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ABSTRACT

The oxidation of C-H bonds constitutes one of the most important
transformations in organic synthesis. Metal-oxo species has long been
investigated for the activation of unreactive hydrocarbons. We have
previously utilized (salen)Mn complexes for this purpose, where
manganese-oxXxo species have been considered as the active intermediate.
Even though our previous study proved successful, we faced a problem
associated with low catalystic activities in some substrates. Thus, we
decided to investigate other Mn(Ill) catalysts for the C-H bond
activations.

We have studied (salen)Mn(I)Cl -catalysts which have different
electronic and steric properties. We also screened various reaction
conditions to find the optimized oxidation procedure. Different type of
organic hydrocarbons were examined as the reaction substrates. We
tried to explain the experimental observations based on the proposed
reaction mechanism. This study provides improved synthetic procedure

for the oxidation of hydrocarbon.
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Table 1. Screening of (salen)Mn complexs for the catalysts

@)
t, 3 hr
O/\ +5mol% (salen)Mn(I) + 3 eq. PhI=O W O/‘\

(Salen)Mn(II) Conversion(%)"  Yield(%)" | (Salpropan)Mn(IlI) Conversion(%6)" Yield(%6)*
1 53 39 6 12 12
2 52 41 7 6 6
3 41 40 8 6 6
4 45 32 9 7 7
5 40 39 10 4 4
11 3 3

? Based on GC analysis with 4’-chloroacetophenone as an internal
standard.

of meh A+ 7k e HYom ys g vk WA

AR
N,N'-bis(salicylidene)-1,2-ethanediamine?] salen #3F=

CEIEL EXa
o]

A& 1~5 714

9} 6~117}#91 N,N'-bis(salicylidene)-1,3-propanediamine?! salpropan #] 3}
TR YsE Uk

Table 19 WF$-AS vlwste] ®HW (salen)Mn(ll) ZEE09°] (salpropan)
Mn(D) 23 "kl g0 & 94 S Kol s &< & 4
(Salen)MnIDES M2 FASE BEEAS HolFa lom, 2E 2, 40 tist
of Cle] Xgkd 2= 3, b= zHztel dla] 2 Wsirt gla= ded = dd

e AxpE xgste] ou] A A 71 conversion yield7F =U%E 1, 2,

4o thate] ohA] g H 7EA ] 7] del tiste] @S HAE Rt 1 A
I Fu) 27 7HE s E3E Blow o] FujE ol gsto] AbsNkE&

T 62] —3]’ 2R



Table 2. Screening of (salen)Mn complexs 1, 2, 4 for the catalysts

Substrate + 8 mol% cat. + 3 eq. PhI=0 w»Product

CH.CN
Entry Substrate Catalyst Conversion(%)" Product Yield(%)*
(0]
1 ©/k 1 61 @J& . ©)K 42
(52 : 48)
2 2 36 (52 : 48) 54
3 4 46 (59 : 41) 36
! ©)v 1 45 @JV @A 30
(13 :
5 2 51 (15 : ) 31
6 (3:2) 4
7 CioHog 1 31
57
29

a

Based on GC analysis with 4'-chloroacetophenone as an internal
standard.

Table 2% (salen)Mn(IDe] 7d$-°] diamine 3}g%=2] FFol uwz} w34 o]
T g2 A YepdS B Foh o] A2 29 3, 49 5 Alole] Clo] A 3hell A
¥ electron effectg}”] Huhe, Abst 2] 2HE9] oty Ao 7]Agtt}
B, wEbd g&3 2o] diamine F-&9 SHAA S =T $= 9l
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Table 3. The effect of various reaction conditions
0

Entry cat. 2 Temp.(C) Time(hr) Conversion(%)*  Yield(%)"
(mol%)
! 0 0 2 63 =0
’ > 0 3 64 51
: ° 0 1 64 51
! > 0 8 64 51
° > rt 2 65 49
0 0 r 3 66 A5
! > rt 4 64 4
i ° N 8 65 A4
9 0 o 3 5 ,

? Based on GC analysis with 4’'-chloroacetophenone as an internal
standard.

