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Ahsbuk-(oxidation) 8- Al Aol Al Aaiu] = 7pF oJuk Aol &FshukS o)t}
Aot dell i kA o] &g o] VbR o) abslubgo] A au]ar vy 2 g
P2 Akl whEsto] byl T4 Absbiio] Hefil & 4is)ar

Tk S1the Sali el Ahahhee ol gate] ulAbshul Alwre i 4R S § A

.40

ghan olvh el A gtol A s dniie] AEES S o] 83fe] AY

ghustol ofui A gh&shar vk of 2] Abshubgo xpiAle] A A W 91tk
GF-E A RSk tE-G o] At 9t
718k ste] ol A AbshubS-o- o) AXRE @A fuo] g} ol M R
ehairol Abskis b A il Faolth 2hal & (alcohol) - Akl o] piiy
2

w1313t (carbonyl compound)i W st 13} 39 AR, vz upe)
2tH) 3] “(aldehyde) & - 7} XA 2Hcarboxylic acid) @2 Abs}EIvh 2z} ot &
o] A-golli= AlF(ketone)o] ABAEY, 33k 2L AwrAH o2 Abshu| x| 9k
ch ool el gk Abshykg-o] AbshAlRiz thEA O & KMnOs, MnO:, CrOs K.CrO: %
o] arwli 9l (high valent) 7+&AtslEo] Q#f AFE o]g5o] byl 1)

0
Cro,
CH,(CH,)gCH,0H ————— 3m o 93 %)
H3O* CH3(CH2)3
MnO
Ph\/\/ﬂﬂ _ 2 pn\/\“/ (70 %)

; < > 2 ‘Na,CrO
H+

a2 L 2agY Ahgug e o
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ZH7E Mn(VD, Mn(IV), Co(VD) o] %o sl 20y gt
$gh o) 8 & -8 A(metal-oxo, M-0) dejo] BAPEZEE 2b3 Qluh 7|4 4
o ol#fd AbshAlz darfel diste] H A4 19 o]ae] g A} £3slo]o}
dut upeba] digge] o] abslsh 2pEs A9, RO ko] A yabuio] wh
o - sok2lAl Hof Fal WAl sty rE ol Wl YAyl uraE A
ok ol gk WAlE st 4 odis wilo rg A A Zuakul A}&§ar
Fafe] dbshAlizis Abgo] e star ghol Ay T FAE © §uba v 4
o ol ek bbb o] sutel W whA)o] difEx 5 Qlt).

Hit, W A= wld A gEleas FlERdr)i Abela v
AEAQN NG MWSEH G o) ol Aly= (AR ZHID A E (8 mol
%) AbgetaL, bAoAl WAz AFE3RE Apobed AAME §(NaOCH) & of
& o st ol gAYy 2).

SN
CH,Q, ~
+5.0 NaOC'l + 8mol% Cat S
\0/ 0°C. 4hr e
0

EERPR P PR

of Wgel wWrUES Wuuw, Wesge) ;Lo WAL Yoku
47HAT (13 3). ($A)WRES NaOClo] Wgato] @7t-$ A (Mn-0)7h 445



-A(Mn-0)= 88 ARIDE 23 L(ROIDE 23iA 71 o] o &

WS A
*aEe Al hH Mn-Ooll 9]ste] Abshx|o] ketoneo] Hubar o A @)
~
T 0 TN SO0
— \,1,, — Mn(+3) Mn—— Mn(+3)
q k{ml

NaOCl

193 WA 99X Aswg b

M 28 A3t

&3 go] 7] F(substrate)Z ©] & 5=

L 39 Wi GE @
ol 7heds AAskaL At

Aol M 2RE A=Y Astgor 1y 39 wrgxyd

o] WRlo] axAow olgd AT VIFES Wl v

- 7

i
L

wpeh A,

o s/ sty

shol vhew 2o #ol Atk

A, 289 Aol @ 4 ook AN-GHI) FAS FHohFu ol
H, BERAR o8 $7 29A T ARG S8, g
$Aol golsti, 71 9 Zol HAso] gEsl 4y

