HEI3OTINCUYHI MNEPGRREREHHSA
®YHKLIOHANBbHUX [PYI

PEAKLII OKUCHEHHSA

CyyacHi meToau
OpraHiyHOro CUHTe3y

“Modern Oxidation Methods” Ed.: Backvall, J.-E.
Wiley-VCH, Weinheim, 2004



Knacudikauis
dyHKUIOHaNbHUX rpyn
S

PiBenns 0

PiBens 1

PiBeHb 2

PiBenn 3

R—CH;-CH,

R—CHZ—CHZ—X

R—CH—CH,

R—CH—CH,
X X

R—CH—CH

N\,
Y

R—C—C—H
R—CH—CH—X
R—CH;C—H
Y
R—C—CH,

|
Y

R—CH;-C—X




OKNCHeHHA cnupTiB

OPeareHT [)koHCa (CrO3—HZSO ,—AUETOH, 10 KNCIOTN) 0
OPeareHT KoniHza (CrO,—py) /O
OPCC (pyH'CrO,CI") 1 —OAc
OPDC ((pyH),Cr,0.) AcO oAc

Dess-Martin periodinane
OPeareHT CBepHa (DMSO-(COCI),)

o)
OPeareHT lNMapix-AepiHra (DMSO-SO,—py/TEA)
OPeareHT lNdpiyHepa-Moddarta (DMSO-DCC/EDC) /O

|
OMnO, g/ ~OH
[PeareHT [lecca-MapTiHa IBX

0IBX (2-ogokcnbeHsoiiHa Kucnota) >[j<

[IPeacenm Jless (TPAP-NMO, NPr,RuQ, — N-okcug N-meTunmopdoriHy) N

[ORuCl ~NalO, (ao kucnotn) .
3 OTEMPO-NaClO mowo (0o kucriomu, iHodi 0o anbdezioy)



OKNCHEeHHSA KapOOHINbHUX CNONYK

4

OKucHeHHS1 anboelidia

OPeareHT [xoHca (CrO,—H,SO,—aueToH)

0Ag,0-NaOH

[IPeacenm lliHHika (NaClO ~(Na,HPO )-2,3-0umemunbymeH)
[IMnO ~NaCN

OKUCHEeHHSI KemOoHie

3 pospusom C—C 38’d3Ky
UOkncHeHHs 3a banepom-Binirepom (MCPBA TOLLO)
OranogopmHa peakuis (NaCIO/NaBrO)

3a a-rnonoxxeHHsIm

0OkucHeHHst SeO, [IOKkucHeHHs1 3a Caeaycoto — Imo
0 OkucHeHHs 3a Pybommomom (Si-eHonaT, Pd(OAC),—(iHLIMIA OKNCHWK))
(Si-eHonat, MCPBA) [JOKucHeHHs okca3upuduHom [esica



o-I'igpoKcunioBaHHA eHONATIB
c--

OkcasupuduHu [eeica

_SO,R
Ar/\_y) RSO"‘\N
0] ) 0
> /%o o NaHMDS, THF, -78 °C 0
. — Ar , 'Q 61%, 95% ee
R™ ™= /R ~ R1 )k/’ \/ Ph/ \;// =
o) | N/ OH
_+ (9] / Cl
M
N
] T//\l
o M~ 0" &
1
— R,)\\T,R -+ ArAN/SOZR
o
5 Davis, F. A.; Chen, B. C. “Asymmetric hydroxylation of enolates with N-sulfonyloxaziridines”

Chem. Rev., 1992, 92 (5), 919-934



EnokcuayBaHHSA ankeHIB

HeeHaHmiocenekmueHi Mmemoou

OMCPBA

OTBHP y npucyTHOCTI nepexigHux meTanis
(Ti(Oi-Pr),, VO(acac),, Mo(CO),)

0H,O, abo TBHP y npucyTHOCTi OCHOBY

ODMDO (in situ 3 aueToHy Ta OKCOHY)

O
Cl /O
0 o oﬁ»
OH OH
MCPBA TBHP DMDO
Oxone —

6 2KHSO, -KHSO, K, SO,



EnokcuayBaHHSA ankeHIB
S

EnokcudyeaHHs 3a LLlapnnecom

R3 e o R3
Rz\,/\/OH Ti(Oi-Pr)4,(+)-DET Rz\w\/OH
.
R t-BuOOH, 3A-MS R
CH2Clp, —20 °C
2Cl2 OH
g g /'\/COZEt
« 5-10 mol% catalyst in the presence of 3 or 4 A-MS. (FFDET = EREC éH

10-20 mol% excess tartarate vs. Ti(OiPr)4 required.

(+)- and (—)-DET are readily available and inexpensive.

