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Paradigmavaltds az
aszimmetrikus kémia
teriiletén: Organokatalizis

Soos Tibor

A biomimetikus megkozelités alkalmazasa
szintetikus modszerek fejlesztésben

1. Katalizis

2. Fazisjelolés




Na de hogyan?

1. Aszimmetrikus bifunkciondlis
organokatalizis

2. Fluoros kémia - (j fdzisjelolés

Organokatalizis

> Uj szintetikus megkézelités a szerves kémidban.
Kisméret( szerves molekuldk alkalmazdsa
katalizatorokként. Kornyezetkimélé megkozelités.

> Egyenslly az aktivitds és szelektivitds kozott.

Néhany 6sszefoglalé az organokatalizisrél: a, Berkessel, A,;
Groger, H. Asymmetric Organocatalysis, Wiley-VCH: New
York, 2005. b, Dalko, P. I.; Moissan L. Angew. Chem. Int.
Ed. 2004, 43, 5138-5175. ¢, Gaunt, M. J.; Johnsson, C. C.
C.; McNally, A.; Vo, N. T. Drug Discovery Today 2007, 12, 8-
27. d, Enantioselective Organocatalysis, (Ed. Dalko,

P. 1), Wiley-VCH, 2007.




A kezdet
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Hajos-Parrish-Eder-Sauer-Wichert
1971

A forradalom kezdete

o o 1 Q‘COOH o OH
P\ L B @
R4 30 mol % kat. R4
DMSO, 25°
Ry= Alkil. aril SO, 25°C hozam: 54-97%
1= Alkd, anl ee : 60- 96%

List, B.; Lerner, R. A,; Barbas Ill, C. F. J. Am. Chem. Soc. 2000, 122, 2395-2396.
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Az prolin katalizis kiterjesztése

o ﬁ 1 KH\-COOH o on
+ N . B
Ri 30 mol % kat. Mm
OH DMSO, 25°C OH
2 3 4
termelés: 40-95%
ee : 70-97%
0 E 1 fN\-COOH o on
+ H
S R, 10 mol % kat. K;/'\Rz
R 0 R
SR 6 DMF, 4°C 15
R,= nem enolizalhaté termelés: 75-88%
2 ee : 91-99%
anti-aldol

A syn szelektiv katalizis

CF3

0=8=0

CCC
NH

j Q 5 mol% oH o
Ar H NMP, 25 °C H

Bu Bu
Ar = 4-NO,CgHy syn:anti >20:1

99% ee (syn)
77% termelés

W\ o Maruoka

anti enamin syn enamin




Mannich reakciok

Ro<.
)(J)\ R o NH 0
+ 12+ R, [
R "H NH; %Ra egy st reakci6 R1)YJ\R3
& Ry Rs
° o
_Ry RA\HJ\Rs
[¢] N
D G — &
Ry H NH, R{ H elozetes
imin képzés

OMe
o
i ﬁ fﬁ\-COOH 0wy

+ + _ .

Ry 35mol % kat. )K/\R
NH, DMSO:ZaS%eCt;on 4:1,
termelés: 35-90%
ee : 70-96%

OMe
° (P?-COOH o Hy
Ry 20 mol % kat. )k/\R
OH DMSO, 25°C OH
termelés: 92%

dr (syn/anti) 20:1
ee:>99% ee

Mannich reakcidok

MeO /©/°Me
N H

)S ' SN 5mol % kat. )vcooa

R ™ TCOOBL jioxan, 25°C R

termelés: 57-81%
dr (syn/anti) 3:1 - 19:1
ee : 93-99% ee

OOME
M
o \©\N COOEt HN

o
S R
P ! (S) vagy (R) PPN
H”  COOEt 30 mol % kat. COOEt
dioxan, 25°C

ee: 94% ee

Barbas

Tsogoeva




Az énamin katalizis kiterjesztése

COOH _.COOEt
o _COOEt Q- O HN
+ N H )K/N\
R EtOOC/N 10 mol % kat. Ry Y COOEt
R, CH4CN, 25°C Ry
Rq = H, alkil termelés: 67-92%
ee : 79-99%

o CH\-COOH o HN/©

+ _No — )
H)S 0" "Ph "5 mol % kat. K/

R CHCl3, 4°C R

termelés: 60-95%
ee:>97%

Az énamin katalizis kiterjesztése

Q Bn‘7<;>" Bn

i ¢
+ Cc— cl
H e 10 mol % Kat. K/
il :

0 CH,Cl,, 25°C R
termelés: 30-99%
ee : 81-97%
OTMS

o O\\S/Ph MAr o
| F—N ~0 H Ar |
\\‘ + \S//O K/ F
R

10 mol % kat.

