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Abstract

A Mn"-porphyrin-based catalytic system was explored for olefin epoxidations
under mild reaction conditions using sodium bicarbonate-hydrogen peroxide as an
oxidant. The Mn(TPP)OAc/imidazol/NaHCO; system efficiently catalyzed the
epoxidation of olefins with H,O,. Cyclic olefins were transformed in excellent yield (80-
100%) and selectivity (87-100%), the obtained selectivity and yields being much better
than those observed in the absence of bicarbonate. In the presence of an excess of
substrate, the turnover number 4286 was obtained with the
Mn(TPP)OAc/Im/NaHCO3/H,0O, system after 2 h. The bicarbonate-activated oxidation
system is a simple, inexpensive, and relatively nontoxic alternative to other oxidants and
peroxyacids, and it can be used in a variety of oxidations where a mild, neutral pH
oxidant is required.

Due to the various factors, such as solvent, reaction temperature, stoichiometric
ratio of imidazole/NaHCOs3/H,0O,, influencing the oxidation of olefins, the Taguchi
method of system optimization was used to determine the percent of contribution (%P) of
each factor. It was found that the solvent had the most influence on the oxidation
(30.051%) and the imidazole amount stood in second place (22.286%).

In order to stabilize the catalyst Mn(TPP)OAc in the oxidation medium, it was
supported on functionalized silica and ZnO. Stability of Mn(TPP)OAc was increased by
both support and Mn(TPP)OAc/ZnO showed the highest stability. The order of catalytic
activity in  oxidation of cycloocten by NaHCO;/H,O,/CH3;CN  was
Mn(TPP)OAc/imidazole > Mn(TPP)OAc/ZnO > Mn(TPP)OAc/SiO2 > Mn(TPP)OAc.

Keywords: Manganese porphyrin; Olefin oxidation; Hydrogen peroxide; Sodium
bicarbonate; Taguchi; Supported



Jol Juas

40 0



P9S Juas
S 7 e



P Juas

6 H ot &
AT §



*e



&y 9 2ol



Y Mﬁo—&]jl&oﬁ

ow b 99| Caor! V-

G TS Sz s oSlas jeb 4 aS wiies siudhe gy baalaly oSl
ot 5l (S bappdlgl (uluSel e o 4 g o Jiaud ST ol LS

2l plis 25 Ohge a4 Glg e |y GloluS gl (23S

9]
e B sy

sloabauly Al wisd oo b (Sglen Jud b SVsame o LSa oSl
Jio lsiea [Yamoie ol Iy ails ubil 5 ossdind sl iisly a5 aites
(shedslSs il sla STy dandlsl 4 oyl ags 5l aile laaS gl 0,18
@ e oyl e Sy pam 4 dap gl g da Sl 4 daseadll b ST
STy desnSal ployne (SE dassnl Sgdlaw caSgyes ad daosdlew

loaeS gl sl (s3ls JT sla 5 STy b oo gl (iiSTy 3T 90 b loaanS o)l

PhIO J0¢ CIO o)yl « Jsso i il yy b iyl (2iSTs 5l oo syl

...\.:..»'TGA Cwddy s e bl jea> o .9 HOy
Camndlls Y-

Shl o bl LB 58l Sy mped g Cole ed oS wies S5 ol

apd oo ol |y STy gilwJld 6550 OloS 5 ol il g (Bl Bpan g o yiiSTy

- stereoselectivity
" - regioselectivity



Y Mﬂ.e—Jg‘Jaaé

Sly S5 6la,eSh alax 51wl 5,0 la STy Sealuoges Jols <ol g5, 2 5
5 s yee iaSTs et L3l 0 oLl e «andBS st 4y (S 5 Sy
o.Jy » LQOT as Ls),.;b § (gowd 4O b w B ool d93 Y Mbsa QT LS)"“)"Q“""’J'?

e 4o SldoS 5l lodee 13w B ows S Sl W8 o0 00 (alerd Slge g3lad]

Sy 2o Gl Bl ags 4 Bslare  cords

5ed B BlS Y-

Wdd oo JoSiS 5B G g wisd oo o STy daore 0 a8 el JBIS 5l anis ol @
Los 19 5 anlo 56 10 (\Fad imedbS looiyT 3 aon Ly i aiysF o pFad glacanllS
Alewgty STy By ()05 e B8 WS o0 Djge (1007C, <Yeatm) e jLis 4
e bl Coles alox lgiluliz anld (o905 5 (5 § (GBS Jslono

[¥]ssb s
Kol sl CangGLS F-)

Oleeas byl 5l winle Jee (Sl lae )l Gglate 53 j0 laewJBlS a5 Sl
Y51 a3 ,ke (Kool Glacen bl Sllzejl (H 2 500 0352 o6 (S0l slacenJBlS
ndBB (o J5b) (55lly al33l )