(+)- and (—)-DIPT, diisopropyl tartarate, are also available and sometimes lead to higher
selectivity.

vOH MOH

J\,OH /ﬁ/\ )\/\

N
7 + Z-disubstituted olefins are least reactive and selective. /\L

OH




EnokcuayBaHHSA ankeHIB

EnokcudyeaHHs 3a LLlapnnecom

L-(+)-DET "Q"

_ _ E= COOEt
KinHemu4He po30ineHHs1

(+)-DET "O"




EnokcuayBaHHSA ankeHIB

EnokcudyeaHHs 3a Llaprnnecom
CH3 CH3 CH;

H3C:..}_ 0 H3C:..}_ o ch:..}_ o
OMOH = O\)\{I\/OH & 2 ~.-CH
O 5
syn

anti

Reagent Ratio (syn : anti)

Ti(OiPr)4-TBHP 1-23
Ti(OiPr)4-(-)-DIPT-TBHP 1:90 MATCHED
Ti(OiPr)4-(+)-DIPT-TBHP 222 MISMATCHED

lpuknad: cuHme3s xpomoghopy (+)-HeokapuuHocmamuHy

HO 1. TDSCI, EtsN, DMAP  TDSO
CH3C15: 0°°C
- H 2Ll .
HO o Ho
I\ 2. (-)-DET, Ti(OiPr),
TBHP, —20 °C, CH,Cl,
H TBS 4A-MS

94%, 295% de




EnokcuayBaHHSA ankeHIB

10

EnokcudyeaHHs1 3a 5Siko6¢ceHOM

HIQH
(S,S)-1 (4 mol %) =N, /N_

R R NaOCl(aq) R R Mn

\—=/ R v t-Bu oo t-Bu

CH,Cl, 4 °C H O H Cl

t-Bu t-Bu
+ Selectivity is determined through nonbonded interactions. (S,S)-1

* In general, R is aryl, alkenyl or alkynyl and R’ is a bulky group.

» |cis-Disubstituted conjugated olefins are epoxidized with high levels of enantioselectivity.
« trans-Disubstituted olefins react more slowly and with diminished selectivity.

* Terminal olefins are poor substrates.

* Alot of trisubstituted alkenes are epoxidized with high levels of enantioselectivity
* High enantioselectivities are not yet general for tetrasubstituted alkenes but may

be attained in certain cases
+ Addition of substoichiometric amounts of 4-phenylpyridine N-oxide improves both catalyst
selectivity and turnover numbers.




EnokcuayBaHHSA ankeHIB

EnokcudyeaHHs1 3a 5Siko6¢ceHOM

(S,S)-1 "O"

Hu- H
=N_Q _N=
M
t-Bu OO t-Bu (R,R)-1"O"
L
B £ (ansa yuc-ankeHis R = H)

Linker, T. “The Jacobsen — Katsuki Epoxidation and Its Controversial Mechanism”
Angew. Chem., Int. Ed. Engl. 1997, 36, 2060—-2062.
1 1 Katsuki, T. “Some Recent Advances in Metallosalen Chemistry” Synlett 2003, 281-297



EnokcuayBaHHSA ankeHIB

Enoxcu!yeaHHﬂ 3a llu

HaC

% 4CHj
O
@) s oxone, pH 10.5, base /<(13/R
R1/\/R2 Ell/ > R 2
v ) H>O, CH3CN
H3C\"\" -
CH;

« Useful for epoxidation of frans-disubstituted and trisubstituted olefins, is NOT
efficient for conjugated cis-disubstituted olefins and styrenes.

* Ketone 1 can be readily prepared from D-fructose by ketalization (acetone, HCIO,,
0 °C, 53%) and oxidation (PCC, 23 °C, 93%). L-Fructose can be prepared in 3 steps
from readily available L-sorbose.

« Ketone 1 can be used catalytically (20-30 mol %). Oxone is used as the
stoichiometric oxidant but H,0,/CH,CN can also be used.

* The optimum pH is 10.5 (adjusted by addition of K,CO,).

* Dimethoxymethane (DMM) and CH,CN (2:1 v/v)_solvent mixtures generally provide
higher ee's.

1 2 » Reaction temperatures range from —10 to 20 °C.




EnokcuayBaHHSA ankeHIB

EnokcudyeaHHs 3a Llu

R1/<?/R2 H‘l%CHs HSOs™ H3C—_‘ CH3
0
3% Sk \k‘ (O/\t,/o O 0
g Y o
HsC H3C\..\——o O */ R3
:'<CH3 CH3 1 e, R1 s
O O’( R2

@) 0 o .
gl . /O O
(j—o O\,.(/\[—’OH O Y

TY Y .
Hao O oy ® o O O

2 CH -
e i >
s J H,C CHs
S04 &Y= NioBuieHHs e.e.:
H3C“'E:|O sor R,: MeHwwi 3a poamipom (kpim Ph)
? R,: 6inbLui 3@ poamipom
1 3 Frohn, M.; Shi, Y. “Chiral Ketone-Catalyzed Asymmetric Epoxidation of Olefins”

Synthesis 2000, 714, 1979-2000.



