDC}
(both purchased at company Armar Chemicals) anetge€ed on residual solvent peak of
deuterated solvent. In case 'OF NMR was as a standard used trifluoroacetic atigAj.
Chemical shifts were specified &units, interaction constandsin Hz. IR DRIFT spectras
were recorded with Nicolet AVATAR 370 FT-IR in ¢ém

Specific optical rotation were recorded on AUTOMATPOLARIMETR, Autopol I
(Rudolph research, Flandres, New Jersey) and ageifignl in units [10Deg cnf g*].
Samples were recorded in chloroform and concetrgtibis specified in units [g/100 ml].

Enantiomeric excess are determined on HPLC SHIMAD#ith detector SPD-M20
using chiral column: Daicel Chiralpak IA, 1B, ICDAH without calibration.

High resolution mass spectroscopy was recorded@@ Eleet. Sample was introduced
into the machine dissolved in chloroform or methano
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4. Results and discussion

Enantioselective organocatalytieselenylation of aldehydes afieketoesters
using hypervalent iodine compounds

In case of disertation thesis dealt with the usehybervalent iodine compounds in
organic synthesis methodology of enantioselectivselenylation reaction of saturated
aldehydes 1) with diphenyldiselenide 2j using mild oxidizing agent
bis(acetoxy)iodobenzened)( was developed. Reaction was catalyzed by MacMiliast
generation catalyst] in presence of toluene at 0 °C. Due to the razatian of selenylated
aldehyde,in-situ reduction with NaBH in methanol was carried out. In order to study the
scope of the reaction, various aldehydes includiigl, alkenyl, aromatic, and ester moieties
were tested. Appropriate alcohols were obtainegietds 51-70 % with enantiomeric excess
95-99 % (Scheme 1).

CHs
R
CH;
Ph \\‘\
~ N (4, 20 mol%)
I(OAc), 1. p-nitrobenzoic acid (20 mol%)
2. NaBH R
R._CHO * (PhSe) + o - " oH
~ 1. toluene, 0 °C SePh
1a-g 2 3 2. MeOH, -20 °C Sa-g

(ee 95-99 %, yield 51-70 %)
R = i-Pr, n-pentyl, n-propyl, n-allyl, -Bu, Bn, CH,CO,Bn

Scheme luo-selenylation reaction of aldehydes.

Absolut configuration oti-selenylated products were determined by chemmaélation
as (R).

Developed methodology was then aplied [(bhetoesters &) derivatives. In optimized
reaction conditions (toluene, 25 °C, cata§senantiomeric excess of appropriate selenylated
product {) was only 36 % (Scheme 2).

7 Br
allylo
]
O o I(0AC), SN o o
8, 10 mol.% X
@ OR 4+ (PhSe), + (8,10 mol.%) ¢ OR
Y solvent, 25 °C SePh
6a (X-Y=C,H, R=Et) 2 3 7a (yield 93 %, ee 36 %)
6n (X-Y = CgHy, R = t-Bu) 7b (yield 90 %, ee 7 %)

Scheme 20-selenylated reaction @Fketoeste®a,n.
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Electrophilic alkynylation of monofluorinated (mgthulfonyl)benzene
derivatives and enolizable heterocyclic compounds

Our next aim of disertation work was developmentoofjianocatalytic electrophilic
alkynylation using hypervalent iodine compoundsrimgpacetylene. As a model nucleophile
[(fluoro(nitro)methyl)sulfonyl]benzene@) was chosen, which reacts with hypervalent iodine
compound TMS-EBX 10) by catalysis of cinchonidine derivativ in toluene at room
temperature leading to alkynylated product in 91i#dyand 61% enantiomeric excess. In
order to study the scope of the reaction, variow®rihated (phenylsulfonyl)methane
derivatives were tested when nitro group with kyarmenzoyl-, acetyl-, methyl-ester or
diethylphosphonate functional group was replaceaghrdpriate alkynylated derivativdd b-g
were isolated in 58-88 % yield. Enantioselectiwfythese reaction was low (0-37 % ee, Table
2).

T™MS

/

(0] O\I/ PhO,S F R

PhOZS\rR catalyst 8 (10 mol%) \g
+

F toluene, 25 °C ”

9a-g 10 11a-g
(vield 58-91 %, ee 0-61 %)

R = NO,, CN, COMe, COPh, CO,Me, PO(OEt),, SO,Ph
Scheme 3:Alkynylation of fluorinated sulfones witch TMS-EBJX.0).