N =

0" Ph CH3CN, 0°C R

termelés: >55%
ee : >90%




Az énamin katalizis kiterjesztése

OTMS
0 NO, ﬁfr 0 R
+ = —’H ‘ N02
10 mol % kat.
R4 R2 CH5CN, 0°C R4

termelés: 52-85%

R, = aril, alkil
ee :99%

OMe

0 0 N Af\r o 0
L R s,

5 mol % kat. H 2
R4 4°C R4
< alki termelés:60-87%
R1, R2 :alkil ee : 95.99%

4 Vd o /o
McMillan kémidja
Feltételezhetd
n-n kdlcsdnhatas,
amely korlatozza

az olefin megkozelit-
hetdségét. ﬁ

(e,
H

Preferalt iminium ion
szerkezet, minimalis
Az olefin kétés Van der Waals
megkézelithetdségének  kolcsonhatas
iranya




McMillan kémidja

/

Oy N
AKX

pn H

o x HCI

\
+ O e A
. omobe .
! MeOH-H,0, 23 °C - FCcHO

R CHO R

endo exo
90-93% ee  84-93% ee

75-99% hozam
/ dr (endo/exo) 1:1-1:3
(0] N><
By
Ph
o) X x HCI R

CHO
: /J 20 mol% -
. - = ° -
‘ ( MeOH-H,0, 23 °C "y

endo
72-90% hozam
dr (endo/exo) 14:1-35:1
85-96% ee

Iminium-énamin tandem katalizis
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Iminium-énamin tandem katalizis

N (o]
!
S len o

(o] H
e “ 20 mol% Kat HCI Ph

Ph dioxan, 25 °C

~.°  an “ICHO

EtOOC. COOEt
| hozam: 95%
N dr:21:1

H

ee 97%

wms s8n
N Ar
H r

Al X
RMO + BpSH ———MMM R 0]
10 mol% kat. BzZOH N-cooet
HN
toluol, -15 °C |
N/COOEK COOEt
’\\‘\ hozam: 42-72%
- dr: >9:1
EtOOC 6 >99%
N Ar o
Ar
RMO + H0p ——— RMO
10 mol% kat.
CH,Cl,, 25 °C
hozam: 60-90%
dr: >9:1
ee >94%

Kirdlis H-hid donor katalizis

i )
MEzNTj\/N)kN -
o) H H N\

HO.
OPiv O
nRe 1 mol % FsC nRe
A PN
R{ H HCN, toluol, -78 °C R{”CN
majd TFAA

Hozam: 70-99%
ee: >90%




Kirdlis bifunkciondlis H-hidas
organokatalizatorok

Nitroalkdnok konjugdlt addicidja

R1p
H,N R4R3R2

R3
OZN—<R / ]
4 R O
R1\/\fo e I\‘Rf B — R3I>=O
R ONTRs 2 \ RO N
H
O%TNH;HC
o}

cl
(R)-Baclofen
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A model reakcio

o,N
o 2 Rig

O A O catalyst 1,2 or 3 O O
_———
Ry

R
2 NO,

gMe I/\o
i H
(o]

. D
P;i _N>R LaK,tris((R))-binapthoxide

L
o0 "©° (0]

Ry

H 2
@ 1
R,=Me, R,=H, NaOtBu, R,=H, R,=H,CI R,=H, R,=Cl, CsF,
33 mol% cat., ee=10-60% 20 mol% cat., -20 °C, ee=88-97% 10 mol% cat., -40 °C, ee=70%
Bako, P.; Szdllésy, A.; Bombicz, P.; Funabashi, K.; Saida, Y.; Kanai, M.; Arai, T_; E. J. Corey; F.-Y. Zhang,
Toke, L. Synlett, 1997, 291 Sasai, H.; Shibasaki, M. Tetrahedron Lett. Org. Lett. 2000, 26, 42.

1998, 39, 7557

Lehetséges-e a katalizis szervetlen sék
nélkil?

Hans Wynberg

Yamada et.al. J. Org. Chem. 1988, 53, 1157.

400 MPa
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A katalizator szintézise

1. PhgP, DIAD,
DPPA/THF

2. PhsP, H,0

Organokatalizator jeldltek

CF3
FsC
R4 =H, R, =OH, Quinine R = CH=CH,, EpiQuinine Tcat.
Ry =0H, R, =H, EpiQuinine R =CH,CH3, DIHYDRO EpiQuinine
Tcat.
=
N /27
AN
CF; OMe
o F3C
Quinin Tcat. EpiQuinidine

TCat.
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DHK kat.

