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Abstract

Enantioseletive epoxidation of simple olefins  was examined using chiral
(salen)Mn(ICI catalyst under various oxidizing agents.

Novel aerobic oxidation was tried utilizing dihalocarbonyl oxide syétem.
Non-aqueous oxidation was also tested using Na:COs * 3/2H.0: or n-BuNIO; as
an anhydrous oxidant. In addition, NalO; was fully cxamined as an cfficient
oxidant for the asymmetric cpoxidation reactions.

All of the oxidizing agents tested in this study show their own characteristic
propertics. To fully evaluate the possibility of development of new oxidizing

systems, further research would be warranted.
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Apobglis AEA GO UiF-E BerH o 43 §A o)A A Al (stereoisomer) = 1

5o} otk webA] ofolu} slopel A1 shghEl A% FEAL Hael

2
Ol
et

& w7rle 7k= ojwW 7] &4 A (cnantiomer)yto] A &% ZAHY, L =
g ASABAS 2 8§ Agelis dah: #4E debdA R, 2ol
mebd Alg B ARG Hae ookE Al AFe A SR B
st o &ae o] SRS AMEstyis Aol Falstth 2R ol Ay
g0 git= F8ro] A A Al (optical isomen) e Aol Ab3] H-Alstel At FA, e
Aul st Wak vlEe) FDAS AL AW AsAa Y] weltht meka
BerA oz 4d e st B Wi R ddy Fa s

W% A (asymmetric 'synthesis)?] A& 23l Wy o 23z 884 2 (chemical
resolution), 713 F&¢] ol & % 7]& M X E(chiral auxiliary)®] AFEW S0l AT,

e oleia RS e 2ol ANk whol ol §EA 3hz WAAA, AA )

<<

N

f

g A9l SAA W Darel g HERE BUst AASsE HEEd el
wR oz Aol gohV oz e uluy Al ML Hde] ofFod AL H
o Zjwrel ole] Wlol® Z kg (asymmetric catalysis)ol M EFurd ek oA
Zujr g0 F2 71g Yol Wi F1HE SRS FuhF bS] Ak

JeRe oel 4 wE-EeAs, 89, ga R da 2% 94 we-oz A

—

“9)e 712 (prochiral substrate)o] AolA71i= AW E A#=Th o] WL ¥
Kol ZzEg = wit AAA FHx} tjio] Wk F ypHe] g]aL FwrdiEol A
thi= AGAe 2 glv) witel vthA Ao St E W Evh Ha 3 1= S |
U omre A%, dlo] o3 nAdg A Agel ol BA FEelA 71E Aol b
coatnE M AAE g Fuvh A’

Hit o] FofolA we A7yt Aauo] #¥E g wdo] ofFojxal gtk



iAol 7% Zujulgo @i o ZA ke ¥ ggure % dgihydroxylation,

ot . (1,02» . (13} -1 - (1.9 e1 =
aziridination, cyclopropanation, " 7FE2x¥d H pkg Y 9L Fol gt Zavkg

S0 A A o] FolA] ulthA o EAIE WA Az B oA FA L
(epoxide)7} A e}d xgur-gol ol F 7/H9] stercogenic center® @A 8L7] o {-ol
A Aol A vl Fod FUAZ ALEE o] Ak wetA] 7] E(prochiral)
g Sgae AgHAYAY o ZAg G diEAE SHAFH B A7 UE
slo] gtrh 2719 A= gt o Fadh S 7IARE AR S W ol
Aradon ' o Folr NFYUNEE iz FHHES Fujz ol 8ahz Wy
o] APy’

198010 Sharpless® Katsuki''™3= t-BuOOHE &hAl 2 Ab&8kaL (i-CallO)Tigh
ethyl tartrate® o] &3to] ¢de] 4388 %o AN~ %ee) o= o F A3}
A7 ki ¥arskeh o] whg-e 19861 activated molecular sieved ¥ 7}Ha}

of, TV S e o] g3 wyom Ao Hae HgAQ vy

—i%
Orz
e

ufure-o 2 oA 3 9t} Z1e)ut sharpless epoxidations AM&%= @yl o] wkr
A gtEle kst golojof k= A HO] Uk, A&V ol FAT Atolrt ' A
G N ooz "ol Ag A v WeAe] FAs "olAA fAn -
olfriz 71d Aol dold uf, &3gol /1E EleHw(VIFAYG WA AjrE olF