Methodology of electrophilic aklynylation using TMEBX (10) was applied on
enolizable heterocyclic comounds, such as pyraesldi®), rhodanines13), oxindols (4)
and azlactonedlp) in presence of tertiary amine, such as triethyh@nor DABCO. It showed
up, that in contrast to fluorinated (phenylsulfgnyéthane derivatives alkynylation of
heterocycles proceedes well mostly in polar soeRelevant alkynylated heterocycklic
compoundd.6-19were obtained in yield 70-95 % (Scheme 4).

R 0]
W Ph/Y«
N—Ph
N © SK<

N
Ph S
TMS-EBX (10)
12 13 Et;N o=~
R
Ph Ph solvent \\
25°C
16-19

; - 0,
o )NI\ o (yield 70-95 %)
N, ph” O
14 15

Scheme 4:Alkynylation of enolizable heterocyclic compoungsng TMS-EBX (0).

Alkynylated compounds were used as a building-ldock subsequent transformations
such as coupling reaction or cycloadittion reactibm our case we decided to transform
terminal triple bond of compountila 16a by Huisgen cycloaddition reaction, which found
use in many fields of chemistfy Compoundl1awas used in Sonogashira coupling reaction.
In all cases were appropriate produgfis22isolated in yields 55-91 % (Scheme 5).
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B . OZNW

I F S0,Ph Br
11a p-Br-CgH4CHoN5 20
(ee 61 %) CuSO,4 (yield 55 %, ee 61 %)

sodium ascorbate

Ph tBuOH:H,0O (1:1)

30°C
J— =N
& Ph N=m
(0]
N\N |
bh

16a bh 21
(yield 92 %)

Ph Ph Ph
_ =z
— Phl, Pd(PPh:;)ZClz, CU', Et3N o)
Nopy O N-N
\N -
bh DMF h

11a 22
(yield 61 %)

Br

Scheme 5:Subsequent transformation of alkynylated derietiviaandl6a

In order to understand the reaction mechantshiNMR low temperature study was
carried out. During this study was explored intéoac between TMS-EBX 10) and
triethylamine. It was proved that at -30 °C TMS-EBacts with EN leading to desilylated
reactive ethynylbenzoiodoxolo@3 EBX, Figure 1)) as a result of nucleophilic fasiof C-

Si bond. According this results, we assumed thHatnglation reaction proceeds via reactive
desilylated intermediate EBX, which reacts with mppiate nucleophile byB-addition-

elimination mechanism.

h

23
Figure 1: EBX (23)formed at -30 °C.

Organocatalytic enantioselective allylic substantof 3-ketoesters antért-
butylhydroxycarbamate derivatives using Morita-Bsyillman (MBH)
carbonates

Beside the project, which deals with hypervalertine compounds, our next aim of
research was asymmetric organocatalytic allylio/lation of C- and N-nucleophiles using
Morita-Baylis-Hillman (MBH) carbonates.

In case of allylic substitution using MBH carborsates a suitabl€-nucleophile cycli3-
ketoesters derived from cyklopentand@a-f), 2,3-dihydro-H-inden-1-on (1-indanorgg-n)
and 3,4-dihydronaftalen-1B-on (tetralonu6o-q) were chosen (Figure 2). Our goal was a
formation of chiral quaternary and tertiary carbmanter in one reation step. We were also
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focused on examination of the influence of bulkeed 3-ketoester on the selectivity of
allylic substitution reaction.

o) O o o o

6a-f 6g-n 60-q
Obrazek 2: Derivatives of3-ketoeser used in allylic substitution.

It showed up, that allylic alkylation works well presence ofert-butyl(methyl)ether by
catalysis of3-ICD at room temperature. In all cases reactiort@eded with good yields. We
observed, that ester functional group[®ketoesters inmensly affects enantioselectivity of
asymmetric allylic substitution. In case of allylgubstitution reaction witl3-ketoesters
containing sterically demandintert-butyl or adamantyl ester group are corresponding
allylated products formed in good yields with highantiomeric excessed€ 85-90). The
bulkiness of the ring of3-ketoesters on the other hand affects the diasteledivity of
allylic substitution reactiorf3-Ketoesters containing tetralone scaffold givelatld products
with diastereoselectivity up to 10:1. Moreovercontrast to indene or tetralone containfiig
ketoesters was in case [@ketoesters containing cyclopentane scaffold foiomabf sidef3-
products26 was observed. Substitution of aromatic core of M&ttbonates doesn’t affects
significantly selectivity of asymmetric allylic sstitution.

0 0
BocO O o l, JCOR? L, JCOR?
% A coze HED1OmrY 5 K4 - o
Ar RT * X 2 ; Y-(n) Y-(n)
Q- MTBE, 25 °C Al COR'  Pho=
COR'
24a 6a-p 25 26
X (ee 50-95 %,
(3 = CHCHy, Cety dr1:1-10:1,

yield 30-80 %)
n = CH,, CgHy
Ar = Ph, p-BrCgHy4, 0-BrCgH,, p-CICgH4, p-MeCgHy4, p-MeOCgH4, p-NO,CgH,4, thienyl, naphthyl
R' = OMe, Me
R? = Me, Et, Bn, propargyl, i-Pr, adamantyl, &-Bu

Schéma 6:Asymmetric allylic substitution dB-ketoesters using MBH carbonates.

