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Abstrakt

Chir8lkyesl!| ® katalyz8tory S Va mi smorrti @zden e
enantioobohatenl &h, mavak mgbekk® katalyz§8tor
n8roln¥% pr2pravu.

T8t o diplomovs§ pr8ca sa zaob®&r notréepowawo
kysel 2n obsahujpcntcahmetl y2 kardpixycykl opentadi ®
karboxytetrakyanocykT@®®R)nt antod®ovmat i c kK€ stabi
konj ugovRCE®lebo CTCCP ani - nu j e koeWulovim faktor
kyslostit T cht o zRadeaenkant al yz8&torov bola pripravens§
ami dg8ciou PCCP alebo pomocou adike |tadtnreg K ydaersad
schir 8l nymi t €Efelkdd eti §tamit.l chto katalyz8torov
aminali z8ci. aldehydov, stletreros el e Worbed h a |
tetrahydrochivoaxzdlbiomnhieh vwBahkpnthosél @Bt i vit
84 % e.e.

Koe¥%l ov® sl ov §

Organokatallza, BrRBnstedove kyseliny, cykl ope

amingly, tetrahydoasygmenazaeaki8nsygnt ®z a.



Abstract

Chiral acidic catalysts are extremely useful for the synthesis of
enantioenriched small molecules, however, these catalysts require challenging
preparation.

This work is focused on the preparation of readily affordable chiral BrBnsted
acid catalysts containing of 1,2,3,4,5 -pentamethylcarboxycyclopentadiene (PCCP) or
carboxytetracyanocyclope ntadiene (CTCCP) scaffolds. Aromatic stabilization of
conjugated PCCP or CTCCP anion is key factor of potent acidity of these compounds.
A set of catalyst was prepared via transesterification or amidation of PCCP or via
alkylation/desulfurylation reaction of tetracyanodithiine with chiral tosylacetates.
Effectiveness of these catalysts has been shown on direct aminalization of aldehydes
leading to a stereoselective formation of tetrahydroquinazolinones in excellent yields,

even 99 % and with enantioselectiv ity of reaction upto 84 % e.e

Key words

Organocatal ysi s, BrBnsted aci ds, cyclopent ad

aminals, tetrahydroquinazolinones, asymmetic synthesis
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1.Evod

1.1. Asymetrick8 organokatallza
Vzheadom na d!lehitosT priémctbr moe®Pkl%luspéat

viraznl vplyv na vl,aschemicigtail at B¢ et o ma®ozlkas ¥

enant i os e (agyrketrigke)n gypt®@z vy . Postupom I asu pr8ve te
hranice akademi ck®had c hplroo s terxepdainad o vaa | do f a
priemyslu. 1 Vs %l asnej dobe s¥% kladen® vysok® poh
obohat en® kit8trk®& z8rovefP tvoria tretinaoelork omer [

svete.

Obr §zb&Pr 2kl ady c¢hi rAIR)-gbuterol I( ibe loinnccho(di | at 8t or )

(B) (R)-tenofovir -disoproxil (antiretrovirotikum), (C) (S)-ketam 2 rfanestetikum)

Nepochybne elegantnou aek onomi c ky najvlihodnej gou ce
chirality do molekuly pomocou klhawbalyikek®ha m
vyvol 8 enantioselekt?2vnu Tieto kas aby mBcekn@lizeabstr
poslednlch 40 rokov signifikantnl dopaWl na ro

Katallza pomocou mal Il ch doomgaanakadtsal| mal, e
sl assbatia vysoko dynamickou oblElgdeTpw:zoharmiodkn
he touto t®mou sa chenpaos!| edniadhh ezoakaboerd &V nah t
obl as ¥ Kakrea hni mregxistovala. Pr et o ®kytl¥ 6 Sorensen a Nicolaou
vo svojej knihe Classics in Total Synthesis ® def i noval. asymetric
nasledovne:a .k at al yti ckej asymetrickej reakcii, mal
katalyziBduiemal m alebo synnlktkokipl exzpuechodne
produkuj enokssk@oi cky akt®ewnaAmrcdk wr zor a, bkytFor I
chir8l ny alebo achir8lny.o

Tieto n§§zory sa viedandg ezmarsinl®,, ha moder
katallza je zalohen8& nie nabidolad(adcat®enPYn al At r o
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kat ael ko mp!l e x mi prechodndcchh®maklp vaoBr ganokeat al 1 :
( Sc h @@vH.