LhA] TBHPS) A A9x7F 248 iz gh o]F Aol dolsi= wigA=s we

fut
—

7] w o) tF " (Figure 1). ol A ¥ 714 #}gt&ol wbrA] 2 &4} 7| (directing group)
7} #A)slol &= precoordinated catalytic system<- M¥]Ado] F& il YubA o]
Z4oyu3= ol vk webA Sharpless epoxidation©] W H il W Fo A9
WA e 5E3 2877 gl 2HA Y vl o FA3t vhgol .

Z719 AT AEAF P-4504 28 AAY X293 F4 HEo] vy &
ANg At o F A3 & F gvh= Aol FA st ¥ 29 YeE o] &% A
A 2 ¥k (biomimetic) Atshutg- o2 A7 o



D-(-)-diethyl tartrate
O

—
I/ (CHa3:COOH. Ti(O Pr) 4 ;/
> 0
ol CH,Cly. =20 ©
R b GO
A A

90°oce 95%0ce

.0.
L-(+)-diethyl tartrate

Figure 1. Sharpless Epoxidation of Allylic Alcohols.

19839 Grovesy™ # 2% chiral naphtharyle]l 47 X 3% tetraphenyl porphyrn
A e e Fulz 3to] styrene? S whe LElag #stAoz &4l oFALE
ABA7 5 dvkar wESGGY Lejuk o] WdP YNkH e R celenantiomeric
excess)7h WAl 71% b4 ERI A0 FHdol golshx @) Wil fV1skA el A
gaAoz AFgst/]is b stk wEbd F71A 8d F A AEAH
st stel a-7wo} gt

1990 Jacobsenol ©& wha @l 71 ol FAs FHunkg el Avkd A
A7F ohe sub. c1ds Atel(salen) @brzel A EEajwie] @adzielel] njske
g1 F=Ao] &4 AY (active site)oll AR I FulE whir Az ARl #
obapo] P Flur (Ab@)WZHID % Wl (Figure 2. a)% 71Wsted, 3 -methylstyrenes
>90%ee2 olEAS A7 & vkal Baskdvk o] wi Abg¥ AFSHAIRE idosyl-
mesitylene ©1glth. oL & o] WAL L 1Fe] AbAas {Fiel HER & A Fvl9
Aurah §A gkol & NaOCls AHahAl= 01%3}“’1*’1 uf ¢ A g Whgoer A
b ® oL & 507071 A Ewie) g Ak AeA sl ghdel ol R}eTg o
i olste] 84 &3 (Figure 2. b)ol g A Fskis FHulvh x]e] JacobsenF vl i

Hglo] zaL qd}.
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Figure 2. (a). Cationic (Salen)Mn(Ill) Catalyst. (b). Chiral (Salen)Mn(IIl) Catalyst.

JacobsenF W9} NaOCIE AbshAlz ARE3F o FA18} W2 & Me)Ad g Lhe}
ul2lan, o] FHulE o] &8k ol Al whgo] ArshA R PhIOZE AHE slat 9o, A
Srol 1= 1O PP Oy /trimethylacetaldehyde™ 7 AFS ¥ a2l

Jacobsen®l 713 Gl EAE gL Eo MEAe wa FYAWT o] ulae]
& A(acyclic olefin), B2 &8 ¥ (conjugated olefin)o] ofvl 73-¢, “12]aL S
o] ©tal 7] Aoli= Jacobsen systeme A&7 olglth & 0.5 AFEAIR, trim-
cthylacctaldehyde & MZFHAAZ A AE A A W shubg o] 2o
ghi= Aol A 9o E B F YA, BE FYAE AHEH3: trimethylacetaldehyde®)
Zrol nlmpar, go) ol A g Aol st .