In case of N-nucleophile we turned our attention to hydroxylaeniderivatives,
particularly to commercially availabtert-butylhydroxycarbamate, which was transfomed on
correspondindert-butyldimethylsilyl- (TBDMS,270), tert-butyldiphenylsilyl- (TBDPS27h)
and triisopropylsilyl (TIPS273) derivatives’.

During optimization of the reactiaert-butyl[(dimethyltert-butylsilyl)oxy]carbama®7c
showed best values of enantioselectivity after treaovith model MBH carbonat@4a in
presence of toluene by catalysis BfICD (ee 77 %, yield 86 %). After subsequent
optimization (toluene, -15 °C) enantioselectivitytbe reaction raised up to 84 %. In these
optimized conditions we screened the scope of ¢hetion with diffrently substituted MBH
carbonates (Scheme 7). Reaction workes well with(HVrbonates substituted with both
eletron withdrawing and electron donating groupp-position of aromatic ring. Appropriate
allylated products were isolated in yields 61-94 with enantiomeric excess 76-90 %.
Significantly lower enantioselectivities showed agans with MBH carbonates containing
o-substituted aromatic ring€66-75).
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.OTBDMS
?Boc >L j\ B-ICD (10 %)  BocN
CO.Me + .OTBDMS ———>
Ar/\”/ 2 0~ °N toluene A COzMe
N r
-15°C
24 27¢ 28C"j

(66 66-90 %, yield 49-90 %)
Ar = Ph, p-BrCgH,, 0-BrCgHy, p-CleH4, O-CleH4, p-MeCgH,4, p-NO,CgH,, naphthyl

Schéma 7:Asymmetric allylic substitution of silylate@rt-butylhydroxycarbamates using MBH
carbonates.

Determination of absolut configuration of produofsasymmetric allylic alkylation of
[-ketoesters and silylated derivativegertt-butylhydroxycarbamate was determined by X-ray
diffraction analysis.

Next we focused on possibility of subsequent tramsétion of allylated3-ketoester and
tert-butyl((tert-butyldimethylsilyl)oxy)carbamate derivatives to ngplex molecules with
respect to preservation of eanntiomeric purity.

Prepared allylate@-ketoester25f, 25n, 25q were transformed to lactone derivatives
29a-chy reduction using NaBHn methanol at 0 °C leading to alcohol which spoidtusly
intramolecularly reacted with carbonyl functionalogp. Lactone derivative29a-c were
isolated in yields 45-50 % with no loss of enantim excess (Scheme 8).

0O

29a
(ee 82%, yield 45 %)

H
NaBH, CHs
MeOH Ph
0°C CO,Bu!
29b
(ee 91%, yield 48 %)
29c
25q (ee 83 %) (ee 83%, yield 50 %)

Scheme 8:Transformation of allylatefl-ketoester®5f, 25n, 25qto appropriate lactone derivatives
29a-c

Next was carried out reduction of double bond26h using hydrogen on palladium.
Product of readuction was isolated in yield 35 %aasingle diastereomer with preserved
enantiomeric excess (Scheme 9).
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25n (ee 90 %) 30 (ee 90 %, yield 35 %)
Scheme 9Reduction of allylate@-ketoeste25n on appropriate alcoh@l0.

In case of subsequent transformation of allylatederivdtives  of
tert-butylhydroxycarbamate28 we focused on synthesis of heterocyclic compound
isoxazolidinone, which was carried out on enantiocadly pure substrat@8c Deprotection
of hydroxy group of derivativ@8c was realized using tetrabutylammonium fluoride AF3
in presence acetic acid at low temperdturdppropriate alcohol31 was after column
chromatography obtained in yield 79 % without aogsl of enantioselectivity (Scheme 10).
Preparation of heterocyclic compound was condugsaay BuSnO in catalytic ammount (10
mol%)'8, Isolated yield of isoxazolidinon derivati& exceeded 60 % and enantiomeric
purity was 84 % (Scheme 10).

_OTBDMS . -
BocN TBAF, HoAc  BooN™O" _BuSnO  BooN-O
COsMe . CO,Me toluene
Ph CH,Cl,, -15°C  Ph reflux Ph)\gz
28¢c 31 32
(ee 84 %) (ee 84 %, yield 79 %) (ee 84 %, yield 65 %)

Scheme 10Preparation of derivativé2.