At FZFel AR o] &35= NaOCl

&eoz
(Hal)dZHI) 2HA =

wA, AA A Ashie] 4 &
el =474 o] &8t Aot ghol A 777 A8

Fgele v
of gtk ma A Tal BAE W KUAIE BtRAold & 4 Uk
A, NS estd zAdM W AL F Atk CHOLE
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1. 7R

Ful 3= (salen)Mn(ID 24l Aol #8 Jacobsen®) RS 183ko] 3}
Herolow, Ay Fol My AP Ak Jacobsen FHuiorn vy
Natol Ba|v) Yol WX nAH Wid] oygtor sy A 9

o
E’P Ky &

O Y 5

H N "’N“z <:§»0H un@ <f - I|\|1

salen' ligand (salen)Mn(l1l)complex

2 4. (salem)Mn(lll) A9 A A=
49 (salen)Mn(IIl) A 2] 33AH

% #3TH simulation® o] &3}
“1y) 5ol JER AT



200000

23 5. (salen)Mn(Il) ZAo] 33943 +x
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2. alcohol?] ZE ol w2 Agnr S

i# 1. benzvhic 24 2hs18-9] Ak}

Entry Aicohol Product Conversion (%) Isolated Yield (%)
1 Ph~ - Ph 180 91
OH 0

2 Ph\(<] pn\'(<] 188 96

OH 0
3 Ph\l/Ph Pn\("“ 100 98
OH 0

4 c1~©—<m C|~®—<u 91 7

[4,]

@\{%@ FIE 180 85

Podipell A darge] Absirg e, WA X C-He Astwtgel o]&4d
Ve S d8stol ddH ATt %, o] ¥ES 8 mol % (AU 18 Ful
2 ARgstar, 59 e W A(NaOCl &M E AstAlz o] &3t CHLL &l
3t 0ol Al 4213 wwtsto] x| et ofelsh whg-z7 3lolA o2 71A] &
Ao WA E FirdE dESFAY. M benzylic alcohol2 1-phenyl
ethanol, @« —cyclopropylbenzyl alcohol, benzhydrol, 4-chlorophenyl alcohol,
9-hydroxyxanthene®] 9], % 19 entry 1914 57A] ztdl2 JYdA= o} Qrt. o]y

& benzylic 22F 231 &2 Fold wrSx 7 3lollA] ul-¢ AILE A ketono 2 Ah



ghejon, ¥ ot abshibe FAA HF £ v Py AztdAr 53
entry 22 a -cyclopropylbenzyl alcohol®] 7%, #l7by =4 0 22 cyclopropyl 7]
ol Ji<l(opening)sol thdt vPoAdn oy gus]is R A A E(ring
opened product)®- A3 (1 EF% R ekt webA], benzylic 22 2Ha18-0) A4
7]Eo) by ot ulawstel s Ao glis e Abglwrgo] Aegu)ar o)

vhal s Qo

i 2. proparagyl 22 2Fai 89 ks

[ntl’g Ricohol Product tonuersion (%) 6C gie|d (%)
OH 0
1 A~ DA 180 92

€ l-octyn-3-0l2 4oz 3o FHEesA
ovy 1 Ay 2o w2 Helstgul FolA wrSz A A sl Ao
l-octyn-3-one-& 92%°] +&2& A& 4 AU, 4 33 A} Foln
FA3tol A st AL Wy ga gk whebA], B wrge 23 benzyl
alcohol3} T]Eo] propargyl alcohol?] Atsiubgoln wvj-¢ {F&351A ol &5}
Azt gkt

propargyl 22} 2t518-9] w84



$ 324 wah argo] tahug

RS

Ent fllcohol Product i A GC yield (%)
" Conversion (%) (isolated yield) (%)

. \(\/\/\Y\/\/\ 65

oH 0 93° ¥
0 87"
2
%—-( >—OH > < >’= 00" (96)
3 h Lbﬂ b Not Determined
OH 64
‘s equiv of NaOCI was used, ®10 equiv of NaOCI was used.