1wl o] A)3= JacobsenF: el @] v4A ArstAlE Abgste] ¢ SHAE vl
2 o EAlgl A]7)iE ASAA Wl sAwe] ¥ Ae FAu dEx=uE &
olgd LMol ol EAE w84 carbonyl oxide,™ NalO; n-BuNIO/™ *”

o AstAE Agste] Eo AEAS bk 2 APl HAeh ey

it

zuelo] §ARA ] HlFo] ArsAl2A4 carbonyl oxide, NalO;, BuNIO;, Na:COs -+
3O1LOL S AFRBIAT oY & MR o AsAE Huste] o) A 2P o

i ceo] sk wHs Lt



m. 4923

1. Jacobsen Fvl$} O/CHCly/OH % A& olefin®] ol % A 3nkg

W Ao A= JacobsenZ e} AbstAl 2 4] dichlorocarbene oxided AH8-&}o]

olefin®] 1 -&%%

AR

1el 2] o E A) &} ukSo s opyigitl A& Alg¥ b &
: 121c). Abak Al 2 NaQClE-¢- PhIOE A3 7

2 e
3

(t)—i—Ph
PhIO or NaOCl i
Pathway A =
Cl
/ 2
N N
e -
0 | 0 A
0-0=C-—_.
Cl Cl - Cl
>c:()-0 \
Cl A
Pathway B
‘ al
3
0 !
R R
1l * —_— R R'
> e Nt
* *
’ [¢)
Cl
4

Scheme 1. Chiral (Salen)Mn(IMComplex 1 as a Mechanistic Probe



Dichlorocarbene oxidedl Al Abz7h ZAgtgl QF-F-o] PhlOo] @5-#3} wlskshil
2 oxided] Al Mno.& AbAo] Mol FhA 2 9 3 2L whEARE dojdHolz}
ol wgR o] E A WA vhSARZ A% B7E 29 FUA 45 ARGA
AS} BY e AEige Jebd oz} o e

Dimethyl chromene oxide(entry 1)1 7% 8992 optical purity+ A}, 1y
U} vho- A o) 5-F-o] 483k dichlorocyclopropane ©. & W 3hu] 9t o] of A3}
WkS A A S optical purityE AAthE RS Mn(V)-0 FHAE AR~
A0 =mgath o] uhg bAoAl e F&E At o]H @ o]t dichloro-
carbeneo] AbA Bzbsb 751ste] carbonyl oxideZ A A3tz WS Btk dichloro-
carbenedt &@ldo] wkS-akis Azko] r] WS wolFuh vh: e ddd
2= Table 19 YERR AT

NaOCIZ e PhIOE Absbal2 Ab&38F 249 Mubis vhe optical purity® WEFRLT

| ole]d o] fi= MnFEHwiz) H-afy ol ul A el Al ksl AR o e Jg s ALY of
= 0. ofo] o X7} carbonyl oxideol ©1& A ARl o] T A gukgo] dofr}]
g liolgl A7tEch B8 A wge ofy AUt carbonyl oxide”t ¢l A How

Wrgg duba ored Adeh™ Crgl A MnF b gle] WS AlA GC/MS
2 ozAE B Ax B4 gl o] EA(<19%)7F R REAeh oj#i g Aipiz whE-o
A= $9b carbonyl oxide7t B A AL TAsEG WS FEHARA LA
vl 09 ga38 2% 3] 98l Sulfoxide”} carbonyl oxide X #AlE AHE ¥
= He o) gete B AdoA 7]AZ styrened AHEFIL DMSOE H7hshe
vt o1 73 epoxidation productZb A E A ekkth DMSO7E ARkl A
Mn-O complex® €38 733t ot/ ) 3ol * carbonyl oxide®] IAIZ Q14|
olz} gt Zxfr} LpER Ho2 Arheit



Table 1. Aerobic Asvmmetric Epoxidation Using CHCl; and ag. NaOH with Catalyst 1.

O, bubbling

Olefin + 10%(S.S)-(+) cat + 4%TBAC + CHCI ;3 + 6N NaOH o "
Shrs |

Entry Olefin Yield/% Optical vield/%ee

11 44

§]
n
ot

5
B S
g

2. Jacobsen Z w9 NayCOs = 3/211,0,% AbstAl2 AL& & 1,2-dihydronaphth-
alenc®) ol % A] 32

NaCOs » 3201005 AbshAliL AL 83ke] 1,2-dihydronaphthalenc®] A ¥4l i 3]

goabshol gl Sl wet CILCLE AFERE W /b £ A4 1A



A~
vk

O 2060l L violdi g AbsbAle] Gamiabel o3 717 vpit 88
el A dol Ful(P.T.ORZ adogened H7HetS Wl g0 E71Ee ug

b A8e] Ayi= Table 20 Lheb Ll

Mo

Table 2. Enatioselective Epoxidation of 12-Dihyvdronaphthalene in Various Solvents.

