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Abstract

The catalytic activity of a water-soluble Mn(salen)OAc complex in the epoxidation of alkenes and hydroxylation of alkanes was studied
in acetonitrile, at room temperature, using sodium periodate as an oxygen source. The effect of various axial ligands as co-catalyst such
as triethylamine, diethylamine, piperidine, 4-cyanopyridine, 2-methylpyridine, 4-methylpyridiee:-dutylpyridine, 2-methylimidazole,
pyrazine, quinalidine, morpholine, triphenylphosphine and dimethylformamide were investigated in the epoxidation of cyclooctene. Imidazole
as a strongr-donor was the best axial ligand. The effect of different solvents was studied in the epoxidation of cycloocteng@NHzEl
was chosen as solvent. The effect of the oxygen donors such ag,NBIMIO,, KHSGs, H,O,, H,O,/urea, NaOCI anderr-BuOOH was
also studied in the epoxidation of cyclooctene where Nal@s selected as an oxygen donor.
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction (i) ready availability and simple preparation; (ii) low cost,
and (iii) high activity.

Transition metal complexes with Schiff base and por- Mn(lll) complexes of salen type ligands have attracted
phyrin ligands have been extensively used as models formuch interest in the last few decades because of their unique
the heme containing cytochrome P-4H(Q. Cytochorome catalytic activity, especially as epoxidation catalysts, in the
P-450 catalyzes a wide variety of reactions including oxygen presence of terminal oxidants like iodosylbenzene, sodium
transfer to heteroatoms, epoxidation of olefins, hydroxyla- hypochlorite,zert-butylhydroperoxide and hydrogen perox-
tion of aromatic hydrocarbons and oxidative degradation of ide [12—20] These complexes catalyze the transfer of oxy-
chemically inert xenobiotics such as drugs and environmen-gen atoms to organic substrates and the nature of products
tal contaminantg2]. On the other hand, metal complexes depends on severalfactors such as substrate, oxidant, counter-
of salen and salophen ligands have been used as reagenisn, solvent, structure of salen ligands and the kind of axial
and catalysts in many reactions including olefin epoxidation, ligand[21,22]
nucleic acid modification, electrochemical reduction, alkane  In biomimetic works, however, the preferred systems are
hydroxylation, Diels—Alder transformations, carboxylic acid oxidation in agueous conditions. Water-soluble Schiff base
decarboxylation, amines oxidation and medicinal studies ascomplexes have mainly been used as DNA cleavage catalysts
models for mimicing the superoxide dismutd8e11]. For [23—27] These water-soluble catalysts can be used as catalyst
mimicing the function of cytochrome P-450, the transition- for the oxidation of pollutants in water such as phenol deriva-
metal Schiff base systems have several advantages such asives (ligninand DDT). Numerous salen-type complexes have

been synthesized and investigated in relation to a wide variety
* Corresponding author. Tel.: +98 311 7932713; fax: +98 311 6689732, ©! reactions. However, the drawback of mostof the complexes
E-mail address: mirkhani@sci.ui.ac.ir (V. Mirkhani). has been their limited solubility in aqueous media. To over-
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Table 1 2.2. Effect of solvent on the oxidation of cyclooctene

Effect of various oxidant on the epoxidation of cyclooctene with Mn(salen) . .«1 «odium periodate catalyzed by Mn(salen)OAc

Oxidant Solvent Epoxide yield (%pfter 15 min

NalOy CHsCN/H,0 98 Solubility of manganese(lll) Schiff base complexes

Oxone (KHS@) CH3CN/H20 92 strongly depends on solvent polarity. Mn(salen)OAc con-

:282/ CCH3EE 2471 taining phosphine groups is very soluble in aqueous

N8 C:ECN a1 solutions. Among the 2:1 mixture of methanol, ethanol,

tert-BUOOH CHCN 23 acetone, acetonitrile (single phase sy_stems), chloroform,

BusNIO,4 CHsCN 38 dichloromethane and carbon tetrachloride (two phase sys-
3 GLC yields based on the starting cyclooctene. tems, in which the triphenylphosphonium groups lead to

solubility of complex in aqueous and organic solvents and

can act as phase transfer catalyst) with water, the 2:1 ace-

tonitrile/water mixture was chosen as the reaction medium,

because the complex was highly soluble in this solvent and

higher epoxide yield was observed. The results are shown in
able 2

come this limitation, we have synthesized a water-soluble
complexes containing methyl(triphenylphosphonium chlo-
ride) substituents in the ligand and investigated its application
in the epoxidation of olefins and hydroxylation of alkanes
by NalQ, at room temperature for .the.ﬂrSt time. We haV(.i' 2.3. The effect of the metal center on the oxidation of
attempted to assess the effect of axial ligand type, the choice