22yl Lo} AbEuES-L - 2-octanol, 4-'butylcyclohexanol %
norhborneol-5 7| A2 sto] XA o T A F 3o okt ¥ ¢

3188 d A2 benzyl 2@ propargyl alcoholol H]&te] wr8-Ao] vro. AHiu i
Z

Ve

L 54 Ly

AAt oA F 59, 2-octanol 2 4-'butylcyclohexanol®] 72 ¢, Fo] & wkS
5% & NaOCl AHg)el A, #t7F 65 W 87%9] conversion(d$H)S YeRaL ¢}
towkgAde] @ dag e EEEs FAAITNZ fste Ay v HES
Alnste &, Bule] ®Wish, 2z W, FHolFe wWsl, HlA
(4-phenylpyridine N-oxide 2 imidazole)9] ©o]&, AtslAle] Fag A F9o *

4% AESAY. odd ¥xa Fold dshAe ¥ FANNE wezA

\O

| WstE Foto 71 584 HAiE 25 F Ak F, 108 % NaOCle

=

&80 2% 2-octanol, 4-'butylcyclohexanol 2 norborneold 7+zF 93, 100,

-9 -



2 6129 conversion©.i2 WSS A A 5 dYou] FAS £ AL
ASATh AbshA o] o] wb-o £ A o FR8 QA7 Hupls AR

oo AR e Al alolA] 9Fi= 27(biphasic) Al Avlol Al zZE LhEpLbS

-

@golth. <%, biphasic systemSl - M@o)l A9, F& Fol EAapis A4l
(HOCD7F 714 ol dojulo] ik Fujop wkgslo] W7k-9- 47 s]i=
b gt Alet s apebsich olvt g oWl Al @rk-S
vk upeba]l @ ib-S o] A ko]l kS Aol Ay ytojstu], @b-S Ao
WL HOCIOl Slvbi wdo]l f7) 3ol EAg 5= -t whe} gepAvta
Bhelch wpeba], Absbiio] Gakel SRz Iiwbt whSEn o] Ll R 4

i Holth L ¥ Aol At Hjwe] Frbel whE wh

1

b
ihd
|
B
I
i
=N
)
ol
<>
44
o
-
-

WAHG W ZeRs @4 ¥atenh C1 ool fi QA@ Aol Aupw Abshali:
ube gl stel Al RaElo) ujuika ol AW webAl, Fujsh Ralss] o) Aol
WS ERAOoR AW Aol B ERAoln Azt

412 ¢arge] 4hst

Entry Ricohol Product Conversion (%) 6C yield (%)
o
/u\ 52
Ph H
1 PhCH ,0H + 91
0
/l\ ~4
Ph 0H

2 NN /\/\/\" H 44 27

_10_



& A0l AL wol#|3= wbe} gho] 1z} oA o) bshis wig wlE & Ao A
Hula ok olit ) benzyvl alcohol®l 2% benzaldchyde”} 5290] =&l
Hof vk B3k AH5% AR benzoic acid7b F-ABd il oz A), A

aldchyde7b F-3td o2 vhap 2bgbs)ar 2128 ok 4= 2} 1-decanole] 2%

oA Abeh b At 5, A d e decanoic acid7b GC el Al Q1 EZEloy
decanale]l M1962] =82 ol sbstale] X8 T WSS A A n

fronh, wkeol apvb A s A s ekl o] #Ek bl 13} 2argo] v

o whg el Al gldttar AzbeTh 13 2auge] WSl e o g

hydroxy groupe]l @715l C-Hel dx @5} 22 erar g o] o ujdle] yro
Al 2L 191 & 4 Aok mE vk Fo] o)A aldehvdet Zweo] shA