oxidanta A Mn(III)cat. room temp_
n-octylimidazole . solvent . 12hrs

(0]
Entry 7 Solvent 7 Yield/% ; O;)tical vield/%ee
1 wet.CILCl 2 : %] 7
2 CIICN 14 45
3 CIT;CN® 42 43
4 CHzCN/CH.Cl(1/5) 13 50
5} CILCLS 12 o6
6 CIT;COOEL 6 49

a o NaCO; - 3/2[1:()3

b, ¢  added adogene as a phase transfer catalyst.



3. n-BwNIO4 or NalO,%

-11m

AshA 2 ALg g o EA sk

AbshA 22 n-BwNIO;E AFE3LaL 7] 2 2 1 2-dihydronaphthalene s AF23199-8 o
56%ees AATt. A Lo} 0Col A 79 enantioseletivity M9l oL}, 21 Lo 4] ul
o Agrol &Skl axial ligand$ #7bshA] 49k S w nu} £ F&E AAu

NalO & stz AR89 e 4% v Atg el Hla] £ enantiomeric
excessH ML FEL FTUATH 9 APoAl AFEE AbstAll: F dichloro carbene
oxide® Al 23sbariz 5§ AL 2 A °F7he] paphthaleneo] 4 A 52},

Ash e Az Aol AHg¥ AFAE  NalO. 7F WulF o B AF wkeo

1). 1-phenyl-1-cyclohexene?l Epoxidationol] 3l A 7}ae] of &

NalO; & AFstAl2 A} 83}o] |-phenyl-1-cvelohexened} 1,2-dihvdronaphthalenc?)
of F-Alst wkg-ol hdh Hrbae] s My gt

T2 1-phenyl-1-cyclohexene g WS- A2 AF& &2l H7FAl2 % 4-phenylpyrid-
ine-N-oxide, 4-tert-butylpyridine, imidazoleS- @ &lvl -t Zis}3= Table 3o e}
Wadeh HA7MAlE ¥R ke A 84%eeH KL, 4-phenyipyridine-N-oxide,
4-tert-butylpyridine, n-octylimidazoleZ d7}eR& 4% 7H2b 71%ce, 70%ee,
B7%eced Molth olfl ks HukAlel iA A, dAAQl 1Vt et et A7t
vk - A<D Bl Al Me i A vRA7E MnUDcomplexel w9 o] Az}
F N alEasR A duidoe]l dadE A b lA A xR FU)
Aol Eoiqlir 7FA7F #4% Mn(lDcomplexol w9 %)= AL walslr] oito)e}
Bzt

o} e AFe] AUyt n-octvlimidazoleo] 7}A A3s Hviael AW zrE ol
1,2-dihydronaphthalene-s ¥H&-H 22 AF&3Fo] olujub&yt 2L f- 548 Agke %

Abskel Motul L 7T Table Aol tFERQILE wkS-ol Abdo]l Fwp. T. O F

_9,



Hutgroz vk Adat deldol Z7kE wuh 747 donor ligand®2 A& € T
Floll Al &b aabszo]l ZAg 5 de] o] vpopAtial A7y o)9]lg2 o|ujt}Ed g
A A7 AR A7 A B4} n-octvlimidazole S H7FRS A¢ A &
7ttt ADd Av]e] ¢7lv|E A gkEl olujvpE: fLAli= FHujel 73gte ¥

A vk Evlsh Asstel Fule] @4 Wojwal Astel FEA

Table 3. Examination of the Additive Effects on the Enatioselectivities.