Table 30A] Ho] AurA © & conversion yieldE A 2oA thh & A
o] ApAoltt, 2y AAdE T JdAXE oA HHE AR Fo] 4
=4 yor oz Hkgo Meldo] ¢ =rve AS YEUE ZeE B F

gomz wSo OColA 3 Al AT},

ool mebd owkgol AgEHE Wk ol B owsAel 2ad ek



2-2 A7HAlel W& C-H AFst w89 J3F

o] ¥k&-& XA = < AP HE A A= GC internal standard
2] dodecaned AHE3FTE 18U} Table 1914 H%o] o] ZFHul stoA] A
g3t o] HkSo Hrtele Ao w ¥ A 4'-chloroacetophenones Al 28
interal standard=A] A}-&-3tA = AT,

o] &+ 709] internal standards}oll A Z+Z} catalyste] A4S AAME] B <oF
Zkel wWsl7t R Sith wEbA internal standardZA] AF-8% 4'-chloroaceto-
phenone¢] Hk-g-o] &AJo] JFS F=A FHe7|=Z AT

Table 4. Effect of 4’'-chloroacetophenone as an additive

O
0 _~ 07, 3 hr, additive
©/\ +8mol% cat 2 + 3 eq. PhI=O e ©/\
Entry Additive Conversion(%)? Yield(%)*
1 - 62 57
O
2 /@J\ 75 56
al (0.1 eq)
(0]

3 /@J\ 77 65
al (1.0 eq.)

* Based on GC analysis with dodecane as an internal standard. Dodecane
was added after reaction.

Table 49 Ao Ho] A 50| internal standard® ©]8%¥ 4'-chloro-
acetophenone< =1l (10 mol%) AF&%©] conversion yieldE <7} Al Zth
ul 27} A 2 interal standard® o] &%= el 7A@ 7o oS H9S

o]
Al B]S=23F A= 9] conversion yield?] 71 AAE &9 F7FE H AL

_10_



9ol Aas FAM o] nkEo] HIHAY JFES v Ao oY

7HA #5579 H7FAl(additive)S ¥l WS WA A BT

Table 5. Examination of various additives

O
©/\ +5mol% cat 2 + 3 eq PhI=0 —2C 3»C lﬁr;éiditive ©/\
Entry Additive Conversion® GC Yield(%)"
1 - 66 38
2 Molecular sieve 3A 62 43
3 Molecular sieve 4A 60 45
4 Molecular sieve 5A 62 44
5 Neutral alumina 51 42
6 Acidic alumina 51 42
7 Basic alumina 40 34

? Based on GC analysis with 4’'-chloroacetophenone as an internal

standard.

WA additive?] AFs} whg-o] IS MW FEAHOE conversion yieldE
ol B 4 Qv o] Adwks WUte|A & additiveo] M7= &84 ]
At Ao AAE S gkolst u] 4A 2 molecular sieve?] =73}l
A Mg £ AaEs v

RE-o] Aol wkgEo] @ol A= Folu®w o5 o] whg2 W5 molecular

sieveE ¥l sl sit)

_11_



2-3 Substrateo] W& C-H Zg9] 4F3} vk-&-

o] Rkg-o] 2 wet 4hstE Al=3 71452 Table 63 2t

Table 6. (Salen)Mn(II)Cl catalyzed oxidations of C-H bonds
0C, 3hr

o, —
Substrate + 8 mol% cat.2 + 3 eq. PhI=0 WProduct
Entry Substrate Conversion® Product Yield(%6)
0
1 90 84 @/‘K 65
o)
2 68 67°
o)
3 ©N 55 ©)‘v 30"
0
4 ©:> 100 ©E> a4p
o)
NGO o
0
6 @30 100 Cﬁo 33
b
7 @@O 100 @;} 77
o)

oo

0O

_12_



Table 6. Continued

o (@)
9 100 80"
O
10 mH 92
11 @ 54
(0]
12 @J\ 36 ©)5* + @A 54°
(52 :48)
(o]
13 @JV 55 @A‘X * @A 40°
(1:1)
s Y0
16 PPN 57

17 Eb 50

18 94

Based on GC analysis with 4'-chloroacetophenone as an internal
standard.
b Tsolated yield.

a

HbE-ol AytE AR A Blaid 53 benzylic C-He 17 s}
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Zu| 2 A3 (Salen) Mn(I) complexs 2 A Ao X gAdety o, A3}
Hh&-o] ALg-3 7] & (substrate) &2 Aldrich =+ E. MerckAMe] #|E#S AFE
3ttt Thin-Layer Chromatography(TLC)+= E. MerckAl #|39] precoated
silica gel aluminium sheet(Silica Gel 60F-254. 0.2mm F71)E A}&3}3
TLCH oA #£2d =d&5S gdet7] 9 UV lampE AREsHAY &
visualizing agent& spray$t § plates 7F€3%th Visualizing agent™ 3 g
KMnOy, 20 g KoCOs, Z12]5L 0.25 ¢ NaOHS 300 mL7F S ®5 S/l =
of EFT F8&AS AU