& atsle) AshAl A et sk ool itk oo g AMd ol fiz <
oz U] % 9l pulefof stele} Azbwin)

M

3. W3 Wizt &

ofL

Ahsbubgol wheh WY 5S Irg) 6ol Al A ST o) vEL o bl g
1A active component)Z B 3H-S A (Mn=0) #A4 7} o] &5 3 Q& Aot} +5
7b @b b E A= rARSE ARSRES Q] o E Al E wESo A o]

vl AL vh Lo oleld e Eysl web Hol A3 glvh W& 4k

,_
N\
i
r'
X:'-'
v
i
b
,
ol
N
N
2
~
i

A4 24 (electrophilic) A #-& 7hA 5t loj A, vl Ax7p FHE - OHL
N C-HE A3, &a gz 9@ Mn(IV)-OHE A8t 9ot g4
Mn-OH®| -OH+ wl-¢ M2 =2 vt g2 2 rebound® 32, 53883 237
M7t fojzc} o] o, +3E52 7t5Rdslo] Y4B sl2wd 8§Eo] §
FE AL, B #AAlE Fel2 tha] o) g Hh o)y E watYES HaltA)
APARE wdliz sto] A AlE slute] mdlel Moy, F o] AAE wewA

Ao Afsjojop & Aot}

‘o
wO
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0—cCl 0
] I

— Mn(lh — + e0(‘| —_— — Mnll)j — ——— — MnG+V) —
|

o] o o

HO H HO rebound HO OH
- ————————eee
i w
— Mn — —_ Mn(lV) — — Mn(IIh —
cl
R R
- Y + H,0
0
a9 6. e AN A
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ok
2
9
o
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2

oL

-
|

Zuf iz AFR3F (salen)Mn(ID) complexi= - 218 2o 4] $HAd8bglar, 2bs)
ubS-o) AFR-3F 7] A(substrate) € AldrichAF A58 AF&3F Y} Thin-Layer
Chromatography(TLC)i= E. MerckAF Al55 2] precoated silica gel aluminium
sheet(*FH ;5 Silica Gel 60F-254. 0.2mm) & A&t TLCAHA A #2ly &
A8 187 A&l UV lamp AF&3tAY 58 Visualizing agent®: % 4471
S plate$r dry guns o] &3stol AXA Y} Visualizing agenti= 3% KMnO,
20% KoCOs  Lelal 0.25% NaOHE &3tsh #8848 AFR39 Y. GC(Gas
Chromatography)iz 9 ¢ 600D %%l nonpolar column (HP-5)-5 #2sle] A}
£33, GC X5 program<- 100TCAA] 4% ¥4 10TH 25 A7 2107C o A
S53-o] %5 Z settingdt Gt GC-MSD3= HP-5 capillary columneo] %%l HP
D972AE A&t

2. (salen)Mn(I)Z v} A

| — _Ng — — _5\ S
. — — Mn

salen ligand (salen)Mn({1hcomplex

b
2

18 7. (salen)Mn(ID Z v 9]

_13_



Round bottom flask®l () trans-1,2-diaminocyclohexane (Aldrich, 2.85g,
0.025mol), salicylaldehvde (Aldrich, 6.71g, 0.055mol)& % 3! Ethanol 150mL 7}
gt - reflux condenser A7 A7l F- oil batholl Al 80C & # A stWA 50+ &<t
§ oAedlx WANA Qe A

suction flask® o] &3] ©°F 30mLe cthanoliz A HsHHA o r71 &

wyk shH Al wEEAIZIYE wkgo) FiiEl
vacuumdtoll 4] A A1 71t} &M el Salen ligand(6.25g; yield 77.64%) % 91
U,

