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Abstract

Alumina-supported Mn(ll) complexes with ligands of acetylacetonato (alddd).ethylenebis(salicylideneiminato) (salen),
ethylenediamine (en) and 2;Ripyridine (bpy) catalyze the oxidation of cyclohexene witi-butylhydroperoxide (TBHP)
and hydrogen peroxide. Oxidation of cyclohexene with TBHP gave 2-cyclohexene-1-ol, 2-cyclohexene-1-onédnd 1-(
butylperoxy)-2-cyclohexene whereas, oxidation wity resulted in the formation of cyclohexeneoxide and cyclohexene-
1,2-diol. Mn(ll) catalysts with the nitrogen donor ligands show significantly higher catalytic activity than oxygen donor
ligands at the same surface coverage. The mechanism of oxidation has also been discussed. © 2002 Published by Elseviel
Science B.V.
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1. Introduction manganese chiral salen complexes combined with
oxygen donors, constitute a valuable new family of
One of the most important current topics of catal- homogeneous systems for enantioselective epoxida-
ysis research has been to find an efficient catalyst for tion of olefins.
the selective insertion of an oxygen atom from oxy-  One of the major problems in the application of
gen donors, such as sodium hypochlorite (NaOCI), homogeneous transition metal complexes as catalysts
iodosobenzene (PhlO), dioxygenA{Qhydrogen per-  for selective olefin epoxidation results from catalyst
oxide (HO») and tert-butylhydroperoxide (TBHP) decomposition or degradation. Deactivation path-
into various organic molecules under mild condition ways include autooxidation, dimerization through
[1-8]. For this, the use of transition metal complexes the formation of n-oxo bridges[13], and oxida-
as homogeneous catalyst are very effective and se-tive degradation via the formation of multi nuclear
lective[9,10]. Among the transition metal complexes p-0xo complexeq14]. Decrease of the degradative
chiefly used as catalysts, manganese complexes werglimerization of the active site has been achieved by
currently of considerable interest to promote oxida- methods such as covalent anchorage of the transi-

tion reactiong11]. First developed by Jacobs§?], tion metal complexes on the polymeric matfiss],
metal complexes entrapped inside porous metal oxide
* Corresponding author. framework (e.g. silica, alumina and layered double
E-mail address: farzaneh@azzahra.ac.ir (F. Farzaneh). hydroxide)[16], and transition metal ligands anchored
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on the miscelle-templated silicas (MTS)L7,18] 2.3. Preparation of alumina catalysts
Also, extensive research was devoted to immobilize
transition metal complexes on solid supports, because2.3.1. Preparation of MnCl>-Al;03
such heterogenization of homogeneous catalysts may Acidic alumina (6 g) was added to a well stirred
combine the ease of product separation with the se- solution of manganese chloride tetrahydrate (1 g)
lectivity of the complexes. Heterogenized catalysts in methanol (25ml). The mixture was then heated
would combine the advantages of homogeneous andat 40°C for 24 h. The light pink solid was filtered,
heterogeneous catalysts, and sometimes might mini-washed with methanol and dried at 8D under vac-
mize the drawbacks of both. uum. The resulting light pink powder was stored in
In this study, we synthesized several Mn(Il) com- a tightly closed bottle and used without reactivation.
plexes of various ligands of ethylenediamine, acety- The concentration of Mn(ll) determined by AAS was
lacetonatoN,N'-ethylenebis(salicylideneiminate) and  0.74 mmolg?t.
bipyridine supported on acidic alumina. These solids
were then used as catalysts in cyclohexene oxidation 2.3.2. Preparation of [Mn(en),] Cl,-Al,0O3 and
reaction by HO, and TBHP. [Mn(bpy)2] Cl2-Al203
MnCl»-Al,03 was stirred with two-fold of ethyl-
enediamine (under argon atmosphere) or bipyridine in

2. Experimental CH3OH, and after 4 h reflux, the solid colour changed
to light yellow. It was then washed with G&H and
2.1. Materials dried at 50C under vacuum.