A MsrA (0,1 mol%)
_ (celé E. coli bunky) o
®) (redukéna draha) = S
s a + FN
N 0 NI R R?
R R S/:O R R
N
N (4,0 ekv.
R': alkyl, aryl @;@ (4,0 ekv) 55-93 %
R2: alkyl o) 97 -99 % e.e.
C12H25
(oxidacna draha)
PBS (pH = 6,95) / dekan
(20:1)
37°C,24h
B Ph
P// Ph
Br
[RuBr,((R)-BINAP)] (0,05 mol%) \Ru/
0 Hy (86 atm) OH P/ Br
~
)K/COOET EtOH, 30 °C, 51 h )\/COOEt O‘ b N
100 %
>99 2,}0 ece. [RuBr,((R)-BINAP)]
(o] o o
(S)-prolin (3,0 mol%)
DMF, 23 °C, 20 h J > &
0 23°C, 20 o N COOH
o} H
99 % (S)-prolin
93 % e.e.

Sch®@m®Pr 2kl ady vyuhitia katalyz8torov v asyme
(A)chemoenzymati ckg§ deracemi z § ofl,a (B) ¢ Rayaritol ny c h
asymetricks§ r e dfiy K@) i HajosdvaeR a rnroivs h ov a asymetrick

reakcial”

Pre organokatallzu sYoeganok8t aé&legi§otyeo i ou y
b8zyY Obr 8zok , 2éwjsoveBRyselny ( Obr 8zok Br#3€) edove bg§z
( Obr 82D)&B r ristedove kyseliny ( Obr 8zok. 2Ei,etFo) katalyzS8tor
svoje katalposkkt®woweyghkdm al ebo odoberanzm el ek

substr 8t ov allehosBlavanwvz.itn

12



/
O N
Q< o
N
: O

A B
(MacMillan, 2003) (Hayashi, Jargensen, 2005)
F
F
O F DHQD: Et
0} DHQD
Coro e o L
ﬁ SO0
s 1) R
Q E 0} DHQD
For D
(Deng, 2000)
C

(Maruoka, 1999)

| _t-BU S A
L ' Ar. NO
H o H o_ 0

0 N

~
o on
- OO
(0]
)J\ Ar
tBu (0] tBu
E F
(Jacobsen, 2004) (Akiyama, 2004)

Obr §zd&Pr 2kl ady organokatal yz8&8torov vyuh2vanic
synt ®zach

1.2. Katal T za c¢ hBr Btedowmii kyselinami
Prot - -n, (&ko z8kl adnlst pdookj Bte-zgesajakysel

naj mengia zn8ma Léwewssove ayg&gbiehynaaat al yizQyj %c e

ChOaCiN vazieb boli dlho povahovan® za dtl ehit
mol el ¥l pr edtockiGehu el ektrofilne aktivova¥ funklr
i m2 noVvk@noadd k& nov ® . BIkmdpoi cnhy§ dz m? hkeendrgie LUMO,

ateda kurlchleniu nukl eofil n®ho ataku o4 akt
Kombi ng§ci ou kovovaehho r §laméhoau | i gandu bol i ge
Lewi sove kyseliny, kt oz®vabfol & n asncthioopsne® ek & ¢ & h

zn8mych racemil@@Rlch reakci 2
Akti viggsabnl chprwitzijnebmare®@ el i ¥ na aktiv§gci
va@ zbomwua aakti v8ciu pomocou ErObm $StzeoRkoaddenedzk y s e | i

13



oboma typmi aktiwvBcvedhAla&niiet vihmyst awdzmb calk tjiev
kompl ex sdwnsotrr §v(odeé XK aat - m zat bd &ek@n pade akti v:
BrRnstedovou Kky selloivilioup 8irdemeal z i kati-nom akt/|
apr2sowdghonjugové®bus8h®koB)

Y
. H - + H
i Jor
R X: 0, NR’ R
aktivacia aktivacia
H-vézbou Bronstedovou kyselinou