Column ChromatographyS 3 silica gel 60(230-400mesh, E. Merck)<
ARSI T GC= 99 717]19] M600D  Ede  H|=4  capillary
column(HP-5)& &3t AF&3tdtt.  GC/MSD(Gas  Chromatography/
Mass Selective Detector)= HEWLETT PACKARD Co.8] HP 5890 GC =
de]  capillary column(HP-5)& “Zbste] AF&stAth. NMR2  Jeol A9
Lambda 400MHzE ©]-& 3} % tt.

_16_



2.(Salen)Mn(II)Cl1¢] ¥4

N,N’-cyclohexylbis(salicylaldimine) (HsLa1) 150 mL ethanol®l salicyl-
13 O

aldehyde(20 mmol)¢} (+)-trans—1,2-diaminocyclohexane(10 mmol)S ¥ &

& &HS 50 S A S FFA v 33% HS0E 3 WE 7

_,d

ol
o
&

i Al @ A7 Bok BRAT ALk Wre T A4 wda A48

o] 38} 3L, ethanol® A Hsle] Xg A% AIthr

Mn(L.1)Cl (1) Reflux condenser®t addition funnel®] 2% three—neck
round-bottom flaskol] Mn(OAC); - 4H,0(14.5 mmol) 2} ethanol(34 mL)E ¥
o] oty Hol.a #7H=(4.85 mmol)E 50 mL tolueneo] *¢] addition

funneldl ¥ a1, 2023 A 3] 7hstt}, o] E3HES 241 AR FFAID F 1
AlZF A% air bubbling 3t} o] &olo] NaCl Z38& 20 mLE YL A=
7HA] WZksk 3ol toluene(17 mL)E Yol #7155 Ao A% FHIFZE A

o] 7

HJ

Aoy

N,N’-phenylbis(salicylaldimine) - 1/2HsO(HsL.c2 - 1/2H20) Salicylalde-
hyde(6.11 g, 50 mmol)7} &31%¥ methanol(50 mL)e] =<1 & 9e] o-—phenyl-

o
)
)
il',
fatid

enediamine(2.70 g, 25 mmol)= methanol(100 mL)ol =<1 &<
7bgte). o] &3 §AE 2A17F & FFAIZ Fof ice batholl A ¥ 7ztste] th

o) - 19
4 24¢ deu

Mn(La2)Cl - HO (2) HoLaeo + 1/2H20(4.88 g, 15 mmol) ¢}t toluene(50
mL) EFES 108 AE 3FA7 3o Mn(OAc), - 4H-0(12.26 g, 45



N,N’-phenylbis(5-chlorosalicylaldimine) *+ 1/2H20(H:L,cs + 1/2H20)

5-chlorosalicylaldehyde(20 mmol)7F  &3%¥  methanol(100 mL) &< o
phenylenediamine(10 mmol)¥} methanol(100 mL) &S % 7}sit}. o] &3 &
NS AZoA AAZE Fe AolFH g3 AA o] AAEH=TH, o] As o

%o methanolZ A= 3stc}

2

rol

Mn(Lac3)Cl « 1/4H>0Q (3)  Hol.es = 1/2H20(2 mmol)2] toluene(100 mL) &
TES 103 A% SHFAZ the-o Mn(OAc); » 4H20(9 mmol)29] methanol(30

mL) &9 Hrisit, o] EFEAL 308 T FFEA 1A AR air

bubbling gttt o] &3 o] NaCl 3-8 2 mLE ¥ol+ ¥ 1A% &
= SFA gEel A27hA] W4R Fo fvlE AT LIVE ol &5t &
WA G 7)ol S/ 50 mLE H7hske] 102 A= AolFw e A4

o] A7), o] AL oJ3etal, FHG9 tolueneo 2 Al A gkt

N,N’-ethylbis(salicylaldimine) (HoLaes + 1/4H20) 100 mL methanol®l] sali—

cylaldehyde(50 mmol) ¢} ethylenediamine(25 mmol)S ¥-& &3 £9S 24

3}3}

BB AFAR thgol Aed wrdth A4E wud 24e

£
off

31, methanol® A # &t}
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Mn(Lacs)Cl - 1/2H20 (4) Reflux condenser®t addition funnel® “=-%
three—neck round-bottom flaskel] Holaes + 1/4HO 2] 7F=(15 mmol)2} 50 mL