All solvents used for synthesis were purchased from 2.3.3. Preparation of [Mn(salen)]-Al2Os (method-A)
Merck (pro analysi) and were dried with molecular ~ The MnCh-Al>O3 was added to a solution of the
sieves (Linde 4 A). Ethylenediamine (en), acetylace- Né& salen ligand (1 eq.) in methanol.
tone (acac), salicylaldehyde (sal) and bipyridine (bpy) ~ The suspension was heated at°@0for 4h un-
were purchased from Merck and were used as re- der argon atmosphere. The yellow solid was fil-
ceived. Acidic alumina was purchased from Merck. tered, washed with methanol and soxhelt extracted
It was activated at 500C for 8 h before use. TheH  with CH3OH/CHCk (1:1) to remove the unreacted
salen ligand|,N'-bis (salicylidene)ethylenediamine), ligands.
was obtained in 85% yield by mixing salicylaldehyde
(2 eg.) and ethylenediamine (1 eq.) in ethdaél. Cy- 2.3.4. Preparation of [Mn(salen)]-Al03 (method-B)
clohexene was distilled under nitrogen and stored over ~ N,N’-ethylenebis(salicylideneiminato) manganese

molecular sieves (4 A) before use. (1), Mn(salen), was prepared in a manner similar to
that reported by Bailes and Cal\jR0]. A solution of
2.2. Physical measurements the Mn(salen) in CHGl was added to a suspension

of Al;O3 in CHCI3. The resulting suspension was

The products were analyzed by GC-mass, using a stirred at 40C under argon atmosphere. The yel-
Philips Pu 4400 Chromatograph (1.5m 3% OV-17 low solid was filtered, and washed with CHCIThe
Column), Varian 3400 Chromatograph (25m DB-5 [Mn(salen)]-AbO3 catalyst was dried at 5@ under
Column) coupled with a QP Finnigan MAT INCOF vacuum overnight prior to use.
50, 70ev. Atomic absorption spectra (AAS) were
recorded on a Perkin-Elmer 4100-1319 spectropho- 2.3.5. Preparation of [Mn(acac)z]-Al,03
tometer using a flame approach, after acid (HF) Bis(acetylacetonato) manganese(ll), Mn(agac)
dissolution of known amount of the alumina mate- was also prepared according to the literature proce-
rial in Parr digest pump. FTIR spectra were recorded dure[21]. Catalyst was prepared by impregnating the
on a Shimadzu Varian 4300 spectrophotometer in dried alumina with a solution of Mn(acgcn CHCls.
KBr pellets containing alumina compounds or free The suspension was stirred for 4h at°@0 under
complexes. argon atmosphere. The solid was filtered and washed



M. Salavati-Niasari et al./Journal of Molecular Catalysis A: Chemical 186 (2002) 101-107 103

several times with CHGlI The Mn(acacy-Al,03 activity in a wide ranging of the industrially impor-

catalyst was dried at 5@ under vacuum overnight, tant processes and have been extensively studied,

prior to use. we decided to investigate the effect of manganese
complexes with different chelates of,N; N,O and