(Sl slogame glulaz Clge -V

ol 51 sazme eoliial 5 CenddBlS b3k 45 g ¥

Ol oeizmen 5 Sly loy HEVL 4 Glgse oSeal CundblS ol I Ll

S,5 o lil iiSTly (6 pdy s 3S



¥ Mﬁo—&]jl&oﬁ

Oygo de pl 0 AT loo sl Oladsd (o, de a5 il gasa cllJUlS Coenl
Slogas b atiwe fagh Jl 50 ane) cnl 5o gonste Slides gloges (Jy s S

520 )8 s 050 e olend sl STy o 1) calize SLLS 5 el JUS
QLo B pamin g Al Sloogas ey & st S5 5 dlex I g5l slog yd)
OUls sonds 1 (g s axgi )50 ooyl 50,8 Keal g atils 2B SdblS Coonl

sl oo

o959 O-)

5 Sldsm 9>y ez bl a5 wiiws g 155 sl oS50y ke 5l atws SG Lo 189
5 Loy olsle obir [Flubas date eoa ‘oo sl abessa
o 83 ) (soter G Sl nl g 0t e T X g5 il g b b0l
Lwg VUYL o o by s Jale )l iy e Js¥se (Sod lo> o
Lo al DAV Jlo o Tptd b peagisn JolS s b [0]us slpaty TS

[Plad <ol n b s sl JsSUse
Ol lize slaciaBse colul b ol yon 55 oo odali (b )50 45 (g (2 ool sl

el oas ooy las V=) S o

- methene

- X-ray diffraction
- Kuster

- Fisher

)

Y
¥
¢



: Anio = Jgf oo

—IH o

o
C AN
(& ™, /r .

A HY — N
Q\Q/ ,\ :;4 xjfff} C meso

Ol cilites slacaade 5 cp by HLSle VY S

3o L@QT O Sl VA &S s e mSIYY L wliis e gsils luilSd iy 180
g dil> g Syl e @y by 1800 S 0 S8 10 JEns 18 5 9050 T (e SQ
(F4Y) 552 oacld 5l Conss 5 T (slapyg iU (o sl 51 256 ol (omilisy 555
a5 ams e LiS 1) b ys JsSse T e oy 58I V=) S8 [V]oes ol

ol 00 et 5y L LT s )0 (55 5SINVA ] pue

—
! \
[
Y
* ’
MH HN
i
[
b /
| /

bz JoNge T e (g (551 V) S



4 Ms\&o—&]jl&oﬁ

oy by (9 S b £

‘54».\.‘> )b: )LP J.Ql.u) Cowl 00l oals ul.«.ud Y-\ Jiw)éd.fl.%u.»).d)y ‘535).‘5.” u».\.‘>gn.._b
N P VO ¥ 14 PV VRV W X VP SO VN SRV

[A] s oo 00usl ' &9 3 Qi €—+) QuiCs ¢—+) QuV¢—+) Qi+ ¢—+)

wolm)

b o edys SorS Qi il YY) SO0

IV o 11 glalgs 48 o 50 s me yoé 59,80 glaJlisl 4 bogyye T 5 T (sl s
o sl lg s Dol aiiie L0l )l s Sl sleadls 4 g mSU il 4 by e
dly gy pud 50 (S9SN iz b aibge atanly gyl Slslo 4 lagy 155 s 5o

7V . . . . . T . . o feal . P 7

81555 o (S JIGS sl ol s syt

- soret
- rigidity



\s M@—Jg‘“

Loy yd g (958 b (g5 oy V-

UV-Vis b [\Y ] 565 5 [V 170l o [A] pmmar s,k ladllas bl
oud Jisl Joge slalin sl (YL 51 e Tom" 9 Sl Sla e 5 (56 Lo yed 500
JEsl 55 apymie o5 (LOMO) oy JUdl J5SUse slaboysl cnicnil & (HOMO)

(F-) USK)00 8 (o0 Jol 05d o Y9 X slocgs )0 ouad

S gpo90 onl i o (2alS Doy o Den 511y o))l (635 50 (359,000 99 b1 0 b g 5o
I3 b cou | Opem g Lol 3gioe Q sl lss "lien Gilidl el o)l rals
30 hled (535 0 slayie o b pdygn G S Cusl odls g Ojg0 (pl 4l oo
S sl Pl o lap pdye [NV Josl asls cals sgac VA ol b S 4 aS
dod g oo ol Foo M 050> 10 s el (pl pogdle wils Sie axl o la e
5 anu sl Jlo sl o S9Sl slaiaz ) alie by, SO 4 Q) by 4l sla)ls

ebal L olyor o las cpl 5 lge don jo (O-) JSX) Dl oo ol e &g sl sl

- simpson

"- platt

"~ Gouterman
‘. degeneracy