O
Ph P
cat. Mn(IIl) complex , 1.5NalO , , Additive
CHLCL/H.0, 0°C, 12hrs
Entry Additive Conversion(%4)* Ee(%6)
1 None 10 20
2 == 38 71
.
N
Ph
; _ )
3 | 50 69
\
!
0

T
N —
1 95 77
<
N
a : determined by GC analysis

_10_



Table 4. Examination of the Additive Effects Under the Phase Transfer Catalysts.

cat. Mn(IIT) complex , Additive

NalOs 0°C.12hrs. PTC
O
Entry | Ad@i?iw*e ) :C vield(%o) ()Dti(jal §'i§1d/’??tacc 7
1 G\J ol 60
9 ,,?_I'(//_N 5 60
3 ,._Bqu{——:;L 12 58

§

—
o]
Q
X
~

n-octyl—N N

N

2), HvbAle] ek Wigtol upit o F A&

Abel Al 2 NalO, & skl A}e3lal " AR n-octylimidazole® W al d g

o

wiglo] whit 1-phenyl-1-cvelohexene®l o & Al shukg-off df gk g3 Z A}k Ll

Aoluh, e AVFE 1A FA S ashh 2AEE s dAEE 4
stu}. o3 7wp wol ojr: Aol ko] AbshAol] oja] ihsbuiri AhEHH]As
ok o)ito] Warg wolFolof yul E& AW E g AolEhal o ¥ 13

AA Aol sy ILolgel WA WAL BE 1FIE Be de} K

_11_



1.5NalO,, 0 C
CH-CL: /120

n-octylimidazole ~ n-octylimidazole degradation

100
90
80
70
60
50
40 |
30
2 | —5— —g
10

n—Octylimidazole(%)

® : Reaction was carried out using dodecane as an internal standard
® : Reaction was carried out using dodecane as an internal standard and

89%(s,s)-cat as a catalyst
Figure 3. Examination of Degradative Oxidation of N-Octylimidazole.
zre. Aeale wglar, we FFe]l n-octylimidazole AFRE 4G o] wholA|iz
bl olefdt o] 3= HukAlZF wiglE FHulfeh wie s A oro. o] AZ 7Zgtow At
ssh 7t be FOAE AAA Kal olEAL AAe] Hold o 47

th 9ol A&E Auz Table Sell YERH LU



Table 5. The Effect of Stoichiometry of N-Octylimidazole.

P on 7
cat.Mn(I1T) complex . n-octylimidazole
NalQ; 0°C . 12hrs .P.T.C
Lintry Equivalent Optical vield/6ece
] None &3
2 0.5 89
3 1 91
1 15 91
5 2 91

o] uFgol A n-octylimidazole® vho-at e #HE S stYel FEHEEH, AME
Mn(MDZ Aol AdxFA72 28ste] Mn(V)-02 BAE &olstAl 33 (sche-
me 2. a) SAE Mn ZZolA] wlgztele] xstel &8 Mn-O-Mno.2 Zgto] o]
o)z Zwje] &2 QAR o]eld Mn-O-MnE 9l A4 E WAste] i A

72+t} (scheme 2. h)

3). pl¥Astol] whit of &AL
AbshA 2 NalO.F AF8-38Fal 1,.2-dihydronaphthalene-& WHS- R @2 AR&3kal pld
sto] ®isbo] wpiz Aeja)el W E FApske] Wvh NaOClE: AbshAl2 ALE 89

o aoh g pli-tolA 4§ AN o pli-Toh 93 2o NS
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(
—_Mn— e e M— S MI‘Ij(IH)—
c|'1 (l‘_‘l Cl
R R
N N
[ > [ ,> (a)
N N
o—10; O
104 / -
—Mrll(lll)— — e Mn(lll)— st — Mn (1]
{7 7 {7
N N N
R R R
R
J
i { ) [N> (b)
= Mnav- f o |
O = —MT(V)— + —Mn(ll)= ==—= —Mn(V)~ + — Mn(IV)—

|
Cl Cl
— Mn(IV)-

Cl Cl
:

R - Cglli7-

Scheme 2. Proposed Reaction Mechanism © Possible Role of the N-Octylimidazole

wgtl 7133+ Table 69 YERHACE
Table 78 ¢} 7o AAL B3 249

Z A8 AAM Aiytoltt. 1 2-dihydronaphthalene?! 7-% 66%eceE
envl-1-cvclohexeneq! 4-¢ obF 3+

1.9 3L, B -methvlstyrenel £
NenAds podtl Styrenefl A

Z1eJ v} cis-stilbene, trans
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“stilben® MERAES wolx egbicrl, SL o) fi vlMel kg FhAlsh Wk
W vl 7gte) sldoz 1§ ot
Table 6. Epoxidation of 1,2-Dihydronaphthalene at Various pll
cat Mn(III) complex , n-octylimidazole
NalO; 0°C . 12hrs, PT.C
O
IEntry pll Isolated vield(%s)  Optical yield/%ce

1 1 53 68

2 7 5l 66

3 9 49 66

4 11 13 64



Table 7. Epoxidation of Simple Olefins Under the Reaction Condition.