2.4. Oxidation of cyclohexene: general procedure 0,0 donor atoms, supported on acidic alumina in the

oxidation of cyclohexene with TBHP and hydrogen
A mixture of 1g catalyst, 25ml solvent and peroxide. Acidic alumina was chosen because either
10 mmol cyclohexene was stirred under nitrogen in neutral or basic alumina did not adsorb the complex
a 50ml round bottom flask equipped with a con- on its surface. The adsorbing tendency of the acidic
denser and a dropping funnel at room temperature alumina might arise from the presence of OH groups
for 30min. Then 16 mmol of TBHP (solution 80% on the surface in order to coordinate to the metal
in di-tert-butylperoxide) or HO2 (30% in H,O) was ion center Scheme L This hypothesis was further
added. The resulting mixture was then refluxed for confirmed, when we observed that the complex with
8h under N atmosphere. After filtration and wash- three bidentate ligand can not be adsorbed on the
ing with solvent, the filtrate was concentrated by acidic alumina surface.
rotary evaporator and then subjected to GC analysis. The ratio of ligand to metal was chosen 2:1 with
The concentration of products were determined using the exception of salen which was 1:1. These com-
cyclohexanone as internal standard. plexes were then treated with acidic alumina in order
to prepare the supported catalysts. That coordination
number of Mn-bipyridine complex was 4 not 6, was
3. Results and discussion realized by observing the metal to ligand charge trans-
fer (MLCT) transitions at 495 and 530 nm. Moreover,
We have recently reported the activation of C—H [Mn(bpy);]Cl»-Al,03 was synthesized via two differ-
bond with TBHP in the presence of exchanged zeo- ent method$§26—28] The FTIR spectra and the oxida-
lite NaY with transition metal elementd1,22-25] tion results on cyclohexene were shown to be similar.
We showed that the Mn-NaY catalyzed cyclohexene  The activity results of these alumina supported cat-
oxidation with the highest reactivity and selectivity alysts on the oxidation of cyclohexene with TBHP are
and di(2-cyclohexenyl)ether was formed as the main given in Tables 1-3 At the end of reaction, the cata-
product. We also showed that some complexes of lyst was separated by filtration, throughly washed with
Mn(ll) included in zeoilite Y, catalyzed the oxygen solvent and reused under similar conditions. Although
transfer from TBHP to cyclohexene and concluded the analysis of the recovered catalysts by atomic ab-
that such simple systems mimic the behavior of sorption spectroscopy (AAS) showed no reduction in
Cytochrome P-450 type oxidation systems. Since, the amount of manganese, they exhibited a slightly
alumina-supported metal systems exhibit catalytic lower catalytic activities.

Scheme 1.
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Table 1
Oxidation of cyclohexene with TBHP catalyzed by Mn(ll) com-
plexes on alumina in C}Cly
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Table 3
Oxidation of cyclohexene with TBHP catalyzed by Mn(ll) com-
plexes on alumina in C}CN

Catalyst ConversionYield (%) Catalyst ConversionYield (%)

% %

) Peroxy Alcohol’ Ketoné %) Peroxy* Alcohol’ Ketoné
MnCl,-Al,03 29.4 8.1 39.6 52.3 MnCl,-Al,03 17.6 16.3 43.64 40.1
[Mn(acach-Al,0s  44.3 232 282 486 [Mn(acach-Al,0s 255 317 3141  36.89
[Mn(en)]Clo-Al,05  52.1 174 265 56.1 [Mn(en)]Clo-Al,0;  37.8 26.6 2933 441
[Mn(salen)]-AbOs  65.8 9.83 18.6 71.57 [Mn(salen)-AbOs  46.2 202 2352  56.28
[Mn(bpy)2]Clo-Al,05 73.4 72 174 75.4 [Mn(bpy)2]Clo-Al,05 54.3 185 208 60.7

a1-(tert-butylperoxy)-2-cyclohexene.
b 2-cyclohexene-1-ol.
¢2-cyclohexene-1-one.

Table 2
Oxidation of cyclohexene with TBHP catalyzed by Mn(ll) com-
plexes on alumina in cyclohexene

Catalyst ConversionYield (%)

%

) Peroxy* Alcohol’ Ketoné
MnCl,-Al,03 39.7 7.53 37.3 55.17
[Mn(acacy]-Al,0s  47.8 201 267 53.2
[Mn(en)]Clo-Al,03  59.6 162 242 59.6
[Mn(salen)]-AbOs  81.4 8.73 1536  75.1
[Mn(bpy)2]Cl2-Al,03 90.3 656 11.34  82.1

a1-(tert-butylperoxy)-2-cyclohexene.
b 2-cyclohexene-1-ol.
¢ 2-cyclohexene-1-one.