Lluc-rigpoKcunoBaHHA ankeHiB
-

HeeHaHmiocenekmueHi Mmemoou

0 OsO, — OKMCHWK, L0 BUKOPUCTOBYETLCS HaWYacTiLLe

0 BukopuctoByetbcsi 6e3 crniBokMCHMKA abo pas3om 3 Xxropatamu
(KCIO,,Ba(ClO,),) Ta N-okeupamu (NMO, Me,N*O"7)

0 IHoai gogatoTb nipnanH ado TMEDA

EHaHmiocenekmeHe 2ciopokcusnroeaHHs 3a Llapnnecom

AD-mix-a AD-mix-

K;Fe(CN), (3 mmol) K;Fe(CN), (3 mmol)

K,CO, (3 mmol) K,CO, (3 mmol)
(DHQ),-PHAL (0.01 mmol) (DHQD),-PHAL (0.01 mmol)
K,0s0,(OH), (0.002 mmol) K,0s0O,(OH), (0.002 mmol)

Ymoeu: ankeH (1 mmone), t-BuOH - H,O (1:1), 0 °C, 6 — 24h
14



Lluc-rigpoKcunoBaHHA ankeHiB

15

EHaHmiocenekmeHe 2iopokcusroeaHHsi 3a Llapnnecom

Et
N=N
O / \ Oll,.
(DHQD),-PHAL
Ligand for AD-mix-3
N-N
/4 \ O
DHQD: DiHydroQuiniDine CH.O H
DHQ: DiHydroQuinine 8
PHAL: PHtALazine
(DHQ),-PHAL

Ligand for AD-mix-c



Lluc-rigpoKcunoBaHHA ankeHiB

EHaHmiocenekmeHe 2idpokcunroeaHHs 3a LLlapnnecom

/S/)\//\//J\ N N

tetra tri trans-di gem-di mono cis-di
O= Os
L O
1 o "y _ lu’O
Qg7 ~ 0=0s;
o %0 0 H,0s02%" + HO/\|/
VI \/ VI

Y R

16 2 Fe(CN)g* 2 Fe(CN)e®



Lluc-rigpoKcunoBaHHA ankeHiB

EHaHmiocenekmeHe 2idpokcunroeaHHs 3a LLlapnnecom

B
MeO OMe (DHQD),-PHAL

L 4
(DHQD),-PHAL H (DHQ),-PHAL
Ligand for AD-mix-3

Kolb, H. C.; Van Nieuwenhze, M. S.; Sharpless, K. B. “Catalytic Asymmetric Dihydroxylation”
1 7 Chem. Rev. 1994, 94, 2483-2547.



IHWI peakuil OKNCHEHHSA
S

OkucHeHHs1 arnkeHie 3 po3pueom C=C 38°I3Ky
(a makox 1,2-0dionie mouw;o)
0O30H (O,, Me,S)
OPeareHT Jlem’e — [IxxoHcoHa (OsO, — NalO,)
[Pb(OAc),
[ORuCl ~NalO,
ArninibHe OKUCHEeHHS aJiKeHie

[ONBS
IZISeO2

OKUCHeHHs1 apoMamu4HUX CroJiyk 00 XiHOHiIe
OCAN (uepiiamoHivHiTpar, (NH,),Ce(NO,),)
OPhI(OCOCF,),
18 OlcHye 0o gecdaTka peareHTiB, BCi He yHiBepCarsibHI



OKUCHEeHHSA

eneMeHTopraHiYHUX cnomnyk
S

OKUCHEeHHSs cynibghypP8MICHUX CrOJTyK
ONalO, (cynboig ao cyneokenay)
ORuCl ~NalQO , (cynbdiT Ao cynbdary)
OMCPBA (cynbdig oo cynbgokcmnay abo cynbgoHy)
0H,O, (cynbpia Ao cynbgoHy)
[IOkca3upuouH [esica (cynbdig oo cynbcokeuay)

OkucHeHHSs1 3@ Tamao-PriemMiH2OM

Me
_gith KBr, CHCO,H OH
Me By - P Fleming oxidation
R R, CH3002H R R'
SiX3 KF, HyO5 OH
- T : .
R™ R KHCO,, MeOH R /L R amao(-Kumada) oxidation
19 Fleming, I. ; Henning, R.; Parker, D. C.; Plaut, H. E.; Sanderson, P. E. J. “The phenyldimethylsilyl

group as a masked hydroxy group” J. Chem. Soc. Perkin Trans. 1, 1995, 317-337