Entry Olefins Yield(26) Optical yield/%6ec

Ph
] \@ 493 91
¥

5 | 22" 0
6 ” o 23" 0
7 0" 17

a - isolated yield

b : GC yield
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28] AF&% Chiral (Salen) Mn(I) Complexi= Aldrich Co. A ¥%-& AM&3%
t}. Thin-Layer Chromatography (TLC)i= E. MerckAb Al3-2] precoated silica gel
aluminium sheet (Silica Gel 60F-234. 0.2mm 7)) & AF&3tH vl T.LC Aol A £
g8 BA%S A3ty 98l UV lamps A& %8 Visualizing agent®
sprayd ¥ plate® b8kt Visualizing agenti= 3%KMnO;, 20%KCOs, 2] aL
0.25%Na0OH S &33 848 A&t

Column Chromatographyi= #4412 Silica gel 60 (230-400mesh E. Merck)&
Apgskglel ek AbgE wis g Fae) wlel whelk A Aste) AR&stavt &
2} 8 A(epoxide) S FHelatr] gla 7t ZAL AS3E olefing CHoCla Bviel A
m-cpba (m-chloroperoxybenzoic acid)® ®H&A1A o] F A1 E A3l authenticat
product® HEWLETT PACKARD Co.2l GC/MSD{Gas chromatography/Mass
selective Detector(model 5772A)1 % A}&3ko} 2Helsto]ar, optical yields 3R 3t7]
9138 glass capillary column ( J&W Scientific. cvclodex B, 0.25mm id., Astec Co.

chiraldex G-TA, 0.32mm i.d)& 5 %3 HP 5800 GCE Al&33lch

2. N-octylimidazole?2| &4

Benzene 150meel  1-bromooctane(14.18g, 73.44mmol), imidazole(5g, 73.44mmol),

KoCO4(30.45g, 220.33mmoD S ¥ al 80~90Col A reflux3t® Al 30413 &b uwkA

_17._



AT} (TLCE ¥g check) ©] WHg F3HEg filterd & o]} S separatory funnel
2 o/ Zpsz AASA, §7 3¢ Aol NaSO:2 AXAAG o] FHZ
rotary evaporatorZ £WME FELAIA WL & A& flash column chromato-
graphy (chloroform/ methanol/ acetic acid)= R 8 B 12g(902)E AUt o I
A9 GC/MSDE & st

3 2,2-dimethylchromene®| 84"

w2 ol g2 60mest EF#ol 40meel coumarin(dg, 34. 2lmmoD& %9 ¥, whg -
nE 38~40CE §A38MaL, i delA ethero] o} 2+ methyllithium(1.5M
colution) 57ml(8553mmol)S syrange® °F O <F A1 7pstR Al wubA AT of
38o] AW & uke £7]E 0CE A8 FHT(10m)s THE(10m)4} & &3
syrange® 1% 7hgch o] £oHg Loy WHE F 109 KH-PO, & 48 pH-7°]
s71 2 @A sk o] $4% separatory funneldl &7 % brine solution 100
47] 25 o} NaSO:2 AFAA filterst
15

o

mf S} ethyl acetateZ(3x60m¢) 7}&
gul. g FUAA FE AA=E
70gE 743 F 1223 B3t refluxdhA A wuratgel ol #A4S oluatel Silica
gel¥ A} 718L3l hexeneo 2 Aol =T o] oJod g ZurAlA o AN AAE fec

[

stoll A hexene 150meol *olaLl Silica gel

ar

sl & 2:49 22-dimethylchromene 4.12g(75.3%)% Agth o] ¥AE GC/MSD=

skl 3kt

4 m-chloroperoxybenzoic acid® 0| S8t S EIo| o ZAIZES

_]8_



CILCl 2meol £ # ¥ (0.5mmol)¥ mepbal172mg, lmmoD& @il AL-olA 3%
wol wwkA]Zlth WHE &S separatory funnelol &713L s AAE §F &
7] =& o] NaSO.2 AEAALL a0l silica gel ¥3 ¥ Chiral GC