. cyclooctene
of the metal center and the influence of the oxygen source on

catalyst activity. We have investigated the influence of the metal center

on the activity of catalysts. Oxidation reactions were carried
out with metallosalens having the same ligand but differ-

2. Results and discussion ent metals: Mn, Fe, Co and Ni. The most active catalyst
was manganese complex which showed higher activity in
2.1. The effect of terminal oxidants in the epoxidation of the epoxidation of cyclooctene.

cyclooctene catalyzed by Mn(salen)OAc
2.4. The effect of various axial ligands on the oxidation

In the catalytic epoxidation of alkenes the choice of oxy- of cyclooctene
gen donor and solvent is crucial. In this study we examined
different oxidants such as NaOCI, NajBusNIO4, H20-, The reactivity of salen catalysts in epoxidation reactions
KHSOs, rert-butylhydroperoxide, urea—®, (UHP) in the cannot only be tuned by substitution of the salen, but also
oxidation of cyclooctene. The results are summarized in Table 3
Table 1 When NaOCI, HOy, rerr-butylnydroperoxide .and The effect of different axial ligands in the epoxidation of cyclooctene by
urea—H0O; (UHP) were used as the oxygen source in ace- ysalen)0Ac/NalG?
tonitrile or dicholoromethane, Mn(salen)OAc, produced low
cyclooctene oxide. Oxone (KHSQis a strong, cheap and

Row Axial ligand Epoxide yield (9)after 15 min

versatile oxidizing agent that has previously been studied in * ?rci’:tiylamme gi"r’
metalIoporphynn—catalyzed 9XId?.tIOIﬁ28]. It suffers .from. 3 Diethylamine 37
some disadvantages: buffering is needed due to its acidity 4 Piperidine 48
and some time bleaches the metal catalysts during oxidation 5 Pyridine 35
reactions. When sodium periodate was used as the oxygen 6 4-Cyanopyridine 22
source, higher epoxide yield and lower by-products were 2-Methypyridine 43
8 4-Methypyridine 52
observed. 9 4+ert-Butylpyridine 78
10 Imidazole 98
11 4(5)-Methylimidazole 94
Table 2 12 2-Ethylimidazole 85
Effect of solvent on the epoxidation of cyclooctene with Mn(salen)/NalO 13 Benzimidazole 96
| eld (9 aft - 14 2-Methylimidazole 91
Row Solvent Yield (% after 15 min 15 Pyrazine 72
1 CHsCN/H,0 98 16 Quinalidine 31
2 CHzCOCHz/H20 70 17 Morpholine 38
3 CH,Cl/H20 54 18 Triphenylphosphine 32
4 CHgOH/H,0 46 19 DMF 21
> CHsCH0H/H;0 42 a Cyclooctene (0.5 mmol), Nal{X1 mmol), axial ligand (0.22 mmol) and
6 CHCl/H20 37 catalyst (0.052 mmol) in CE¥CN (5 mL)/H,O (2.5mL), at room tempera-
7 CClL/H,0 5

ture.
a GLC yields based on the starting cyclooctene. b GLC yields based on the starting cyclooctene.
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by adding donor ligands to the reaction mixtyj2®,30] to amines, generally show co-catalytic activities similar to those
mimic the effect of the axially coordinating histidine and thi- of amines. The observed order of co-catalytic activities,
olate residue found in peroxidase enzymes and cytochromewhich is 4+ert-butylpyridine > pyridines> 4-cyanopyridine,
P-450, respectively31]. For better understanding the role seems to be directly related to both theandw-donating

of axial ligands in activating water-soluble Mn(salen)OAc abilities of these nitrogen donors. Electron-withdrawing sub-
catalyst, we investigated the effect of different axial ligands stituents such as CN essentially displays no co-catalytic
upon the epoxidation of cyclooctene. Pur&lonor amines, activity. However, substituted pyridines, having electron-
with very large K, values, were relatively poor co-catalysts releasing methyl group such aset#-butylpyridine, showed