Obr 8§z3d&Typy aktiv8ciiehkal i mphBaov a

Kysl § k altola | vimnalosti v o varlgej mi er e pouh?2va
agtiepdOi ¢«2Qieb Kydrmaolblaz & accetteS8rlow )a Na2lpr el on
storolia sa pr8ve kysl ® kat ahriaty§poe yc enlki® z pl ®
realklaeiahriuj Yci dilC tvarilkew C

Neutr 8l ne mal ® organi ck® mol ekul y™ ako
(Obr 8Ap k der i v 8§t yullSITAODD GBlz caksqudrdnjdov 261 ( Obr § z osk¥s 4 C)
(vo val gine pr2padov) predstavitelia katalyz!
H-vazBkv?li iacrhe rwey sadk I8mpKuédnot

CF3 Ar Ar
QL0 S OO
FsC N N
FsC ITIJ\ITI ><O“‘ OH ’ H N
H H  NMe, A o Q
A B c
(pKa = 13,8; DMSO) (Ar: C4Fs; pKa= 10,8; DMSO) (pKa= 11,9; DMSO)

Obr §z6o%&Pr 2kl ady katalyz8torov wabkbbenkchchapak

Achir8rifiset eBlove kyseli-@y (rirless predstavdyval
dil ehit® k atraaldyez 8r d zywy c h tcrhaems fcokl mm&@ir 2 adzc

al yl si | 8nov ¥nManniehova tréakcia 20, Pictet-Spenglerova reakcia 24,
hydroaming§cia a ®WyNapal ebxypBuephdkk Sdesad [ i a
popr.i akt-v¥gbou HWHy vinul a aj a s yrnfisteadovynt k 8 k

kyselinami. L8t kpyht o typu odvoudd&der ioBBABYI(NOL §8zo0k 5D)
NTPAR4 ( Obr 8z ok JINBSER 251 § Obr 85F)o & a u k 8akoa mimoriadne

14



efekt2vne

aktivsgcie je

maj oritne

zal ohenl

katlatl yrzi§d fo rkp?® & Ao tvyl r @ giey @t end &

na i

princ?

novom p8§

O O O O
\// \//
0. 0 FsC—S FsC—$§
\ // \ \ _H
F3C_S N_H ~
0-H FeC—S. Fe—s. M
EalA\ 3\
O O
A B C
(pKa = 0,3; DMSO) (pKa = 4,2; AcOH) (pKa = 2,1; DMSO)
Ph Ph
(@]
O O I8
N .0 <20 oS
pZ PZ N—H
o’ TOH o  CNT O~y
| I
H o) @)
Ph Ph
D (BPA) E (NTPA) F (JINGLE)

(pKa = 3,4; DMSO)

Obr 8zKPr 2kl ady

(pKn= —3,4; DMSO) (pKx = 2,0; DMSO)

Br kryssted ® v ypootu h2 vanT c hichpKakys | e]j

B r ridtedove kyseliny d o k § fakiivovaF kar bonyl ov ®, i Mm2nov®,

alkznov® alebo hydroxyl ov®a lstkwaori me/, ox-rnil @wm
i m2novlich sol2, viaybokadtcih- nkcawr bakati - nov, kto
priebeh nukl eofil ni&j adicie (Sch®ma 2).

X . Ve NuH XH

Jbo= 1| — _L

R R R™ “Nu

X: O, NR’ - -

NuH

|‘| " H M NUH HIH
A R Nu
OH H . NuH Nu
R1J\R2 R1/\R2 R1J\R2
Sch®m®Aktivg8§cia model ovlich 8 otédevejkyS8edingyv pomocou

an 8 s | eathk nukleofil om

15



l21. Katalyz8tory odvoden® od BI NOL

Siin® Bustdtlove kyseliny smot 2 vom -BI(NDOL § zA) ka stli za
pos|l edmdtc@§srokov naj pohuihf2uwraknlenpigrimy z § obtastimi Vv
kysl ej Ka®Othalg8lzo¥entdsBfusdosiahli viaka svojej univerz§
s a preuk8zal a na veckom mmamstfwe masiy met rkit ok

prebieha j ¥mievnych podmienkach. [7]

A B
(R)-BINOL X: OH, NHTf, NHTs, ...
(Richter,1873) (oK = 14 - =3,4; DMSO)