Three-necked flaskel Mn(OAc): - 40  11.4g(46.6mmol)®}  ecthanol
109mL & ¥4, toluenc 46mLel =91 salen ligand 5.0g(15.5mmol)E addition
funnels- of&3to] 20~30+v-¢tell Z2A HH3] 713t o] mixtureE 80~85T el
A refluxAl 71at , 1 A]ZF &<t Air bubblingd th& saturated NaCl (brine
solution)& 17mL 7}8hal wwkald A A2 A WZhAl A, HO 50mL 7}she] 20
20 wwkslc) wkgo] QkzE] Py 3 sintered glass® E3HE S o b 7zt
el nAE Fe 4 Uiz, o] A E2E H:0 S0mL9 Toluene 30mLi= Al
At ojgA dojil 1Al wA(Fvh)E AE AEAAA 546g(yield 85.48%)
o] MRS Aut. 1 8 (salen)Mn(I) A 2] Mass Spectrum$ UHERU)
Atk

Brown Powder ; MS(Low Resolution) : 375 (M-CD; 9484

calcd for CopHxpN-O-MnCl : C, 5847% ; H, 487 ; N, 6.82% ; O, 7.79% ;

Mn, 13.40% ; Cl, 8,65%.
found : C, 58.15% ; H, 4.87% ; N,6.60%.
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3. NaOCl gt5 &4 A=z
1) pH 11.3 NaOCle] A=
NaOCl 100mL® 0.05M NaHPO; &9 40mL& #3tste] plivh 11.30] %
Al IM NaOH# 7hshol mAggich 2 A dlol Al 46 pHis 11427}
“ofr] wAgE shA ekt
2) pll 100 &35 H2] A x
Dol g skl & F IN HCIE 7hshe] pH 10.00] s AIgch 2 4

ol 4i= IN HCI 13mL-S 7F8-S o pH 10.027} 5ot

4. NaOCl®] 5%=(Cl %) 4%

1) sample(NaOCI solution, house bleach) 3.0g A # gt}
2 H.O 50mL¢ KI 2.0g, CH;COOH 10mL-& 7}&Hu},

30 0.IN Na$:03 EF &N oz AFAG(FLA : A Mol 4] o4

oluf, 0.IN NaS:03 1mLi= 3546mg Clol| aj@ste g, t}&a} 7o 2
Aok

_16_



@® b8 1) Cl % 442 > 296mL
Cl % - 296mL X 3546mg/3g x 100 - 3.5 %

@ tE 8 2) Cl % @ A4 A » 268mL
Cl 9% - 268mL X 3.546mg/3g > 100 - 3.2 %

@ NaOCl ¥9o%e] Cl % @ AH2 > 39.1mL
Cl % - 39.1mL X 3546mg/3g X 100 - 4.6 %

5. Ak5iut3-9] of; 4-¢t-buthylcyclohexanol?] A3}

0°C, 4h )
%_O»()H + SNaOCi + 8 % (salen)Mn —r—> / 0
(pH = 11.4) CH,Cl,

I 93 Al HAgE g d oz 4-¢t-buthyleyclohexanol 78 mg(0.5
mmob) ¥ AFSHAl(NaOCl 5 59%), 2500 mg(25 mmol), (salen)Mn(III)
17mg(0.04mmoD) i+ vialdl 23l CHoCl: 15 mLE 718 & vpj& ute & QT
Sholl A} 4A1ZF E<QF whg-Al i)

W TR % Ao E(%1= brine)¥ EtherZ 7lsle] & Ped & A=y
(Ether$)& A F ko] TLCH ol &ste] FUEAA YA EAS &3}l Ether
Zoll product7t Qo2 o]& GCAolA ¥-2A3lo] 3 conversion)d X GC
Yields 2obdle}. 4= 8(Crude Yield) & flash column$ ¥8be] A9 Ry

& ogele e v% F ANsA,

H‘



6. GC/MS Spectrum

Abundance T 5can 326 (6.914 minf: BIBII DR
: : 55 70
; : §
! £
; 8000 !
i -
! 6000
4000 f
j 43 i
2000 | N :
i P 83 :
i 30 4] [ s  93ggy 111 126
0 s et S NSNS S5 4 SIS R ¢ gy ety
m/z--> 20 30 40 50 60 70 s8¢ so 160 110 120 130