in the epoxidation of cyclooctendgble 3. Pyridine and 78% conversion in the oxidation of cycloocetene, which is
methyl-substituted pyridines, with weakdonating ability higher than the unsubstituted pyridine. Addition ogPfand

and K, values which are much smaller than those-afonor DMF as donor ligands have no significant change in the epox-
Table 4
Epoxidation of alkenes with Nal{catalyzed by Mn(salen)OAc in the presence of imidazole at room temperature
Entry Alkene Conversion (%8) Epoxide yield (%} Time (min)
1 O 98 98 10
2 O 100 100 10
\
3 ©/\ 95 93P 10
4 ©)\\\ 100 100 10
5 L& 97 97 10
6 95 95 10
7 — 91 91 ¢rans-epoxidey 20
8 7\ 78 40 ¢is-epoxidey, 38 (frans-epoxidey 20
/\/\/\
9 ~ 70 70 15
TN T T T R
10 = 54 54 15

@ GLC yield based on starting alkene.
b The by-product is 2% acetophenone.
¢ BothH NMR and GLC data approved the reported yields.
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ide yields. Among the nitrogen bases, which are used asTable 5

axial ligands, imidazole exhibited the highest activity toward Hydroxylation of alkanes with Nalpcatalyzed by Mn(salen)OAc in the

epoxidation of cyclooctene with sodium periodate. Strong Presence of imidazole at room temperature

m-donors ImH and its derivatives are the best co-catalysts Entry Alkane Conversion Ketone Alcohol — Time

among the nitrogen donors listed Table 3 The lower co- () o7 (%) (min)

catalytic activity of 2-MelmH and 2-EtimH or 4(5)-MelmH

are due to the steric hinfrance of 2-substituent. Bulky and flat 1

BzlmH displays similar co-catalytic activity to imidazole.
Strong coordination of imidazole should result in an

increase in electron density on metal and a facile cleavage

of O—103 bond in NalQ. In the absence of any axial ligand,

only 12.5% of cyclooctene oxide was observed.

65 35 30 40

2 64 56 8 40

85° 85 - 40
2.5. Catalytic alkene epoxidation by water-soluble
Mn(salen)OAc

4 3 32 - 40

Reactions were performed at room temperature under air
in CH3CN/H,O containing the alkene, oxidant, imidazole
and Mn(salen)OAc in 1:2:0.22:0.104 molar ratio, respec-
tively. This catalytic system led to the epoxidation of various
alkenes Table 4 in high yields (54—100%). Epoxidation
of trans-stilbene proceeded in a stereospecific manner with
complete retention of configuration. In contrast epoxidation
of cis-stilbene was associated with some loss of stereochem-g
istry and affords 40%is-stilbene and 38%rans-stilbene
oxides, respectively. Apparently, formation of the thermo-
dynamically more stableans-stilbene oxide requires a free .
rotation about the alkene~C bond at some intermediate O ‘ %8 %8 - 40
steps. Such a rotation is expected to be more feasible when— _ _
catalysts with less steric strain are ugé@]. The linear, . GLCyield based on starting alkane.

. . . Only a-position was oxidized.
cyclic and phenyl-substituted olefins were used as substrates c tne product is acetophenone.
in this system. The results are shownTable 4 Electron- d The product is ethylphenyl ketone.
rich cyclic olefins are more reactive than the electron-poor
terminal olefins. This reflects the electrophilic nature of oxy-

gen transfer from manganese-oxo intermediate to the olefinic  cyclooctane, cyclohexane, 1,2,3,4-tetrahydronaphthalene
double bond. The epoxidizing systems were optimized using angd adamantane were converted in high yields to their
cyclooctene as the standard substrate. This alkene wagorresponding alcohols and ketones. In contrast, ethylben-
selected as it is reactive towards metalloporphyrin-based zene, propylbenzene, and fluorene only produced the cor-
epoxidizing agents, is not prone to allylic oxidati#8] and  yesponding ketones. In the case of adamantane, the only
has been widely used in previous epoxidation studies with 1_ggamantanol and 2-adamantanone were produced in the,
both homogeneous and heterogeneous catalysts. reaction media as reported previoufSy].
The effect of molecular oxygen was investigated in the

oxidation of cyclooctane. The results showed that molecular
3. Oxidation of alkanes with NalQ4 catalyzed by oxygen was less efficient in oxidizing the cyclooctane and
Mn(salen)OAc the conversion is negligible (2%). On the other hand, the

oxidation of alkanes under argon atmosphere confirmed the

Direct oxidation of hydrocarbons is also one of the typical obtained data.