Obr §z6OXKA) GtY¥ruR)tBINOL -u,(B) vgeobecn8§ sc-sullstnra 3, 3' i
tuovanlch kys!l I chR)-BIdOlad wizrg tjoa ddrvoms (

Synt®za fosf8tovlchu deScdhv@mav3)BktimehBdea
dostupn®hou.BIRNCGL uk§8hku b ®R)e nzanotliedh® hjrre§ieo  (
hydroxylovej skupiny metylovou alebo MOM s kupi nou poskytujeB,chr 8n
kt or®ho n§sledn§8 transform8cia sa mthe uber af
borons8tovej s k-pophynorto-ld a i 8oniZ@&U e@dnou bvozrnyil k8& i o
bor - nosefha €y Al ternat 2 vrodod i ¢ @ SricHsal eaden 8 ma om8ci
br-mderi v&uD,BIpNFOGLI om oba tieto intermedi-8ty s
couplingu na zavedenie potrebn@Hdaktubstziiskam
funkcionali zovEapolodder § poSkytéje diol F. Ten n8sl ednou
fosfoauplbS&iytuj e @kahaltb pwkg 5.0

16



B(OH),

1. n-BuLi
2. B(OEt)3 Pd(0)
3. HCI OR ArX
OR
99 .
O o (1)
(o3
OR ] E OR
OR OR
99 . 1
1. n-BulLi Ar
2.Bry
3. HCI OR

( A (R: H)
B (R: Me, MOM)

K1-5

! OR
Br

Pd(0)
ArB(OH),

Ar

OH
OH

F

Sch®m®Uni ver z 81| ny3,pdSrdbssttu p uKRWVBINOL 4w v I m

fosforelnlm kyselingm

Priekopn2cka pr Bocla. Aska ysatmal aa v 1 zn ablastli m m2
katallzy s Rnstedbvgmii  kyselinami. Akiyamova skupina v yvinul a
enanti os el e Kvarichow reakciu N-2-hydroxyfenyl )al d
sket ®nsilylacet 81 mi -kiteot-fad nyyzlo)vdaenr¥i v 8ht Resacid B P A

poskyt oval a

aenantiosel ektivi tsyd lz om®Bjr ¢r i@)FE d ®ankao

p racalgyl -o-g mi®n o pr o p avnoo § twl b o rvnil¥cahh k o ¢ h

Ar
0 e
HO O AP
OTMS . /P\
\ . Ho_ or kat. K1 (10 mol%) HN o OH
PhMe, -78 °C ‘. _CO.R® OO
; | R2 24 h R1/\:/ 2 Ar
R z
R2
kat. K1
R': aryl R2: alkyl, OSiPhy 1900 % Ar: 4-NOz CeHs
R%: Me, Et 81-96 % e.e.
Sch®mM@&®Enanti osel ekt2vna Mannichova reakci
Na z8klade DFT vipoltov bol detail
(Sch®&m#®&o aktivsgcidi al dKim2zmu k By sde Ikiomauw i novanl
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aktivovan®hkonj ummdrand.d ThaSztyo akti vovanl i m2n |
zn2henejLUWM@rm8dé¢hyl nl na nukl eofi |l nVznnaitkankutKet
uh chirg8lny adukt vikonmgugoviamdwl k§Emé gspdci i
silylovej skupiny (TMS) deproto nuj e tri metyl si | yl dikx zanvenkw | i nt
medziproduktu V. Po kyslom s pr acovan? surovej reakrl nej z

z2skava valadialeydt(dminoary)pr opano8gt .

LCO\P/(O-——H—O
HO 0 R
j@ o \O----H\f\]

N
0" “oH P
H3O* Ar
K1
o) \\P/o
X N\

o) H o)
X o
P NH

1]
S ¢ h ® B® Mechanizmus Mannichovej reakcie N-(2-hydr oxyf enyl ) al di m2 n
sket ®nsi | ylparc?etto8mmoistvi chifoSifoejelkhesel iny