tolueneE Y+t o] E3ES 108 AE 374171 3 methanol 30 mLel
=9l Mn(OAc); - 4H.0O(15 mmol) &S funnel25-8 FH7}sit} o] &3 &

oS 308 o skF A7l Fo] 1A7F AE air bubbling ¥t} o] &
NaCl 2384 20 mLE Yol& F A7 A% &FAZ S A27-A ¥zt
g o GulE IHFTLIE ol &

mLE F7Fete] 108 Ax AojF Fo] &4E 20 m
W s AAo] Ar|=d], oS oIt

& & 0FAX71000)2 Az 7Y

N,N’-ethylbis(5-chlorosalicylaldimine) + 1/2H20(HzL a5 + 1/2H20)
5-chlorosalicylaldehyde(20 mmol)7} &3 ¥ methanol 100 mL &l ethyl-

enediamine(10 mmol) methanol 30 mL & 4S FH7lslt), o] &3 4S5 A
o A 4AIZF FoF wutsto 2 Y e ARG o et

Mn(L.5)Cl + 1/4H20 (5) Holas - 1/2HO(2 mmol) ] toluene(100 mL) &3+

fHE 108 Ax FFAZ S methanol 30 mLel =<2 Mn(OAc), -

4H,0(2 mmol) &N H7istt}, o] &3 8§98 308 &< 37 Al ol
IAIZF A% air bubbling gt} o] &% &He] NaCl 2384 2 mLE Tl

N A g3 o &vis JHAFLIIE o] &ste] FEAIH. 7]l
UHA] 75 50 mLE H7beto] 108 A= AolFd & Ao A=

b, o] AL o #3ta, ZFF9 tolueneo 2 A A g

N,N’-propylbis(salicylaldimine) * 3/4H20(H2Lacs *+ 3/4H20) salicyl-

_19_



aldehyde(50 mmol)¥} 1,3-diaminopropane(25 mmol)2] methanol(100 mL) &3+-&

g 247 BF BFHF Fol Folo] 20 mL AE B WA HEAT o] &

2
ftlo
o%
RN
>
Y
i
=
ol\
=i
ol
wl

O

0 mLE H7b- wukshd wghd 24E AL
71

Mn(La)Cl - HoO (6)  Holas - 3/4H0(15 mmol)9] toluene(50 mL) &3t
2S5 102 A= 3747 2o Mn(OAc), - 4H,0O(15 mmol)¢] methanol(30

mL) §2 HAzk@h o W B W EFEAS 0% B BFA

J

$-o 1A1ZF B air bubbling ¥t} o] &3 &o] NaCl £3}8 20 mLE

de F 1A% AR SRAATY. ojdl WyoR g 24 o HertA

of gulE HAFUAR FAAT. 7)ol FHF 50 mLE W7
= 5

8 Aol A7, olAe ol wsta, 247t

N,N’-propylbis(5-chlorosalicylaldimine) * 1/4HO(HzLae7 - 1/4H20)
5-chlorosalicylaldehyde(50 mmol)7} 8-3%¥ methanol(200 mL) &<l 1,3-di-
aminopropane (25 mmol) methanol(50 mL) &S #7}3it}, o] &3 &S
3AZE Ee B AR Fol AL27A Wzbet o] W A E = AR S
o173 T+ methanol® A e}

Mn(Lac7)Cl (7))  Holaer - 1/4H,0(10 mmol) 9] toluene(50 mL) &£3&E<S 10
m

g

F A7 &0 Mn(OAc)s: - 4H,0(10 mmol)¢ methanol(20

A HAAHE A rEeh o] W Ao W EFENS 0% F FFIL

Sh
ki

IA1ZF A% air bubbling gt} o] &3 & 9o NaCl 238 15 mLE ¥



T ARE A= SRAY 2o §e A27kA s Fol §ujE 3
SRS ol&ste] AT 7]l S5 100 mLE FH7bete] 102 A=