reactions of cytochrome P-49@]. The catalytic oxidation This phosphonium substituted catalyst showed higher
of alkanes with oxygen sources under mild conditions is activity than unsubstituted Mn(lIl)salen complex in the oxi-
especially a rewarding goal, since direct functionalization dation of cyclooctene and cyclooctane. Under the same reac-
of unactivated €H bonds in saturated hydrocarbons usually tion conditions, the oxidation of cyclooctene in the presence
requires drastic conditions such as high pressure and highof unsubstituted Mn(lll)salen gave only 56% cyclooctene
temperature. As shown ifable 5 we have found that water-  oxide. Cyclooctane oxidation with sodium periodate in the
soluble Mn(salen)OAc system is an efficient catalyst for the presence of unsubstituted catalyst produced 13% cyclooc-
biomimetic oxidation of saturated hydrocarbons. tanol and 3% cyclooctanone.

74 10 64 40

31d 31 - 40

RUAR A
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4. Oxo-manganese(V) species as the reactive 209\ ~__b
intermediate ¢

Although we have assumed the active manganese 157 N\
species to be reactive (salen)Mn(V) oxo intermediate, \
[(salen)MrY =Q], by comparing the present spectral obser- .
vation with the previous repor{85], we could not isolate = 1.0 i
this active species. It is pertinent to point out that to date N
no (salen)Mn(V) oxo species have yielded to structural char- L, ;
acterization, although Groves et al. have characterize oxo 05+ S T
manganese(V) porphyrin complexes in recent yEa6s

When a clear brown solution of Mn(lll)salen in ace- e e
tonitrile was treated with sodium periodate, it immedi- 0.0
ately was turned dark. The appearance of a new absorption
band (around 470nn¥ig. 1) is strongly reminiscent of
the spectral change obtained during the conversion of therig. 1. (a) Absorption spectrum of Mn(salen)OAc in  §EN
Mn(lll)salen cation to the corresponding oxo-manganese(V) (2.0x 102M) at 25°C; (b) absorption spectrum of Mn(salen)OAc
species. Upon standing, the dark brown solution faded to the(2.0x 103M) at 25°C in the presence of excess Naldc) absorption
original light brown within 15 min. When the same exper- SPectrum after addition of cyclooctene.
iment was carried out in the presence of cyclooctene the
dark brown solution immediately changed to its original light
brown color.

T T
400 450 500 550
Wavelength (nm)

—0 =0
HCHO, HCI, rt

— . CICH; OH

OH 48h

Ph,P.benzene
reflux, 3h

=0

-+
CIPh,PCH; OH

ethylendiamine
EtOH(reflux)

.
—N N
CIPh,P PPh,CI

M(OAc),
EtOH(reflux)

—N N=
M
-+ 0 0 + -
CIPh,P PPh.C]

Scheme 1. Complexes a—d used as catalysts. M=Mn, Co, Ni, Fe.

N/
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5. Experimental sodium periodate. On the basis of these preliminary results,
a catalyst based on manganese(lll)salen complex exhibiting

The Schiff base ligand was prepared by the standard pro-high activity has been developed. The presence of a nitrogen
cedure of refluxing ethanolic solutions of the corresponding base is always necessary to obtain efficient catalytic systems.
ethylenediamine and salicylaldehyde derivative in a 1:2 molar Imidazole as an axial ligand with-donor capability is much
ratio. A four-step synthetic strategy was followed for the syn- more effective co-catalysts than other nitrogen donors. Other
thesis of catalysts a—dS¢heme 1[37,38] Synthesis and  applications of this new catalytic system and the heteroge-
characterization of these complexes have been reported imization of this water-soluble manganese(lll)salen complex
the literature; therefore, their purity was only checked Hy by supporting it on various supports is now in progress in our
NMR and infrared spectroscopy. laboratory.

5.1. Physical and spectral data for catalyst

) References
Complex mp (130-133C), ligand mp (191-193C); §y

(CDC|3) 0.86 (3H= t, EtOH), 1.08 (SH, t, EtOH), 2.02 (3H, t, [1] (@) T. Katsuki, J. Mol. Catal. A: Chem. 113 (1996) 87;

EtOAcC), 2.45 (4H, brs, BO), 3.34 (2H, g, EtOH), 3.78 (4H, s, (b) T. Katsuki, Coord. Chem. Rev. 140 (1995) 189.
CHzN), 4.09 (2H, q, EtOAC), 5.31 (4H, d, Gif?), 6.59 (2H, [2] P.R. Ortiz de Montellano, Cytochrome P-450, Structure, Mechanism
d, Ar), 6.9 (2H, d, Ar), 7.13 (1H, s, Ar), 7.59-7.78 (30H and Biochemistry, 2nd ed., Plenum Press, New York, 1995.