Met odol - gi a ¢ htivdr biyyOcahc et §1 ov a hb ol dao obj av
N-f osfinylfosforamidov -odVhodenlicnhi todd a®B§ NOlen r
derivSttoyut o myg!l i enkourokyp 2OL0J¥,eklt oL 1 stpowmocou t
bi funkl nlch katalyz8tosyput Gfaavrrrhaodeumet kgu d?t|
benzoxazin-nom zo subst it wldehaovl (cHc h®anlahkob/)l .a mi
prv®mu s a mu podaril o pomocou tejto met - 0

analgetikum (' R)-chl-rtenoxaz? n
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N
(@] (0] P P\ /7

RL kat. K2 (10 mol%) R 0" N7R—ar
|\\ NH, + R2CHO |\\ NH H oA
/k
PhMe, 5; MS 1
/
ZoH DAL n

50 AcC, 96

2 50 - 98 % kat. K2
R H, F, Cl, Br, R2: alkyl, o108 O/ge.e. Arl: 2,4,6-(i-Pr)3CsH,
OMe, alkyl aryl Ar2: 4-CF3-CgHs
o)
dj\NH

AN

(R)-chl- rtenoxaz &

80% (72 % e.e.)

Sch®m®Enanti oseNOtcevmmdi z8ci a
Aj napri ek rozsiahbhemuosgtl Bidyit Bemej ad«deh:

Yamamotom 821, Umani -Ronchiom33l, Keckom[B4 a Denmarkom [ boli doposi ace
Vyvinut® met - -dy zahioaju¥scced tdd vwr ekdhétkahdoax £ 8§ k & my

vedocaj §2m produkt om. Preto sa chirg8lne fosfo
ami moriadne efekt2vne n8hr adpyr 8pcrie Jigdillnt®e at yp
Pomocou pi nakol esteru kyseliny alyl boprAasvegnlibol

aldehydov homoal ylow®e |l ahkohoh y enknficarf® cmgylc h a
prebytkoch ( Sc h®ma 7)) .

O,
0oL |:‘//O
kat. K3 (5 mol%) OH 7N
RCHO + 9J§< e 230G PN OO 0~ OH
B- e, -30° R A
Z "0 Ar
R: alkyl, 91 -99 % kat. K3
alkenyl, 73-99 % e.e. Ar: 2,4,6-(i-Pr)3CsH,
aryl

Sch®m®Al yl bor 8cia al dehydov kh@stadvogukysealimom 8 chi r

Aut or i npsleattg8eal i, he reakcia plrleerirelha
cyklickIl trqDibtrrgl).deaho kel ovim krokom je aktiv
protopSeiudoekyvatboorriosnlSnteohve®h o kysl 2ka fosforeflr
kzvigeniu el ekt r(odbirl 8§k bor ongtu
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*CO\P/O
N
(0] \O

TS1

Obr §zo&Tranzstav alyl bor8cie aldehydov

Nazarov ova cykl i p8leki ma- n(oa | proces) j e el egan
transformova¥® divinydnhkePmydoat myktepeéeéont reakoc
prekurzory z | %l evry2srk yt uj ¥%ci c h Reepingw lepusivang d e gpi r ov an?
kat al I zGnstedovdmi kyselinami a enzymati ckou hal ohydr at §
peroxid8pom2sal.i a sdgnmme t Naramokou cy k| u/la&lcogen8ci u
divinyl ketr2noewnoeost i c TiBICHIDhtedfosforami du odvoden®h
od BINOL -u. (kat. K4). Reakcia viedla k tvorbe cyklopenten - nov ersci 8r nym
kvart®rnym chir8l nymbBltentrom (Sch®ma 8) .

Ar
i O
Br Br (0] 0]

AN

0" "N—T
O :
B B
r r Ar

(TBCHD) o)

o)
0
(0] R? kat. K4 (5 mol%) R! kat. K4
| | CHCl3, 0- 10 °C, 60 h "By Ar:
RZ

i 90
R': Me, Pr 42-74%

R2: arvl > 2:1 cis:trans
sary 89-97 % e.e.