Ao =a Aol A7|=d, olAs oFsti, A7k THTE AHIH

N,N’-propylbis(3,5-di-tert-butylsalicylaldimine) (HsLas) 3,5-di-tert-
butyl-2-hydroxybenzaldehyde(10 mmol)7} £3]%¥ methanol(100 mL) & <}l

e

1,3-diaminopropane(5 mmol) methanol 20 mL & E& A 7}3 E3HES 34
& BRI o] &AS HA27HA YAE w AAHEHE= A

o] 7}3te] 2t7He methanol® A # gk}

el

A=

fus

ftlo

Mn(Lacs)Cl + 1/2H20 (8)  HoLaes(2 mmol) 2] toluene(100 mL) &3H&2 10
- AL FFAIZ ggel Mn(OAc): - 4H,0(9 mmol)©] methanol(30 mL) &<
& A7bet o] wf A ow wWgh Eohgols 308 FoF R A7 1ARE
A% air bubbling 3t} o] & Mo NaCl 38N 4 mLE ¥ & A7 A

E HFAAG oA 4o A8 44 g 2t WAE Fo oI

S AZA/NE ol ekl ZAAL o7l FFF 100 mLE E7he] 10%
A= AoFY Ae ¥ A4el AV, oA olRsi, FRFE A
2 gtt), o] ZES acetonelZE A A A 3} FAZ71(100T)e A 2413 A

N,N’-2,2-dimethylpropylbis(salicylaldimine) * 1/4H20(Hz2L.co * 1/4H20)
salicylaldehyde(50 mmol)7} &3] ¥ mehtanol(30 mL) & <o 22-dimethyl-

1,3-propane-diamine(20 mmol) methanol(100 mL) &8 A 7}sitt o] &3&

_21_



il
b
e
1=
iin
o
o
Q,
s
ol
2
24
N

= A2oA 33X Fet SRAIE W dojA

% methanol2 A 2 &k}

Mn(Lao)Cl (9) Hol.aw * 1/4H0(7 mmol)2] methanol(50 mL) & &S 10
F A d75A7 Lo Mn(OAc): - 4H,0(21 mmol)©] methanol(50 mL) &
NS A7gth o] £}E& NS 307 EF R[S 1AZF BE air bubbling

ght}. o] 9o NaCl 23t8&9 10 mLE ¥ ¥ 1A AE SFAZIT o]

N, N’-2,2-dimethylpropylbis(5-chlorosalicylaldimine) * 1/4H;O(HzLac10 * 1/4H:0)
5-chlorosalicylaldehyde(20 mmol)7} &3l methanol(100 mL) &< 2,2-
dimethyl-1,3-propanedi-amine(10 mmol) methanol(50 mL) &S % 7}3kc}.
o] EFEL Ao 1Yzt wwtgto e AAE =g AAE o 1she]

2}7}$- methanol & A 2 &k} P
Mn(Lac10)Cl - H2O (10)  HolLacio - 1/4H20(2 mmol)9] toluene(10 mL) <

SIES 108 AX 372417 g9 Mn(OAc), - 4H,O(2 mmol)2] methanol(20

mL) §o1g A7eT. o EFEAS 0¥ B¢ BFAL 147 AL air

_22_



N,N’-2,2-dimethylpropylbis(3,5-di-tert-butylsalicylaldimine) (HsLac11)
3,5—di-tert-butyl-2-hydroxybenzaldehyde(10 mmol)7} &31%¥ methanol(100
mL) &9 22-dimethyl-1,3-propanediamine(5 mmol) methanol(20 mL) &
HE Ferh o] £ &HS AZoA AR FF AolE Fo AHE =

A AL olztate] 24718 methanolZ Al H e}

Mn(Lac11)Cl (11)  HoL,:1(2 mmol)© methanol(10 mL) &£3&E2 10
= 3FAIZL 2o Mn(OAc): - 4H,O(2 mmol)¢] methanol(30 mL) &S #

A
%

of e, FHFE MAE o] FAES dichloromethane o = A A3k, %

FTAZ71(100C) oA 247 A% AzA Y
3. A3} Al (jodosobenzene)d A

Iodosobenzene diacetate 32.2g(0.10 mole)S 250 mL H]o]#Ho] i, 3N
NaOH &9 150 mLE ¢F 10&¢l 74%4 A3 "ol A magnetic bar®
wkgl g A ZFEQE AlE wRkek $ 100 mLe FRTE 7HE o & A
< 5 st g

o2 dojA HAAEL ThA] Hlo|AR A Y 200 mLe =

8

=
=
sto] & AolFHA Yolg]lE F<=t}l. thA] suction filtering & HxE w7}
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A AL oA g

upA e A= ghA] vlo] AR &3 §F 75 mLe chloroform$ 7]-3H—7FE}. o]
W= gumA® Wolglzt A=, ofFEAR o] o3 & AxEUTt
(20.3 g, 92.3%).%