U o Lo AT TN ) " [3] W. Zhang, J.L. Loebach, S.R. Wilson, E.N. Jacobsen, J. Am. Chem.
m, Ph), 8.09 (2H, s, CH=N); FT-IR, (cm~) 339 (s), 2919 Soc. 112 (1990) 2801.
(m), 2851 (m), 1622 (vs), 1543 (s), 1434 (s), 1300 (s), 1165 [4] s.B. Routier, J.L. Bernier, M.P. Catteau, C. Bailly, Bioorg. Med.
(m), 1112 (s), 998 (m), 823 (s), 689 (s), 514 (shax ligand Chem. Lett. 7 (1997) 63.
(nm) (MeOH): 323, 260 (infl), 250 (infl}imax complex (nm) [5] J.G. Muller, S.J. Paikoff, S.E. Rokita, C.J. Burrow, J. Inorg. Biochem.
(MeOH): 415 (sh), 341 (sh), 275 (sh), 245. 54 (1994) 199,

[6] M.J. Samide, D.G. Peters, J. Electroanal. Chem. 44 (1998) 395.
The alkenes were purChased from Merck or Fluka and [7] T. Hamada, R. Irie, J. Mihara, K. Hamachi, T. Katsuki, Tetrahedron

passed through a column of neutral alumina immediately 54 (1998) 10017.

prior to use. Gas chromatography experiments (GC) were [8] Y.J. Hu, X.D. Hung, Z.J. Yao, Y.L. Wu, J. Org. Chem. 63 (1998)

performed with a Shimadzu GC-16A instrument using a 2m 2456.

column packed with silicon DC-200 or carbowax 20M. The [®1 V. Mirkhani, S. Tangestaninejad, M. Moghadam, M. Moghbel,
. . . Bioorg. Med. Chem. 12 (2004) 903.

electronic absorption spectra were recorded on a Varian Cary[lo] V. Mirkhani, S. Tangestaninejad, M. Moghadam, M. Moghbel,

NIR. 'H NMR were recorded on a Bruker AQS 300 MHz. Bioorg. Med. Chem. 12 (2004) 4673.

FT IR was recorded on a Bomen—Hartmann spectrometer[11] A. Puglisi, G. Tabbi, G. Vecchio, J. Inorg. Biochem. 98 (2004) 969.

and was obtained as potassium bromide pe”ets in range[lZ] M. Palucki, G.J. McCormick, E.N. Jacobsen, Tetrahedron Lett. 36

400-4000cm?. (1995) 5457. |
[13] T. Yamada, K. Imagawa, T. Nagata, T. Mukaiyama, Bull. Chem.

Soc. Jpn. 67 (1994) 2248.

5.2. Catalysis experiments [14] W. Adam, J. Jeco, A. Levai, C. Nemes, T. Patonay, P. Sebok, Tetra-
hedron Lett. 36 (1995) 3669.
The reaction were carried out in GEN/H,O, at [15] R. III’ie, N. Hosoya, T. Katasuki, Synlett (1994) 255.
room temperature with constant stirring and the composi- [16] T- Linker, Angew. Chem. Int. Ed. Engl. 36 (1997) 2060.
. . . [17] E.N. Jacobsen, W. Zhang, M.L. Guler, J. Am. Chem. Soc. 113 (1991)
tion of the reaction medium was 0.5mmol of alkene or 6703
alkane, 0-052_mm0| C_)f Mn(!”)salen complex as catalyst, (18] R. Irie, T. Hashihayata, T. Katasuki, M. Akita, M. Moro-oka, Chem.
1 mmol of sodium periodate in#D (2.5 mL) and imidazole Lett. (1998) 1041.
(0.22 mmol) in CHCN (5mL). [19] T. Hamada, H. Fukuda, T. Katsuki, Tetrahedron 52 (1996) 515.