GC/MSDE 24 &9t

olo

5. o{ 71Xl AR E 0|28t ofFAIst

1) Jacobsen Z vk O-/CHCIYOH & A} &3t olefin® ol & A| ghyk-g

CHCl; £o%10meel  olefin(0.5mmol), Jacobsen Zu)(25mg, 0.04mmol), n-Bu.NCl
(11mg, 0.02mmoD& 2o ¥ 6N NaOll 5wl = 231 0. bubblingg A 71HA A 2]
A 1522 Eeh wukAlAth. &4 & separatory funnelol &7t FHF2 AAY

2.9 oo} Na:SO. 2 AFAAT ol gohS gilica gel ¥ ¥ Chiral GC

9) Futher evidence on the intermediacy of dichlorocarbonyl oxide
(1) Method A

CHCly £H10meol styrene(52ng, 0.5mmol), n-Bu:NCl(11ng, 0.02mmol) S 2
% 6N NaOll 5mE @il O bubbling# A7) HA] Ao A 15417 Eeh awkAI R
v}, $o88 separatory funnelell &7]al iz A § §7] 3§ o) NaSO.
2 AzAZAL} o] &4 silica gel ¥t % Chiral GCF GCMSDE #4 il

.

(2) Method B -
CHCl: £410meel  styrene(52mg, 0.5mmol), Jacobsen F Ml (25mg, 0.04mmoD),
n-Buw,NCl(11mg, 0.02mmol)# DMSO(30ng, 05mmol)S 2o % 6N NaOH dml &=

@31 (O bubbling & A 71 A A L-0l 4] 1541 7F %oF wykaAlZiv}, &94& separatory

- 19 -



funneldl 713l T332 AAs & F7] 25 99 NaSO.2 XA of &

o8 S silica gel ¥ F Chiral GC® GC/MSDZ #4314 o}

3) Jacobsen ZFwie}l NaCOs e 3/210-F AFE3F 1 2-dihydronaphthalene®] ol
FAl shukg
CHACN 3meel 1,2-dihydronaphthalene(65mg, 0.5mmol), Na-COs ¢ 3/2H20:(157mg,
Immol), n-octylimidazole(18mg, 0.lmmol)?} Jacobsen ZF'H(25mg, 0.04mmoD) & ¥ -
E A Lo A 12417 ot kATl &8 separatory funneld] &7]i SiFTFE
AH 5 f7] 28 do] NaSO.2 dAFAAY. o] &AL silica gel B &
Chiral GCZ #213}31t}. (optical yield @ 50%ee)

4) Jacobsen Z M} n-BwNIO.E A}&3F 1,2-dihydronaphthalene®] Epoxidation
CH-Cl: 3m¢ell 1,2-dihydronaphthalene(65mg, 0.5mmol), n-Bu;NIO(325mg, 0.75m-
mol)® Jacobsen Fwl(25mg, 0.04mmol)E W& F Aol 4 6417 F9F wukAl AUk
o8 geparatory funnelol 7]l S22 AHE & /7] 3& do] NaSO.&
AZA A} o] 84 silica gel 53 ¥ Chiral GCE #4133t} (optical yield
- 90%ce)

5) Jacobsen Fwi9} NalO,& AF&3%F 1,2-dihvdronaphthalene®] Epoxidation

CH-Cl> 2meel 1,2-dihydronaphthalene(65mg, 0.5mmol), Imidazole(34mg, 0.5mmol),
n-Bu:NBr(10mg, 0.03mmol)¢} Jacobsen Zwi(25mg, 0.04mmol)<} 0.2MNalO; ml &
Yo & O0CAAM 1247 ot wykA|Hch 898 separatory funnelel %7]al &3t
22 AHE F F7] 28 do] NaSO,E dFAIHL}. o] &HE silica gel ¥4
% Chiral GC¢ GC/MSD= #-23dt}. (optical yield : 60%ee)