=~
F
HN
2
o
(E
olo
i
ook

3

Round bottom flaskel 71 &, &, Fujet PhI=0& Y=t} 0C(E =

= T

) A WFgE NS 3hr T wWHF A ZIY WSS g Ao
H:0¢}  diethyl etherE YoIA, #F715S w83t F715 S brine

solution®. 2 HMojF 5, FF NaSOs= drydt}. NaSO.E filterdt

%
GC2 EA%319th. Column Chromatography S A A8tE= 4% SulS 3
AFZ712 YR YL F5 9L flash chromatography 2 % Al 3 3 T}
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16. GC spectrum of sec-butylbenzene oxidation using cat. 2

_36_

3. G000



0_Bxm

. 40

1

5w

R

-

0 G0

URCLLH 5, Do 10, 2000 15, 0030 2, S0 25,0050

17. GC spectrum of sec-butylbenzene oxidation using cat. 4

)

. o
] /©)J\
0. BO0n = <€
cl
. 0000
1, 40000
2
0. 20000 i =
) e , 2
O - S | Y A S .
0. Cx¥R = 100000 1% o0

18. GC spectrum of dodecane
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26. GC spectrum of ethylbenzene oxidation using cat. 2 with molecular

sieve 3A
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27. GC spectrum of ethylbenzene oxidation using cat. 2 with molecular

sieve 4A
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28. GC spectrum of ethylbenzene oxidation using cat. 2 with molecular

sieve 5A
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29. GC spectrum of ethylbenzene oxidation using cat. 2 with neutral

alumina
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30. GC spectrum of ethylbenzene oxidation using cat. 2 with acidic

alumina
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31. GC spectrum of ethylbenzene oxidation using cat. 2 with basic alumina
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32. GC spectrum of ethylbenzene oxidation using cat. 2 with molecular

sieve 4A
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33. GC spectrum of diphenylmethane oxidation using cat. 2 with molecular

sieve 4A

r | o
L g o
cl
0. SN0 E-
D000 i
x|
. M0 o
b SO0
g =l &
= = e
; _— ¥ —~ W — 7
i 00 5 o 100000 15 o000 20.com

34. GC spectrum of propylbenzene oxidation using cat. 2 with molecular

sieve 4A
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35. GC spectrum of indom oxidation using cat. 2 with molecular sieve 4A

1
1H|¢lhu§

0 sHED

i} Mr o /@)‘\
T cl

0. EDng !

.J - L_ - k-

0030 5. O 10 200 15 0000 e (]
36. GC spectrum of 1,23 4-tetrahydronaphthalene oxidation using cat. 2
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0. D000

with molecular sieve 4A
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37. GC spectrum of phthalan oxidation using cat. 2 with molecular sieve

4A
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38. GC spectrum of isochroman oxidation using cat. 2 with molecular

sieve 4A
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39. GC spectrum of 9,10-dihydroanthracene oxidation using cat. 2 with

molecular sieve 4A
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40. GC spectrum of xanthene oxidation using cat. 2 with molecular sieve

4A
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41. GC spectrum of 1,2,3,4-tetrahydroisoquinoline oxidation using cat. 2

with molecular sieve 4 A
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42. GC spectrum of adamantane oxidation using cat. 2 with molecular

sieve 4A
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43. GC spectrum of cumene oxidation using cat. 2 with molecular sieve
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44, GC spectrum of sec-butylbenzene oxidation using cat. 2 with molecular

sieve 4A
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45. GC spectrum of acenaphthalene oxidation using cat. 2 with molecular

sieve 4A
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46. GC spectrum of benzylether oxidation using cat. 2 with molecular

sieve 4A
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47. GC spectrum of norborane oxidation using cat. 2 with molecular sieve
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48. GC spectrum of triphenylmethane oxidation using cat. 2 with molecular

sieve 4A
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50. ¥C NMR spectrum of N,N’-penylbis(salicylaldimine)
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51. '"H NMR spectrum of anthron, product of 9,10-dihydroanthracene oxidation
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55. 'H NMR spectrum of 1-indanone, product of indan oxidation
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56. ¥C NMR spectrum of 1-indanone, product of indan oxidation
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59. B¥C NMR spectrum of 1-phenyl-1-propanone, product of propylbenzene oxidation
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