Sch®mB&0r ganokat al ytvovedykiz8Nta zad rhaa| o g e n-edkeia8 d o mi n

Akt i v §8ci aN-tkflgfosforamidom Gdgener uj e pentadienyl
sdel okalizovanIim kl)édSoch®ma&Bpjrdmpod termi cky
konrotalnou elektrocyk]! i-Ho8fcfimaun o vp @ d gaperifo o dw !
oxyalyl ovll (Kathi®mreSter€oelektivita a s me r konr otiSaxden® Y%
chir8lnym katGdl W&t goom kr oku ealoicrhi§dd&aidizkk a
avzhoadom na n2zku rlchl os¥ rli pddiehaelektrdfiloeh yt e nl

a d i mpomocou insitu gener ovlam®moni ov®ho kati -npy pomoco
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visledkom je rmel#zKatraldyutkitc k 1 cyklus je zakon

kat al y Kgawwmenen2 m f i n§lem-ei(wScchyRkmiao me)n t

)
o 2 (o) R!
Br | |
R1 R2
R? . O\P//O
7/ N\
(@) NHTf
K4
ﬁ Tf 0 Tf
l "
o—||°—N\ O—P—N o
0 H—g, o . _ Q.
* N Br * | B R
(@] R1 (0] AN R R2
[N YA
R2 OH R2 konrotécia
o v Br Br |
Br Br 4 elektrocyklizacia
Qg B no
|| -/ r O—P—N/
B B O_T-N\ Q/ ' \
r Br \
\ O
TBCHD Lo H—o * f~o H,
5 R o) R é’
- [ ﬁ = S
2 R? R?
R H

S ¢ h ® M® Mechanizmus katalyzovanej domino Nazarovovejc y k | e/lzrS@m8 ci e

Hetero -Diels -Alderova reakcia medzi di ® nmi ak ar bony | ov I mi z | Yal

hodnpn?an@®r aned - dliah ykaetada gokplr vivindi wysoko

sl w%hi ako
enantio- a anti-sel ekt 2 vn-DielsAéder ovu reakci usiylaky-y oxy |
alebomet o xy dk a&®tnaolvy z o v a n BPAc(kat. KY( Bobh®m@l 10) .
Ph
| OO
|r2 R |r2 § O\ //O
R~ H._CO,Et kat. K5 (5 mol%) R CO,Et Pk
0 | 0~ ©OH
RN 0 PhMe, 4AMS, 25°C o\ O OO
R4 ¥ Ph
kat. K&
R': H, alkyl, -(CHy)4- 51-95%
2. K R > 99:1 anti/syn
R2: H, OTBDMS, -(CH,), >39:1 anti'sy

R%: H, Me R*: Me, Ph, OMe

Sch®madKy s | o kat a etgrazliels aAllgovareakcia
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l122. Katalyz8tory odvodeun® od SPI NOL

Axi 8l ne8l cenirzl Woenmiodg n® 1, -dpdobiind § A7 , -dicddu
(SPINOL) 42 ( Obr 88A)zkauj al i d?* | eohbilta® tmi easstyomevt r i ckej
deriv8tochu, BIINOpaobHobwe yzh&m igandov (Obré&gzok
bifunkbngahokatal yz8§torkys(OmrékhakalBiC¢r em.

A B c
(R)-SPINOL (SDP, SpiroPAP, X: OH, NHTf
(Birman, 1999) SPIDAM, SIPHOX a iné)
Obr §z®&&(A) Gt r RkSIPWOIla-u, (B) ' i gandy oR)WBINGLRU® od (

(C)vgeobecns§ sch®masuBs8ituakuwim| khh katal yz§t
(R)-SPINOL-ovIi m j adr om

I ¢ch hl avnou nieedhodwodlhrfjéea s por @y a BRW? S
(Schama . Dobr e ccasStnemwan 2 deaytl (G) podlieha aldolovej
kondenz&cet - ndognzivckom prostred?, dukkid Banéy-Ninas | e c
vat mosf ®r e vod?2 ka. Po funkcionali z8cidi el ekt
funkcionalizowHa*il Spkeovewnkl|l i zalnou organokat al
spr2doaamwkvhodn®ho chir8lneho deriv8tu kyseliny
chr 8§neRISPINGL-o v I d el f27i43¢48 Hy d r ool | nzetoxyskupiny silnou
Lewisovou kyselinou (BBrs)ael ekt rof il nou palbshid ul Y26 cwz vi k
der i ¥.&tosscouplingsvybranl meaiy8tom kyseliny bor-n
tetrafunkcional iR-BRINDhiu sdlej € m8Lt mi( s ub goldhe uent r
3, 3®, WO). Po zavedenz f osf 8§t ovej skupiny pomocou p |
hydr oxyl ovl doBforylshloidprd nan8s | edne|j hydrollze je
chireg8eniyk§sel iny fosforeVihmjmse K8 HEFEICNCGERME 11) .
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R! 0] R!

