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“Die Fermente and ihre Wirkungen” C. Oppenheimer,
Leipzig, 1900

...dass man spdter Fermente oder organische Katalysatoren auffinden
Wird, welche auch hohere Temperaturen vertragen.

Ostwald, W. Z. Phys. Chem. 1900, 34, 510
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Sisemolekulaarne aldoolreaktsioon

Hajos-Parrish-Eder-Sauer-Wiecherti reaktsioon

2, ee 76%
1,

1: n
2:n ee 93%

Hajos, Parrish, 1974

Eder, U.; Sauer, G.; Wiechert, R. Angew. Chem., Int. Ed. Engl. 1971, 496.
Hajos, Z. G.; Parrish, D. R. J. Org. Chem. 1974,1615.
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Enamkasutatavad aminokatalusaatorid
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Kataliisaator Aktiveerimine Tuupilised reaktsioonid Kaskaadid

Aldoolreaktsioon

l >O Sl Tl el Rl @ o-funktsionaliseerimine
N
H

aldehuudid ja ketoonid Michaeli reaktsioon

Mannichi reaktsioon

@ @G
®H QG

ONY,

\

H H _ [\‘ Michaeli reaktsioon
ON NO H-side H-dq Henry reaktsioon
\ﬂ/ u Mannichi reaktsioon
S . .
\ Streckeri reaktsioon
/\ .
| b Protoneerimine /\ Taanc!arr!me, . m m
° +  Mannichi reaktsioon H H
NS \F O (vastasiooni kataliiiis) : : y \_/ L\
O. 7 v Fridel-Craftsi reaktsioon,
rd \ = - .
N | 0" “oH Michaeli reaktsioon /Ir-n\ /l-'-?‘

/\‘ Nukleofiilne atsﬁleerimine,m m

N-heterotsiikliline NH Im NHC

karbeen Stetteri reaktsioon \\/ \\/

C. Grondal, M. Jeanty, D. Enders. Nature Chemistry, 2010, 2, 167.
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Ph Ph >_tBu
N Ph N Ph N Ar
OTMS OTBMS H  oTms

Ar= 3,5(CF3),Ph
I I m v

I
N

2 COOEt
aminokatallls \ R

O A
HNWLOEt

Ph\/\ %
R
R =a: Bn; b: OBn; H-sideme kataliiiis 4 R = CHO
c: Boc; d: Ts; e: Ns 5,ja 6. R = NO
, R"'=NO,
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LN N CF3




2,3,4-triasendatud piperidiinide suntees: aminokataluus

_COOEt P 0 Ph
T N ph N
: H N Ph
HJKO OTMS | OTMS
N

Bn
{

: P
J) OTMS
wCFE/COOEt EtOOC Ph” A O
N T H-I}IWLOE’[
Bn §I\ Bn
PR N
| R =
Bn

Ph

Ph
N Ph
OTMS

Aminokataluutilise kaskaadreaktsiooni mehhanism
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2,3,4-triasendatud piperidiinide suntees: aminokataluus

e
llll\

y: 77% y: 75% y: 89% ¢
ee 86% ee 86% ee 92%
COOEt COOEt COOEt
i MeO
y: 55% y: 34% y: 63%
ee 68% ee 85% ee 88%
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_-COOEt COOEt

katallisaator VIII -

O (5 mol%) O,N
BnHN OEt* RT X~ lueen
1a 3 tt, 5h

Bn

kataltisaator VIII

saagis (%) ee 5/6 (%)

1 a: Ph 95 1.4:1 97/97
2 b: p-MeOPh 89 1.2:1 97/98
3 c: p-F;COPh 98 1.3:1 85/91
4 d:p-CIPh 79 1.3:1 89/94
5 e:m-MePh 73 1.3:1 n.d.