CsF as a agent suitable for desilylation of hydraxgup was tested. Interestingly,
formation of isoxazolidine derivativ83 was observed in yield 41 % with preserved
enantiomeric excess (Scheme 11).

.OTBDMS

BocN CsF BocN~©
Ph)\ﬂ/ COMe DMF Ph)\g
25°C CO,Me
28¢ 33
(ee 84 %) (ee 84 %, yield 41 %)

Scheme 11Preparation of derivative3s3.
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5. Conclusions

Goual of the disertation thesis was study of hyplemt iodine compounds in selenylation
and alkynylation reactions in combination with argeatalysis and also organocatalytic
allylic alkylation of C- andN-nucleophiles using Morita-Baylis-Hillman carborste

Int the firs par was developer methodology for ei@elective selenylation of enals
using diphenyldiselenide and hypervalent iodine poumd iodobenzene-diacetate as a mild
oxidation agent. During optimization was best resuleached using first genereation
MacMillan catalystp-nitrobenzoic acid, bis(acetoxy)iodbenzene in tokuat O °C Yields of
appropriate products were in range 51-70 % witmgomeric excess 95-99 %. Developed
methodology was used on preparation of selenyl@tketoesters by catalysis of tertiary and
guaternary ammonium salts. In case of selenylaif@iketoesters enantioselectivity reached
37 %.

Beside the use of hypervalent iodine compounds 48eCbond formation was also
developed methodology of C-C bond formation, spealify electrophilic alkynylation
reaction using hypervalent iodine compound TMS-EBX catalysis of tertiary amines or
guaternary ammonium salts. As a suitable nucleephilere chosen fluorinated derivatives of
(phenylsulfonyl)benzene and enolizable heterocycksch as pyrazolones, rhodanines,
oxindoles and azlactones. Corresponding productdacong new carbon centers were
obtained in the yield up to 95 %. Enantioselegtiwoit reaction reached maximally up to 62 %
in case of fluorinated derivatives of (phenylsuifjbhenzene and 14 % in case of alkynylation
of heterocyclic derivative of pyrazolone. Correspiog alkynylated derivatives of
(phenylsulfonyl)benzene and pyrazolone were useda asuilding-blocks in subsequent
synthesis. Terminal triple bond of these derivatiwas transformed in Huisgen cycloaddition
reaction and corresponding triazole derivativesewisolated in yields 55-92 %. In case of
alkynylated derivative of pyrazolone was also @trout Sonogashira coupling reaction and
appropriate product was obtained in yield of 61T%.understand the reaction mechanism of
alkynylation reaction were conductédd NMR experiments at low temperature. During this
study showed up, that initial step is cleavage 8i®ond in TMS-EBX in presence of base
triethylamine leading to formation of reactive imediate EBX. This intermediate cant then
react with corresponding nucleophile.

In the second part of thesis was developed metbgglabf organocatalytic asymmetric
allylic substitution using Morita-Baylis-Hillman (BH) carbonates of- andN-nucleophiles
by catalylysis of tertiary amines. AsGanucleophiles were chosen cycpeketoesters, which
with MBH carbonates gave in one reaction step tlquaternary and tertiary carbon centers.
In optimized conditions by usingICD as a catalyst anert-butyl(methyl)ether as a solvent
was reached high diastereoselectivity {p to 10:1), enantiomeric exces® (Ip to 93 %) and
yield (up to 70 %). We have also investigate resctmechanism of asymmetric allylic
alkylation, in which was proved kinetic resolutioh MBH carbonate during the reaction.
Beside C-nucleophile we also focused on N-nucldephspecifilally on silylated derivatives
of tert-butylhydroxycarbamate. During optimization showedip, that tert-
butyl(dimethyl)silylated derivative dert-butylhydroxycarbamate gave in presence of toluene
at -15 °C by catalysis of b-ICD appropriate allglhiproduct with higheste (84 %). Next the
substrate scope for various MBH carbonates wasstigated and allylated products were
obtained inee 75-90 %. Allylated products were used as a bujdlocks in subsequent
synthesis. In case of allylated b-ketoesters bgaert-butyl group was carried out cyclization
reaction leading to appropriate lactone derivativgth preserved enantiomeric excess. In
case of allylated derivatives of hydroxylamine wesried out tranformation leading to
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heterocycles — isoxazolidinones and isoxazolididepending on used method. In both cases
was preserved enantiomeric excess.

During the work were also determined absolute gométion of new stereogenic centers.
In case of a-selenylation of aldehydes was absmuafiguration determined based on the
method of chemical correlation with published datives, in case of allylate@-ketoesters
and tert-butylhydroxycarbamates was absolut configuratioatednined using X-ray
diffraction analysis.
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