CHO 1. aceton, NaOH
2. Raney Ni, H,
3. funkcionalizacia
OMe
OMe OMe
G H

1. BBr3
chir. derivat BPA (kat.) 2.NIS, p-TSA
100 °C
|
N B(OH),
RQT 1. POC|3
P 2. H,0
Pd/C, K,CO3
L K6-7

Sch®madSynt ®BastBaedovych kysel 2RRSPINOv0adenl ch od

Tetrahydroizochinol2n je behnou subjednot
alieliv s o t nslingdn iofl iokga nc k T mi akt i protir akioviamlboor ®
aanti mi krbox@8 mevsg fshkhkkbn®a sa pouh2va ako n8§
funkl nej skupiny vhaka povdebolhmguvl ekt hgey§ ma
reaktiviie v r ade chemickI ch. Jednoa nzsiitho je m8nctir2zamo !l ek ul §1
otv8ranie oxet8&nov®ho kr inmitu r edlwk2deenndemo vaa n @toa
derivsgtu benzkytlpare@om e ha enantpo3d3ebmhkododvnechiir
deri vs8tu -uSkkatNXb6) . T8t o reakci &4 psausbksyt ti U jueo v a
tetrahydroizochinol 2ny veonawith orsrell etk tmaM¥)a Bk o c |
Autori predpokl adaj Y, he proton§cia oxet&8nu-si mul

'l ennl cyklus, Toho visledkom je otWM2).4nie o0x
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R (0]
@ +  NHoAr
_0 R, .—OH
. Kat. K6 (5 mol%) ‘é
CPME, —20 °C @
MeO,C CO,Me : N
2 Jl\/I 2 48 h SAr2
N kat. K6

H AF: 2,4,6-(i-Pr)3CqH,

1. 69 - 97 %
Ar': aryl, heteroaryl 56-94 % e.e.

Ar2: 3,4,5-(OMe);CgH,

~H,

D) O\P/0>
20N *
O/ (0]

TS 2

Sch®madEnanti osel ekt 2vne ®htov 8rraunhi e oxet §nov

Silyl kznpninukl eofily povahovan® za nitril
amidovlich silylket®nacet 8l ov. Il ch pr2prava 2z:
sn8sl ednou stlisektyl Bebwkit rsof i | nl mrokli 2016 disto m. \%
dok§zalle tieto%lremkny vimehu!| by ¥ oprkott mi/ofv @ama@& a h

arozvetven® nitré4ly (Sch®ma 13).

kat. K7 (2,5 mol%)
]
R MeOH R’
Fﬂ\ _-TBDMS pentan/PhMe (15:1) 2
N 23°C, 12h R® ON
R': alkyl, aryl 76 -97 % kat. K7
heteroaryl 6-99%e.e. Ar: 2,4,6-(i-Pr)3CgH,
R2: Me, Et, Pr,
i-Pr, CHq

Sch®madoKatalytick8 asymetrick8 proton8cia sil}y

Mechani zmus navr hf®tch®nmaauz aM$iaj sk?r tvor

komplexu | medzi metanoloma f osf orel nowW7kyB&,| ialkbkaoa ukazuje
stav 1l m! he enantiosel ekt?2vne podgt oepva¥T ssl ¥
skupi nu. Visledkom silylovipdo spmehb§nnanar enge

kat al y Kg8awvmeni e chhitri@l neho
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R'H