When the oxidant was changed to hydrogen perox- the presence of alumina-supported manganese com-

a1-(tert-butylperoxy)-2-cyclohexene.
b2-cyclohexene-1-ol.
¢ 2-cyclohexene-1-one.

Table 4
Oxidation of cyclohexene with $D, catalyzed by Mn(ll) com-
plexes on alumina in C}CN

Catalyst Conversion  Yield (%)
(%) , ,

Epoxidé Diol®
MnCl»-Al,03 23.1 30.1 69.9
[Mn(acac}]-Al 03 28.6 62.63 37.37
[Mn(en)]Cl,-Al 03 34.2 81.42 18.58
[Mn(salen)]-ALO3 56.4 68.91 31.09
[Mn(bpy)2]Cl2-Al03 63.7 37.67 62.33

aCyclohexene-oxide.
b Cyclohexene-1,2-diol.

Since both HO, and TBHP oxidize cyclohexene in

ide, the oxidation occurred on the double bond and plexes, but that only pD, and not TBHP, gave epox-
cyclohexene epoxide obtained as the sole product. It idation of cyclohexene under the similar conditions
seems that the diol resulted from the epoxide ring leads us to conclude that the two types of reactions do

opening under the aqueous acidic conditiore(e 4.

not occur via a common intermediafEaple 4 Fig. 1).
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m Diol
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[ Mn(acac) »]-Al
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Fig. 1. Oxidation products distribution in cyclohexene with Mrcomplexes on AlOz/H,05,.



M. Salavati-Niasari et al./Journal of Molecular Catalysis A: Chemical 186 (2002) 101-107 105

80

OPeroxy HEAlcohol HE Ketone

60 -

Yield (%)
Y
o

20

O .
MnCl ,-Al [Mn(en) ,]CI ,-Al [ Mn(acac) ,J-Al [Mn(salen)]-Al  Mn(bpy) ,JCI ,-Al

Fig. 2. Oxidation products distribution in dichloromethane with&¥ircomplexes on AlOs/TBHP.

As Valentine and his co-workers have pointed out one with coordinated HOO radical. Since the O-O bond
possible explanation is that the species responsibleof HOOH is 5kcal/mol stronger than that of TBHP,
for the cyclohexene oxidation are the products formed an HOO™ complex is expected to have a higher acti-
from cleavage of the O-O bond, whereas, the epox- vation energy for O—O bond cleavage than a TBOO
idation reaction ocuurs by a direct reaction of olefin complex and therefore, to have a longer lifetif28].

100
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MnCi ,-Al [Mn(en) ,JCI ,-Al  [Mn(acac) ,]-Al  [Mn(salen)]-Al  Mn(bpy) ,JCI ,-Al

Fig. 3. Oxidation products distribution in cyclohexene with ¥ncomplexes on AlOs/TBHP.
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Fig. 4. Oxidation products distribution in acetonitrile with Kfhcomplexes on AlOs/TBHP.

The trend observed ifigs. 2—4can be explained  The high percentage yield of reactions especially in
on the donor ability of ligands available in the com- the presence of alumina-supported manganese bipyri-
plex catalysts. As Wang and co-workers have pointed dine complex seems promising. The extention of the
out recently in a work similar to our study, the key method to different olefins is currently under investi-
point in the conversion of cyclohexene to cyclohexe- gation in our laboratory.
neoxide is the reduction of L-Mr to L-Mn2*. The
conversion of L-M&* to L-Mn3t is facilitated with
the system ligands available arround the metal cation Acknowledgements
[30].

When the reaction was carried out in acetonitrile  The authors would like to thank the University of
as solvent, the conversion percentages decreased by gehran for financial support, and M.R. Mansournia, at
factor of 1.2-1.7Table 3. This might be atributed to  the University of Kashan for taking GC.
the donor number of acetonitrile (14.1) and therefore,
its higher ability to occupy the vacant spaces arround
the metal center and prevent the approaching of oxi- References
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