A katalizatorok vizsgdlata

o OaN o
O R O 3 equiv CH3NO, 0 0
_— >
10 mol% kat.
. time %
katalizator I yield % ee
Kinin 99 4 42 (S)
Epikinin 99 0 -
Epikinin Tkat. 99 7 95 (R)
e ?ér:tdro Epikinin 99 93 96 (R)
Kinin Tcat. 99 0 -
CF; Epikinidine Tcat. 99 59 86 (S)

Kisérleti korilmények hatdsa

N
o 02\.0

O AN O 3 equiv CH3NO, O : O
_—
10 mol% DHK cat.

Solvent | T[°C] Cat.[mol %] t[h] % Yield % ee
Toluene 25 10 110 94 96
CH,CI, 25 10 110 84 93
THF 25 10 110 38 95
MeOH 25 10 110 31 67
- 25 10 48 95 94
- 50 5 19 97 91
- 50 3 27 95 91
- 50 2 45 94 92
- 50 1 91 94 93
- 50 0.5 171 82 94
75 5 10 94 90
100 5 5 68 85

B. Vakulya, Sz. Varga, A. Csampai, T. Soos Org. Lett. 2005, 7, 1967.
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Mechanizmus javaslat

f‘R I I “l
s § [ e
N0
i R Riw
\’.“J\’.“ 0
H H R
/N\
\ R
NO,
CH3NO, s o} s
Sy S W%’()
iof —— h b T5
04050 AN 050,40 i)
Il

v = k[katalizator][kalkon][nitrometan]

Az enantioszelektivitds értelmezése

o
O.
H\ /gs \
! H/N
(R)- product ¢
//\\N—O-.__
o.. F~n
¢ 'y
¢ _5/ \O """ H" / (1{
o, .
o... =N %—<
H\N/gs o o
/
¢

(8)- product
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Alkalmazas

QL

.\‘H
Bayer-Villiger o
—_—

E. G. Corey: ee =70 %
Sods - Vakulya: ee = 95 %

Cl

I O . Fa)
redukcio hidrolizis

foH NH,*HCI

Cl

Cl

(R)-Baclofen

Tovabbi alkalmazdsok
\ [e] o)
o olial

PPh, P Ar
Melchiorre, Chem. Comm., 2007, 722 Dixon, Chem. Comm., 2006, 1191.
o
R
X No, @f;-,ﬂ
ArAO Scheidt, JACS, 2007, 3831.

Scheidt, JACS, 2006, 4933.

[0}

ot
V<CN

Deng, JACS, 2007, 768.

OH
ci
Deng, JACS, 2007, 6364.
OH 0 o
TsHN, 0
Ar
3 D
m S “Ph
H Wang, JACS, 2007, 1036

Deng, JACS, 2006, 8157.
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A CBS redukcio

)

1 equiv BH3*THF, 23 °C, HQ
©)k THF, 100 %, 97 % ee ©/<
Ne 0 (0.1 equiv)
B
\
H
Corey, Bakshi, Shibata
H -
-

| D—s0,NH,
S

OH
Cl

QA /

02

Bayer MK-0417
Merck

Visszaforgathato CBS katalizdtorok
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Az elsé generdcios fluoros prolinol
szintézise

CICOOEt
MeOH @
& KoCO3 18 NaOH / CH30H (1M)
P ~COOH | COOMe g—M—
OEt

H COOEt Ar, THF, 0°C

Br
O Ullmann KOH / CH3OH (2.5 M)
N O _coupling _ _ CFCeMs
3 120-130°C reflux, 4 h
0}_ 24h, Ar RfS

Reg = (CF2)7CF3

A fluoros kémia kihivdsai

Of every 20 children tested,

TJ”:l,.II(

19 had blood contaminated with PFOA.
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A fluoros kémia kihivdsai

INDIRECT sources of PFCAs (linear)

Surfactant Ingestion & Metabolism
o

FICF.).CH,CH,0-P-OH S m nma DIRECT source
o *u,, FICFICHOHON
£
Fluorinated surfactants in .o' x=810,12, ele. {oven #) FFFF
food packaging ' G-
:%\, FFFF
.
* FICF,),C00" PerfluoroFolymer
(eg. PTFE
F .¢' ¥ = x-1) major and () minor
Fay, . - ie. from 8:2 FTOH = raloasa
Py ‘:’ PFOA (major) and PENA (minorh ==
Eo Human i
F -
X Exposure L
S g, (EXB FICF,},600-
PR (O Isomer mixture wntl 2002
~NF “2‘::;“ Post 2002 —only linear
:FcHr HC CH‘ FICF,),000-
3

il 4

a .
I L FICF.),CH,CH,OH

CH. Hy
'm n % =8,10,12, elc. (even #)
FAucrineted Polymers FTOH Inhalation & Metabolism
{carpets, fabrics etc)
FIGURE 3. Potential indirect and direct sources of PFCAs in humans. Indirect sources may include fluorotelomer phosphates and volatile
fluorotelomer precursors (such as FTOHs). F thosph i used in food packagi may be ingested and