e + MeOSiR; SN
,L (%

Rz~ CN N MeOH
0" OH
K7
— _—
O/P§o OMe
\O——H \ NP SN
Qi * OMe
I/SlRa < /P\

RZ
Sch®madKat alyticasymgkt uske ] protong8cie silylKk

kt vorbe chir8lnych nitrilov

123. Katalyz8tory odykbldep®nobaddi ®n u

Cyklopentadi ®n je uhoecovodmyk, prkd osVoijjle ez
vysok¥ k¥sd o8, Q;p DMSO), ktor§ je visledkom a
konjugovalflddpci b8y syel i ny typicky vykazuj %Kar el at
(Obrg§z<€h ,9Bi ektor® §tr ukt Yarvnieg info dni & 6 hkySvidbaes Tm1Ch
vihaka stabiliz8ci.i z8porn®ho n8bojna ckhorzjalhddwg
Rdel okal i z8ci u (indukci a) el eKtObo ekt 2 v AR)
a6-d el o k aul (iezorgamecia) ko njugovanou skupinou ( Obr 8z oXKr d&B3d m m- dom
stabiliz8cie karbani - -nu j e @ paercd r8d tniac i f ar mak
demongtruje zvligen¥% kyslos¥T cyklopentadi ®nu
(Obr 8zd® 9C).
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pKp =4,76
A (Ho0)
g PKa=250
(DMSO)
c PKa=330
(DMSO)

rastuca kyslost

(0] (0]
H F pKp = 2,66
OH OH (H>0)
H H
H H
(0] (0] (0]
H pKy =157
OMe MeO OMe (DMSO)
H
H H H
H H H H
H pKy=18,0
(DMSO)
\/ < 7

Obr §z98Behn® spltsoby zvI §enA)adukcieq B)oezdnanciep o moc o u
(C) aromaticity

Renesanciu vo bl ast i cykl opentadi ®novej kokut al T zy
2016 Vvo svojej ROCP. @1i2,3,4,5epenta getylkariokyc y k | opent adi G

(Obr 8zAkikd0 or gano kaa tOeblrygzz&tked m180tBo) t r i

prekonala nevl hody
SPINOL -u, VAPOL -u ,
Z8rovefl reprez

kombi n8ciu

ktorlTchymraduij &v glraesct2oz nnu§ rao I n ¥4

vyggie

kat al
-a,d B

eda

uh Eirs& neydoohv y B ho dvyosdeeln? it h N

me t

entuje starl, ale inovat2vny ko

spom2nanlch prvkov zvl geni

skysl os Tou cnni rkeyr8Zell rPyn .

MeO O",H
meo.c. | g
MeO,C OMe

CO,Me
A

(Bruce, White, 1982)
pKa = 8,85 (MeCN)

Obr § z B0 (A) PCCP, (B)
odvode rREBING -u(

PCCP prednostne existuje v enol-formeaj e h o
cykl opent(alid he@mgé olvE®)mu

aromati ck®mu

H Ar
o OO
Meo.c. | g o_ 0

/P\
0o~ OH
MeO,C OMe O
CO,Me Ar
B c
(Lambert, 2016)
pK, = 11,72 (MeCN) PKy = 12 - 14 (MeCN)
amid odvode@)l foas fPaCrCePl,n§ kysel.

deprotosgabal m®du e

ani - nu
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ROC |, COR o—H
RO,C - RO,C M ro.c. [ ¢
CO,R  =ws=zzz:z:== COR =—
RO,C +H RO,C w RO,C OR
CO,R CO-R ’ COzR
2

vysokostabilizovany

ot Bronstedova kyselina
anion

Sch®madoPrinc2p stabiliz8ove®hoykhobopeuot REGCENYI
Pr2prava pl atfor my P C C Peakcie v ydintet§ld z a
acetyl ®ndi k() odmetylkngatluo n N) spr(2 davkom pyrid2niun
(Sch®ma 16) . | zol owann8ls | ceydkiildorhe pth @i ®nom pr ost

drasel n®h o podksyksyl teunj2e).lFhCoC P (

MQOZC COZMe

pyridin/AcOH MeO,C CO,Me
(1:1)
MeO,C—=—=—CO,Me + MeO,C.___CO,Me
~ Et,0, reflux MeO,C CO,Me
M602C COgMe
M N O (+ regioizomér)
1. KOAG, H,0 Mo o
. c, Hx0, /
reflux MeO,C / 0
2. HCI (konc.), H,O
MeO,C OMe
CO,Me

P

Sch®madoSynt ®za PCCP
N&§sl ednou reakPRisoadPYtCkPom( chir8&8l neho al ko
kf unkcionali z8cii vtzejitk®& pled8-faeecsynkelroapent adi ®no

skel et om. Podobne e amadlytrkeang upP &CP poskytuj ¥

monoamidy Q.4

Sch®maoSynt et ®za pentaesterov a monoamidov odyv
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