(1). 1-phenyl-1-cyclohexene®] Epoxidationol] thdt #7pA|e] o4&

CH-Cl: 2me9} %35+ dmeel 1-phenyvl-1-cyclohexene(79mg, 0.5mmol), Jacobsen

Z vl (25mg 0.04mmol), additive(0.5mmol)9} NalO.(160mg, 0.75mmoDE 2L § 0T

_20._



2 ARG

&71aL TAr

oA 12417 ot kAT &9 o separatory funnelell <
] & 9o Na:SO.= AzAZA. o) &AE silica gel ¥ % Chiral GC

?’ %7 "o =
2 FAsch

YL AF o 8T%ee

4-PPNOE 21E 3% : T0%ee
298 A% T1%ee

A-tert-butylpyridine S

Additive : Imidazole

(9). Axial ligand2* @] imidazole ¥ imidazole Tr s o] gk

CH.Cl: 2meel 1-phenyl-1- -cyclohexene(79mg, 0. 5mmol), JacobsenZ: "(25mg 0.04-

mmol), axial ligand(0.5mmol), n-Bw:NBr(10mg, 0.03mmol)¢t 0.2M NalQ; omlS %
-5 0Col A 12417 Eeb wwkAlATh &

] =2 ?»'101 1\32504.1: {l

% separatory funnel®l &7)al FFT

=X A} o] £4& Silica gel &% x>

S =

Chiral GC2 439tk
WO A T1%ee

Axial ligand A-tert-butylpyridine S % <-
A-phenylpyridine-N-oxide & %+ 3G T0%ee

imidazoleS 2 ¢ ; 87%ee

(3) Examination of degradative oxidation of n-octylimidazole

PRV E

1 Method A -
Cl-Cl: 2mee} &3t 5méoll  n-octvlimidazole(90mg, 0.5mmol)¢t internal’
= & 0Col A urEAlZIRA AZER

standard® dodecane(85mg, 0.5mmol)& e 9

o] AEE GCE check
2 Method B -
=32 S5m0l n-octylimidazole(90ng, 0.5mmol), internal

CH-Cl.  2m{ s}
5mg 0.04- mmoDE ¥& %

standard® dodecane(85mg, 0.5mmol)¥ )3 Jacobsen; (2
GCE check.

Col A Bre A 7|H A A ZhEE W ATE
] Sar walo] w 1-phenyl-1-cyclohexene | epoxidation

(4). n-octylimidazole®
02M NalO: 5mf,

1-phenyl-1 -cyclohexene(79mg, (0.5mmol),

CH:Cla  2meol



Jacobsen Zwl(25mg 0.04mmol), n-BwNBr(10mg, 0.03mmol)} n-octylimidazole
ganz we 5 0CaAl 1243 Eot wukA Rt 8 Ng separatory funnelel &
7al 2352 AR T 57 22 2o NaSO:2 dxAA o] §4& silica
gel B2} ¥ Chiral GC2 #2139t} (optical yield : 84-91%ee)

(5). pli¥ skl Wiz 1,2-dihydronaphthalene®] ol %A #uk-g

CH-Cl. 2m¢e] 1,2-dihydronaphthalne(65mg, 0.5mmol), JacobsenZ v} (25mg  0.04
mmol), n-BuwNBr(10mg, 0.03mmol)®} n-octylimidazole(30mg, 0.5mmol), NalO,(214
mg, 0.1lmmoD$} buffer solution 5m¢ ¥ F 0ColA 1243t &< AT &
9 geparatory funneldl $713l 2HFE AAE F 7] F& 2ol NaSO2 A=
A At o] &L silica gel ¥3 ¥ Chiral GC2 #2134t (buffer pH-4~11)
(6). v Aol vt o F A snk3

CILCL 2meel 7b @l 0.2M NalO; 5ml, JacobsenZ vH(25mg 0.04mmol),
n-Bu:NBr(10mg, 0.03mmol), n-octylimidazole(90mg, 0.5mmol)& ¥+ F 0CoA 12
A7b Eor wyrA Atk £A G separatory funnelel &713 FitFE AHY
7] 29 oo} NaSO.2 AxAZth o] §9& silica gel 34 ¥
GC/MSDE 24131t} (optical yield : 18-91%ee)

Chiral GC<}
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Figure 30. GC Spectra of Epoxidation of trans- 8 -Methylstyrene Using NalO; as an Oxidant
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