undergo hydrolysis or via enzymes produce FTOHs. Fluorinated polymers may yield FTOHs, arising from residual content or polymer
degradation, which would be inhaled (46). Subsequent FTOH metabolism leads to even PFCA (major product) and odd PFCA (minor producs).
All of these are expected to be linear. Direct sources of PFCAs (PFOA and PFNA) are those used as a processing aid in polymers such
as PTFE and PVDF. ECF PFOA, a source of branched isomers was employed umtil 2002 for this purpose. Post 2002 linear telomer PFOA
was used. Telomer PFNA has also been manufactured and employed for polymer treatment (15).

A fluoros kémia kihivdsai

PP 134 7=1455),
This research was published

:rlll.im' on the same day that the E"i rnnma.“al ' NEWS

1l s Susan Hazen, acting as-

it administrator for the Office
of Prevention, Pesticides, and Toxic

sista

Substances, announced that EPA Leftovers may explain perfluorinated compound puzzle

was challenging perfluorochemical
manufacturers to reduce the con- C -
centrations of these residuals from J iz ‘

their products by 95% by 2010 and
liminate them by 2015,

University of Toronto che
ists Mary Joyce Dinglasan-F
and Scott Mabury report the first
systematic uation of the loose,

unbound fluorinated aleohols in
seven materials, including indus-
trial paint and polish additives,
consumer carpel-protector sprays,
and windshield washer fluid. The
perfluorinated compounds are
residuals, unwanted chemicals
left over from the manufacturing
processes by which fluorinated al-
cohols are incorporated into and
used to create the fluorinated sur
polymers that are

..... PR E

factants and
1
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Egy radikdlis megkozelités

Q‘COOH

H

Prolinolok szintézise

2M KOH/

MeOH
N —_—
\ OH
CFy
2M KOH/
MeOH

CICOOEt —_—
KoCO; D\ Yer N O CFy
——— N\ ~coome ———— ' 4y

MeOH
COOEt FsC CFs 17

Mgar O CFs3
CF3
(CH3CH,),0 0°C 2M KOH/
N
|

Iz
o
aul

©
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Alkalmazhaté a CF; csoport

v . . o) / 9
fazisjelolésre:
MeOH MeOH-viz 1-1
C-18 forditott fazisu .
szilikagél .
o LR

16 18 2 16 18 20

0
§ R CF
O
16 18 20

CFg

A CF; jelolt CBS katalizdtor alkalmazdsa

F3;C

0.1 eq. O CF?:F
3
ey, o

i 20 OF f ©A ee =95 %

R R
! 2 B(OMe), BH,OMS, THF, t T Re

OH
ee=94%
OH
S ee =98 %

\
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Szilard fdzisd extrakciok

OH OH OH
o o
Adszorbens \N

- ALO,/FSPE  852% - -

- ALO,/DSCI8 962 % - -

a- Al,0,/DSCI8 969 % >999%  >99.9 %
a- ALO,/ a- ALO, 946 % 999 % 97.3 %

' R >1. Fluoros forditott fdzisd szilikagél 22$/g
) >2. C-18 forditott fdzist szilikagél 3$/g
»>3. Korrund, 1 $/kg

MeOH-viz 1-1

Folyadék fazisd extrakcio

e
N
H OH
X
1315 mg katalizator | N

1308 mg, 99.5 % hatékonysdg

21



Folyadék fazisd extrakcio

F3C. O cFs
FRa hexan hexan
. Hexan o i i
H o oy katalizator+ termék | \ termék
CFs

OH  MeOH/H,0
@
(@ 7

MeOH/H,0

Folyamatos folyadék membrdnos extraktor

f

Minimdlis oldészer alkalmazds
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Osszefoglalds

Cinkona alkaloidokbdl bifunkciondlis -
tiokarbamid organokatalizdtorok szintézisét
valésitottuk meg, majd Michael addicids

reakcidkban alkalmaztuk sikerrel. - -
Egy dj fluoros médszert dolgoztunk ki, amely i -
a CF, fazisjelsl§ csoportok felhaszndldsdra e
épiil. Tovdbbd egy folyamatos iizem( folyadék -ﬁ" -
fazisd extraktort fejlesztettiink ki. = U g ,4
-
—
-
L1

Koszénetnyilvanitds

=N N

Dalicsek Zoltan (fluoros CBS médszer)

Varga Szildrd (organokatalizis)
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Koszénetnyilvanitds

Csdmpai Antal
Pollreisz Ferenc
Gomary Agnes
Payer Kdroly
PdpaiImre
Schubert Gdbor
COMGENEX
UBICHEM Kft.

MediChem 2
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