18] 9. 1-Octen-3-one2] GC/MS Spectrum

BbuRdaRce T T "SCAR 26 (IO A9 win) i BIPL6.D I8}
j aa
| : T
[ 8000
i 6000 ]
' 70
j i 82
: 4000 i
i H
! gl 95
112
2000 | i 163

. z I
i o 31 51 | 128 439
m/z--> 20 30 40 S0 60 70 80 S0 180 1i0 120 130 140

19 10. Decanal®] GC/MS Spectrum
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phundance
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!

10s
€000 . ,
: 6000 |
77
| 4000 |
i ; i
: S1 i 46
2000 39 i |
] i ;
! ; 118 |
o 30 |i J &3 8691 1120127
ARt s st EOAIARMAL SR TR 2000 S S S o o e S O vy ey eyt e
/z--> 20 30 40 50 60 70 60 90 100 110 130 130 140 1%0
21g 11. 4-Deuteriophenylcyclopropylketone GC/MS Spectrum
aourndance Scan 834 {12.%77 wmin!: BIF16.0 (%]
: &0 73
8000 | _
' |
6000 | %
‘ ! ! 3129
i 1 43 | :
i 400C 3 ; , ' H
| | I |
z : |
I 2000 ! 115 |
; ‘ 101 ; 143
i © i
b/z--> 160 120 1do 1éo

“Lg 12

SCan 775 {127 278 min) :

. Decanoic acid® GC/MS Spectrum

- 19 -
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Abundance Scan 322 {6.878 min) - ISYI-20.D (+¢)

6(7
8000 |
6000 |
1
4000 13 54 110
i
2000 | 81 !
5
I ! 95 ‘
0 Ll ; | | z
iy L]

m/z--> 20 30 40 so 60 70 8o g0 100 1lo

~1¥] 13. Norboneon®] GC/MS Spectrum

Abundance TICT I5YI-24.D
€.51 .
:sooo! '
| |
10000 {
5200 . L ‘
0

Tine--> 4.00 6.00 8.00 10.00 13.00 xdfop)cloo 19.00 3000 z':fog;

- . . ——

Retention Tire Arca Ares ¥ Ratio ¥
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Summary

Oxidation of alcohols has been studied extensively so far, because it is
onc of the most mmportant chemical reactions in organic synthesis. Since
different type of oxidation process is required in  organic synthesis,
development of more selective and practical oxidation method is  still
necessary. The majority of the oxidizing agents developed so far has been
the metallic oxides which have metal-oxo moity.

A ot of attention has been focused of (Salen)Mn(IIl) complexes which
have heen used i the epoxidation of olefins, especially due to its easy
preparation and handling. (Salen)Mn(ITl) complexes are reported to be able to
form a manganse-oxo (Mn-0) intermediate hy treatment with NaOCl
oxidant. As our continuing cfforts to develop novel oxidation reactions
utilizing the manganese-oxo intermediate, we decided to study the alcohol
oxidation using the (salen)Mn{IIl} complexes as the catalysts.

From this study, we found that sodium hypochlorite (NaOCl) can
oxidize different tvpe of alcohols to' the carbonyl compounds using the
(salem)Mn(IIl} complexes as the catalysts. Especially, secondary alcohols can
be efficiently oxidized to the ketones using 4-8 equivalents of oxidants at the
reaction temperature of 0 °C. In the case of primary alcohols, reaction found
to be less efficient with low reactivity and with producing side products such
as carboxylic acids.

The employed oxidant in this study, NaOCl, is a household bleach,
which 1s cheap and easy to handle. Especially, this oxidant 1is
environmentally amenable, producing NaCl as the only by-product after the
oxidation. In addition, the employed (salen)Mn(IIl) complex has an advantage
of being easy to prepare and handle. With this regard, the oxidation method

developed here 1s expected to be useful in organic synthesis.
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