Progress of the reactions was monitored by GLC. After the [20] H. Sasaki, R. lrie, T. Katsuki, Synlett (1993) 300.
W. Adam, K.J. Roschmann, C.R. Saha-Moller, D. Seebach, J. Am.

reaction was completed, th i d le]

_ pleted, the reaction products were extracte Chem. Soc. 124 (2002) 5068.

with CH>Cl, and were purified by a silica gel plate or a silica  22] k.M. Campbell, M.R. Lashley, J.K. Wayatt, M.H. Nantz, R.D. Britt,
gel column. The identities of the products were confirmed by J. Am. Chem. Soc. 123 (2001) 5710.

IR and'H NMR spectral data. Blank experiment under the [23] D.J. Gravert, J.H. Griffin, Inorg. Chem. 35 (1996) 4837.

same conditions in the absence of catalyst orin the absencé24] S.E. Routier, J.L. Bernier, M.J. Warninig, P. Colson, C. Bailly, J.
Org. Chem. 61 (1996) 2326.

of oxidant were also performed. [25] K. Sato, M. Chikira, Y. Fujii, A. Komatsu, J. Chem. Soc., Chem.
Commun. (1994) 625.
[26] J.M. Shearer, S.E. Rokita, Bioorg. Med. Chem. Lett. 9 (1999) 501.
6. Conclusions [27] S. Routier, H. Vezin, E. Lamour, J.L. Bernier, J.P. Catteau, C. Bailly,
Nucl. Acids Res. 27 (1999) 4160.

. . . [28] B. Meunier, Chem. Rev. 92 (1992) 1411.
We have demonstrated for the first time, the effectiveness [29] P.J. Collman, L. Zeng, I. Brauman, J. Inorg. Chem. 43 (2004) 2672.

of a water-soluble cationic manganese(lll)salen complex as[3g] z. Groos, S. Ini, J. Org. Chem. 62 (1997) 5514
catalyst in olefin epoxidation and alkane hydroxylation by [31] D. Mansuy, Coord. Chem. Rev. 125 (1993) 129.



B. Bahramian et al. / Journal of Molecular Catalysis A: Chemical 244 (2006) 139-145 145

[32] D. Ostavic, T.C. Bruice, J. Am. Chem. Soc. 111 (1989) 6511. (d) K. Srinivasan, P. Michaud, J.K. Kochi, J. Am. Chem. Soc. 108
[33] A.J. Appleton, S. Evan, J.R. Lindsay Smith, J. Chem. Soc., Perkin (1986) 2309.

Trans. 2 (1996) 281. [36] (a) J.T. Groves, J. Lee, S.S. Marla, J. Am. Chem. Soc. 119 (1997)
[34] G.L. Tembe, P.A. Ganeshpure, S. Satish, J. Mol. Catal. A: Chem. 6269;

121 (1997) 17. (b) T.J. Collins, W. Gordon-Wylies, J. Am. Chem. Soc. 111 (1989)
[35] (a) A. Chellamani, N.M.l. Alhaji, S. Rajagopal, R. Sevvel, C. Srini- 4511.

vasan, Tetrahedron 51 (1995) 12677; [37] A. Haikarainen, J. Sipila, P.P. Pietikainen, A. Pajunen, I. Mutikainen,

(b) A. Chellamani, N.M.l. Alhaji, S. Rajagopal, J. Chem. Soc., J. Chem. Soc., Dalton Trans. (2001) 991.

Perkin Trans. 2 (1997) 299; [38] A.Z. Sonbati, A.A. El-Bindary, I.G.A. Rashed, Spectrochim. Acta,

(c) V.K. Sivasoubramaniam, M. Ganesan, S. Rajagopal, J. Org. Part A 58 (2002) 1411.

Chem. 67 (2002) 1506;



	Catalytic epoxidation of olefins and hydroxylation of alkanes with sodium periodate by water-soluble manganese(III)salen
	Introduction
	Results and discussion
	The effect of terminal oxidants in the epoxidation of cyclooctene catalyzed by Mn(salen)OAc
	Effect of solvent on the oxidation of cyclooctene with sodium periodate catalyzed by Mn(salen)OAc
	The effect of the metal center on the oxidation of cyclooctene
	The effect of various axial ligands on the oxidation of cyclooctene
	Catalytic alkene epoxidation by water-soluble Mn(salen)OAc

	Oxidation of alkanes with NaIO4 catalyzed by Mn(salen)OAc
	Oxo-manganese(V) species as the reactive intermediate
	Experimental
	Physical and spectral data for catalyst
	Catalysis experiments

	Conclusions
	References