6 f: p-NO,Ph 85 1:1 88/93
7  g:thiophen-2-ail 68 1.3:1 96/96




2,3,4-triasendatud piperidiinide suntees: H-sideme kataluus

COOEt COOEt p COOEtO
O,N 02N Raney Ni/ H, H2oN HN
\O *
Ph™ N PR N
Il? R 7ah & 8a,h
a:R=Bn 7a: 27%
h:R=0Bn 7h: 34%

Kriis, K.; Melnik, T.; Lips, K.; Juhanson, |.; Kaabel, S.; Jarving, |.; Kanger, T. Asymmetric
Synthesis of 2,3,4-Trisubstituted Piperidines. Synthesis, 2017, 49, 604-614.
(SYNTHESIS Best Paper Award 2017)
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Tetrahudrofuranuulspirooksindoolide suntees: kolmikkaskaad
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Halogeensideme (XB) kataluus

XB-doonor XB-aktseptor
(X[ e w
X=IBr,ClF E = doonorne aatom

R = elektronaktseptoorne ruhm

& & & 89

F,C—Cl F,C-Br
M. Breugst et al. Synthesis 2017; 49, 3224
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Halogeensideme (XB) kataluus

: VTN
l.\'er 180° *-NI,R
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Ar ~e
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A. H-sideme kataluus; B: XB-kataluus; C. Kokataluus
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EtOOC COOEt
I\L
O )
CFs(CF2)7 R,

N
10 mol% H
Bolm, C. et al. Synlett 2008, 6, 900
Ph
J ©)\ Ph
CHO OQ
Ar /\/NOZ + ©:
SH
10 mol% ee 65%

Arai, T. et al. Synlett 2017, 28, 122
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Halogeensideme doonorite suntees

Cul © /
_N Y _
Ph_ N3 TTTA O N=N®
\\‘ + |———Ar » Ph ‘\N Y/ Ar —> Ph N y/, Ar
THF j | j
I
4 S 6(a-d) 7(a-d): Y = OTf
a: Ar = Ph 8(a;c): Y =BF,
b: Ar = CgFs 9a: Y = BARF
c: Ar= 4-N02-C6H4
d: Ar = 3,5-(CF3)2-C6H3
/ : CF3 N=N
Ph \Nw/ Ph 11:X=Cl B N
j 12:X=H | 3
X : BARF CF3 /4 TTTA
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Halogeenside tahkes faasis
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Halogeenside tahkes faasis

CF;
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XB doonor XB aktseptor K,[M1]
4a 7 42
4b 7 11
4c 7 29
4a 8 12
4b 8 0.1
4c 8 0.05
4k 7 -

OSO,CF;
/ CF3
hIPN@
\\‘N /

Ph R CF;
4a: R =1
4b: R =Br
4c: R=CI
4k: R=H



Konformatsioonanaluus

DFT arvutustega leitud kdige stabiilsemad konformatsioonid
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kataliisaator Ph_ N

(10 mol%) N
2 2
OTMS MeO
CF,
N;N l}lﬁN N HO
‘N / \N / I’/
\‘\ I \‘\ I CF \‘\‘N
Ph Ph 3 |
. L Ph
Reaktsiooni ei toimunud
/ / CF3
=N® \
N=NO \ /4 NS N/\@
N/ Ph_-N N | | N
\\ ©) I CF; N I I N
Ph ! 0Oso,cF o0” omMe © N -
2-T3 0SO,cF; PP\ © Ph”
2 0SO,CF,

100% konversioon 1-2 tunniga. Produkt ratseemiline



Kat 1 | F
i ] 0
0 F
M )< Kat* 10 mol% S )< )LO)N< F
o) o )\\ HN™ Y
HN b E Y, > O — e 7
o )\sozph Alus, CHCl,4 ) Ph
Ph \[}l
Arai, T. Chem. Commun., 2018, 54, 3847 B i
Kat 2 F
Katse Kat. Alus, Temp. Saagis ee% ! F
% © F

1 Kat 1 Na,CO,, rt 86 86 O»NH F
2 Kat 2 Na,CO,, rt 88 76 '




Kaksikkaskaadid

J. Org. Chem. 2011

R1

Tetrahedron: Asymmetry 2012 NO, )
y R
Et00C~ " ESR Adv. Synth. Cat. 2013
N
Ts
J. Org. Chem. 2013 OH Synthesis 2015
R OH
OOR

Eur. J. Org. Chem. 2014 R'=

COOEt
Synthesis 2018
COOEt

l

Chem. Heterocycl. Comp 2018
SyntheSIs 2017

TECH



Kolmikkaskaadid

Ro

triple casca®® &y g N ~—OH

Hro—\'H
R™ N
Bn
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Halogeensideme uurimine

enantiodiskrimineerimine

I Chem. Eur. J. 2017

Halogeen-

XB doonorite Y- side mmmm)  XB-katallls
slntees J. Org. Chem. 2019
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!
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RSC Advances, 2019
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